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I'/IOI/e: (8:00 am - 5:00 pm Eastern 8t.1ndnrd
TIme) 1011 frc'C 1-800-379-2622 from North
Ameriea or +1-30 1-924-7077 world\\;de.
fa,,: +1-301-924-7087
Intcnlct C-IIIO;{: pubsales@aoac,org

To order: send AOAC INTERNATIONAL-J your
name, address, and payment Pay by check (US
funds on US banks only) or eredit card: VISA,
MasterCard, Diners Club, American Express,
Eurl1C<1rd, or JCB. \%en paying by eredit card
please include type of card, card number,
expiration date, and your signature.

able, you will be mailed an invoice (estimated
price in North America: 8135), and, upon receipt
of payment, the re\;sion will be senl to you. Any
revision published wilhin J momhs of receiving
your order will be sentfree.
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Print Fonllltt:

1998. 16th Edition. 2,100+ pages. 2 \'olumes.
Looseleaf. 247 illustrations. Appendixes.
Indexes. 18BN 0-935584-54-4.
8399 in North America (USA, Cnnadn, Mexico).
8489 outside 'orth America.
Stock No. 16. •
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Dr. Patricia A. Cunniff; Editor

And the 16th Edition is also available
on CD·ROM for Windows and
MacIntosh. This custom·designed
user·friendly product offers unlimited
full-text search capabilities...
options to search by method title,
method number, or chapter...immedi­
ate access to referenced method, fig·
ures, and tables...easy viewing of
table of contents and index elec-
tronically linked references user
support... the ability to print what you
see...and many other features.

Features:
• Contains over 2,400 collabo­
ratively tested, internationally
recognized chemical and micro­
biological analytical methods
• Every method has a
chapter sequence number for
ease of location
• Print version is in
looseleaf format
• Actual text replaces cross
reference where possible
• Full-word text replaces the
abbreviated-word text style
• Annual supplements with
new and revised methods are
available by subscription



ARE YOU A
MEMBER••.

of the world's leading
analytical sciences organization?

AOAC INTERNATIONAL's mission is to promote methods validation and quality measurements in
the analytical sciences. Since 1884, the Association's primary focus has been coordination of the
development and validation of chemical and microbiological analytical methods by expert scientists
working in their industry, academic, and government laboratories worldwide. Other AOAC INTER­
NATIONAL programs and services include publishing, annual and section meetings, training courses,
and membership.

Individual membership is available for scientists who have a degree in science (or equivalent if
approved by the Board of Directors) and are engaged, directly or indirectly, in analysis or analytical
science in fields relevant to the purpose of AOAC.

Sustaining membership is also available to organizations wishing to support the continuation of AOAC
INTERNATIONAL's important work in methods validation.

Member Benefits include:

• AOAC's monthly magazine Inside Laboratory Management
• methodology referral service
• annual membership directory
• discounts on all AOAC meetings, courses, and publications
• employment advertising opportunities

To receive your FREE information packet, send your name, address, phone and fax numbers to
AOAC INTERNATIONAL, 481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877-2417
USA. Or, call (8:00am to 5:00pm Eastern Standard Time) toll free 1-800-379-2622 (fromNorth America)
or + 1-301-924-7077 (worldwide), fax +1-301-924-7089, or use e-mail: soser@aoac.org.

To learn more about membership In AOAC
visit our website at http://www.aoac.orgl
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AOAC INTERNATIONAL ON-LINE:
VISIT OUR HOME PAGE AND
CONTACT US VIA INTERNET E-MAIL

THE SCIENTIFIC ASSOCIATION DEDICATED TO ANALYTICAL EXCELLENCE~

Visit our home page address at http://www.aoac.org.Itis a resource for:

[E Information about AOAC INTERNATIONAL

[E Membership Information and Sustaining Member Organizations

[E Annual Meetings and Training Courses

[E Methods Validation and Technical Programs-Including AOAC'fJ Official Methods, Peer-Verified

Methods, and Technical Divisions (on Reference Materials and for Laboratory Management)

[E AOAC SectionslLocal Actiyities

[E Publications-Including a catalog and order form, Journal abstracts, and access to AOAC's monthly

magazine, Inside Laboratory Management

[E Calendar of AOAC and Other Meetings

[E Links to Other Sites of Interest

Communicate directly with AOAC INTERNATIONAL through your computer by sending your e-mail message
to one of the following Internet addresses:

aoac@aoac.org
Our main address-you can use this address for any message or inquiry, including those listed below.
We will route them to the appropriate destination within AOAC.

pubsales@aoac.org
The best address to use to place orders and make inquiries regarding AOAC's books or the Journal.
Leave your message at this address and our customer service representatives will promptly respond.

meetings@aoac.org
Use this address to obtain information on meetings and training courses being held by AOAC or to sub­
mit topics for future symposia. Someone from our Meetings & Education Department will contact you.

jaoac@aoac.org
For Journal authors-this is the most direct address to use to electronically submit papers for publica­
tion in the Journal ofAOAC INTERNATIONAL.

ri@aoac.org
Your direct link to the AOAC Research Institute-for inquiries and other correspondence regarding the
AOAC'fJ Performance Tested Test Kit Program.

Individual StaffAddresses
Reach any staffmember's mailbox directly by addressing your e-mail to that person's first initial and
last name followed by @aoac.org (for example, use the address mdueppen@aoac.orgto correspond directly
with Muri Dueppen).

AOAC INTERNATIONAL, 481 North Frederick Avenue, Suite 500, Gaithersburg, Maryland 20877-2417 USA
Telephone: +1-301-924-7077, Fax: +1-301-924-7089
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Instructions to Authors
Scope of Articles and Review
Process

The Journal of AOAC INTERNATIONAL
publishes articles that present, within the fields
of interest of the Association: unpublished
original research; new methods; further studies
of previously published methods; background
work leading to development of methods; com­
pilations of authentic data of composition;
monitoring data on pesticide, metal, and indus­
trial chemical contaminants in food, tissues,
and the environment; technical communica­
tions. cCiutionary notes; and comments on tech­
niques, apparatus, and reagents; invited re­
views and features. Emphasis is on research
and development of precise, accurate, sensitive
methods for analysis of foods, food additives,
supplements and contaminants, cosmetics,
drugs, toxins, hazardous substances, pesticides.
feeds, fertilizers, and the environment. The
usual review process is as follows: (I) AOAC
editorial office transmits each submitted paper
to appropriate subject matter editor, who solic­
its peer reviews; (2) editor returns paper to au­
thor for revision in response to reviewers' com­
ments; editor accepts or rejects revision and
returns paper to AOAC editorial office;
(3) AOAC editorial staff edits accepted papers,
returns them to authors for approval, and trans­
mits approved manuscripts to desktop pub­
lisher; (4) desktop publisher sends page proofs
to author for final approval.

General Information

Follow these instructions closely; doing so
will save time and revision. For all questions of
format and style not addressed in these instruc­
tions, consult recent issue of Jouma! or current
edition of COllllcil of Biology Editor>' Slyle
MOllllal. For describing collaborative studies,
contact AOAC Technical Services for guide­
lines.

I. Write in clear, grammatical English.
2. To Managing Editor, AOAC INTER­

NATIONAL, 481 N Frederick Ave, Suite 500,
Gaithersburg, MD 20877, USA, submit type­
written original plus 3 photocopies (I side only,
white bond, 8Y, X II in.121Y, X 28 cmJ of com­
plete manuscript in order as follows-I. Title
page; 2. Abstracl; 3. Text (introduction, method
or experimental, results and/or discussion, ac­
knowledgments, references); 4. Figure captions;
5. Footnotes; 6. Tables with captions, one per
page; 7. Figures.

3. Suggest in a cover letter the names of at
least 4qualified reviewers, i.e., individuals engaged
in or versed in research of the type reported.

4. DOUBLE SPACE all typed material.
Manuscripts not double spaced will be returned
for retyping. Do not righl justify or use propor­
tional spacing; avoid hyphenation.

5. Use letter quality printer for word­
processed manuscripts; manuscripts prepared
on dot matrix printers of less than letter quality
may be refused. Once a manuscript has been

accepted for publication, authors will receive
instructions for submitting the final version of
their accepted manuscript to AOAC on disk­
ette, AOAC accepts MS-DOS-based files from
most word processing packages or ASCII text
files on MS-DOS-formatted diskettes. (DO
NOT SEND DISKETTE WITH ORIGINAL
MANUSCRJPT SUBMISSION,)

Format and Style

I. Title page (separate sheet, DOUBLE
SPACED): title of article, authors' names (full
first, middle initial if any, full last), authors' ad­
dresses including mail codes.

2. Abstract (separate sheet, DOUBLE
SPACED): 200 words. Provide specific informa­
tion, not generalized statements.

3. Text (consecutive sheets, DOUBLE
SPACED): /llIrodllctioll. Include information on
why work was done, previous work done, lise of
compound, or process being studied.

Method or £rperimeflllll. Consult recent
issue of JOllrnal for proper format. Separate
special reagents/apparatus from details of pro·
cedure and list in sections with appropriate
headings; avoid use of brand names. (Common
reagents/apparatus or those which require no
special treatment need not be listed separately,)
Place detailed operations io separate sections
with appropriale headings (e.g., Preparation of
Sample, Extraction and Cleanup). Include nec­
essary calculations; number of significant
figures must reflect accuracy of method. Usc
metric units for measurements of quantities
wherever possible. Note hazardous andlor car­
cinogenic chemicals.

Resllits/Discllssioll. Cite tables and figures
consecutively in text with arabic numerals. Do
1101 intersperse tables and figures in text.

AckllolV/edgmellts. Give brief thanks (no
social or academic titles) or acknowledge finan­
cial aid in this seclion.

Referellces. Submitted papers or unpub­
lished oral presentations may not be listed as
references; cite them in text as unpublished data
or personal commonications. Cite all references
to previously published papers or papers in
press in numerical order in text with number in
parentheses on line (1I0t superscript). List refer­
coces numerically in "References" in exactly
(arrangement, punctuation, capitalization, use
of ampersand, etc.) styles of examples shown
below or sec recent issue of Journal fur less
often used types of entries. Follow Chemical
Abstracts for abbreviations of journal titles.

JOURNAL ARTICLE REFERENCE

(I) Engstrom, G.W., Richard,J.L., &
Cysewski, S.1. (1977) 1. Agnc. Food
ehem. 25, 833--836

BOOK CHAPTER REFERE CE

(I) Hum, BAL., & Chantler, S.M. (1980)
in Method.' ill Enzymo/ogy, Vol. 70,
H. Van Vunakis & J.J. Langone (Eds),

Academic Press, New York, Y,
pp.104-142

BOOK REFERENCE

(I) Siegel, S. (1956) Nonp"rametnc Statistics
fOrlhe Be//(lI'iora/ Sciellces, McGraw-Hili
Book Co., New York, NY

OFFICIAL METHODS REFERENCE

(I) ODiciol Methods ofAII"lysis (1995)
16th Ed., AOAC INTERNATIONAL,
Arlington, VA, secs 29,070-29,072

4. ~'igure captions (separate sheet(s),
DOUBLE SPACED): Designate all illustrations.
including schemes, as Figures and includL: cap­
lion for every one. Identify curves (See Figures)
and include all supplementary information in
caption rather than on face of figure. Spell out
word Figure.

5. Footnotes (separate sheel(s), DOUBLE
SPACED): Avoid use of footnotes to lexl. In·
c1ude location/date of presentation. if appropri­
ale; present addressees) of aUlhor(s); identifica­
tiun of corresponding author. if not senior
authur, proprietary disclaimers; institution
journal series numbers.

6. Tables (one per page, DOUBLE
SPACED): Refer to recent issue of JOllrnal for
proper layout and style, especially use of hori­
zontal lines. Do not draw in vertical lines. In­
clude descriptive title sofficient that table stands
alone wilhout reference to texl. Provide head­
ing for el'el)' vertical column. Abbreviate freely;
if necessary, explain in footnotes. Indicate foot­
notes by lower case superscript letters in alpha­
betical order. Do not usc one-column tables:
rather. incorporate data in text.

7. Figures: The Journal does not publish
straight line calibration curves; state such infor­
matiun in texi. Du nut duplicate data in tables
and figures. Submit original drawings or
black/white glossy photographs with original
manuscript; photocopies arc acceptable only for
review. Prepare drawings with black India ink or
wilh drafting lape on white tracing or graph
paper printed with nonreproducible green ink.
Lines, letters, numbers. and symbols must be
sharp and unbroken. Usc type at least 2 mm high
to alluw reduction 10 page or column size. Iden­
tify ordinate and abscissa and give value in JOllr­
lIal style (e.g., "Wavelength, nm," "Time, min").
Label curves with letlers or numbers: avoid all
other ICllcringinumbering on fa!,;c uf figure (see
Figure caplions). Identify each figure on back
with numbcr and authurs' names,

H. Miscellaneous Abbreviation for liter is L:
abbreviatiun for micron is j.l. Do not italicize
common Litin expressions such as et al.. and in
vitro; for nomenclature of spectrophotometry,
gas chromatography, and liquid chromatogra­
phy, follow practice of American Society for
Testing and Materials (in particular. do not usc
"high pcrformance," "high pressure." or the abo
breviation "HI'" with "liquid chromatography").
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For Your Information

Meetings

April 20-22, 1999: AOAC Southeast­
USA Section, Atlanta, GA, USA. Contact:
Pat Beckett (becketp@doacs.state.fl.us),
Florida Department of Agriculture, Chemi­
cal Residue Labomtory, 3125 Conner Blvd,
Tallahassee, Fl32399-1650, USA, +1-850­
488-%70, fax +1-850-922-9110

August 1-5, 1999: AOAC Latin
American and Caribbean Section, Santi­
ago, Chile. Contact: Nuri Gms (ngras@go­
pher.cchen.c1), fax +562-3646277, or
Patricia Bravo (corthon@ibm.net), fax
+562-2439299

September 26-30, 1999: The 113th
AOAC INTERNATIONAL Annual Meet­
ing and Exposition, Houston, TX, USA.
Contact: Meetings and Education Depart­
ment (rneetings@aoac.org),AOAC INTER­
NATIONAL, 481 N. Frederick Ave, Suite
500, Gaithersbwg, MD20877, USA, +1-301­
924-7077, fax +1-301-924-7089

September 10-14. 2000: The I 14th
AOAC INTERNATIO AL Annual
Meeting and Exposition, Philadelphia,
PA, USA. Contact: Meetings and Educa­
tion Department (meetings@aoac.org),
AOAC INTERNATIONAL, 481 N.
Frederick Ave, Suite 500, Gaithersburg.
MD 20877, USA, +1-301-924-7077,
fax +1-301-924-7089

Pohland Is Incoming AOAC
President

Albert E. Pohland, U.S. Food and Drug
Administmtion, was named 1998-1999
PresidentofAOAC INTERNATIONAL at
the I12th AOAC INTERNATIONAL An­
nual Meeting and Exposition held in Mon­
treal, Canada, September 13-17,1998.

Pohland has a long history ofservice to
AOAC. He served as an Associate Referee
on Confirmative Methods from 1969 to
1973 and as a member of the Foods Meth­
ods Committee from 1988 to 1991. Over
the years, he has been a member of the
Committee on Meetings, Symposia, and
Educational Programs (1981-1987), the

Constitution (now Bylaws) Committee
(1987-1990), and has been a member of
the Joint Mycotoxin Committee since
1979. He currently is a section editor of
the JOllmal ofAOAC INTERNATIONAL,
a member of the Liaison Committee, and
an AOAC liaison officer to the Interna­
tional Union of Pure and Applied Chemis­
try (IUPAC). He was elected to the Board
of Directors in' 1990 and became Presi­
dent-Elect in 1997. AOAC recognized his
contributions to the Association in 1995 by
naming him a Fellow.

A PhD. graduate of Colorado State
University, Pohland spent 2 years as a
post-doctoral fellow at the University of
Nebmska before joining FDA in 1965. At
FDA, Pohland's work focused on the natu­
ral toxins, particularly mycotoxins. As
Program Manager for Natural Toxins, he
guided the development of research pro­
grams not only for mycotoxins but also for
two new areas: seafood toxins and plant
toxins. His efforts are documented in an
extensive record of nearly 90 publica­
tions and have resulted in many awards,
the most prestigious of which was the
FDA's Award of Merit for "foresight,
outstanding leadership, and extraordi­
nary cooperation in studies of natural
toxicants in foods."

Pohland's research interests and activi­
ties have not been restricted to the natural
toxicants, however. In 1971, for example,
he was awarded the FDA's Award of Merit
for his work on the highly toxic, chlorin­
ated dibenzo-p-dioxins. In 1991, he was a
member of the L-tryptophan Research
Group, which received the FDA Group
Recognition Award for "outstanding per­
formance during the L-tryptophan con­
tamination crisis."

Pohland's interest in the analytical
sciences, particularly as they are applied
to natural toxins in foods, has taken him
all over the world and resulted in his
serving since 1980 on the Joint U.S.-Ja­
pan Natural Resources Program, Panel
on Toxic Microorganisms, and since

Paul Beljaars (left) passes the gavel to
Al Pohlalld.

1979 on the IUPAC Commission on
Food Chemistry, which he chaired from
1983-1994. He has had a continuing in­
terest in helping to disseminate knowl­
edge about the naturally occurring toxi­
cants and the analytical sciences and,
consequently, has served as lecturer, ad­
junct professor, and professor at various
institutions while working for the FDA,
including the U.S. Department of Agri­
culture Graduate School, American Uni­
versity, and the University of Maryland.
Most recently, he joined the Joint Insti­
tute for Food Safety and Applied Nutri­
tion (HFSAN), a collaborative effort be­
tween the University of Maryland and the
FDA. The Institute serves as the vessel for
scientific contributions to national food
safety programs and intemational food
standards. In this new capacity, Pohland
will be director of the new FAOIWHO
Collaborating Center for Mycotoxins, and
as such will be active in the development
of joint research projects with interna­
tional participants.

AOAC INTERNATIONAL looks
forward to Pohland's term as President
of the Association.

AOAC Board Slate Elected;
Proposition and Methods Approved

The election of a slate of officers and
directors, a proposition to increase mem­
bership dues, and 12 "final action" Offi­
cial Methods'" were among the items re-
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cently approved by vote of the AOAC
membership.

The following Board ofDirectors slate,
which the Nominating Committee pro­
posed, was elected: President-Elect,
George H. Boone, U.S. Food and Drug
Administration, Brooklyn, New York,
USA; Secretary-1reasurer, Michael H.
Brodsky, Ontario Ministry of Health,
Toronto, Ontario, Canada; Director, Ma­
rialnesSantoro, University ofSao Paulo,
Sao Paulo, Brazil; Director, Jonathan W.
DeVries, General Mills, Inc., Minneapo­
lis, Minnesota, USA. Both Santoro and
DeVries were elected to 3-year terms.

Albert E. Pohland will serve as 1998­
1999 Board President and Paul R.
Beljaars will serve as Immediate Past
President. Also serving existing Board
terms as Directors are: Claire A. Franklin,
Pest Management Regulatory Agency,
Ottawa, Ontario, Canada; Thomas L. Jen­
sen, Nebra~ka Department of Agriculture,
Lincoln, Nebraska, USA; James A. Ault,
Ricerca, Inc., Painesville, Ohio, USA; and
Jon E. McNeal, U.S. Department of Agri­
culture, Washington, DC, USA.

The ballot included a section for "final
action" member adoption ofAOA~ Offi­
cial Methods'''. There were 12 methods
recommended for final action and, by a ma­
jority of the votes cas~ all were approved.

The membership also approved a
proposition on the ballot to increase mem­
bership dues from the current level of
US$75.00 to US$85.00, which will help
offset part of the difference between direct
membership expenses and dues income
while AOAC pursues alternative revenue
sources to support member benefits.

Beljaars Praises AOAC for
"Eliminating Borders"

AOAC INTERNATIONAL is "elimi­
nating borders for better science," Presi­
dent Paul Beljaars declared in his open­
ing address at the ll2th AOAC
INTERNATIONAL Annual Meeting

and Exposition, September 13-17,
1998, at the Queen Elizabeth Hotel in
Montreal, Quebec, Canada.

As evidence, the first AOAC president
from outside North America cited the an­
nual meeting's location-the first outside
the United States-and a meeting la~t May
of the Official Methods Board in
Bilthoven, The Netherlands. He offered
greetings in several languages, including
French and his native Dutch.

Listing accomplishments this past
year, Beljaars hailed progress in the
peer-verified methods program. "Nu­
merous methods are being submitted, re­
viewed, approved, and-for the first
time-published," he said, citing nine
peer-verified methods published in the
July!August issue of the Journal of
AOAC INTERNATIONAL

Beljaars praised Inside Laboratory
Management magazine as "a vital re­
source for members," citing articles on
HACCP, accreditation, L1MS, and labo­
ratory automation. He also called atten­
tion to the new Technical Division for
Laboratory Management, noting that
TDLM membership has grown to more
than 350 individuals.

"One of the group's most significant
actions to date is ac(:eptance within its or­
ganizational structure of the ad hoc Food
Laboratory Accreditation Group. Under
TDLM, this group will be known as
ALACC-the Analytical Laboratory Ac­
creditation Criteria Committee-and will
work to present AOAC-recommended cri­
teria to accrediting bodies," he said.

Beljaars said AOAC is "thrilled to
announce the kickoff of the new profi­
ciency testing program, with invaluable
assistance form the Proficiency Testing
Advisory Group and the technical divi­
sions!" He foreca~t expansion "to be one
of the most extensive programs avail­
able, covering food, agricultural, and en­
vironmental matrixes."

Other accomplishments cited by the
outgoing AOAC president included:

• Format ion of a formal Iiaison rela­
tionship with the governing council
of the food chemistry division of the
Federation of European Chemical
Societies;

• Correspondence with the Federation
of German Agricultural Control and
Research Institutes:

• Development of a closer relationship
with the Pan American Health Or­
ganization;

• Appointment of AOAC as technical
advisor to the Inter-American Net­
work of Food Analytical Laborato­
ries; and

• Fonnation of the Southern California
Subsection of the AOAC Pacific
Southwest Section.
Noting that the AOAC sections pro­

gram is enjoying impressive successes
international Iy, Beljaars reported that the
Europe Section had arranged travel to
the Montreal meeting for Petras Serapi­
nas of the Institute of Theoretical Phys­
ics and Astronomy in Lithuania. The
AOAC president also reported approval
of the charter for the Japan Section and
invited its first president. Hiroshi
Kurata, to join him on the stage.

Looking toward 1999, Beljaars offered
the following predictions: AOAC will
continue to offer member benefits and
services, including a better computer data­
base and a Website redesign. The AOAC
awards program will be reviewed to re­
ward important areas of success and en­
courage young scientists and volunteers.
Technical staff and volunteers will seek
ways to make the collaborative study
process faster, more fluid, and more user­
friendly. AOAC will provide more elec­
tronic publications on CD-ROM and the
Web, as well as more books in languages
such as Spanish and Japanese.

Beljaars urged AOAC members to
create an organization that "(I) is truly
global, with sections and/or offices in
every populated continent, offering
products and services in many lan-
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guages; (2) maximizes use of on-line
technologies that allow us to communi­
cate more information faster; but (3) re­
mains in touch personally with scientists
that make up the analytical community."

The outgoing president expressed
hope that the annual meeting would
bring "people, ideas, and energy from
around the world together in one place,
to personally experience the successes
we all share-past, present, and future!"

1998 AOAC Awards

Presented September 14, 1998, at the
112th AOAC INTERNATIONAL Annual
Meeting and Exposition, The Queen Eliz.a­
beth Hotel, Montreal, Quebec, Canada

1998 Hatvey W Wiley Award

Viorica Lopez-Avila of the Midwest
Research Institute in Mountain View,
California, USA, is the 1998 recipient of
AOAC's most prestigious award, the
Harvey H. Wiley Award. This award is
presented each year to a scientist who
has produced significant advances in
analytical methodology in an area of in­
terest to AOAC.

Lopez-Avila is a researcher whose
hallmark traits are common to many
Wiley Awardees: enthusiasm for a great
diversity of analytical fields and an intel­
lect that allows her to seek out innova­
tive methods. Primarily an environ­
mental analyst specializing in extraction
and sample preparation, Lopez-Avila is
nationally recognized for pioneering the
use of microwave-oven technology to
simplify complex extractions.

These microwave-assisted methods
work in much the same way as everyday
microwave ovens, using microwave ra­
diation to heat water or other solvents
capable of absorbing microwave energy.
But instead of cooking vegetables, the
goal is to superheat a solvent to dramati­
cally speed up extraction processes.

One use for microwave heating is
with a standard reflux procedure called

the Soxhlet extraction, which calls for
boiling a solvent and condensing it so
that it percolates through the matrix. As
conventionally performed, this process
takes many hours, but, according to
Lopez-Avila, by using the microwave
the time to complete the process is re­
duced to 15-20 minutes.

The process works with a variety of
solvents, including methylene chlo­
ride-acetone and hexane-acetone
mixtures, methyl tertiary-butyl ether,
or toluene-methanol mixes. It is par­
ticularly valuable with aqueous buff­
ers, because samples extracted from
such buffers are immediately ready for
immunoassay testing typically per­
formed in aqueous solutions. Not sur­
prisingly, Lopez-Avila is a leader in
combining immunoassay methodolo­
gies with microwave extractions.

Lopez-Avila is always on the lookout
for ways to apply old and new technolo­
gies in innovative ways. One example is
a process called membrane introduction
mass spectrometry (MIMS), new for en­
vironmental chemistry. It uses a special
capillary tube that inserts into the ion
source of a mass spectrometer. The tube
is composed of a silicon membrane that
prevents the diffusion of water mole­
cules but not organic pollutants. This al­
lows the organics to be immediately in­
troduced into the ion source of the mass
spectrometer, without the need for con­
ventional, time-consuming extraction
techniques (which require purging the
organics from the water, trapping them
on an absorbent material, thermally
desorbing them from the trap, and sepa­
rating them by gas chromatography). A
45-minute technique can now be com­
pleted in about 5 minutes.

Lopez-Avila is editing a compen­
dium of field analytical methods, includ­
ing the new MIMS technology. She be­
lieves that much of the future of
environmental analysis will be in field
technology. People in the field-who do

the remediation work--{;annot make de­
cisions if they have to wait 3 or 4 weeks
for results and they cannot wait to ex­
tract a sample for 24 hours; they need to
extract it in 10 minutes and analyze it in
another 10. Technologies that can be used
on site are needed. Lopez-Avila is com­
mitted to the development of methods that
are more environmentally friendly. One of
the advantages of microwave-assisted and
supercritical fluid extraction techniques is
that the use of organic solvents can be
minimized or eliminated.
The Harvey W Wiley Award is AOAC
INTERNATIONAL's highest scientific
honor. Named for one of the Associa­
tion:lfounders--{l scientist who in 1906
was instrumental in establishing the
U.S. Pure Food, Drug, Cosmetic, and
Meat Inspection laws-it has been
awarded annually since 1957. It carries
a cash prize of$5,000 as well as the op­
portunity to address the Wiley Award
Symposium at the Association's Annual
Meeting. Nominationsfor this award are
accepted on an ongoing basis and are
not restricted to members ofAOAC IN­
TERNATIONAL.

Fellow ofAOAC INTERNATIONAL

Henry B. Chin, National Food Proc­
essors Association, Dublin, California,
USA, as current member ofOfficial Meth­
ods Board; current Chair of the Methods
Committee on Residues and Related Top­
ics; Peer Reviewer for 1. AOAC Int., and
service as an Associate Referee.

Mark R. Coleman, Eli Lilly & Com­
pany, Greenfield, Indiana, USA, as current
member of the Methods Committee on
Feeds, Fertilizers, and Related Agricul­
tural Topics; President of AOAC Central
Section; Organizer of forum on Methods
for Antibiotics and Drugs in Feeds; and
former Associate Referee of the Year.

Nancy Thiex, South Dakota State
University, Brookings, South Dakota,
USA, as current member of the Editorial
Board; General Referee for Feeds; serv­
ice as an Associate Referee of multiple
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methods; and former Collaborative
Study of the Year Award winner.

David F. Tomkins, Monsanto Com­
pany, Muscatine, Iowa, USA, as mem­
ber of Official Methods Board; current
member of the Methods Committee on
Pesticide and Disinfectant Formula­
tions; service as General Referee and
Associate Referee for Pesticide and Dis­
infectant Formulations; and former As­
sociate Referee of the Year.

Mary W. Trucksess, U.S. Food and
Drug Administration, Washington, DC,
USA, as member of Inside Laboratory
Management Advisory Board; Chair of
Joint AOACIAOCS/AACC/lUPACIIDF
Mycotoxin Committee; peer reviewer
for the 1. AOAC Int., and former General
Referee of the Year.

Maire c. Walsh, State Laboratory,
Dublin, Ireland, as current member of
Safety Committee; Committee on
Feeds, Fertilizers, and Related Agricul­
tural Topics; Quality Assurance Com­
mittee; and AOAC Europe Selection
Committee; member of Task Force on
Integration of AOAC Method Pro­
grams; and former Safety Advisor of the
Year Award winner.

Lou C. Zygmunt, Arlington Heights,
lllinois, USA, as Associate Referee on
Sugars in Cereals since 1980; work on
five collaborative studies; and former
Associate Referee of the Year.
The~~wqA~CWITR~nO~L

Award is presented in recognition of 10 or
more years of meritorious service to the
Association. Any member who has given
such service is eligible for nominatioll.

General Referee of the Year Award

David Firestone, U.S. Food and
Drug Administration, Washington, DC,
USA. Firestone was chosen for his re­
search and analytical support in the area
of fats and oils analysis. He has served
AOAC and its members as the General
Referee for Fats and Oi Is for 35 years.
The General Referee of the Year is

awarded by the AOAC INTERNATIONAL

Official Methods Board in recognition ({f'

outstanding volunteer commitment and
leadership in methods development.

Collaborative Study of the Year
Award

"Synthetic Pyrethroids in Agricul­
tural Products, Multi-Residue Gas Chro­
matographic Method" under the Meth­
ods Committee on Residues and Related
Topics. Associate Referee Guo-Fang
Pang, Import and Export Commodity In­
spection Bureau, Qinhuangdao, People's
Republic of China. The study was note­
worthy for its level ofintemational partici­
pation with nine laboratories from the Peo­
ple's Republic of China, two laboratories
from the United States, and laboratories
from Taiwan, Italy, Slovakia, and Greece.
The Collaborative Study of the Year is

awarded by the AOAC INTERNA­
nONAL Official Methods Board in rec­
ognition of the collaborative study that
sets a standard ofexcellence in develop­
ment, design, execution, and analysis.

Methods Committee Advisor of the
Year Award

Jung-Keun Lee, U.S. Food and
Drug Administration, Washington, DC,
USA. Lee was selected for his outstand­
ing service as Statistics Advisor to the
Methods Committee on Pesticide and
Disinfectant Formulations and his assis­
tance as an AOAC representative to the
Eurachem/CITAC Working Group, re­
viewing the "Uncertainty in Analytical
Measurement" guideline.
The Committee Advisor ofthe Year Awaltl
recognizes outstanding service by a Com­
mitteeStatistician. Safety, orotherAdvisor
in designing suitable methods and studies,
fit for their purpose.

Associate Referee of the Year
Award

David M. Barbano and Joanna
Lynch, Associate Referees for nitrogen
and fat in dairy products under the Meth­
ods Committee on Commodity Foods

and Commodity Products, Cornell Uni­
versity, Ithaca, New York, USA

Denise Hughes, Associate Referee
for Salmonella, E. coli, and Listeria in
foods under the Methods Committee on
Microbiology and Extraneous Materi­
als, TECRA Diagnostics, Roseville,
New South Wales, Australia

Jeff Nielsen, Associate Referee for
Neomycin under the Methods Commit­
tee on Feeds, Fertilizers, and Related
Agricultural Topics, Penntield Animal
Health, Omaha, Nebraska, USA

Guo-Fang Pang, Associate Referee
for Synthetic Pyrethroids under the Meth­
ods Committee on Residues and Related
Topics, Qinhuangdao Import and Export
Commodity Inspection Bureau, Qin­
huangdao, People's Republic of China

John Scussel, Associate Referee for
Alcohol in Distilled Spirits by NIRT un­
der the Methods Committee on Addi­
tives, Beverages, and Food Process-Re­
lated Analytes, Castleton Beverage
Corporation, Jacksonville, Florida, USA

Olof Theander, Associate Referee
for Total Dietary Fiber by Colorimetric
(Uppsala) Method under the Methods
Committee on Food Nutrition, Swedish
University of Agricultural Science,
Uppsala, Sweden
The Associate Referee Awards-up to one
per Methods Committee-are selected by
the Methods Committee to recognize vol­
unteer commitment to the development
and validation ofanalytical methods.

Harvey W. Wiley Scholarship
Award

Sharel Menezes, San Jose State Univer­
sity, San Jose, California, USA

Sharel Menezes, a graduate student at
San Jose University, USA, received the
Harvey W. Wiley Scholarship. She
earned her BS degree in biochemistry
and chemistry at Sophia College in
Bombay, India, in 1993. At graduation,
she received the best student award from
both the Rotary Club of Bombay and
Sophia College. Menezes worked as a
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research assistant at the Indian School of
the Kuwait University in the Depart­
ment of Botany and Microbiology from
1993 to 1995, and in the Department of
Biochemistry from 1995 to 1996.

Menezes initiated her MS degree at
San Jose State University in the fall of
1997. In her research, Menezes focuses
on capi lIary electrophoretic methods for
the separation of optical isomers. Under
the guidance of Joseph Pesek, she will
use etched capillaries to bind chiral se­
lectors to the surface and then test them
with electrochromatography.
The U.S.$I,OOO Harvey W Wiley Schol­
an'hip is awarded to upper division un­
dergraduate or graduate students to en­
courage and assist study in the analyti­
cal sciences. A college chosen by the
current year's Harvey W Wiley Award
recipient makes the scholarship selec­
tion based on criteria established by the
Association.

Staff Service Award

Ronald R. Christensen, Executive Di­
rector and General Counsel, 10 years of
service to AOAC INTERNATIONAL

Christensen earned his B.S. de­
gree in Forest Science, his M.S. in
Forest Administration, and his Juris
Doctorate in General Law-all from
the University of Minnesota. Early in
his adult life Christensen served
8 years in the U.S. Navy as a subma­
riner in the Polaris/Poseidon Fleet
Ballistic Missile Submarine Program
where he specialized in satellite
navigation systems. Prior to joining
AOAC in 1988, Christensen served
from 1979 through late 1987 as Di­
rector of Science and Education and
then Executive Vice President of the
Society of American Foresters in Be­
thesda, Maryland, USA.

As Executive Director and General
Counsel of AOAC INTERNATIONAL,
Christensen is responsible for the day­
to-day activities of a staff of 31
headquarter employees and one Euro-

pean representative. He also serves as ex
officio SecretarylTreasurer of the
AOAC Research Institute.

Robert Rathbone, Managing Editor,
10 years of service to AOAC INTER­
NATIONAL

Rathbone holds a ma~ter's degree from
Iowa State University's School ofAgricul­
ture, and began his professional career in
publications work by covering research on
campus for Iowa State's Cooperative Ex­
tension Service. Having spent 5 years liv­
ing and working in the publication depart­
ments of agricultural research farms in
Nigeria and Zaire, he also brings some
technical expertise to AOAC, especially
regarding how to interpret scientific infor­
mation to various audiences.

Rathbone has been editor of Inside
Laboratory Management since its incep­
tion in early 1997. He is also managing
editor of the Journal ofAOAC INTERNA­
TIONAL. He is currently busy working on
the development ofother new publications
for AOAC on a variety of topics.

Official Methods Board Actions

Collaborative Study Manuscripts
Approved

All approved manuscripts were re­
viewed during the September 1998
meeting of Official Methods Board and
adopted as First Action Official
Methods"'.

Methods Adopted First Action

998.10, Determination of the Effi­
cacy of Preservation of Non-Eye Area
Water Miscible Cosmetic and Toiletry
Formulations-Contaet Neal Machtiger,
Colgate-Palmolive Co., Microbiology
and Environmental Science, 909 River
Rd, PO Box 1343, Piscataway, NJ
08855-1343, USA

998.11, Rapid Test for Screening
Nitrates in Forages Using Test Strip-­
Contact Anant Jain, University of Geor­
gia, College of Veterinary Medicine,
Athens Veterinary Diagnostic Labora­
tory, Athens, GA 30602-7382, USA
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Journal Information
The Association

The primary objective of AOAC INTER­
NATIONAL is to obtain, improve, develop,
test, and adopt precise, accurate, and sensi­
tive methods for analysis of foods, vitamins,
food additives, pesticides, drugs, cosmetics,
plants, feeds, fertilizers, hazardous sub­
stances, air, water, and any other products,
substances, or phenomena affecting the pub­
lic health and safety, the economic protec­
tion ofthe consumer, or the protection ofthe
quality of the environment; to promote uni­
formity and reliability in the statement of
analytical results; to promote, conduct, and
encourage research in the analytical sci­
ences related to foods, drugs, agriculture, the
environment, and regulatory control ofcom­
modities in these fields; and to afford oppor­
tunity for the discussion of matters of inter­
est to scientists engaged in relevant pursuits.

AOAC Official Methods are methods
that have been validated by an AOAC-ap­
proved collaborative study, recommended
by the appropriate AOAC General Referee,
Methods Committee, and the Official Meth­
ods Board, and adopted and published ac­
cording to the Bylaws of the Association.
Published papers that include such methods
are distinguished by the words Collabora­
tive Study in the title and by footnotes that
indicate Association actions.

Membership in AOAC INTERNA­
TIONAL is open to all interested persons
worldwide. Sustaining memberships are avail­
able to any government agency, private com­
pany, or association interested in supporting an
independent methods validation program.

European Representatives. For infor­
mation about AOAC INTERNATIONAL
and its publications, persons outside the
United States may also contact the follow­
ing: Margreet Lauwaars, PO Box 153,
6720 AD Bennekom, The Netherlands,
telephone +31-3 I8-418725.

The Journal

The Journal of AOAC INTERNATIONAL
(ISSN 1060-3271) is published bimonthly
by AOAC INTERNATIONAL, 481 N
Frederick Ave, Suite 500, Gaithersburg, MD
20877, USA. Each volume (one calendar
year) will contain about 1400 pages. The
scope oftheJournal encompasses the devel­
opment and validation of analytical proce­
dures pertaining to the physical and biologi­
cal sciences related to foods, drugs,
agriculture, and the environment. Emphases
is on research and development of precise,
accurate, and sensitive methods for the

analysis of foods, food additives and supple­
ments, contaminants, cosmetics, drugs, tox­
ins, hazardous substances, pesticides, feeds,
fertilizers, and the environment.

Methods. The scientific validity ofpublish­
ed methods is, of course, evaluated as part of
the peer-review process. However, unless oth­
erwise stated, methods published in contrib­
uted papers in the Journal have not been
adopted by AOAC INTERNATIONAL and
are not AOAC Official Methods.

Manuscripts. Prepare manuscripts dou­
ble spaced throughout and carefully revise
before submission; 4 copies should be sub­
mitted to Managing Editor, AOAC INTER­
NATIONAL, 481 N Frederick Ave, Suite
500, Gaithersburg, MD 20877, USA.
AOAC INTERNATIONAL reserves the
right to refuse manuscripts produced on dot
matrix printers of less than leiter quality.

Reprints. Authors may order reprints ofar­
ticles when they retum typeset proofs. An order
form and scheduleofrates is included with each
author proof. Readers who wish to obtain indi­
vidual reprints should contact authors directly.

Responsibility. AOAC INTERNA­
TIONAL and the Editors assume no respon­
sibility for statements and opinions ex­
pressed by authors ofmanuscripts published
in the Journal.

Subscriptions

Journal subscriptions are sold by the vol­
ume (one calendar year). Rates for 1998 are
as follows: Members: $181.00 in North
America; $232.00 outside North America;
Nonmembers: $249.00 in North America;
$300.00 outside North America Two year
subscriptions are also available. Claim for
copies lost in the mail will not be allowed
unless received within 30 days ofthe date of
issue for U.S. subscribers or 90 days for all
others. Claimants must state that the publi­
cation was not received at their recorded ad­
dress. Address requests for replacement
copies to AOAC INTERNATIONAL, 481
N Frederick Ave, Suite 500, Gaithersburg,
MD 20877, USA. For subscribers outside
the United States, copies of the Journal lost
in transit cannot be replaced without charge
because of uncertain mailing conditions.

Change ofAddress. Notification should
include both old and new addresses, with
mail code, and be accompanied by a mailing
label from a recent issue. Allow 4 weeks for
change to become effective. Subscribers out­
side the United States should use airmail for
notification.

Microfilm. Volumes on microfilm are
available from Princeton Microfilm Corp.,
PO Box 2073, Princeton, NJ 08540, USA.

Single Issues. Information on single issues
is available from AOAC INTERNATIONAL.

Copying

Copyright. All articles published in theJournal
are protected by copyright. Persons requiring
copies of Journal articles beyond the number
allowed by the fair use provisions of the 1978
U.S. copyright law may request permission to

copy directly from AOAC INTERNA­
TIONAL or may make the required copies and
pay $1.00 per copy through the Copyright
Clearance Center, Inc., 21 Congress St, Salem,
MA 01970, USA. Articles which are copied
and royalties paid through the Copyright
Clearance Center must be identified by the fol­
lowing code: 0004-5756/87$1.00, indicating
the Intemational Standard Serial Number as­
signed toJ AOAC Int., the year, and the copy­
ing fee per copy. Information on the use ofthe
Copyright Clearance Center is available from
the Center.

Please Note. Except for photocopies pre­
pared as described above, no part of this Jour­
nal may be reproduced in any form or stored
in any microform or electronic form without
the written permission of the Association.

Advertising

Placement. All space reservations and all ad­
vertising copy are due I1/2 months in ad­
vance of publication at AOAC INTERNA­
TIONAL, 48 I N Frederick Ave, Suite 500,
Gaithersburg, MD 20877, USA. Advertising
inserted 3, 6, or 12 times within I year of
first insertion earns frequency discount
rates. Contact Maureen Sheridan, AOAC
INTERNATIONAL, for size requirements
and schedule of rates.

Policy. Advertising is prepared by the
advertisers and has been reviewed for com­
pliance with AOAC Policy on Advertising
in Association Publications. AOAC publica­
tion of an advertisement is not an endorse­
ment or approval, expressed or implied, by
the Association or the Editors ofany service,
product, or claim made by the manufacturer.

New Products. Notices of new products
are prepared from literature received from
manufacturers and other companies and are
published only as a service to readers. Pub­
lication of notices ofnew products is not in­
tended as an AOAC endorsement or ap­
proval of any service, product, or claim
made by the manufacturers.
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Books In Brief
•••••••••••••••••••

Microbiological Analysis of Food and
Water: Guidelines for Quality Assur­
ance. Edited by N.F. Lightfoot and E.A.
Maier. Published by Elsevier Science
Ltd., The Boulevard, Langford Lane,
Kidlington, Oxford OXS 1GB, UK,

1998. Price: $210.00. 266 pp. ISBN 0­
444-82911-3.

This book represents the outcome
of work carried out by European mi­
crobiology specialists, under the aus­
pices of the Community Bureau of
Reference, to develop procedures for
quality assurance and quality systems
in microbiological laboratories. The
importance of this work was rein­
forced by the implementation of na­
tional accreditation systems and their
mutual recognition with the European
Union following the resolution
(90/C 110 1 of December 21, 1989) of
the European Council on the "global
approach to conformity assessment."
The accreditation systems are based on
European Standard EN 45001, which
lists several requirements to be ful­
filled by laboratories. Several proce­
dures (e.g., statistical control, use of
reference materials, validation of
methods, proficiency testing, etc.)
were still not used by microbiologists
and needed to be translated into micro­
biological terms or adapted to the par­
ticular situation of microbiological
measurements or testing. Microbio­
logical Analysis of Food and Water:
Guidelines for Quality Assurance has
been written with the express objective
of using simple but accurate wording,
to be accessible to all microbiology
laboratory staff. To facilitate reading,
the more specialized items, in particu­
lar some statistical treatments, have
been added as an annex to the book.
All QA and QC tools mentioned within
these guidelines have been developed
and applied by the authors in their own
laboratories.

GCfMS: APractical User's Guide. By
Marvin McMaster and Christopher
McMaster. Published by John Wiley &
Sons, Inc., 60S Third Ave, New York,
NY 10158-0012, USA, 1998. Price:
$59.95.167 pp. ISBN 0-471-24826-6.

Though gas chromatography/mass
spectrometry (GC/MS) is one of the
most effective and popular methods of
separating, identifying, and quantify­
ing compounds in complex mixtures,
there have been no comprehensive
handbooks to date that clearly explain
the setup and maintenance of a func­
tional GC/MS system. Now, Marvin
and Christopher McMaster have cre­
ated the hands-on resource that re­
searchers and students need to get their
own systems up and running quickly.
Covering everything from necessary
components to tuning, troubleshoot­
ing, and processing data, it allows even
those with little prior knowledge of
GC/MS to perform their own analyses
and gather the data they require.
GC/MS: APractical User's Guide con­
tains full coverage of vital equipment,
including the function, costs, and ad­
vantages of both desktop and floor­
standing systems; a walkthrough of a
basic GC/MS analysis and an exami­
nation of key methods of structural
data interpretation; extensive informa­
tion on GC/MS system optimization;
an exploration of the various research
and environmental uses of GC/MS
systems; and an extended section on
liquid chromatography/mass spec­
trometry to enhance comprehension of
the gas method. This book is for or­
ganic, analytical, clinical, environ­
mental, and forensic chemists in all
types of laboratories-and for students
in all of these specialities.

Handbook of HPLC. Edited by Elena

Katz, Roy Eksteen, Peter Schoenmak­
ers, and Neil Miller. Published by Mar-
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Books in Brief

cel Dekker, Inc., 270 Madison Ave, New
York, NY 10016, USA, 1998. Price:

$225.00.989 pp. ISBN 0-8247-9444-3.
The Handbook ofHPLC discusses

the principles, techniques, and in­
strumentation involving HPLC
within a detailed, comprehensive
framework. It delineates HPLC us­
age in separation, purification, and
detection processes across a wide va­
riety of disciplines from industry to
applied research. Intended as an on­
the-job guide for experienced practi­
tioners as well as an introduction to
the subject for novices, the Hand­
book of HPLC assesses the limita­
tions of reversed-phase HPLC, ion­
exchange, size-exclusion HPLC, and
other separation modes and shows
how to select techniques that procure
desirable results. It also details the
practical operation of pumps, detec­
tors, injection devices, and data han­
dling systems, and explores applica­
tions in areas such as
pharmaceuticals, biotechnology, en­
vironmental monitoring, art conser­
vation, nutrition, food processing,
and more. With over 4, I00 refer­
ences, equations, drawings, and
photographs, the Handbook of
HPLC is for analytical, food, phar­
maceutical, environmental, organic,
physical, and bioanalytical chem­
ists; molecular biologists; chroma­
tographers; biotechnologists; phar­
macologists, and graduate-level
students in these disciplines.

Quality in the Food Analysis Labora­

tory. By Roger Wood, Anders Nilsson,

and Harriet Wallin. Published by the

Royal Society of Chemistry, Thomas

Graham House, Science Park, Milton

Rd, Cambridge CB4 4WF, UK, 1998.
Price: L52.50. 314 pp. ISBN 0-85404­

566-X.

'Fit for purpose' is a phrase familiar
to all users of analytical data, who
need to be assured that data provided
by laboratories are both appropriate
and of the required quality. Quality ill
the Food Allalysis Laboratory surveys
the procedures that a food analysis
laboratory must consider to meet such
requirements. The need to introduce
quality assurance, the different quality
models available and the legislative re­
quirements are considered. Specific
aspects of laboratory practice and par­
ticular areas of accreditation, which
may cause problems for analytical
laboratories, are also discussed. Cov­
ering for the first time those areas of
direct importance to food analysis
laboratories, this book will serve as an
aid to those laboratories when intro­
ducing new measures and justifying
those chosen.

Analytical Instrumentation Hand­
book, Second Edition. Edited by Galen
Wood Ewing. Published by Marcel Dek­
ker, Inc., 270 Madison Ave, New York,
NY 10016, USA, 1998. Price: $250.00.
1453 pp. ISBN 0-8247-9455-9.

This book is intended primarily to

act as a guide for analytical chemists
who may be called to decide what ap­
proach to pursue iil solving specific
problems. No person can be expected
to be expert in more than a few of the
techniques available in a modern ana­
Iyticallaboratory. A particular method
may be adopted simply because it is
more familiar to the operator (or per­
haps less expensive) than other alter­
native methods, some of which might
be better adapted to the problem at
hand. Rather than choose a method ar­
bitrarily, the chemist is urged to con­
sult this handbook for an overview of
other possible techniques. Once a tech­
nique has been selected, the handbook
will present pertinent information

about options within each domain. in­
cluding the pros and cons of different
kinds of instrumentation. The handbook
will also be of value as a library refer­
ence for all persons interested in this ba­
sic area of chemical science, from col­
lege and university students through the
technician and research levels, to indus­
trial management.

European Pharmacopoeia Third Edi­

tion: Supplement 1999. Published by

the Council of Europe, F-67075 Stras­

bourg, France, telephone +33/3-88-41­

25-60, fax +33/3-88-41-27-89, e-mail

PressUnit@coe.fr, Internet www.coe.fr.

The 1999 Supplement of the third
edition of the European Pharmaco­
poeia adds 105 new European stand­
ards, or monographs, and 124 revised
monographs that incorporate the latest
scientific advances. They either har­
monize standards that existed in sev­
eralnational pharmacopoeias or cover
new substances or new technologies
such as gene amplification used for bi­
ologicals to detect viral contaminants
or unusual pathogenic organisms. This
third edition is the main tool for the
standardization of medicines in
Europe and in many non European
countries and has been designed to
meet the specific needs of authorities
in charge of licensing medicines for
human or veterinary use: public or pri­
vate quality control services: and
manufacturers of raw materials, ex­
cipients, and pharmaceuticals. It cov­
ers approximately 1.450 harmonized
European standards on subjects such
as synthetic molecule, biologicals. hu­
man and veterinary vaccines, and
herbal preparations. It also contains
250 general methods of analysis and
1,000 reagents and a specific chapter
on dosage forms such as eye prepara­
tions, tablets. and transdermal patches.
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New Products

NuGenesis™ by Mantra Software

NuGenesis™ is an application-inde­
pendent software data management sys­
tem. It interprets data from the wide va­
riety of appl ications used in the
laboratory, integrates it, and manages it
within a single software structure.
NuGenesis allows users to unify scien­
tific knowledge into acommon database
and allows them access to this informa­
tion from anywhere in the corporation.
"Print-to-database" archiving technol­
ogy permits scientists to save data, re­
ports, graphics, and other information
within centralized databases for later
use. NuGenesis is available in a fully
scalable architecture, extendable from
PC workstations to client/server net­
works running in either Windows 95 or
WindowsNT environments. The cli­
ent/server version is available for both
Access and Oracle platforms.
Contact: Dave Levy, Mantra Software
Corp., 1900 West Park Dr, Westborough,
MA01581, telephone + 1-508-616-9876.

Fujifilm Presents
Neutron-Detecting Imaging Plate

The task of capturing and analyzing
data from neutron crystallography, neu­
tron radiology, and monitoring has now
become much easier and more accurate.
Jointly developed through collaborative
research with the Japan Atomic Energy
Research Institute, the BAS-ND-IP is
the only imaging plate for research using
neutrons. Fujifilm Neutron Imaging
Plates (NO IP) are composed of a layer
of gadolinium oxide and photo-stimu­
lable phosphor sandwiched between a
flexible substrate and a protective coat­
ing. Images are recorded when neutrons
stimulate the gadolinium oxide, initiat­
ing secondary radiation stored in the
photo-stimulable phosphors. BAS-NO
Imaging Plates are linear over five or­
ders of magnitude, providing quantita­
tive accuracy with high resolution never

before attainable with neutrons. Irradia­
tion time using BAS-ND-IP can be re­
duced to VID to VIDa of traditional X-ray
film.
Contact: Vanessa Hartin, Science Sys­
tems Group of Fuji Medical Systems
USA, Inc., Stamford, CT, telephone + 1­
800-431-1850 x2649.

High Precision Pumps by Bellco
Glass

Belleo announces the release of two
new volumetric, high precision pumps
for solution handling applications. The
Accu™ multiple metering pumps allow
for simultaneous feed scheduling of
multiple bioreactor and for multisolvent
dispensing and batch formulations. The
ChemTec™ pumps provide program­
mable, automated bioreactor feed either
by volume or weight. In contrast to volu­
metric metering pumps, the ChemTec
mass flow delivery of nutrients is not af­
fected by temperature, viscosity
changes, or pump tube wear.
Contact: Eddie Leonelli, Belleo Glass,
Inc., 340 Edrudo Rd, Vineland, NJ
08360, telephone + 1-800-257-7043.

Misonix Tray Horn Provides
Sonication to All Wells in
Microtiter Plates

The new Misonix 431-T Tray Hom
allows even sonication to all 384- and
96-well microtiter plates. The ultrasonic
sonication accelerates reactions for high
throughput screening and dramatically
reduces processing times. With the 431­
T Tray Hom, sonication is performed
uniformly. The need to introduce a probe
into each sample well is eliminated,
avoiding sample loss and the possibility
of cross contamination. Applications for
the Tray Hom include high throughput
screening, EllSAs, drug screening,
genomics, cell disruption, DNA or RNA
probe labeling, and hybridations.

Contact: Kim Brecher, Misonix, Inc.,
1938 New Highway, Farmingdale, NY
11735, telephone + 1-800-645-9846.

Revolution™ Threaded Glassware

Harvard Apparatus announces a full
line of new glassware products using their
Revolution™ Threaded technology.
Threaded Teflon valves, caps, and adapt­
ers eliminate the breakage and "freeze­
ups" that occur with traditional glassware.
Threaded caps provide large openings,
making yourglassware more versatile. To­
gether with adapters, they make air sensi­
tive chemistry, chromatographic tech­
niques, and freeze drying possible.
Contact: Harvard Apparatus, Inc., 84
October Hill Rd, Holliston, MA 01746­
1371, telephone + 1-800-272-2775.

Automated Dissolution HPLC
System

Shimadzu Scientific and Logan In­
struments have introduced a new, auto­
mated Tablet Dissolution HPLC Analy­
sis System. The fully integrated system
provides a fast, easy setup and PC con­
trol of all dissolution and HPLC parame­
ters. Automated, simultaneous sampling
and sample transfer from all six vessels
to the HPLC ensures complete sample
integrity with no cross contamination.
The system enables unattended opera­
tion from tablet drop to report review.
The system also offers comprehensive
report generation plus LIMS and net­
work connectivity. For regulatory com­
pliance, the system enables five report
options, including raw data, raw data
summary, percent dissolved, amount
dissolved, and graphic dissolution pro­
file. Multipoint and single point tests can
be performed and HPLC reports can be
created for individual and batch runs.
Contact: Mary Madden, Shimadzu Sci­
entific Instruments, Inc., 7102 River­
wood Dr, Columbia, MD 21046, tele­
phone 1-800-477-1227.
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UV MAX Microplate by Whatman

Whatman announces the first opti­
cally clear, flat bottom microplate for in
situ UV or visible spectroscopic analysis
of well contents, enabling scientists to
further automate the spectroscopic
analyses of samples isolated in the wells
of the microplate. The 96-well UV
MAX microplates are molded from spe­
cially formulated polystyrene that is
transparent to UV light down to 260 nm,
and they have the same size footprints as
standard 96-well microplates.
Contact: Sharman V. Pate, Whatman,
Inc.,9 Bridewell PI, Clifton, NJ 07014,
telephone + 1-888-942-8626.

New Quantitative Test for
Deoxynivalenol

Vicam has introduced a new fluores­
cence test product for deoxynivalenol
(DON). TheDONtestTAGTM implements
new technology to measure DON with
greater speed, precision, and accuracy than
previous technologies. It offers users the
benefit of running a variety of samples in
either single or multiple batches.
Contact: Jennifer Smith, Vicam Science
Technology, 313 Pleasant St, Water­
town, MA 02172, telephone + 1-800­
338-4381.

New Glassware Washer Offers
Dual Spindle Rack Capability

The new Heinicke 1100 Series Un­
dercounter Laboratory Glassware
Washer offers dual spindle capability for
narrow-neck glassware, microprocessor
control, and 82°CIl80°F cycle tempera­
ture setting for high-level disinfection. It
is equipped with three preset wash cy­
cles and three preset cycle temperature
settings and includes deionized rinsing
and convection drying cycles as stand­
ard. A new '13 hp pump provides en­
hanced flow rate and improves cleaning
performance.

Contact: Hotpack, 10940 Dutton Rd,
Philadelphia, PA 19154, telephone + 1­
800-523-3608.

New Simulated Distillation
Software for EZChrom Elite
Chromatography Data Systems

SimDist 200 by Envantage Analytical
Software is a 32-bit software application
that performs simulated distillation using
ASTM D2887, 03710, and D5307 meth­
ods. Its streamlined design uses tabbed
sections for direct access to all analysis set­
tings, and includes complete reporting
with automatic export to Microsoft Excel,
text, or CSV files. The software is de­
signed to work with its EZChrom Elite
chromatography systems.
COl/tact: Lisa Fay, Scientific Software,
Inc., 6612 Owens Dr, Pleasanton, CA
94588, telephone + 1-925-416-9000.

New Milk Urea Nitrogen Testing
Instrument for Real Time Data
Capture

Bentley Instruments announced the
ChemSpec 150, a milk urea nitrogen
(MUN) testing device, that operates as a
stand-alone unit, allowing real time data
capture though serial port, printer,
floppy, or zip drive. It is capable oftest­
ing 150 milk samples per hour, at a cost
of $0.05 per sample, and realizes five
times greater accuracy than the infrared
method while offering greater ease of
calibration and use.
Contact: David W. Dorle, Dorle Com­
munications, Inc., 5209 Silver Maple
Circle, Minnetonka, MN 55343, tele­
phone + 1-612-935-3644.

X-v Micropositioner Features
Stainless Steel Construction

The Supper Stainless Steel X-Y Micro
Slide features all stainless steel construc­
tion, including a permanently lubricated
drive screw for smooth operation and

measures only 1'18 square inches by
5;16 inches thick. This compact device pro­
vides 0.125 inches travel in both axes and
can be equipped with an optional "z" at­
tachment. The Micro Slide incorporates
multiple tapped holes for mounting in any
orientation and can accommodate a vari­
ety of optics, mirrors, photodiodes, infra­
red sensors, and other devices.
Contact: Donald E. Goodwin, Charles
Supper Co., Inc., 15 Tech Circle, Natick,
MA 01760, telephone + 1-508-655-4610.

Fast Pulse
Preamplifier-Discriminator

Advanced Research Instruments
Corp. announces Version 7 of the F­
lOOT amplifier-discriminator. This new
unit amplifies and processes pulses from
a photomultiplier tube, or electron mul­
tiplier and replaces the traditional pre­
amplifier, linear amplifier, and lower
level discriminator. It is compatible with
virtually any rate meter or counter/timer.
Hand-sized, it is easily placed next to a
detector to minimize noise and maxi­
mize useful sensitivity. Input sensitivity
is 100/lV-2OO mV,forTTLoulput pulses,
and the maximum pulse repetition rate for
equally spaced pulses is 50 MHz. The F­
lOOT applications are photon, electron,
and ion counting; fast PMT (photo multi­
plier tube) pulse processing; electron
multiplier preamplifier-discriminator;
SIMS (secondary ion mass spectros­
copy); ISS (ion scattering spectros­
copy); and X-ray.
Contact: Advanced Research Instru­
ments Corp., 2434 30th St, Boulder, CO
80301, telephone + 1-303-449-2288.

Sulfur Selective Detection for
GCAnalysis

The GC-SCD from Antek Instru­
ments offers analysts a powerful new
sulfur selective detection system. Us­
ing patented oxidativelreductive pyro-
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lysis technology, this system allows low
parts per billion detection of all sulfur
compounds. Equimolarity enables ana­
lysts to quantitate all sulfur present­
whether identified or unknown. The
SCD is equipped with a large 14 in.
dual-zone furnace that provides com­
plete sample combustion.
Contact: Becky Wreyford, Antek Instru­
ments, Inc., 300 Bammel Westfield Rd,
Houston, TX 77090-3533, telephone +
1-800-365-2143.

New ACIDC Specialty Gas Monitors

CEA Instruments announces its new
TG-KA series of portable toxic gas de­
tectors. These compact, direct reading
instruments with digital displays use
patented gas membrane galvanic sensors
available for formaldehyde, ozone,
phosgene, hydrogen tluoride, phosphine,
and many others. The sensors are unat~

fected by normal interfering gases and
can detect as little as 0.0 I ppm. Adjust­
able audible and visual alarms can be set
as low as 0.1 ppm. The TG-KA weighs
less than lib, and comes with battery
charger, AC power supply, carrying case,
recorder output, and other accessories. The
unit will operate for 30 hbetween charges,
or continuously on AC power.
Contact: Steven R. Adelman, CEA In­
struments, Inc., 16 Chestnut St, Emer­
son, NJ 07630, telephone + 1-201-967­
5660.

New Stainless Steel Quick
Disconnect Couplings

The SST Series quick disconnect
couplings from Colder Products Co. fea­
tures a tlow path of 316 stainless steel.
The SST Series was designed for use
with analytical instruments, printing,
pharmaceutical, semiconductor, chemi­
cal handling, and foodlbeverage indus­
tries. SST couplings feature a thumb
latch for easy one-handed disconnects;
an automatic shutoff; and an audible

"click" to verify a secure, leak-free con­
nection. They are available in both 1;8
inch and 1;4 in. nominal tlow capacity,
and they operate in working pressures
from vacuum to 150 psi, and in tempera­
tures from -40° to 200°F continuous, or
400°F intermittent.
Contact: Phil Allen, Colder Products
Co., 1001 Westgate Dr, St. Paul, MN
55114, telephone+ 1-800-444-2474.

Special Support-Service
Bundles for In-House Technical
Support Groups

Hewlett-Packard Co. announced a
special support-service bundle for in­
house technical support groups that per­
form their own maintenance and repair
on HP chemical analysis instruments.
The bundle allows laboratory managers
to integrate HP resources with in-house
technical support. It includes parts and
unlimited telephone assistance to isolate
and resolve hardware problems; preferred
response time for on-site assistance; access
to HP service notes; and eligibility for
HP's instrument repair training.
Contact: Hewlett-Packard Co., (102)
Chemical Analysis Group, 30 I0 PO Box
954, Santa Clarita, CA 91380-9971.

Automated Fluoride Analysis

MagicChem 6501Fluoride by Lab­
tronics, Inc. automates standard tluoride
analysis. The system consists of a
robotic XYZ sampler, dilutor, dosing
pump, ion meter, tlow-through elec­
trode, and software. It automatically
measures correct sample volume, adds
reagent, transfers prepared samples, and
runs regular standards and QC samples.
Off-scale samples can be automatically
diluted and rerun. Other chemistry tests
can be added to the systems and per­
formed simultaneously. The Magic­
Chem software included with the system
provides advanced graphic capabilities,
password protection, audit trail, exten-

sive reporting functions, and compre­
hensive L1MS interfacing.
Contact: Susan Riekels, Labtronics,
Inc., 95 Crimea St, Guelph, Ontario,
NIH 2Y5, Canada, telephone + 1-519­
767-1061.

New Reagents Provide Safer KF
Moisture Determinations

A new line of Karl Fischer reagents
designed to minimize exposure to
methanol and other hazardous chemi­
cals is now available from Riedel-de
Haen Laboratory Chemicals. HY­
DRANAL-E reagents use ethanol in­
stead of methanol as the solvent and
are free of halogenated hydrocarbons.
These reagents also offer improved
solubility for long chained hydrocar­
bons, less pronounced side reactions
when titrating ketones, and are more
suitable for solid materials. HY­
DRANAL-E reagents are available for
one-component and two-component
volumetric reagent systems.
Contact: Don Hobbs, Riedel-de Haen
Laboratory Chemicals, PO Box 14508,
St. Louis, MO 63178, telephone + 1­
800-521-8956.

Whatman VectaSpin Tube Filters
Enhanced with Ultrafiltration
and Microfiltration Media

The VectaSpin 3 Microcentrifuge
and VectaSpin 20 Centrifuge tube filters
can be used to prepare HPLC samples,
environmental samples, and biomolecu­
lar samples. They permit scientists to
combine ultrafiltration or microfiltration
operation with centrifugation into one
step. The VectaSpin 3 is rated at 5000 g
maximum, and the VectaSpin 20 is rated
at 2075 g maximum. The filtered sam­
ples can be stored in the tubes at tem­
peratures between -70° and 50°C.
Contact: Sharman V. Pate, Whatman,
Inc.,9 Bridewell PI, Clifton, NJ 07014,
telephone + 1-888-942-8626.
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SPECIAL REPORT

Structure-Retention Relationships and Physicochemical
Characterization of Solutes in Thin-Layer Chromatography

TmoR CSERHATI and ESTHER FORGA.CS

Hungarian Academy of Sciences, Chemical Research Center, Institute of Chemistry, PO Box 17, 1525 Budapest, Hungary

This review enumerates and critically evaluates ex­
perimental methods and calculation procedures
used to elucidate the molecular basis of thin-layer
chromatography (TLC) separations in both adsorp­
tion and reversed-phase modes. It addresses the
quantitative relationship between molecular struc­
ture and retention and the determination of the sol­
ute physicochemical parameters by TLC.

Significant multilinear correlations were found between re­
tention behavior of 16 barbituric acid derivatives in 2 adsorp­
tion TLC systems (system A: cWoroforrn-acetone, 9 + I; sys­
tem B: 2-propanol-<:hloroforrn-25% ammonia, 9 +9 +2) and
the following connectivity indexes (8):

RF(SystemA) =-D.410 +0.052 x 0)(' +0.128 x 4Xpc (I)

n = 16; r = 0.892; s = 0,055; F = 25.31

T
hin-layer chromatography (TLe) is a convenient and
rapid analytical method for separation and semi-quanti­
tative determination ofa wide variety of organic and in­

organic compounds present in low quantities in complicated
matrixes (I, 2). In the past decade, the number of practical ap­
plications (3) and theoretical studies of the relationships be­
tween molecular structure and retention behavior have in­
creased considerably (4). Retention of solutes in TLC strongly
depends on the chemical structure of the solutes (5, 6) and on
their physicochemical parameters (7). It has been proved many
times that the quantitative relationship between molecular
structure and retention behavior can bee used successfully to
predict retention of various solutes (8,9). Because molecular
parameters define retention, the corresponding physicochemi­
cal parameters of solutes can be calculated easily by measuring
their retention in appropriate TLC systems (10).

This review considers the latest achievements in quantita­
tive structure-retention relationships and in determination of
molecular characteristics by TLe.

Quantitative Strueture-Retention Relationships in
TLC

RF(System B) =-D.8l2 + 0.056 x 0)(' + 6.447 x 4rc (2)

n = 16; r = 0.940; s = 0.044; F = 30.15

where Xis the connectivity index, n is the number of solutes, r

is the coefficient of correlation the square of which is related to
the ratio of variance explained by the independent variables, S

is the standard deviation of the dependent variable, F is a cal­
culated statistical parameter characterizing the fitness of meas­
ured data to the equation, RFis the distance of the spot of solute
from the start divided by the distance of the eluent front from
the start, 0)(' is the indicator of the number of carbon atoms and
the size of the molecule, 4Xpc is the indicator of the number and
length of adjacent substituent pairs, and 4rc is the indicator of
the number of quaternary carbons and the presence of non-a
adjacent electrons. The results emphasize the marked impact of
molecular size and of the number and length of substituents on
the retention behavior of barbituric acid derivatives in adsorp­
tion TLe.

Similar results were obtained for the retention behavior of
23 phenol derivatives in 2 adsorption TLC systems (system A:
benzene-<lioxane--acetic acid, 90 +25 +4; system B: benzene­
methanol-acetic acid, 45 +8 +4) (16):

n = 23; r= 0.918; S = 0.134; F = 34.07

RM(System B) =-D.488 +5.736 x 3rc +0,892 x 4Xpc _

(3)

(4)

Many efforts have been devoted to elucidate quantitative
relationships between molecular structure and chroma­
tographic retention (11). A wide variety of measured or calcu­
lated physicochemical parameters have been tested as descrip­
tors of retention behavior of individual solutes or solute series
(12). Topological indexes (13) have been used extensively to
describe the relationship between retention behavior and mo­
lecular structure in TLC (14, 15).

Received June 10, 1998. Accepted by JS July 16, 1998. n = 23; r = 0.892; S = 0.117; F = 24.67
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where RM is 10g(lIRr - I). This method can be used success­
fully to predict retention behavior of phenol derivatives in ad­
sorption TLC (16). Furthermore, topological indexes have been
used to describe the retention behavior of phenol (17) and fatty
acid isomers (18).

Other solute descriptors such as R2 (excess molar refrac­
tion), 7t ~ (the dipolarity/polarizability), I.a~ and L/3g (the over­
all or effective hydrogen-bond acidity and basicity, respec­
tively), and Vx (the McGowan characteristic volume) have been
used to assess the linear correlation between RM values of non­
homologous series of compounds extrapolated to water (RMw;

19) and the solute descriptors mentioned above (20):

RMw =0.259 + 0.239 x R2 - 0.662 x 7t ~-

0.666 x L~ - 3.006 x I~ + 3.603 x Vx (5)

n =76; s =0.206; F= 635

where the statistical parameters are the same as for equations I
and 2. The results of equation 5 prove that these decsriptors are
suitable for prediction of the retention behavior of solutes in
reversed-phase TLC (RP-TLC).

Retention parameters of 38 nonionic surfactants on an alu­
mina layer coated with paraffin oil were determined with
methanol-water mixtures as the mobile phase, and the relation­
ship between molecular structure and retention behavior was
elucidated by canonical correlation analysis (21). The character
of the surfactant's hydrophobic moiety exerts a significant im­
pact on retention whereas the number of polar ethylene oxide
groups has negligible effect.

The study of quantitative relationships between molecular
characteristics and retention behavior of solutes is a relatively
new research field in TLC and RP-TLC. Because research
groups use different sets of physicochemical parameters and
molecular descriptors, the suitability of these parameters and
descriptors for prediction of retention behavior cannot be com­
pared. We strongly hope that these methods will continue to
contribute to rational optimization ofTLC separations, thereby
increasing the efficiency of control of TLC methods and the
number of research laboratories using the methods.

Determination of Physicochemical Parameters of
Solutes by TLC

Lipophilicity is the molecular parameter most frequently
used in quantitative structure-activity relationship studies (22,
23). This parameter governs penetration of bioactive com­
pounds through hydrophobic cell membranes, uptake by target
organs or organisms, etc. Lipophilicity can be determined by
the traditional partition method between water and n-octanol
(24). However, this method is time-consuming, and the com­
pound has to be very pure because impurities influence the par­
tition of the original bioactive compound, resulting in a biased
lipophilicity value. In the search for more rapid methods, vari­
ous chromatographic techniques, such as RP-TLC (25), re­
versed-phase liquid chromatography (RP-LC; 26), micellar
electrokinetic chromatography (27), and gas-liquid chroma-

tography (28), have been explored for determination of mo­
lecular lipophilicity.

Determination of lipophilicity by chromatography offers
many advantages: It is rapid and relatively simple, it does not
need pure solutes because impurities are separated during the
process, and a very small amount of compound is needed.
Many RP-TLC systems used to determine molecular lipo­
philicity generally use a silica support. The hydrophobic ligand
can be bound to the surface of the silica support by adsorption
or by covalent bonding. Paraffin (29) or silicone oils (30) dis­
solved in an appropriate solvent (n-hexane, diethyl ether, chlo­
roform, etc.) have been used to impregnate the silica. The con­
centration of the oils is generally 5 vol %, but lower (I vol %)
and higher (15 vol %) concentrations also have been reported
(31). The oils are bound by adsorptive forces to the polar ad­
sorption centers on the surface of silica support and do not
move during the separation process. Silica supports with cova­
lently bonded hydrophobic ligands-silanized silica (32) and oc­
tyl- (33) or octadecyl-bonded silica (34)-also have been success­
fully applied for determination of lipophilicity. Other inorganic
and organic supports such as alumina and cellulose have not been
used frequently for studies of solute lipophi]icity (35).

Because most compounds show negligible mobility in
water, the solvent strength of the mobile phase has to be in­
creased by adding an organic modifier miscible with water.
Methanol, acetone, and acetonitrile are the most frequently
used organic modifiers (36). 2-Propanol, dioxane, and tetrahy­
drofuran also have been used in RP-TLC (37). To increase the
reliability of the Iipophilicity determination, RM values [RM =
10g(lIRr - I)] characterizing lipophilicity in RP-TLC have
been extrapolated to zero concentration of organic modifier
(38). The suitability of various RP-TLC methods for the exact
determination of the lipophilicity of bioactive compounds has
been vigorously discussed and results have been compared
with those obtained by RP-LC by using log k' (capacity factor)
values as indicator of lipophilicity (39). Results are somewhat
contradictory. Good correlations were found for xanthine and
adenosine derivatives (40, 41):

log k' =(0.921 ± 0.037) + (0.763 ± 0.056) x RM (6)

n =34; r =0.922; s =0.173; F =182.0; P < 0.005

However, for nonhomologous series of commercial pesti­
cides,lipophilicity values determined by RP-TLC and RP-LC
were slightly different (42).

Lipophilicity values determined by RP-TLC have been cor­
related successfully with biological activity for various com­
pounds such as 1-[3-(aroylo)]- and 1-[3-(aryloxy)]-propyl ami­
nothiazoles (43), substituted ethylenediamines and ethanol­
arnines (44), phenylcarbamic esters (45), ~-blocker benzoxas­
ine derivatives (46), N-indol-3-yl(acetyl)amino acids (47), qua­
ternary ammonium bolaamphiphiles (48), N,-aryl-substituted
quinolone antibacterials (49), and benzimidazole and benztria­
zoIe derivatives (50). Exact knowledge of the quantitative cor­
relations between physicochemical parameters and biological
activity may promote rational design of new pharmaceuticals
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and pesticides and better understanding of the biochemical and (24)

biophysical bases of biological activity.
(25)
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AGRICULTURAL MATERIALS

Determination of Maleic Hydrazide in Pesticide Formulations by
Capillary Electrophoresis

DONNA T, KUBILIUS and RODNEY J, BUSHWAY I

Universily of Maine, Department of Food Science and Human Nutrition, 5736 Holmes Hall, Orono, ME 04469-5736

Acapillary electrophoresis method was developed to
quantitate the growth regulator maleic hydrazide
(MH) in pesticide formulations, Liquid fonnulations
were dissolved in water, injected into a capillary elec­
trophoresis instrument, and monitored at 220 nm.
The running buffer was 10 mM dibasic sodium phos­
phate at pH 9.0. Total analysis time was 10 min. Four
liquid fonnulations with a guarantee of 30.2 or 30.3%
potassium salt of MH were analyzed. Within~ay coef­
ficients of variation (CVs) ranged from 3.0 to 7.7%,
and between~ay CVs ranged from 5.5 to 10.0%. Pu­
rity of each MH peak was checked by using a photo­
diode array detector in the spectrum mode. No inter­
ferences were observed.

M
aleic hydrazide (MH) is a plant growth regulator that
is absorbed by the leaves and roots and inhibits cell
division (I). [t is an isomer of uracil, a pyrimidine

base in RNA and may become incorporated into RNA (2). MH
also exhibits some herbicidal activity. It is registered for use on
tobacco, potatoes, onions, nonbearing citrus fruit, turf, utility
and highway rights-of-way, airports, industrial land, lawns, rec­
reational areas, ornamental or shade trees, and ornamental
plants (3). The fonnulation types registered by the U.S. Envi­
ronmental Protection Agency include single-active-ingredient
products and a multiple-active-ingredient product. For single­
active-ingredient products, MH can be sold as an emulsifiable
concentrate (8%), soluble concentratelliquid (21.6--33.3%),
and soluble concentrate/solid (80%). The fonnulation regis­
tered for multiple ingredients is an emulsifiable concentrate
(11.1 % plus one other active ingredient; 3).

Numerous liquid (4-7) and gas chromatographic (8-10)
methods exist that measure MH in various matrixes such as
tobacco, potato tubers, onion, and garlic. However, none of
these methods have been used for fonnulations. Methods for
analyzing MH in fonnulations involve either titration or liquid
chromatography (LC; I). Both procedures were developed by
the MH manufacturer Uniroyal.

Capillary electrophoresis (CE) is beginning to find its niche
in pesticide analysis. [n CE, a fused-silica capillary is filled

Received January 16, 1998. Accepted by RN June II, 1998.
I Author to whom correspondence should be addressed.

with an aqueous running buffer and an electric field is applied
to the capillary. Separation is achieved by migration of charged
particles in the running buffer. Cations migrate to the cathode
and anions migrate to the anode under the influence of an elec­
troosmotic flow. CE offers many advantages over conventional
chromatographic techniques, including decreased use of or­
ganic solvents, use of small sample volume, and increased ef­
ficiency and resolution. The major disadvantage of CE is de­
creased sensitivity due to online detection, but this is being
corrected by use of capillaries with longer path lengths.

This paper describes a CE method for analysis of the most
prevalent MH fonnulation, MH potassium salt at 30.2 or
30.0%.

METHOD

Apparatus and Reagents

(a) CE system.-Hewlett-Packard 3D CE system (Avon­
dale, PAl equipped with a photodiode array detector and an
extended light path capillary. Prior to injection, flush the capil­
lary for [ min with O.lM NaOH followed by 2 min flush with
running buffer. Operating conditions: injection, hydrodynami­
cally for I s at 5 mbar; amperage, 40 A; wavelength, 220 nm;
capillary temperature, 20°C; temperature of carousel, 25°C.

(b) Capillary column.-Intemal diameter, 75 /lm; bubble
factor, 2.7; total length, 48.5 cm; effective length, 40 cm
(Hewlett Packard).

(e) Running buffer.-IO mM dibasic sodium phosphate
(Sigma, St. Louis, MO), prepared daily and filtered prior to use
through a 0.45 /lm filter disk (Millipore Co., Bedford, MA).

(d) Working standard.-Accurately weigh ca 20 mg MH
reference standard (99% pure; Riedel-de-Haen, Seelze, Ger­
many) into a 25 mL volumetric flask and bring to volume with
LC grade methanol (EM Science, Gibbstown, NJ). Dilute the
stock [11600 in water.

Sample Preparation

MH fonnulations were liquid containing 30.2 or 30.3% MH
potassium salt, all from Drexel Chemical Co. (Memphis, TN),
Uniroyal Chemical Co. (Middlebury, CT), and Platte Chemical
Co. (Greeley, CO). The pH of the fonnulation should be be­
tween 8.5 and 9.5 to avoid ionization of the second enol moiety
in the molecu[e (Figure I). Accurately weigh amount of tech­
nical liquid fonnulation containing ca 110 mg MH into a
100 mL volumetric flask and dilute to volume with LC grade
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Figure 2. Structure of maleic hydrazide.

purity of standard x 1.34
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Maleic Hydrazide Maleic Hydrazide Maleic Hydrazide
Free Acid Mono-salt pH 8.5- Di-salt pH 10.5

9.5 -11.5

Figure 1. Ionization of maleic hydrazide.

water. Make a 1/2000 dilution, filter a portion with a 0.2 ~m
syringe filter (Gelman,lnc., Ann Arbor, MI), and inject into the
CEsystem.

where Rand R ' =average peak heights of sample and standard,
respectively; W' =weight of standard in stock solution (mg);
W = weight of sample (mg); 500 = dilution factor; and 1.34 =
conversion factor for potassium salt.

Determination
Results and Discussion

Inject standard twice, followed by 2 injections of sample. Fi­
nally, inject standard twice. Use peak height to calculate content:

Compound, % =(R/R ') x (W '/W) x 500 x

Because of the chemical structure of MH (Figure 2), it is
possible to use UV detection. Furthermore, MH is water sol­
uble. These 2 properties make it an ideal candidate for CE de­
termination. An electropherogram of MH is shown in Figure 3.
Baseline separation was accomplished and MH migrated in

mAU'

HH

.,

15 2.5 3.5 45 55

Figure 3. CE electropherogram of MH formulation.
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3.5 min. Thus, the total analysis time for each sample, includ­
ing conditioning, is to min.

Using a photodiode array detector, a UV spectrum from 200
to 340 nm was taken for each MH peak. Purity checks indicated
that there were no coeluting compounds present. MH can be
monitored at either 220 or 313 nm, but at 220 nm the extinction
coefficient is much greater and thus a larger peak height is ob­
tained. Peak height was used for all calculations. Although peak
height is preferred over peak area if migration time fluctuates,
migration time does not vary in this method, and thus, use of
peak area should also be fine.

Both within-day and between-day reproducibility studies
were performed on 4 formulations. All formulations were guar­
anteed for 30.2 to 30.3% MH potassium salt. Two were from
Uniroyal, one was from Platte Chemical, and the last was from
Drexel Chemical. For within-day variations, each formulation
was analyzed 10 times in I day. For between-day variations,
each formulation was analyzed to times on 5 different days.
Results are presented in Table I. Within-day coefficients of
variation (CYs) ranged from 3.0 to 7.7%. Between-day CYs
varied from 5.5 to 10%. Linearity for MH was shown to be
from 0.31 to 5 Ilg/mL. Pearson's correlation for the standard
curve was 0.99. The detection limit was 0.25Ilg/mL.

The method is very reliable. Because of the short prepara­
tion step and fast CE migration, it is very cost and time effec­
tive. Because organic solvents are not a hazard, the need for
waste disposal is eliminated.

Acknowledgment

This study is Maine Agricultural Experiment Station paper
No. 2237.

Table 1. CE determination of MH in pesticide
formulations

MH found, % (CV, %)

Formulation Guarantee, % Within-day" Between-dayb

A 30.3 30.6 (6.5) 29.7 (5.5)

B 30.2 29.9 (7.7) 29.6 (7.6)

C 30.3 31.8 (3.5) 31.1 (6.8)

0 30.3 30.5 (3.0) 31.0 (10.0)

• Each value is an average of 10 determinations in 1 day.
b Each value is an average of 10 determinations per day performed

over 5 days.
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Multiresidue Liquid Chromatographic Method for Determining
Residues of Mono- and Dibasic Penicillins in Bovine Muscle
Tissues

JOE O. BOlSON and LILY J.-Y. KENG I

Canadian Food Inspection Agency, Health of Animals Laboratory, Centre for Veterinary Drug Residues, 116 Veterinary Rd,
Saskatoon, Saskatchewan S7N 2R3, Canada

A liquid chromatographic method with UV detec­
tion at 325 nm was developed for simultaneous de­
termination of amoxicillin, ampicillin, penicillin G,
and cloxacillin residues in bovine muscle tissue as
their mercaptide derivatives. The penicillins are ex­
tracted from bovine tissues with 0.1 M phosphate
buffer (pH 8.5), cleaned up on a t-C18 Sep-Pak car­
tridge, and eluted with 2 ml acetonitrile. After the
acetonitrile in the eluate is evaporated to dryness,
the residue is dissolved in 200 Jll (40 + 60, v/v) ace­
tonitrile--phosphate buffer (pH 6.5) and derivatized
with acetic anhydride and mercuric chloride in the
presence of 1,2,4-triazole at 65°C for 30 min. Gradi­
ent analysis on a Spherisorb 5 Jlm 00S(2) (oc­
tadecyl silane) analytical column using a binary mo­
bile phase consisting of acetonitrile and 0.10M
phosphate buffer (pH 6.5) in the presence of
0.0157M sodium thiosulfate at 1 mLlmin permits de­
termination of each intact penicillin in bovine mus­
cle tissue at ~10 ppb with recoveries ~72%. This
laboratory method provides detection sensitivities
equivalent to those of rapid tests used for screen­
ing ~-Iactam drug residues in bovine tissue sam­
ples for regulatory enforcement.

P-Lactam veterinary drugs besides penicillin G (PENG),
such as amoxicillin (AMOX), ampicillin (AMPI), clox­
acillin (CLOX), ceftiofur (CEFT), and cephapirin

(CEPH), are used extensively in food animal production. Ex­
cept for PENG, there are no suitable, sensitive analytical meth­
ods available for routinely monitoring residues of the other ~­

lactams in food animals. Therefore, a sensitive, multiresidue
chemical method for simultaneous determination of ~-Iactams

including PENG would be more practical to a regulatory labo­
ratory than individual methods developed for analysis of each
~-Iactam.

Received June 30. 1997. Accepted by RN June 2, 1998.
J Current address: Centaur Phannaceulicals. Inc.. 484 Oakmead Pkwy.

Sunnyvale. CA 94086.

Several multiresidue methods based on UV detection have
been developed for determining either only monobasic (1-3) or
only amphoteric penicillins. Very few methods are available for
simultaneous determination of both (4-6). Palmer and Bywater
(4) and Zomer et aI. (5) recently used liquid chromatography
(LC) with bioautographic detection to determine AMOX,
AMPI, PENG, oxacillin, CLOX, and dicloxacillin in animal
tissues and body fluids at concentrations down to 10 nglg.
Moats and Harik-Khan (6) also reported a multiresidue LC
method for these same ~-Iactams in milk.

Even though these multiresidue methods have the sensitiv­

ity required for regulatory analyses, the extraction and analyti­

cal procedures are lengthy and impractical for routine analyses.

However, with a mass spectrometer as a specific detector, it is

possible to simultaneously analyze amphoteric and monobasic

~-Iactams at trace concentrations suitable for regulatory moni­

toring and surveillance. For example, Parker et al. (7) recently

determined AMOX, sulbenicillin, PENG, carbenicillin, pipe­

ricillin, CLOX, and dicloxacilJin in human plasma by LC-elec­

trospray ionization-mass spectrometry (LC-ESI-MS) at con­

centrations down to 25 nglmL. Most recently, Tyczkowska et

aI. (8) determined simultaneously picogram levels of AMOX,

AMPI, PENG, CLOX, CEPH, and CEFT in milk by LC-ESI­

MS. However, the same procedure using a UV detector in place

of the mass spectrometer could detect only about 100 ng of the

same analytes/mL in milk. Even though the method seems sim­

ple, the detection limits are well above the maximum residue

limits (MRLs) defined for these antibiotics in milk. Thus, the

LC-UV method is unsuitable for regulatory analyses.

We report here a simple sample preparation procedure that

features a precolumn derivatization reaction previously de­

scribed by Bundgaard (9) and applied to analysis of human se­

rum and urine by Haginaka and Wakai (10) for simultaneous

determination of AMOX, AMPI, PENG, and CLOX (i.e., both

amphoteric and monobasic penicillins: see Figure 1for chemi­

cal structures) in bovine tissues, each at a concentration of

~IO ppb, with penicillin V (PENV) as internal standard.
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METHOD Basic Penicillin Nucleus

Preparation of Standard Solutions

Figure 1. Chemical structures of IHactams included in

this stUdy.

(a) Stock standard solutions ofAMOX, AMP1, PENG, alld
CLOX (100 ~g active dmg/mL).-Weigh 0.0107 g sodium arn-
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(e) MSE Coolspill 2 centrifuge with fixed-angle rotors.­
Fisons, Sussex, UK.

(f) LC-UV equipment.-Waters Multisolvent Delivery
System consisting of a 610 fluid unit, a 610 valve unit and a
600E system controller, a 994 photodiode array detector
(PDA), a 5200 printer/plotter, and an ABB SE-120 analog strip
chart recorder. A Waters Millilab Workstation with a 50 ~L

fixed injection loop (Rheodyne) served as the automated injec­
tion unit. The components in the tissue extracts were separated
on a250 x 4.6 mm, 5~m Spherisorb ODS(2) (octadecyl silane)
stainless steel column with 12% carbon loading and end­
capped (Phenomenex, Torrance, CAl. The column was pre­
ceded by a Spherisorb CI8 guard cartridge.

Apparatus

(a) Solid-phase extraction (SPE) cartridges.-t-C I8 Sep­
Pak Vac (3 cc, 500 mg, 17% carbon loading, end-capped; Wa­
ters Chromatography Ltd., Mississauga, ON, Canada).

(b) Vortex mixer.-Variable speed mixer (Canlab Division,
Baxter Diagnostics Corp.).

(c) SPE vacuum manifold.-Speed-Mate, 30 vacuum
manifold (Applied Separations, Bethlehem, PAl.

(d) Solvent evaporator.-Zymark Turbo LV (Zymark Ltd.,
Mississauga, ON, Canada).

Materials and Reagents

(a) Acetonitrile.-LC grade (Canlab Division, Baxter Di­
agnostics Corp., Mississauga, ON, Canada).

(b) Water.---Dbtained from a Barnstead ROlNanopure ul­
trafiltration unit.

(c) Sodium penicillin G, potassium penicillin V. sodium
cloxacillin, and amoxicillin reagents.-Sigma Chemical Co.,
St. Louis, MO.

(d) Sodium ampicillin.-Dbtained from Aldrich, Milwau­
kee, WI.

(e) Derivatizing reagent.-2M 1,2,4-triazole containing
1O-3M mercuric chloride. Weigh 34.45 g 1,2,4-triazole
(Aldrich) into 400 mL beaker, add 150 mL water, and stir with
a magnetic barto dissolve. Add 25 mLO.OIM HgClz, mix, and
adjust pH to 9.0 ±0.5 with 5M NaOH. Transfer quantitatively
into a 250 mL volumetric flask and dilute to volume with water.
Note: Mercuric chloride is highly toxic. Avoid contact. Consult
Material Safety Data Sheets for its handling and disposal.

(f) Mobile phase phosphate buffer.---{J.I M containing
0.0157M thiosulfate (pH 6.5). Weigh 4.696 g dibasic anhy­
drous sodium phosphate, 8.969 g monobasic sodium phos­
phate (monohydrate), and 2.482 g anhydrous sodium thiosul­
fate. Dissolve in 800 mL water and dilute to volume in a I L
volumetric flask.

(g) Extraction solution.---{J.I M NaHZP04 (pH 8.5). Weigh
13.9 g monobasic sodium phosphate and dissolve in ca 900 mL
water. Adjust pH with saturated NaOH to ca 8 and then to 8.5
with 5M NaOH. Transfer quantitatively into a I L volumetric
flask and dilute to volume with water.

(h) Acetic anhydride (O.2M).-Pipet 1.9 mL anhydrous
acetic anhydride (Mallinckrodt, Point-Claire, PQ, Canada) into
ca 80 mL LC grade acetonitrile and mix to dissolve. Transfer
quantitatively into a 100 mL volumetric flask and dilute to vol­
ume with acetonitrile.

(i) Borate buffer (O.lM, pH 9).-Dissolve 1.262 g boric
acid (98%, Aldrich) and 8.3 mL 1M NaOH inca lOOmL water.
Transfer quantitatively into 200 mL volumetric flask and dilute
to volume with water.

(j) Sulfuric acid (O.J7M).-Measure 9.4 mL concentrated
sulfuric acid (\ 8M) and slowly add to ca 500 mL water in a I L
volumetric flask. Gently mix and make up to volume with water.

(k) Aqueous sodium chloride (2%).-Dissolve 20 g ana­
lytical reagent grade NaCi in 880 mL water.
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Table 1. Mobile phase composition for gradient
analysis of [3-lactam antibiotic residues

Buffer" Acetonitrile
Run time, min composition, % composition, % Gradient curve

0 82 18

8 75 25 6
25 65 35 6

30 0 100 11
33 82 18 11
60 82 18 11

• Buffer: 0.10M phosphate buffer (pH 6.5) containing 0.0157M
sodium thiosulfate.

picillin, 0.0107 g sodium penicillin G, and 0.0111 g sodium.
cloxacillin into individual 100 mL calibrated volumetric flasks
and make up to volume with water. Weigh 0.0120 g AMOX
into a 100 mL calibrated volumetric flask and add ca 80 mL
water. Ultrasonicate sample for ca 5 min to dissolve and make
up to volume with water.

Note: Store AMPI stock solutions at a concentration of
10 JlglmL at -20°C in 4 mL glass vials. However, if possible,
store standards at -76°C or lower.

(b) Srock standard solution of PENV as intemal standard
(100 Jlg active dmg/mL).-Weigh 0.0111 g potassium penicillin
Vand dissolve with water in 100 mL calibrated volumetric flask.

(e) Mixed standard working solution, 2 JlglmL.-Prepare a
solution containing AMOX, AMPI, PENG, and ClOX by se­
rial dilution of stock solutions. This mixed standard may be
stored in 4 mL glass vials at -76°C.

(d) PENV working standard solution, 20 JlglmL.-Prepare
from stock standard solution.

Sample Preparation

Accurately weigh 2 g homogenized blank (drug-free) beef
muscle tissue into each of five 50 mL polypropylene centrifuge
tubes. Accurately weigh 2 g homogenized test samples into
50 mL polypropylene centrifuge tubes. Fortify blank tissue
samples with 10, 20, 50, 100, and 200 Jll of a 2 JlglmL mixed
working standard to prepare tissue calibration standards con­
taining 10,20,50, 100, and 200 ng each of AMOX, AMPI,

PENG and ClOX, per gram, respectively. Add 25 Jll of a
20 JlglmL PENV standard solution to each test and standard
sample to provide a constant amount, 250 nglg, as internal
standard. Add 7 mL 0.1 M NaH2P04 (pH 8.5) to each sample,
and agitate on a Vortex mixer at high speed for 2 min. Add 2mL
0.17M H2S04, agitate on a Vortex mixer at high speed for 20 s,
and centrifuge at 2500 x g for 10 min. Decant supernatant into
15 mL polypropylene centrifuge tube. Repeat extraction with
5 mL 0.1 M NaH2P04 (pH 8.5) and centrifuge at 2500 x g for
10 min. Combine supernatants from 2 extractions in a 15 mL
polypropylene centrifuge tube. Add 100 Jll 5M NaOH, mix,
and centrifuge at 1000 x g for 10 min. To avoid analyte losses
and clogging OfC 18 cartridges, the pH ofthe extract at this point
should be between 8.3 and 8.5. More NaOH should be added if
the pH of the extract is lower than 8.3. However, if the pH is
greater than 8.5, the extract must be discarded, the extraction
repeated on a freshly weighed tissue sample, and a smaller vol­
ume of NaOH added.

Cleanup of Tissue Extracts on t-C18 Sep-Pak
Cartridges

Condition a t-C 18 Sep-Pak (3 mL vacuum-type SPE car­
tridge, Waters Chromatography) with 20 mL methanol fol­
lowed by 20 mL water, 10 mL 2% NaCI, and 10 mL 0.1 M
NaH2P04 (pH 8.5) buffer. To maintain anticipated recoveries
of analytes from the SPE cartridge, do not substitute other SPE
cartridges for this cleanup step. load extract onto t-C 18 car­
tridge at ca 3 rnUmin. Rinse centrifuge tube with 10 mL 0.1 M
NaH2P04 buffer (pH 8.5) and load the rinse onto the t-C 18 car­
tridge. Continue evacuating cartridge for another 2 min. Elute
penicillins slowly (ca 1 rnUmin) with 2 mL acetonitrile.
Evaporate eluate to dryness at 50°C (Zymark TurboVap lV
evaporator) with prepurified nitrogen. (With nitrogen tank
pressure regulator set at 58 psi and inlet pressure of 18 psi, sol­
vent evaporation takes only 6--8 min.) Add 200 JlL (40 + 60,
v/v) acetonitrile--O.I M phosphate buffer (pH 6.5) to the residue
and leave mixture in 50°C water bath for 5 min. Remove sam­
ple from the water bath and agitate on a Vortex mixer at high
speed for 20 s.

Table 2. Intra-assay precision of method for determining ~-Iactam residues in bovine muscle tissueS

Mean response ratio ± SO (CV, %) measured for

Fortification level, nglg AMOX AMPI PENG CLOX

10.0 0.060 ± 0.01 (16.6) 0.050 ± 0.004 (8.0) 0.103 ± 0.006 (5.8) 0.090 ± 0.004 (4.4)

20.0 0.150 ± 0.016 (1.7) 0.103 ± 0.005 (4.9) 0.233 ± 0.010 (4.3) 0.158 ± 0.015 (9.5)

50.0 0.371 ± 0.022 (5.9) 0.205 ± 0.013 (6.3) 0.508 ± 0.033 (6.5) 0.345 ± 0.013 (3.8)

100.0 0.791 ± 0.036 (4.6) 0.428 ± 0.022 (5.1) 1.125 ± 0.050 (4.4) 0.720 ± 0.054 (7.5)

200.0 1.732 ± 0.130 (7.5) 0.885 ± 0.066 (7.5) 2.225 ± 0.189 (8.5) 1.475 ± 0.150 (10.2)

• Four replicate analyses (N = 4) were conducted for each analyte at each of the 5 calibration points. Response ratio is defined as the ratio of
the detector response (peak height) of the identified p-Iactam to that of the internal standard, PENY. Linear calibration curves with correlation
coefficients of 0.9994, 0.9993, 0.9996, and 0.9996 were obtained for the determination of AMOX, AMPI, PENG, and CLOX, respectively,
from bovine muscle tissue.
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Table 3. Interassay precision and accuracy· of method for determining ~-Iactams added to control tissues at 10, 35,
and 150 nglg

Concn found on indicated day, nglg

p·Lactam Concn added, nglg 2 3 4 Mean ± SO (CV, %) Accuracy, %

AMOX 10 12.2 12.2 13.3 - b 12.6 ± 0.6 (4.8) 126

35 34.0 39.0 41.1 40.8 39.0 ± 3.3 (8.5) 111

150 153 141 154 147 149 ± 6 (4.0) 99

AMPI 10 9.7 10.8 11.5 10.7 ± 0.9 (8.4) 107

35 39.0 36.1 36.0 40.7 38.0 ± 2.3 (6.1) 109

150 152 148 145 144 147±4 (2.7) 98

PENG 10 10.9 10.0 10.0 10.3 ± 0.5 (4.9) 103

35 39.6 38.2 39.0 40.2 39.3 ± 0.9 (2.3) 112

150 158 150 152 150 153 ± 4 (2.6) 102

CLOX 10 12.3 12.3 11.5 12.0 ± 0.5 (4.2) 120

35 38.2 41.7 44.4 40.3 41.2 ± 2.6 (6.3) 118

150 156 143 144 155 150 ± 7 (4.7) 100

• Accuracy is defined as the ratio of the amount found by experiment to the actual amount added.
• -, samples were analyzed on 3 consecutive days.

Precolumn Derivatization of Extracted Penicillins

Add 20 I!L 0.2M acetic anhydride solution to sample, agi­
tate on a Vortex mixer at high speed for 20 s, and add 300 I!L
pH 9 borate buffer (O.IM). Agitate sample again on a Vortex
mixer at high speed for 20 s. Add 500 I!L derivatizing reagent,
mix, and allow to react in a 65°C water bath or dry bath for
30 min. Filter derivatized penicillins through a 0.45 I!m Acro­
disc polyvinyledene difloride (PVDF) filter. The sample is now
ready for LC-UV analysis.

LCAnalysis

The gradient flow conditions shown in Table I were used for
LC analysis of penicillins on the Waters LC system described.

Recovery and Validation Studies ofAnalytical
Method with Fortified Tissue Samples

Intra-assay precision of the method was determined by rep­
licate analyses (N =4) of blank (drug-free) muscle tissue forti­
fied with all 4 ~-lactams at various concentrations (Table 2).
Interassay precision (Table 3) was determined by analyses on 3
or 4 consecutive days of blank muscle tissue blind-fortified
with each of the 4 analytes at 10, 35, and 150 ng/g. Method
accuracy was evaluated by interpolation from the calibration
curve to calculate amounts of each analyte in each blind-forti­
fied sample. To determine recoveries of ~-lactams added to
blank muscle tissues, UV detector responses for each of the
analytes in fortified samples taken through the procedure were

Table 4. Recovery of ~-Iactams from fortified blank (drug-free) bovine muscle tissues

p-Lactam Concn added, nglg N a Recovery, % RSO,%b

AMOX 20 4 64 7

50 3 77 3

100 4 76 7

200 4 71 3

AMPI 20 4 90 12

50 3 76 7

100 4 83 3

200 4 75 2

PENG 20 4 90 3

50 3 79 1

100 4 89 1

200 4 81 2

CLOX 20 4 72 2

50 3 76 2

100 4 81 8

200 4 73 3

• N = number of replicates.
• RSO = relative standard deviation.

Mean recovery, %

72 ± 6

81 ± 7

85 ±6

76±4
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Figure 2. Mechanism of imidazole- or 1,2,4-triazole-catalyzed formation of mercuric mercaptide derivatives of
amphoteric penicillins (AMPI or AMOX) after intial N-acetylation (9).

compared with those obtained from equivalent external stand­
ards dissolved in 40% acetonitrile--60% phosphate buffer
(pH 6.5) and directly derivatized (Table 4).

Results and Discussion

Figure I shows the chemical structures of the penicillins in­
cluded in this study. AMPI and AMOX are dibasic (am­
photeric), while CLOX, PENG, and PENV are monobasic.

These chemical differences present formidable problems to
analysts trying to develop sensitive analytical methods for si­
multaneous determination of these penicillins in animal tissues
at the parts-per-billion (ppb) levels suitable for regulatory en­
forcement. The success of the analytical procedure described in
this paper hinges on the judicious choice of reaction conditions
that favor formation of stable products by both dibasic and
monobasic penicillins with mercuric chloride with the same de­
gree of specificity.
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Figure 3. Typical gradient elution chromatogram of an extract of blank bovine muscle tissue (A), and blank bovine

muscle tissue fortified with 10 nglg (B) and 50 nglg (C) of each of AMOX, AMPI, PENG, and CLOX and the internal

standard, PENV at 250 nglg.

When an aqueous solution of AMP!, an amphoteric penicil­
lin, is treated with I,2,4-triazole or imidazole, AMPI rearranges
at least partly to form the corresponding penicillenic acid,
which exhibits a maximum UV absorbance at 322 nm. In the
presence of mercuric chloride, an unstable product with an ab­
sorption maximum at 311 nm is formed. Under the same con-

ditions, however, monobasic penicillins react to form very sta­
ble products with absorption maxima at 325 nm. This unstable
product is believed to be a-aminobenzylpenicillenic acid, a
compound in which both the thiol and the side-chain amino
groups have competed for the available mercuric chloride. If,
however, the side-chain amino group in the amphoteric penicil-
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~-Lactam Codex MRL Canadian MRL' U.S. MRL' EU MRLb

Table 5. Maximum residue limits (MRL) defined for
I3-lactam antibiotics in bovine tissues included in this
study (nglg) Level of fortification (concn found), ng/g

AMPI PENG CLOX

88 (90) 88 (83) 88(84)

15(-) 15 (13) 15 (13)

75 (73) 75 (73) 75 (60)

88 (85) 88 (90) 88 (92)

15 (16) 15 (14) 15 (14)

75 (80) 75 (76) 75 (77)

Table 6. Evaluation of validated operating parameters

Sample No.' AMOX

• Samples were fortified by quality assurance chemist and analyzed
according to the described method.

• A detectable amount of AMPI was observed but could not be
quanmated.

10 50
138 88 (90)

10 50
139

b 15 (21)

50 50
140 75 (86)

141 88 (86)
10 300

143 15 (17)

142 75 (83)

TNDd

10

50

_c

50

• Reference 11.
• EU = European Union; reference 12.
c _ = not defined by Canada or Codex.
• TND = tolerance not defined.

AMOX

AMPI

PENG

CLOX

lin (AMPI or AMOX) is initially acetylated to form a-acetami­
dobenzylpenicillin, then the resulting product will react like
any of the monobasic penicillins with mercuric chloride in the
presence of 1,2,4-triazole or imidazole to form a-acetami­
dobenzylpenicillenic acid mercuric mercaptide, a stable prod­
uct. This product exhibits an absorption maximum at 325 nm
and a molar absorbance comparable with those ofother mono­
basic penicillins. It is this reaction, whose mechanism (Figure 2)
was first explained by Bundgaard (9), that was used in this method
to permit simultaneous analyses of both monobasic and dibasic
penicillins. The acetylation reaction occurs instantaneously at
room temperature and does not, therefore, introduce any delays in
the total reaction time for the penicillins.

The precolumn derivatization reaction of the penicillins
with mercuric chloride provides optimal chromatographic pa­
rameters when conducted in an acetonitrile-buffer (40 + 60,
v/v) medium. When the composition ofacetonitrile in the reac­
tion medium is increased, the resulting mixture shows de­
creased analyte sensitivity, usually accompanied by broad tail­
ing and split peaks. Acetonitrile (100%) significantly
suppresses the derivatization reaction between ~-lactams and
mercuric chloride. Thus, even though it is the most suitable
solvent for eluting ~-Iactams from the t-C 18 cartridge, it must
be evaporated prior to chemical derivatization. Petz (13) has
discussed extensively the problems associated with evaporat­
ing solutions containing penicillins to dryness using rotary
evaporation and advised against that practice. However, we did
not find such problems when we evaporated the acetonitrile­
penicillin extracts to dryness at 50°C with the Zymark LV sam­
ple evaporator. This, we believe, is due to the different mecha­
nism by which sample evaporation is effected by the Zymark
Sample evaporator (centrifugal versus surface). Use of the Zy­
mark evaporator, therefore, permitted us to reproducibly and
rapidly remove the solvent without any deleterious effects.
Therefore, we strongly recommend that this apparatus be used
exclusively for this stage of the evaporation.

Figure 3A shows a typical chromatogram of a blank (drug­
free) muscle tissue extract. Figures 3B and 3C show chromato­
grams of extracts from blank muscle tissues fortified at 10 and
50 ng/g, respectively, with AMOX, AMPI, PENG, CLOX, and

the internal standard, PENV (250 ng/g), detected as their mer­
captide derivatives at 325 nm. The chromatograms demon­
strate that the ~-Iactams are separated from one another and
from other endogenous and exogenous components in the tis­
sue extracts. Additionally, Figure 3B demonstrates that these
analytes can be detected at the MRLs (II, 12) defined in the
United States, Canada, and the European Union for regulatory
enforcement of these veterinary drugs in bovine muscle tissue
(Table 5).

In selecting a suitable analytical column for chroma­
tographic resolution of the ~-Iactams, we found that the Spher­
isorb 5 ~m ODS(2) column gives the maximum detector re­
sponse among the columns we tested. This column provides 15
500 theoretical plates for benzophenone in the LC column test
mixture when operated with a 75% acetonitrile-water mobile
phase at I mLlmin.

Amaximum ion-pair (sodium thiosulfate) concentration of
0.0157M and a buffer concentration of0.1 OM were optimal for
chromatographic analyses of the ~-lactams. Even though sen­
sitivities of monobasic penicillins are not significantly affected
by buffer concentration, a reasonably high molarity of phos­
phate buffer in the mobile phase must be maintained to obtain
suitable detector responses for amphoteric penicillins. How­
ever, because phosphate buffer concentrations <0.1 OM caused
mixing problems in the pumps and occassionally precipitated
in the LC transfer lines in the presence of high percentage of
organic modifier, we limited the concentration of phosphate
buffer in the mobile phase to 0.1OM.

Within-day (Table 2) and between-day (Table 3) precisions
(coefficient of variation, CV) of the method were less than 10%
for concentrations ranging from 10 to 200 ng/g muscle tissue.
Linear calibration curves with correlation coefficients >0.999
were obtained for each ~-lactam (Table 2). Concentrations of
each of the 4 ~-Iactams added to blank muscle tissue (at or
above the MRLs defined in Table 5) can be determined with
accuracies ranging from 99 to 120% (Table 3). Mean recover­
ies of AMOX, AMPI, PENG, and CLOX from fortified bovine
muscle tissue were 72 ±6, 81 ±7, 85 ±6, and 76 ±4%, respec­
tively (Table 4). Recovery ofeach ~-Iactam antibiotic added to
blank bovine muscle tissue was calculated by comparing the
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UV detector response (peak height) measured for an analyte of
interest in the sample that has been subjected to the procedure
with that of an equivalent external standard of ~-lactam dis­
solved in 40% acetonitrile--{jO% O.IM phosphate buffer
(pH 6.5) directly derivatized as described previously. It is very
important, however, to use control tissue fortified with various
concentrations of the drugs ofinterest for generating calibration
curves for quantitative analysis, because the ~-lactams are un­
stable in the dissolving solution for extended periods (1-2 h) in
the absence of a tissue matrix.

The method incorporates PENV as an internal standard. In
addition to correcting for losses in sample preparation, the in­
ternal standard provides predictable response ratios for each of
the ~-Iactams, which may be used to monitor the validity of the
analytical measurements. For example, at a fortification of
100 nglg of tissue, response ratios of about 0.8, 0.4, I, and 0.7
are expected for AMOX, AMPI, PENG, and CLOX, respec­
tively. Sample preparation for LC analyses required about 2.5 h
for a set of 12 samples, including 4 calibration standards.

The method was used to determine the concentrations of
~-Iactams in 2 sets of fortified bovine tissue (samples 138-140
and 141-143) prepared by a quality assurance chemist from
drug-free tissues. One set, samples 138-140, was analyzed im­
mediately. The second set, samples 141-143, was stored at
-76°C and analyzed a week later. Results are shown in Table 6.
Except for sample 139, in which a trace amount of AMPI was
detected but could not be quantitated, the concentrations of all
the other analytes added to the other samples were correctly
detected and quantitated.

Conclusions

The simple and accurate LC-UV method developed permits
simultaneous detection and analysis of~-Iactam antibiotic resi­
dues, be they monobasic or amphoteric, at the MRLs defined
for bovine muscle tissue. This has been made possible by use
of precolumn derivatization reaction conditions favorable for
the formation of the mercaptide complex of each intact ~-lac­

tam, regardless of whether it is dibasic or monobasic. The
method will permit regulatory laboratories that previously
could not afford an electrospray ionization mass spectrometer,

which is required by the only suitable method currently avail­
able for simultaneous analyses of these ~-lactams, to determine
residual concentrations of ~-lactams commonly used in food
animal production with simple, easily available, and affordable
laboratory instrumentation.
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Solid-Phase Extraction Cleanup and Liquid Chromatography
with Ultraviolet Detection of Ephedrine Alkaloids in Herbal
Products
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A solid-phase extraction (SPE) cleanup and a liquid
chromatographic (LC) method with UV detection is
presented for analysis of up to 7 ephedrine alka­
loids in herbal products. Alkaloids from herbal
products are extracted with acidified buffer, iso­
lated on a propylsulfonic acid SPE column, eluted
with a high-ionie-strength buffer, and separated by
LC with detection at 255 nm. LC separation is per­
formed by isocratic elution on a YMC phenyl col­
umn with 0.1M sodium acetate-acetic acid (pH =
4.8) containing triethyl-amine and 2% acetonitrile.
Ephedrine alkaloids are completely separated in
15 min. Average recovery of 5 common alkaloids
from 3 spiked matrixes is 90%, with an average rela­
tive standard deviation (RSO) of 4.4% for alkaloid
spikes between 0.5 and 16 mglg. Average quantita­
tion of ephedrine and pseudoephedrine from
6 herbal products is 97% of declared label claims,
and average quantitation of synephrine from an
herbal dietary product is 85% of label claim (RSO,
3.2%). Recoveries of synephrine, norephedrine,
ephedrine, pseudoephedrine, N-methylephedrine,
and N-methylpseudoephedrine spiked in 4 herbal
prodUcts averaged 95%. Results of ruggedness test­
ing and of a second laboratory validation of the proce­
dure are also presented.

E
Phedrine alkaloids are derivatives of2-amino-l-phenyl­
I-propanol where the amino group is free, methylated,
or dimethylated. The 3 pairs of diastereomeric alkaloids

include norephedrine (NOR), norpseudoephedrine (NPE),
ephedrine (EPH), pseudoephedrine (PSE), methylephedrine
(MEP), and methylpseudoephedrine (MPE). These alkaloids
are sometimes found in dietary supplements Ihat promote
weight loss, body building, and increased energy (I, 2). The
main sources of ephedrine alkaloids are raw botanicals and ex­
tracts from plants of the genus Ephedra. About 100 000 kg

Received March 25,1998. Accepted by JM June 17, 1998.

Ephedra powder and extracts were imported into the United
States in 1993 alone (2). The principal ephedrine alkaloids in rna
huang, a traditional Chinese medicine derived from the dried stem
of the plants, are EPH and PSE, with EPH comprising up to 80%
of the total alkaloid content (2). Typical rna huang is approxi­
mately I%ephedrine alkaloids by weight; however, concentrated
extracts frequently contain 4-8% ephedrine alkaloids (2).

Ephedrine alkaloids are chemical stimulants and can affect
the cardiovascular and nervous systems of humans. Misuse of
these alkaloids is common (2,3), and since 1993, the U.S. Food
and Drug Administration (FDA) has reported more than
800 instances of illnesses and injuries associated with use of
products containing or suspected to contain ephedrine alkaloids
(I, 2). As a result of these reports, FDA proposed a rule to limit
the amount of ephedrine alkaloids in dietary supplements to
8 mg per serving up to 24 mg per day and to limit intake of
ephedrine-containing products to 7 days (I, 4).

Aquick, reliable, and powerful analytical method is needed
to separate and detect these ephedrine alkaloids in herbal ma­
trixes at the levels of concern. However, analysis of herbal
products containing ephedrine alkaloids is complicated be­
cause of the potential occurrence of up to 7 similar alkaloids,
the wide range in concentrations possible, the presence of ma­
trix contaminants, the need to analyze large numbers of sam­
ples, and the occurrence of many different matrixes. Several
potential multiresidue procedures exist. Liu et al. (5-7) and
Rurer (8) used capillary electrophoresis (CE) with UV detec­
tion to analyze Chinese herbal products. Betz et al. (9), LeBelle
et al. (10), Chiu et al. (II), and Yamasaki et al. (12) analyzed
herbal products by gas chromatography (GC) with various de­
tectors. Jian-Sheng et al. (13), Sagara et al. (14), and Price et al.
(15) used liquid chromatography (LC) with UV detection to
analyze ephedrine alkaloids in plant tissue.

These methods involved very little cleanup. Alkaloids usu­
ally were extracted and injected directly into the instrument of
choice. Although lack of a cleanup procedure was adequate for
CE methods, LC and GC methods suffered from either short
column life or from the necessity of derivatization.

Several authors have used cyano, reversed-phase, and
mixed-phase, solid-phase extraction (SPE) for cleanup of urine
and plasma samples containing ephedrine alkaloids (16--27).
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Figure 1. Representative chromatogram of a standard solution containing SEP at 10 I!glmL and NOR, NPE, EPH,

PSE, MEP, and MPE, each at 20 I!glmL.

For our preliminary cleanup, separation, and detection method
(27), we used a propylsulfonic acid (PRS) SPE column to clean
up herbal products containing ephedrine alkaloids. However,
ruggedness testing revealed that the method suffered from a
wandering internal standard, interfering peaks, plasticizers
coming from the SPE column during the organic wash, and low
recoveries of late-eluting alkaloids.

On the basis of available equipment, the need for a rugged
method, and the desire to keep the procedure simple, we rein­
vestigated that method (27) and developed a modified proce­
dure using acidic extraction, SPE cation-exchange cleanup, LC
separation using an isocratic mobile phase and a YMC phenyl
column, and UV detection at 255 nm.

METHOD

(b) pH Meter.-Orion Model 60lA (Cambridge, MA),
calibrated at pH 4.00 and 7.00.

(c) Column.-(l) Analytical.-3.0 x 250 rom, S-5 11m,
120A, Phenyl, Cat. No. PHI2S052503WT, YMC, Inc. (Wil­
mington, NC). (2) Guard.-30 x 4.6 mm, 5 11m, Ultremex
Phenyl, Cat. No. 03A-0052-EO, Phenomenex (Torrance, CAl.

(d) SPE.-500 mg, 6 mL PRS, Cat. No. 540-0050-C, Iso­
lute (Mid-Glamorgan, UK); Varian Vac-Elute SPE manifold
(Palo Alto, CA).

(e) Pipettes.-Calibrated 100-1000 ilL Eppendorf (Brink­
mann Instruments, Westbury, NY); 4 and 25 mL class Avolu­
metric; 10 mL Mohr.

(1) Filter paper.-Whatman No. I qualitative, 110 mm fil­
ter papers, Cat. No. 1001-110 (Clifton, NJ).

Apparatus Reagents and Solutions

(a) LC systems.-{l) Laboratory i.-Beckman 1I0B
pumps (Fullerton, CA), isocratic flow at 0.80 mUmin, Beck­
man 420 controller, Rheodyne 7725 injector (20 ilL) (Rohnert
Park, CA), Beckman 163 UV detector at 255 nm. (2) Labora­
tory 2.-Hewlen-Packard 1040 LC (palo Alto, CA) with a di­
ode array detector at 255 nm.

(a) Standards.-(-)-(IR,2S)-norephedrine, (-)-norpseudo­
ephedrine, (-)-( IR,2S)-ephedrine, (+)-(1 S,2S)-pseudoephe­
drine, (-)-(lR,2S)-N-methylephedrine, (+)-(1 S,2S)-N-methyl­
pseudoephedrine, and synephrine, all with purity ~8%,

Aldrich Chemical Co. (Milwaukee, WI). HCI salts can be sub­
stituted as long as they are appropriately converted to the free
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Figure 2. Chromatogram of matrix C blank (1.0 g).

bases. (Norpseudoephedrine is no longer available from Sigma
and Aldrich).

(b) Chemicals.-Anhydrous sodium acetate, Mallinck­
rodt, AR grade (Paris, KY), Cat. No. 7372, or equivalent; ace­
tonitrile, Baker Analyzed LC Grade, Cat. No. 9255-03 (J.T.

Baker, Phillipsburg, NJ), or equivalent; methanol, J.T. Baker,
LC grade, Cat. No. 9093-33, or equivalent; glacial acetic acid,
Baker Analyzed, Cat. No. 9508-0 I, or equivalent; 99% triethy­
lamine (TEA), Sigma (St. Louis, MO), Cat. No. T-0886, or
equivalent. Note: If TEA is yellow, then distill.

(e) Mobile phase (MP}.-Oissolve 16.4 g sodium acetate
in 1.94 L LC grade water and add 16 mL acetic acid, 6.0 mL
TEA, and 40 mL acetonitrile; pH should be 4.8. Filter through
0.45 11m filter and store at 4°C when not in use.

(d) Diluted mobile phase (DMP}.-Oilute 100 mL MP to
500 mL with LC grade water. Store at 4°C when not in use.

(e) Elution buffer (EB}.-Oissolve 16.4 g sodium acetate in
970 mL LC grade water and add 8.0 mL acetic acid, 3.0 mL
TEA, and 20 mL acetonitrile; pH should be 4.8. Store at 4°C.

(f) Standard solutions.-Prepare individual stock stand­
ards of SEP, NOR, NPE, EPH, PSE, MEP, and MPE at
4.0 mg/mL each in OM? Prepare a combination stock standard
of these alkaloids at 4.0 mg/mL each in OM? Sonication is

necessary for dissolution. Prepare working standards by dilut­
ing stock standard with OM? All standards are stable for
>1 month if stored at 4°C. MEP and MPE solids are hygro­
scopic and must be protected from moisture.

Calibration Curve

(a) Retention times.-Prepare individual 20 Ilg/mL stand­
ards of each ephedrine alkaloid in OMP from the 4.0 mg/mL
stock standards. Inject each into the LC system and determine
retention times.

(b) Calibration curve.-Prepare 5 combination working

standards in OMP with ephedrine concentrations ranging from

4.0 to 150 Ilg/mL. Each standard will contain all of the ephed­
rine alkaloids. Inject each of the 5 combination standards into

the LC system and obtain retention times and peak areas. Pre­

pare calibration curves for each ephedrine alkaloid by plotting
peak area vs the alkaloid concentration (llg/mL). Correlation

coefficients (r) should all be ~.999. Resolution of all adjacent

ephedrine peaks should be >2; the tailing factors for all peaks
should be <1.4; and the maximum retention time should be

<15 min for flow rates greater than 0.7 mUmin.
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Table 1. Recoveriess of ephedrine alkaloids from spiked matrixes

Recovery, % (RSD, %)

Spike, mg/g Matrixb NOR EPH PSE MEP MPE

0.48 A 98.3 (4.2) 99.7 (6.9) 101 (5.8) 91.0 (8.8) 88.6 (8.0)

2.0 A 88.3 (5.3) 102 (2.1) 89.4 (5.3) 88.5 (4.7) 87.8 (5.0)

4.0 A 82.1 (3.8) 93.5 (2.5) 90.4 (2.4) 85.7 (3.7) 82.2 (2.9)

8.0 A 97.8 (2.5) 99.3 (2.8) 88.3 (2.0) 95.0 (3.6) 91.7 (4.3)

4.0 B 90.2 (3.6) 96.8 (6.8) 94.8 (1.9) 89.8 (2.0) 87.2 (2.5)

8.0 B 85.5 (4.4) 96.4 (4.6) 98.0 (3.3) 82.6 (6.1) 90.2 (7.2)

2.0 C 84.9 (3.7) 83.1 (2.9) 84.1 (2.7) 81.4 (6.1) 71.5 (2.6)

4.0 C 88.3 (1.4) 89.1 (1.8) 87.8 (4.9) 79.3 (6.2) 72.3 (7.4)

8.0 C 81.7 (6.6) 88.3 (2.0) 89.0 (11) 80.0 (3.3) 80.0 (7.2)

16 C 94.6 (4.7) 93.7 (3.0) 96.1 (2.7) 88.7 (1.0) 83.4 (2.6)

2.0 CC 88.7 (5.4) 95.5 (3.7) 986 (7.5) 86.4 (4.0) 79.9 (5.5)

4.0 CC 91.4 (5.8) 99.6 (4.7) 91.7 (7.1) 90.0 (7.0) 82.0 (3.2)

8.0 CC 97.1 (5.8) 102 (3.2) 94.0 (2.4) 94.7 (4.6) 89.3 (5.0)

• Results are based on analyses of 5 separate samples.
b Matrix consisting of green tea, kola nut, and black tea at ratios of 2:1:0 (A), 1:2:0 (B), and 1:1:1 (C).
C Samples were analyzed in laboratory 2 by a different analyst using different sets of reagents and a different LC system.
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Figure 3. Representative chromatogram of matrix C (1.0 g) spiked with NOR, EPH, PSE, MEP, and MPE, each at

2.0 mg/g.
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Results and Discussion

(a) Step I.-Accurately weigh 0.5 g herbal product into a
50 mL Erlenmeyer flask. If desired, a wet spike of the
4.0 mg/mL combination standard can be added at this time.

(b) Step 2.-Add a magnetic stir bar and 25.0 mL DMP.
Cover flask with Parafilm and stir for 20 min at room tempera­
ture on a magnetic stir plate.

(e) Step 3.-Gravity filter extract through 11 cm Whatman
qualitative filter in a 60° glass funnel, and catch several millili­
ters of extract in a dry 125 mL Erlenmeyer flask. Use 1.00 mL
filtered extract in step 5 if alkaloid content is ~8 mg/g, and use
2.00 mL if alkaloid content is <8 mg/g.

(d) Step 4.-Prepare 500 mg, 6 mL PRS SPE column by
washing with 2 to 5 mL each of methanol, followed by water,.
and followed by DMP. Discard all washes. Do not let column
dry. Use vacuum to pull washes through column.

(e) Step 5.-Pipet either 1.00 or 2.00 mL filtered extract
(step 3) onto top of prepared SPE column and allow extract to
soak into column. A mild vacuum may be needed to start the
flow. Do not allow column to dry.

(f) Step 6.-Wash column with 4.0 mL DMP followed by
5 to 6 mL methanol. With vacuum, pull air through column for
I to 2 min. Discard all washes.

(g) Step 7.-Place 10 mL volumetric flask under column to
collect alkaloids. Add 4.0 mL EB to column. Allow 4 mL EB
to sink into column, apply vacuum, and elute at 0.5 to
I mUmin. Pull air through for I to 2 min. Bring collected elu­
ate up to 10.0 mL with water.

(h) Step 8.-Inject 20 ilL of 10 mL extract from step 7 into
LC system and obtain retention times and peak areas.

(i) Step 9.-Inject appropriate working standard containing
ephedrine alkaloids 3 times during analysis. Obtain retention
times and average peak areas for each alkaloid. Calculate con­
centration of each alkaloid in sample.

This rapid and reliable procedure for separating and detect­
ing several ephedrine alkaloids in herbal matrixes resulted from
ruggedness testing of an earlier procedure we developed (27).
This earlier procedure involved use of4 items that caused prob­
lems: a (I + I) ethyl acetate-acetone wash, phentermine as in­
ternal standard, Phenomenex phenyl column, and 0.15M so­
dium acetate EB. The ethyl acetate-acetone wash extracted
plasticizers from the SPE column, resulting in 2-4 interfering
peaks in the chromatogram. Switching to a methanol wash re­
sulted in no detectable plasticizers and cleaner chromatograms.
Use of phentermine as an internal standard lengthened and
complicated the procedure because of its rapidly changing re­
tention times when used with the Phenomenex column: Reso­
lution of phentermine and PSE peaks varied from 1.2 to 2.1
within 20 injections. Elimination of the internal standard and
use ofexternal calibration curves resulted in areliable and more
rapid procedure. Interfering peaks from herbal products were
sometimes observed with the Phenomenex column. Switching
to the YMC phenyl column eliminated this problem by moving
interfering peaks away from the NOR and EPH peaks. Asmall
peak sometimes interfering with <0.5 mg/g PSE was observed.
Finally, low recoveries of the late-eluting MEP and MPE alkaloids
were traced to retention on the SPE column when EB was 0.15M
sodium acetate. Use of 0.20M sodium acetate corrected this.

Standards containing SEP, NOR, EPH, PSE, MEP, and
MPE were run through the method, and several variables were
examined. Varying the DMP wash volume between 3 and 6 mL
and the methanol wash volume between 4 and 8 mL had less
than a 5% effect on recoveries on 5 alkaloids. However, up to
10% of early-eluting SEP was washed off with volumes of
DMP> 4 mL. The volume of the 0.2M sodium acetate EB was
also investigated: A plot of alkaloid recoveries versus EB vol­
umes levels off at 3.5 mL; 4.0 mL is adequate to recover >90%
of NOR, EPH, and PSE and >80% of SEP, MEP, and MPE

Table 2. OuantitationS of EPH and PSE in various herbal products

Recovery, mglg
Recovery, %of label

Herbal productb
Label claim,

Laboratory mg EPH/g EPH PSE c1aimc RSD,%

Product 1, finished product 1 15 14.8 0.4 98.5 4.7

Product 1, finished product 2 15 15.2 <0.5 101 5.2

Product 2, raw product 1 60 58.9 <0.4 98.2 6.3

Product 3, raw productd 1 60 56.9 - e 94.8 15

Product 3, raw product 2 60 59.1 2.8 98.5 5.6

Product 4, finished product 1 20 20.8 6.10 104 6.2

Product 5, finished product 1 25 20.9 <0.4 83.7 4.5

Product 6, finished product 1 10.6' 7.78 2.54 97.4 1.5

Product 6, finished product 2 10.6' 7.93 2.53 98.7 5.0

8 Results are based on analyses of 5 separate samples.
b Finished products were on-shelf products: raw products were rna huang extracts.
, Recoveries were based on label claims for EPH concentration, except those for product 6, which were based on label claims for total

ephedrine alkaloid concentration.
d PSE peaks were present but not integrated.
8 _, PSE analysis was not performed due to poor baseline from a noisy deuterium lamp.
I Unit of label claim is mg alkaloids/g.



1126 HURLBUT ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998

mAU

46.C6

EPH

45.95

45.9

e
c

'"'"N PSE
"

45.135
~

~

.s>
<

45.8

45.15

45.7

8
Min

12 14

Figure 4. Chromatogram of herbal product (0.62 g) containing 8.8 mg EPHlg and 3.2 mg PSElg.

(step 7). Flow rates through the SPE column can vary between
0.5 and 2 mUmin with no change in results. Four lots oflsolute
SPE columns and 3 YMC analytical columns gave identical
results. However, different brands of both PRS SPE and phenyl
analytical columns require changes in the procedure in order to
obtain good recoveries. Changes in column temperatures (15°
to 40°C), flow rates (0.5 to 1.2 mUmin), LC pump brands
(Beckman, Hewlett-Packard, and Perkin Elmer), detector
brands (Beckman, Hewlett-Packard, and Perkin Elmer), and
acetonitrile concentration (1.0 to 4.0%) did not significantly
influence results. Retention times typically varied less than
± 0.4% during a full day of manual injections; however, vari­
ations of up to 5% were experienced from one day to another,
and these changes were traced to changes in the actual flow rate
from bubbles in the pump heads. Over a 6-month period, reten­
tion times and column pressure on the YMC column did not
change. Freshly prepared or 3-month-old stock standards and
freshly prepared or 2-week-old working standards gave similar
results when stored at 4°C; no protection from light was
needed. The 500 mg SPE columns could retain up to 4 mg total
ephedrine alkaloid standard with less than 10% breakthrough.
However, when herbal matrix was used, then maximum alka­
loid load on the SPE column was I mg. Finally, both recoveries

and precision (relative standard deviation, RSD) were within a
few percent among several analysts. Both experienced analyti­
cal chemists and junior-level chemistry students quickly mas­
tered the method with standards and actual samples. NPE was
not used because it is not readily available at present.

Synephrine (SEP) can be isolated and detected with this pro­
cedure, even though it elutes close to the solvent front. It is a
biologically active ephedrine-like compound (28) that is found
in Citrus aurantium. SEP recently has been found in herbal diet
products, and it is apparently used in place ofephedrine. Analy­
sis of a commercial dietary product containing 13 mg SEP/g
and advertised as "ephedrine free" gave an average recovery of
85% based on the label claim (RSD for 5 runs was 3.2%). Re­
coveries of spikes adding 4 mg SEP/g averaged 102%.

Calibration curves for NOR, EPH, PSE, MEP, and MPE
were linear for each alkaloid at concentrations between 4 and
300 ~g/mL. Peak areas produced better linear relationships
than peak heights. Slopes ranged from 0.14 area units/ppm for
MEP to 0.31 area units/ppm for PSE. Yintercepts ranged from
0.051 for MPE to 0.27 for EPH. Correlation coefficients (r)

were all greater than 0.9999. A typical chromatogram of a
standard containing I0--20 ~g/g each of SEP, NOR, NPE, EPH,
PSE, MEP, and MPE is shown in Figure I.
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Three herbal matrix blanks were used to test the new proce­
dure. The matrixes were prepared from commercially available
green tea, kola nut, and black tea because these 3 are common
herbal dilutants. Matrix A was a 2 + I mixture of green tea and
kola nut; matrix B was a I + 2 mixture of green tea and kola
nut; and matrix C was a I + I + I mixture of green tea, black
tea, and kola nut. Blanks containing 0.5 or 1.0 gof each oftbese
matrixes produced no interfering peaks that caused >5% error
at an ephedrine level of 2 mg/g. Matrix C gave the most com­
plicated blank and was used for the study by the second labo­
ratory (Figure 2). These 3 matrixes were spiked with 3-4 levels
of NOR, EPH, PSE, MEP, and MPE and then analyzed. Spike
levels corresponded to individual ephedrine concentrations be­
tween 0.5 and 16 mg/g. Average recovery (Table I) based on
325 determinations of 5 alkaloids was 89.9%, and average
RSD was 4.4%. Average recoveries of MEP and MPE (87.2 and'
83.5%) could be increased to >90% by increasing the volume
of EB from 4 to 5 mL. Average recoveries of SEP (not shown
in Table I) and NOR (85.0 and 89.9%) could be increased a few
percent by decreasing the volume of DMP during SPE wash
from 6 to 4 mL. Figure 3 shows a chromatogram of matrix C
spiked with 5 ephedrine alkaloids each at 2 mg/g.

Six commercial products containing ephedrine alkaloids
and with quantitative label claims were analyzed. These prod­
ucts contained various amounts of EPH and PSE along with
caffeine, rna huang extract, green tea, black tea, St. John's wort
extract, guaifenesin, and kola nut. Average recovery based on
label claims and on 45 runs of 6 commercial products was
97.2% of label claim, and average RSD was 6.0% (Table 2).
Figure 4 shows a chromatogram of a typical herbal dietary
product with a label claim of 10.6 mg total ephedrine alkaloids
(EPH and PSE)/g. Four herbal products were also spiked with
an additional 2 mg of each of the ephedrine alkaloids per 0.5 g
and run through the procedure in triplicate. Recoveries of
spiked SEp, NOR, EPH, PSE, MEp, and MPE varied from 76
to 112%; average recovery was 95%.

Asecond analyst in a second laboratory analyzed the experi­
mental matrixes and herbal products, using different sets of
standards, different reagents, and different equipment. Average
recovery of 2, 4, and 8 mg/g spikes of matrix C was 92.1 %, and
average RSD was 5.0%. By contrast, laboratory I obtained an
average recovery of 85%, with an RSD of 4.4%. Average re­
covery from 3 commercial herbal products by laboratory 2 was
99.4% of label declaration, with an average RSD of 5.3%. By
contrast, analysis by laboratory I gave an average of 96.9% of
label declaration, with an RSD of 7.0% (Table 2).

The procedure is rapid, is consistent from laboratory to labo­
ratory, produces good recoveries, yields acceptable RSD val­
ues, and produces very little hazardous waste. Recoveries from
spiked herbal matrixes averaged 90%, and analysis ofcommer­
cial herbal products yielded results that were 97% of label
claims. Recoveries of SEp, NOR, EPH, PSE, MEP, and MPE
spiked in commercial products averaged 95%. Two laborato­
ries and 3 analysts obtained recoveries and RSD values that
were within a few percent of each other. Few modifications are
required for samples containing 2-20 mg ephedrine aIkaIoids/g,
alkaloid concentrations as low as 0.5 mg/g can be detected, and

analysis time is short: A complete analysis of 5 samples can be
performed in less than 5 h. We are continuing this work by de­
veloping a GClMS confirmation based on double derivatiza­
tion of the ephedrine alkaloids, as suggested by Clouette (17).
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DRUGS, COSMETICS, FORENSIC SCIENCES

Simultaneous Determination of Naphazoline Hydrochloride and
Chlorpheniramine Maleate by Derivative Spectrophotometry and
by Densitometry

KHADIGA M. KELANI

Cairo University, Faculty of Pharmacy, Department of Analytical Chemistry, Kasr EI Aini St, PO Box 11562, Cairo, Egypt

Two methods were developed for simultaneous de­
termination of naphazoline hydrochloride and
chlorpheniramine maleate in bulk drug and dosage
forms (eye and nose drops). Derivative spectro­
photometry was used to eliminate band overlap­
ping during analysis of such 2-component mix­
tures. Naphazoline hydrochloride was determined
by recording first-derivative (D1) absorbance
curves: at 295.5 nm, naphazoline hydrochloride ex­
hibits a maximum D1 absorption whereas chlor­
pheniramine maleate has zero D1 absorption. Chlor­
pheniramine maleate was determined by scanning
the second-derivative (D2) absorption spectra: at
261.7 nm chlorpheniramine maleate exhibits a D2
maximum absorption whereas naphazoline hydro­
chloride has negligible D2 absorption. Linear rela­
tions between concentration and absorbance were
obtained for the concentration range 20-100 g1mL
for both bulk drugs. Mean recoveries were 99.96 ±
0.97 and 99.92 ± 0.62%, for naphazoline hydrochlo­
ride and chlorpheniramine maleate, respectively.
The second method involves quantitative densi­
tometric evaluation of thin-layer chromatograms of
ethanolic solutions of the drug mixtures. Separa­
tion was performed on silica gel plates (20 x 20 cm)
with acetone-25% ammonium hydroxide (90 + 10,
vlv) as mobile phase. R, values were 0.68 and 0.86
for naphazoline hydrochloride and chlorpheni­
ramine maleate, respectively. Densitometric evalu­
ation was done by recording peak areas at 280 nm
for naphazoline hydrochloride and at 262 nm for
chlorpheniramine maleate. Linear relationships be­
tween concentration and peak area were obtained
for the concentration ranges 2-10 g1spot and 4-
10 g1spot for bulk naphazoline hydrochloride and
chlorpheniramine maleate, respectively. Mean re­
coveries were 99.99 ± 0.75 and 99.67 ± 0.73%, re­
spectively. The presence of the preservative
cetrimide did not interfere with determination of the

Received March 20, 1998. Accepted by JM June 26, 1998.

2 drugs or with accuracy and precision of the 2 pro­
posed methods.

N
aPhazoline hydrochloride, [2-(l-naphthyl methyl)-2­
imidazoline hydrochloride], is a sympathomimetic
agent having marked a-adrenergic activity. It has rapid

and prolonged vasoconstrictor action in reducing swelling and
congestion and is used to treat rhinitis and sinusitis (I).

Chlorpheniramine maleate, [3-(4-chlorophenyI)-3-(2-
pyridyl) propyl dimethylamine] hydrogen maleate, has hista­
mine HI-receptor antagonistic action and is used to treat ana­
phylactic reaction, rhinitis, and allergic conjunctivitis. It is also
used to treat nausea and vomiting, cough, motion sickness, se­
dation, and hypnosis (I ).

Naphazoline hydrochloride and chlorpheniramine maleate
are listed in the European Pharmacopoeia (I), the United States
Pharmacopoeia (USP; 2), and the British Pharmacopoeia (3).

Spectrophotometric (4,5), tluorometric (6), liquid chroma­
tographic (LC; 7), and gas chromatographic (GC; 8, 9) methods
have been reported for determination of naphazoline hydrochlo­
ride, either alone or after separation from other drugs. Chlorpheni­
ramine maleate has been determined by spectrophotometric (I G­
12), LC (13), GC (14), thin-layer chromatographic (lLC; 15, 16),
polarographic (17), tluorometric (18), nuclear magnetic resonance
spectrometric (19), complexometric (2G-22), and potentiometric
(23) methods either alone or after separation from other drugs.
Simultaneous determination of the 2 drugs in eye and nose drops
and in spray solutions is difficult (24), requiring a preliminary ex­
traction step that is tedious and time consuming (personal commu­
nication, Kahira Pharmaceutical and Chemical Industries, Cairo,
Egypt). For example, eye and nose drops solutions are made alka­
line and then extracted with ether. The extract is acidified, and the
2 drugs are detennined in acidic aqueous solution by measuring
the absorbance at 280 and 262 om for naphazoline hydrochloride
and chlorpheniramine maleate, respectively, and calculating con­
centrations by solving 2 equations simultaneously. Simple and
rapid methods for simultaneous analysis of the 2 drugs without
prior extraction will facilitate routine quality control. This paper
describes spectrophotometric and densitometric methods for si­
multaneous detennination of the 2 compounds in raw material
and dosage fonns.
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maleate (--).

Experimental

Apparatus

(a) UV/visible spectrophotometer.-Shimadzu 1601 PC
attached to IBM computer with UVPC personal spectroscopy,
SIN UH3-0293, and Hewlett-Packard printer for Windows 6.1
Desk Jet 600 series version, software version 3.7.

(b) Densitometer.-Dual-wavelength Shimadzu flying
CS-9000 with video display and high-speed, high-quality, par­
allel-head printer/plotter.

(c) TLC and high-performance TLC (HPTLC) plates.­
Precoated with Silica gel GF, 0.25 mm thickness (E. Merck,
Darmstadt, Germany).

(d) Micropipet.-10 ilL (Desaga, Heidelberg, Germany).
(e) Tank.-20x21 x9cm(Desaga).

Reagents

(a) Naphazoline hydrochloride.-Kindly provided by Ka­
hira Pharmaceutical and Chemical Industries, Cairo, Egypt.
Purity, 100.02 ± 0.4% determined by USP method (2).

(b) Chlorpheniramine maleate.-Kindly supplied by Ka­
hira. Purity, 99.95 ± 0.6% determined by USP method.

(c) Cetrimide.-Kindly provided by Kahira.
(d) Prisoline eye and nasal drops.-Kahira, batch

No. 760218, obtained from retail market in Cairo. Each
100 mL is labeled to contain 50 mg each of naphazoline hydro­
chloride and chlorpheniramine maleate and 2 mg cetrimide.

(e) Chemicals and solvents.-AlJ chemicals were analytical
grade, and all solvents were spectroscopic grade: ethanol (BDH,
London, UK), acetone (EI Nasr Pharmaceutical Chemical Com-

Table 1. Determination of naphazoline hydrochloride and chlorpheniramine maleate in mixtures by derivative
spectrophotometry

Concentration in bulk powder, llg/mL

Naphazoline hydrochloride Chlorpheniramine maleate

Recovery, % (n = 3)

Naphazoline hydrochloride (0,) Chlorpheniramine maleate (02)

20 80 98.75 100.55

30 70 99.06 99.05
40 60 100.02 100.17
50 50 99.92 99.82
60 40 1oo.Q1 98.99

70 30 101.14 100.20

80 20 100.81 100.64
Mean ± RSO, % 99.96 ± 0.97 99.92 ± 0.62
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Table 2. Determination of naphazoline hydrochloride and chlorpheniramine maleate in laboratory-prepared eye and
nose drops

Concentration in laboratory-prepared nose and eye
Recovery, % (n = 3)

drops, mg/loo mL Derivative spectrophotometry Densitometry

Naphazoline Chlorpheniramine Naphazoline Chlorpheniramine Naphazoline Chlorpheniramine
Cetrimide hydrochloride maleate hydrochloride maleate hydrochloride maleate

1 25 25 99.59 99.24 99.99 100.05
2 50 50 101.05 100.10 100.70 99.90
3 75 75 100.15 98.95 100.01 98.92

Mean ± RSD 100.26 ± 0.60 99.43 ± 0.33 100.23 ± 0.33 99.62 ± 0.50

pany, Cairo, Egypt), 25% ammonium hydroxide (immediately
detennined before use; Prolabo, Paris, France), distilled water'
(freshly prepared).

Standard Stock Solutions

Accurately weigh 50 mg each of naphazoline hydrochlo­
ride, chlorpheniramine maleate, and cetrimide and dissolve in
a small amount of distilled water or ethanol in 50 mL volumet­
ric flask. Make up to volume with the same solvent to obtain
the following concentrations: naphazoline hydrochloride,
I mg/I mL water and I mg/I mL ethanol; chlorpheniramine
maleate, I mg/I mL water and I mg/I mL ethanol; and
cetrimide, I mg/mL water.

Derivative Spectrophotometric Method

(a) Construction of calibration curves.-Transfer accu­
rately measured portions equivalent to 1-5 mg naphazoline hy­
drochloride from standard stock aqueous solution (I mg/mL)
into a series of 50 mL volumetric flasks. Fill to the mark with

distilled water. Record the first-derivative (D I ) curve of each
solution at 4 nm interval against distilled water as a blank at
250-350 nm. Measure DI absorbance at 295.5 nm (maximum
absorption) and plot amplitude vs concentration. Repeat the
procedure for chlorpheniramine maleate. Scan the second-de­
rivative (D2) curve at 250-270 nm at 4 nm interval, measure D2

absorbance of each solution at 261.7 nm (maximum absorp­
tion), and construct calibration curve.

(b) Assay of laboratory-prepared eye and nasal drops.­
Dissolve 25 mg each accurately weighed naphazoline hydro­
chloride and chlorpheniramine maleate and I mg accurately
weighed cetrimide in distilled water in 100 mL volumetric
flask. Dilute to volume with distilled water. Prepare separate
drops containing 50 and 75 mg each accurately weighed
naphazoline hydrochloride and chlorpheniramine maleate and
2 and 3 mg accurately weighed cetrimide. Pipet 5 mL prepared
drops solution into 50 mL calibrated flask and dilute to mark
with distilled water. Record derivative spectrum curves DI and
D2 for each solution and measure DI and D2 absorbances at

Table 3. Comparison of proposed methods with reported method for simultaneous determination of naphazoline
hydrochloride and chlorpheniramine maleate in PrisolineB eye and nasal drops

Preparation

Derivative method

Recovery by
standard addition ±

Found ± RSD, % RSD, %c

Densitometric method

Recovery by
standard addition ±

Found ± RSD, % RSD, %c

Reported methodb

Found ± RSD, %

Naphazoline hydrochloride

Drug bulk powder

Prisoline

99.96 ± 0.97

t=0.66

F= 1.04

100.08 ± 0.16

99.47 ± 0.69 99.99 ± 0.75

t=0.74

F= 1.70

100.32 ± 0.28

100.1 ± 0.24 100.50 ± 0.59

100.10 ± 0.78

Chlorpheniramine maleate

Drug bulk powder 99.92 ± 0.62 99.82 ±0.19 99.67 ± 0.73 100.42 ± 0.47 99.50 ± 0.58

t=0.38 t=0.27

F= 3.25 F=2.0

Prisoline 97.84 ± 0.24 97.6 ± 0.23 98.01 ± 0.28

• Label claims that each 100 mL contains naphazoline hydrochloride, 50 mg; chlorpheniramine maleate, 50 mg; and cetrimide, 2 mg (batch
No. 760218).

• Personal communication, Kahira Pharmaceutical and Chemical Industries, Cairo, Egypt.
C Average of 5 analyses.
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Table 4. Determination of naphazoline hydrochloride and chlorpheniramine maleate in mixtures by densitometry

Amount of bulk powder applied on HPTLC plates, Ilglspot Recovery, % (n =3)

Naphazoline hydrochloride Chlorpheniramine maleate Naphazoline hydrochloride Chlorpheniramine maleate

Mean± RSD

2

3

4

5

6

8
7

6

5
4

98.70

99.92

100.02

101.05

100.32

99.99 ± 0.75

100.50

99.03

100.60

99.30

98.91

99.67± 0.73

previously chosen wavelengths. Calculate concentration of
each drug.

(c) Assay of pharmaceutical formulations.-Pipet 5 mL
eye and nasal drops solution of the dosage form and proceed as
described above for laboratory-prepared eye and nasal drops
starting from "into 50 mL calibrated......

Densitometric Method

(a) Construction of calibration curves.-Transfer a vol­
ume of stock alcoholic standard solution of each drug equiva­
lent to 1-5 mg in separate 5 mL volumetric flasks and dilute to
volume with absolute ethyl alcohol. Using a 10 ilL micropipet,
apply 10 IlL of each prepared solution to a precoated TLC or
HPTLC aluminum sheet (20 x 20 cm). Space spots 2cm (TLC)
or I cm (HPTLC) apart and 1.5 cm from the bottom edge of the
plate. Place plate in chromatographic tank (with filter paper)
previously saturated for I h with developing mobile phase, ace­
tone-25% ammonium hydroxide (90 + 10, v/v). Develop plate
by ascending chromatography to a distance of 14-16 cm (TLC)
or 7-8 cm (HPTLC), dry at room temperature, detect spots un­
der UV lamp, and determine spots densitometrically (in flying­
spot mode) at 280 nm for naphazoline hydrochloride and
262 nm for chlorphenirarnine maleate. Construct calibration
curves by plotting area under the peak vs concentration of drug.

(b) Assay of laboratory-prepared eye and nasal drops.­
Prepare eye and nose drops as described in Derivative Spectro­
photometric Method. With a pipet, transfer a suitable accurately
measured volume (10 mL) of eye and nasal drops solutions to
a flat-bottom dish and place the dish in a vacuum desiccator
over sulfuric acid. Apply vacuum until sample is almost dry,
dissolve dish contents in the least amount of ethanol, and quan­
titatively transfer into a 5 mL volumetric flask. Complete to
volume with ethanol to bring up arange ofconcentrations (0.5­
1.5 mg/mL) from each of the 2 drugs. Proceed as described un­
der Construction ofcalibration curves, starting from "Using a
10 ilL micropipet.. .... For every determination, apply both
standard and sample solutions on the same TLC or HPTLC
plate. Calculate concentrations of naphazoline hydrochloride
and chlorphenirarnine maleate from regression equations or by
comparing with standard solutions.

(c) Assay ofpharmaceuticalformulations.-Proceed as de­
scribed for Assay of laboratory-prepared eye and nose drops
starting from "With a pipet, transfer a suitable accurately meas­
ured volume......

Results and Discussion

The presence of both naphazoline hydrochloride and chlor­
pheniramine maleate in ophthalmic and nasal preparations cre­
ates problems in their determination during quality control as­
says. The purpose of this work was to develop methods for
simultaneous determination of naphazoline hydrochloride and
chlorphenirarnine maleate in dosage forms without prior ex­
traction. Methods using spectrophotometry and densitometry
are described.

Zero-order absorption spectra (Do) of naphazoline hydro­
chloride and chlorphenirarnine maleate show significant band
overlap at the wavelengths of maximum absorption of napha­
zoline hydrochloride (280 nm) and chlorphenirarnine maleate
(262 nm; Figure Ia). However, first-derivative absorption
spectra (D,) show that naphazoline hydrochloride has a typical
trough at about 295.5 nm while chlorphenirarnine maleate
shows zero or negligible absorption at that wavelength (Fig­
ure Ib). Second-derivative absorption spectra (02) show that
chlorphenirarnine maleate has maximum absorption at
261.7 nm while naphazoline hydrochloride shows negligible
absorption (D2) at that wavelength (Figure Ic). Thus, D, and
D2 spectrophotometry is suggested for determination of both
drugs simultaneously.

For quantitative application, linear relationships have been
found between amplitude heights in D, and D2 spectra of
naphazoline hydrochloride and chlorpheniramine maleate, re­
spectively, and their respective concentrations in the range 20­
80 IlUmL for bulk materials. Corresponding mean recoveries
are 99.96 ± 0.97 and 99.92 ± 0.62%, respectively.

Calibration curves were represented by the following re­
gression equations:

Y, =0.0074 + 0.002365 C

(r =0.9997) for naphazoline hydrochloride

Y2 =0.00025 + 0.005688 C

(r =0.9998) for chlorpheniramine maleate

where YJ is DJ absorbance at 295.5 nm, Y2 is D2 absorbance at
261.7 nm, Cis concentration in llg/mL, and r is the correlation
coefficient. These equations were used for direct evaluation of
the 2 drugs. Mixtures containing different ratios of the 2 drugs
and laboratory-prepared drops were analyzed. Results are pre-
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sented in Tables I and 2. They showed no interference from
cetrimide used as preservative in both drops.

Results of recovery experiments using the standard addition
technique are presented in Table 3.

A densitometric technique is also suggested for simultane­
ous determination of these drugs based on difference in Rrval­
ues. Naphazoline hydrochloride and chlorpheniramine maleate
were separated on TLC and HPTLC silica gel plates, whereas
cetrimide remained at the base. Cetrimide has no UV absorp­
tion. The Rr values of naphazoline hydrochloride and chlor­
pheniramine maleate were 0.68 and 0.86, respectively, with
acetone-25% ammonium hydroxide (90 + 10, v/v) as mobile
phase. The 2 separated drug spots can be determined densi­
tometrically on the same plate by scanning quantitatively at 280
and 262 nm for naphazoline hydrochloride and chlorpheni­
ramine maleate, respectively.

Substances were spotted at equivalent locations on pre­
coated TLC and HPTLC plates (20 x 20 cm), which were de­
veloped with the same solvent system. On TLC plates, spots
were applied 2 cm apart, for a maximum of 9 spots per plate.
Optimum resolution was reached at 14-16 cm migration of sol­
vent. Spot diameters rarely exceeded 8 mm, and separation
time was about 45 min. By comparison, on HPTLC plates, spots
were spaced at I cm apart, allowing 18 spots per plate. Optimum
resolution was reached at 7-8 cm migration of solvent. Spot di­
ameters exceeded 4 mm only in very rare cases, and separation
time was only 20--25 min. Thus HPTLC has advantagesoverTLC
in routine analysis with respect to cost per plate.

For HPTLC, linear correlations were obtained between ar­
eas under the peak and concentrations in the ranges 2-10 !lg
and 4-l0 !lg per spot for naphazoline hydrochloride and chlor­
pheniramine maleate, respectively. Mean recoveries were
99.99 ± 0.75 and 99.67 ± 0.73%, respectively. Calibration
curves were represented by the following regression equations:

Y=0.Oll8+0.0521 C

(r =0.9986) for naphazoline hydrochloride

Y=-0.0282 + 0.0282 C

(r =0.9988) for chlorpheniramine maleate

where Y is area under the peak, C is concentration in !lg, and r
is correlation coefficient. These equations were used for direct
evaluation of the 2 drugs.

Mixtures of the 2 drugs in different ratios and laboratory­
prepared eye and nasal drops were analyzed. Results (Tables 4
and 2) show the applicability of the method and the absence of
interference from the cetrimide preservative.

Compared with the official and reported methods for analy­
sis of the 2 drugs, HJYfLC is relatively inexpensive, capable of
rapidly producing quantitative results with accuracy and preci­
sion comparable with those of official and reported methods.
Advantages of HPTLC include simultaneous determination of
mixtures of the 2 drugs in many samples under the same con­
ditions without prior extraction or cleanup. A large number of
samples and reference standards can be chromatographed si­
multaneously and then quantitatively evaluated on a single

plate. Thus separation of complex mixtures and reliability of
identification of individual substances are enhanced enor­
mously. Chromatographic separation is elegantly coupled with
quantitative determination of spots directly on the plate. No
problems are caused by UV-absorbing mobile phase systems
because densitometric evaluation is done after the mobile phase
has been removed by evaporation. No time- and material-con­
suming prior extractions are necessary.

Precision

Precision was evaluated by performing 5 analyses of each
sample. Relative standard deviations were 0.97 and 0.62% with
derivative spectrophotometry and 0.75 and 0.73% with densi­
tometry for naphazoline hydrochloride and chlorpheniramine
maleate, respectively. Results obtained were compared statisti­
cally with those obtained by applying the reported method (per­
sonal communication, Kahira Pharmaceutical and Chemical
Industries; Table 3).

Method Validation

Validity and reproducibility of the proposed methods were
assessed further by applying the standard addition method.
Known amounts of standard naphazoline hydrochloride and
chlorpheniramine maleate were added to a fixed amount of
sample solution at 3 concentration levels, and recoveries were
calculated. Results (Table 3) show that both methods are pre­
cise and reproducible. There was no interference from
cetrimide or contaminants.

Conclusion

The 2 proposed methods were successfully applied for si­
multaneous determination of naphazoline hydrochloride and
chlorpheniramine maleate in bulk drug and dosage forms with­
out preliminary extraction or interference from cetrimide. Cal­
culated t and F values were less than the theoretical values (Ta­
ble 3), indicating that there is no difference between the
2 methods with respect to precision and accuracy. In addition,
both are simple, rapid, and less costly than other methods. They
are therefore more suitable for quality control and routine
analysis than other methods.
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Identification of ~-Lactam Antibiotics in Tissue Samples
Containing Unknown Microbial Inhibitors
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Antibiotic residues in animal tissues can be de­
tected by various screening tests based on micro­
bial inhibition. In the 7-plate assay used by the U.S.
Department of Agriculture's Food Safety and In­
spection Service (FSIS), penicillinase is incorpo­
rated into all but one plate to distinguish j3-lactam
antibiotics from other types. However, ~-Iactams
such as cloxacillin and the cephalosporins are re­
sistant to degradation by penicillinase. They may
not be identified as j3-lactams by this procedure,
and thus, they may be identified as unidentified mi­
crobial inhibitors (UMls). However, these penicilli­
nase-resistant compounds can be degraded by
other j3-lactamases. The present study describes
an imprOVed screening protocol to identify j3-lac­
tam antibiotics classified as UMls. A multiresidue
liquid chromatographic procedure based on a
method for determining j3-lactams in milk was also
used to identify and quantitate residues. The
2 methods were tested with 24 tissue FSIS samples
classified as containing UMls. Of these, 3 con­
tained penicillin G, including one at a violative
level, and 5 contained a metabolite of ceftiofur. The
others were negative for ~-Iactamantibiotics.

A
ntibiotic residues in animal tissues can be detected by
various screening tests based on microbial inhibition
(1-7), as well as rapid milk-screening tests (8-11).

However, identification of specific antibiotics is more difficult
than detection. And analysis may be complicated by the pres­
ence of natural microbial inhibitors in some tissues (12-15).

In the 7-plate assay (7) of the U.S. Department of Agricul­
ture's Food Safety and Inspection Service (FSIS), penicillinase
is incorporated in all but one plate to distinguish ~-lactarn anti­
biotics from other types. However, ~-lactarns such as cloxac­
illin and the cephalosporins are resistant to degradation by
penicillinase (16-18). Thus, they may not be identified as ~­

lactams by this procedure and are classified as unknown micro-

Received April 3, 1998. Accepted by JM June 25, 1998.

bial inhibitors (UMIs). However, these penicillinase-resistant
compounds can be degraded by other ~-Iactarnases.

Chromatographic methods have been described for deter­
mining penicillins in tissues from several species (19-30), but
none is suitable for determining cephalosporins or their meta­
bolites in tissues. The 2 cephalosporins approved for use in
food-producing animals in the United States are ceftiofur and
cephapirin. Both are convelled to metabolites in animal tissues,
ceftiofur to desfuroylceftiofurcysteine (DFCC; 31), and
cephapirin to the desacetyl form (W. Moats, S. Buckley, unpub­
lished data).

Ceftiofur metabolites can be identified tentatively by rapid
screening assays such as the Bacillus slearolhennophilus diffu­
sion assay (Delvotest) and enzyme immunochemical tests
(LacTek-BL and LacTek-Cef) before and after hydrolysis with
Penase and lactamase II. Portions of aqueous extracts of tissues
are treated separately with these enzymes, and results are com­
pared with those of untreated samples and positive controls.
Bioactive ceftiofur metabolites are present if extracts retain in­
hibitory activity after Penase treatment, but lose the activity
after lactamase II treatment and if they are positive to the Lac­
Tek-Ceftest but negative to the LacTek-BLassay. However, the
presence of nonbioactive ceftiofur metabolites is suspected if
the extract shows no microbial inhibitory activity and tests are
negative by LacTek-BL but positive by LacTek-CEF. If inhibi­
tory activities are shown after Penase and lactamase II treat­
ments, the presence of antibiotics other than ~-lactarns is sus­
pected. The efficacy of using Penase and lactamase 11 to
tentatively identify ceftiofur metabolites was evaluated by ana­
lyzing tissues containing unidentified antibiotic residues.

The present study describes an improved screening protocol
(32) for identifying ~-Iactam antibiotics classified as UMIs. A
multiresidue liquid chromatographic (LC) procedure based on
a method for determining ~-lactams in milk (33, 34) was also
used to identify and quantitate residues. The 2 approaches were
tested with 30 samples from FSIS, 24 of which contained
UMIs and 5 of which were identified as containing !3-lactams.

Experimental

Equipment

(a) Stomacher.-Seward Model 80 (Tekmar-Dohrman,
Cincinnati, OH).
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(b) High-speed microcentrifuge.-Tomy (Peninsula labo­
ratories, Belmont, CAl.

(c) Photometer.-For 12 x 75 mm tubes (ldexx laborato­
ries, Westbrook, ME).

(d) Multiblock heater.-Lab-Line, Melrose Park, CA.
(e) lncubator.-VWR Model 1525 (VWR Scientific,

Philadelphia, PAl.
(I) Extraction and digestion tubes.-Polypropylene tubes

with caps, 12 x 72 mm (5 mL) and 16 x92 mm (10 mL); coni­
cal tubes, 17 x 110 mm (12 mL) and 25 x 107 mm (30 mL).

Reagents

(a) Extraction and dilution buffer.-73 mM phosphate
buffer (pH 6) containing 8.71 g KH2P04 and 2.04 g
K2HP04•3H20 diluted in I L. This is equivalent to 1%
KH2P04 adjusted to pH 6 with 1M NaOH (7).

(b) ~-Lactams.-Cephapirinsodium salt and penicillin G
sodium salt were obtained from Sigma Chemical Co., St.
Louis, MO. DFCC was a gift from Pharmacia and Upjohn Co.,
Kalamazoo, MY.

(c) Stock solutions of~-lactams.-Stock Acontained I mg
~-lactams/mL in deionized water. Stock B (I 0 ~g1mL) was pre­
pared by diluting 0.1 mL Stock A with 9.9 mL phosphate buff­
er. Stock C (I ~g1mL or I ppm) was prepared by taking 0.5 mL
Stock B and diluting with 4.5 mL phosphate buffer.

(d) Lactamase enzymes.-Lactamase II (E.C.3.5.2.6; mo­
lecular weight, 23 000) produced from Bacillus cereus 569/H
(Km, 1100 mM; specific activity, 2000 Units (U)/mg vs cepha­
losporin C), Cat. No. 19143, ICN Pharmaceuticals (Costa
Mesa, CAl. Astock solution of 1000 U/mL (Stock I) was pre­
pared in phosphate buffer. Aliquots in I00 ~L portions were
prepared and stored in a -80°C freezer. A working dilution of
100 UlmL (Stock 2) was prepared by diluting Stock I I: I0
with phosphate buffer (pH 6). Bacto Penase (E.C.3.5.2.8) con­
taining 20000 LU (Levy units)lmLlmin and equivalent to
10 million International Units (IU)/mL was purchased from
Difco, Inc., Detroit, MI.

(e) Screening assays.-LacTek-BL for ~-Iactams and Lac­
Tek-CEF for ceftiofur (ldexx Laboratories). Delvotest P-mini
(Gist-Brocades, Delft, The Netherlands) was purchased from
Eastern Crown, Inc., Vernon, NY.

Chemicals and Reagents for LC Analysis

(a) Acetonitrile.-EM Omnisolv (Gibbstown, NJ) or
equivalent.

(b) Tetraethylammonium chloride; l-decanesulfonic acid,
sodium salt, 98%; dodecyl sulfate, sodium salt, 98%.-Aldrich
Chemical Co., Milwaukee, WI.

(c) Antibiotic standards.-Ceftiofur and DFCC were gifts
from Pharmacia and Upjohn Co. Other antibiotics were pur­
chased from Sigma.

(d) KH2P04, H3P04, and Na2HP04.-Reagent grade,
from several sources.

(e) ~-Lactamase.-~-Lactamase-Liq (Charm Sciences,
Malden, MA). The dry powder was reconstituted in water ac­
cording to manufacturer's instructions. The reconstituted en-

zyme was dispensed in 0.1 mL portions into small vials and
stored frozen until needed.

Glassware and Equipment for LC Analysis

All glassware were cleaned in special detergent (Micro, In­
ternational Products, Trenton, NJ, or equivalent) at ca 60°C for
30 min (a longer period may etch glassware), rinsed in deion­
ized water, rinsed 5 min or longer in dilute acid bath (ca O.OIM
HCl or H2S04), and rinsed again with deionized water.

(a) Graduated cylinders.-25 and 50 mL.
(b) Conical graduated centrifuge tubes.-15 mL, cali-

brated to I and 4 mL.
(c) Glass-stoppered side-annjlasks.-250 mL.

(d) Conicaljlasks.-125 mL.
(e) Blender.-Waring type, base with 100 or 300 mLstain­

less steel jars with covers.
(I) Vortex evaporator.-Buchler Instrument Co., Ft.

Lee, NJ.
(g) Thermostated hot plate.-With shallow tray.
(h) Plastic-coated lead rings.-12R Corp., Cheltenham,

PA; used to weigh down nasks during evaporation.

Apparatus for LC Cleanup

(a) Pump.-Varian (Sugarland, TX) Model 9012.
(b) Autosampler.-Waters (Milford, MA) WISP 712 with

a 2000 ~L loop.
(c) Fraction collector.-Isco (Lincoln, NE) Foxy.
(d) Data system.-Waters 990 diode array detector.
(e) Column.-Supelcosil LC-18, 4.6 x 150 mm, 5 ~m par-

ticle size (Supelco, Bellefonte, PAl.

Apparatus for LC Analysis

(a) Pump.-Varian Model 9012.
(b) Autosampler.-Varian Model 9090.
(c) Detector.-Waters 481 UVIvisible detector.
(d) Data system.-Varian Model 654.

Procedures

(a) Sample extraction.-Thirty incurred samples of beef
tissue (Table I) were obtained from FSIS Midwestern Labora­
tories. Twenty-four samples contained UMls, and 5 contained
~-lactams, as tested with the 7-plate assay (7). Five gram sam­
ples were weighed, cut into small pieces (ca 5 mm2

), and trans­
ferred quantitatively into Tekmar stomacher bags (9 x 16 em).
Extraction buffer was added at a ratio of4 mLlg. Mixtures were
blended in a stomacher for 60 s and then allowed to stand for
I h at 4°C. Extracts were transferred to polypropylene tubes
and centrifuged at 12000 rpm (II 850 x g) for 10 min. (If a
high-speed centrifuge is not available, samples may be centri­
fuged at 3000 xg for 15 min.) Supernatants or clarified extracts
were analyzed as described below.

(b) Enzyme hydrolysis.-To 2 mL clarified extracts, 20 ~L
Penase concentrate was added to give 400 LUl2 mL extract. To
another 2 mL extract, lactamase U (20 ~L Stock 2) was added
to give 2 UlmL extract. Enzyme-treated extracts were hydro­
lyzed for 45 min at 37°C. After hydrolysis, samples were kept
at 40C or in an ice bath to inhibit further enzymatic hydrolysis
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Table 1. Analysis of FSIS samples

Delvotest P on LC fractions
Sample No.

FSIS screenb(type") New screen AC B C D E LC analysis, ppm

1 (L) UMI Ceftiofur + ± 0.68 DFCC
2 (L) UMI

3 (L) UMI PenG<10ppb + 0.004 Pen G

4 (L) UMI Ceftiofur + ± 1.53 DFCC
5 (L) UMI

6 (L) UMI Pen G trace + ± No DFCC
7 (L) UMI
8 (L) UMI Ceftiofur, not bioactive
9(K) UMI Ceftiofur + + 0.37 DFCC

10 (L) UMI
11 (L) UMI Ceftiofur, not bioactive

12 (L) UMI
13 (L) UMI
14 (L) UMI
15 (K) UMI
16 (L) UMI Pen G ca 10 ppb + 0.064 Pen G
17 (L) UMI + No cloxacillin

18 (L) UMI PenG<10ppb + 0.010 Pen G

19(K) UMI Ceftiofur + ± 0.69 DFCC
20 (K) Negative
21 (K) UMI Ceftiofur + UMI + + + 0.31 DFCC
22 (L) UMI
23 (L) UMI

24 (K) UMI Pen G < 10 ppb

25 (L) UMI PenG>10ppb + 0.021 Pen G

26 (L) ~-Lactam Pen G > 10 ppb + 0.28 Pen G

27 (L) ~-Lactam Pen G, ceftiofur, not bioactive + 0.18 Pen G

28(M) ~-Lactam Pen G > 10 ppb + UMI + 0.058 Pen G
29 (K) ~-Lactam PenG>10ppb + 0.18 Pen G

30 (K) ~-Lactam PenG>10ppb + + 2.92 Pen G

• K = kidney; L= liver; M = muscle.
b Micrococcus luteus plate assay (7).
C A, amoxicillin; B, desfuroylceftiofurcysteine; C, ampicillin; D, penicillin G; E, cloxacillin.

at room temperature. Treated, negative control, and positive
control samples were assayed by Delvotest, LacTek-BL, and
LacTek-CEF. Bovine kidney extract was used for negative con­
trol. To evaluate use of screening tests with tissue extracts,
2 mL portions of clarified kidney extract were spiked with
10 ppb penicillin G (20 ~L of I ~g/mL solution) or 100 ppb
cephapirin (20 ~L of I0 ~g/mL) for use as positive reference
standards. Control and unknown samples were tested for ~-Iac­

tams with Delvotest, LacTek-BL, and LacTek-CEF before and
after digestion with Penase and lactamase II. Samples retaining
inhibitory activity after Penase treatment but losing the activity
after lactamase II hydrolysis were suspected to contain bioac­
ti ve ceftiofur metabolites. These samples were analyzed further
by LC to determine the presence of ceftiofur metabolites.

(c) Rapid screening tests.-The protocols described by the
manufacturers of the commercial screening tests were fol­
lowed. Samples were analyzed within 20 min or stored at 4°C
or in an ice bath for later analysis. Hydrolyzed samples were

kept in a freezer (-20°C) for storage overnight or a few days.
(1) Delvotest.-A multiblock heater with precise temperature
control was used. Sample tube holders of the heating block
were filled about one-third full with water and equilibrated at
65°C. Hydrolysates (0.1 mL) were transferred to vials, and a
nutrient tablet was added to each vial. Sample and nutrient tab­
let were gently mixed and incubated for 2.5 h at 65°C in the
block heater. (2) LacTek-BL and LacTek-CEF.-Portions
(0.25 mL) of the hydrolysate were transferred to antibody­
coated tubes. Tracer reagent (enzyme-labeled ~-Iactam) was
added, and the mixture was incubated for 3 min at room tem­
perature. Tube contents were discarded, and tubes were washed
3 times with LacTek wash buffer. Color developer was added,
and the mixture was incubated for another 3 min at room tem­
perature. Stopping reagent was added, and absorbance was
measured at 405 nm with the Idexx photometer.

(d) Extraction and deproteinization, procedure 1.-Tissue
was cut into small pieces, and 5 g was transferred to a 100-
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300 mL blender jar. Then 5 mL water, 2 mL O.1M tetraethyl­
ammonium chloride (Et4NCI) (for liver and kidney tissues, use
I mL 0.2M Et4NCI and I mL 0.005M KH2P04), and 40 mL
acetonitrile were added. The mixture was blended for I min at
one-half full power as measured by a variable-resistance trans­
former (final volume =50 mL). After the mixture was allowed
to stand 10 min, the supernatant was decanted through a small
plug of glass wool in the stem of a funnel, and 40 mL filtrate
(20 mL for liver and kidney) was collected, equivalent to 4 g
tissue (2 g for liver and kidney). The ftltrate was transferred to
a 250 mL side-arm flask, and then 2 mL O.OIM pH 6 buffer,
5 mL water, and 5 mL tert-butyl alcohol (to suppress foaming)
were added. The flasks were weighed down with plastic-coated
lead rings and connected to a water pump vacuum. After the
contents had stopped boiling, the flasks were placed in a shal­
low (1-2 em) water bath heated to 40°-50°C. If foaming per­
sisted, more tert-butyl alcohol was added, always with an equal
volume of water. The contents were evaporated to 1-2 mL (not to
dryness), rinsed into graduated tubes with several small portions
of water to a final volume of 4 mL, and filtered through a 25 mm
0.45 Ilm polyvinylidene fluoride (pVDF) syringe filter into a
4 mL autosampler vial.

(e) Extraction and deproteinization, procedure 2 (~-lac­

tamase).-Tissue was cut into small pieces, and 15 g was
weighed into a 100-300 mL blender jar and blended with
45 mL water for I min at one-half full power. Ten milliliters
homogenate was measured into a 125 mL conical flask and
mixed with 2 mL O.1M ElINC!. Then 40 mL acetonitrile was
added slowly with continual stirring (final volume =50 mL).
After the mixture was allowed to stand 10 min, the supernatant
was decanted through a plug of glass wool in the stem of a
funnel, and 40 mL filtrate (equivalent to 2 g tissue) was col­
lected. The filtrate was transferred to a 250 mL glass-stoppered
side-arm flask, and 2 mL 0.0 IM pH 6 buffer (5 + 1, KH2POC

Na2HP04) and 5 mL each tert-butyl alcohol and water were
added. The contents were evaporated and filtered as described
for procedure I.

For the ~-lactamase treatment, before beginning the extrac­
tion procedure, 0.1 mL reconstituted ~-Iactamase was added to
10 mL tissue homogenate, and the mixture was incubated I h
at room temperature.

(f) LC fractionation.-Two milliliters sample extract was
loaded onto the LC column with a flow of 100% O.OIM
KH2P04. After 3 min, an acetonitrile gradient was started that
gave 60% acetonitrile in 40 min. The column was returned to
starting conditions at 41 min, and another sample could be
loaded at 55 min. Standards were run initially to determine re­
tention times. The fraction collector was set to collect 1.5­
2.0 time windows centered on the retention time of the ana­
Iytes. For penicillin G and cloxacillin fractions, 0.2 mL 0.01M
Na2HP04 was added to the tubes prior to fraction collection.
Elution of ~-Iactam standards is shown in Figure I. Fractions
of 1.5-2.0 mL corresponding to each compound of interest
were collected. For the present study, these compounds were
amoxicillin, desfuroylceftiofurcysteine and desacetyl­
cephapirin, ampicillin, penicillin G, and cloxacillin.

(g) Analysis of fractions.-Fractions were evaporated to
<I mL under reduced pressure in the Vortex evaporator, and
volumes were adjusted to I mL with water. They were then
tested for antimicrobial activity with Delvotest P-mini as de­
scribed for milk (other milk-screening tests may be satisfac­
tory). Fractions testing positive were analyzed by LC. Prior to
LC analysis, 0.2 mL of a solution containing 0.0 IM KH2P04,
O.OIM H3P04, and O.OIM sodium decanesulfonate was added
to amoxicillin, ampicillin, DFCC, and cephapirin fractions. LC
conditions for analysis were different from those used for
cleanup.

LC analysis conditions for each fraction were as follows: (1)
Amoxicillin.-Derivatize by the method of Ang and Luo (35). (2)
DFCC.---D.015M H3P04, 0.0075M sodium dodecylsulfate-ace­
tonitrile (60 +40), Supelcosil LC-18 column. (3) Ampicillin.­
O.OIM H3P04, 0.005M KH2P04, 0.005M sodium dodecylsul­
fate-acetonitrile (65 + 35), Supelcosil LC-18 column. (4)
Penicillin G.---D.0133M KH2P04, 0.0067M H3POc acetonitrile
(68 + 32), Supelcosil LC-18-DB or Inertsil ODS-2 column. (5)
Cloxacillin.---D.008M KH2P04, 0.002M H3POc acetonitrile (62
+38), Supelcosil LC-18-DB column. Residues were confirmed by
repeating LC analysis with atissue homogenate treated with ~-Iac­

tamase ((3-Lactamase-Liq, Charm Sciences).

Results and Discussion

Thirty tissue samples-I control and 29 that tested positive
for microbial inhibitors by the Micrococcus luteus plate as­
say-were obtained from FSIS field laboratories. Five of the
29 samples were classified by FSIS laboratories as positive for
~-Iactams on the basis of their degradation by penicillinase.
The other 24 had antimicrobial activities that could not be iden­
tified by the FSIS 7-plate assay (7) and were classified as UMls.
The 30 samples-21 liver samples, 8 kidney samples, and
I muscle sample-were analyzed by the new screening test and
by LC. Results are summarized in Table I.

The new screening protocol was based on a previous proce­
dure (32). It includes a rapid test for antimicrobial activity
(Delvotest P-mini) and 2 immunoassay tests, LacTek-BL for
~-Iactams in general and LacTek-Cef for ceftiofur, and classi­
fies ~-Iactams by relative rates of degradation by penicillinase
and by ~-Iactamase 1I.

The screening test gave positive results for penicillinase­
sensitive penicillins in 5 samples already identified as contain­
ing ~-Iactams. It also indicated low levels of penicillins in
6 other samples. Seven samples tested positive for ceftiofur,
including 2 that were positive by LacTek-Cef but showed no
antimicrobial activity. These results suggested that protein­
bound ceftiofur metabolites might be present. One ceftiofur­
positive sample and one ~-Iactam-positive sample also con­
tained antimicrobials other than ~-Iactams.

The multiresidue LC analysis of ~-Iactams was based on a
previous procedure for ~-Iactam residues in milk (33, 34).
Cleanup was by LC fractionation. Because residues of penicil­
lin G in tissue homogenates, especially liver and kidney, de­
grade rapidly (36), resulting in low and erratic recoveries, tis­
sues were extracted by blending directly with acetonitrile.
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Figure 1. Gradient elution of standards: AMOX =amoxicillin; DACEP =desacetylcephapirin; DFC dimer =
desfuroylceftiofur dimer; DFCC =desfuroylceftiofurcysteine; CEP =cephapirin; AMP =ampicillin; PENG =penicillin

G; CEFT =ceftiofur; CLOX =cloxacillin. Time windows collected are shown.

Residues were confirmed by repeating the analysis after a water
homogenate of the tissue had been treated with ~-Iactamase. In
the ~-lactamase procedure, stability of residues in water homo­
genate is not of concern because the intention is to degrade the
residues. If a suspect peak disappears or diminishes, the pres­
ence of a ~-Iactam is confirmed. Procedures for penicillin G
(36) and DFCC (37) are described in more detail elsewhere.

LC analysis of each fraction would have been extremely te­
dious. Thus, fractions were first screened for antimicrobial ac­
tivity after acetonitrile was removed under reduced pressure.
The Delvotest P-mini used as described for milk testing was
satisfactory for this purpose. LC fractions that tested negative
contained no antibiotic, and further analysis was not necessary.
Fractions from the ~-Iactamase-treated replicate corresponding
to those testing positive from the untreated extract could also
be tested for antimicrobial activity. Loss of antimicrobial activ­
ity indicated presence of a ~-Iactam. However, if another an­
timicrobial was present in the fraction, antimicrobial activity
remained after ~-Iactamase treatment even if a ~-Iactam was
also present. When samples contained high levels (> I ppm) of
penicillin G (for example, sample 30), the cloxacillin fractions
frequently tested positive but no cloxacillin was ever found,
suggesting that penicillin G tailed slightly. LC confumation of
fractions testing positive was therefore essential, because the
fractions did not always contain the expected antibiotic.

None of the amoxicillin fractions tested positive by the
screening test. Derivatization would have been necessary to de-

termine amoxicillin. The method of Ang and Luo (35) was sim­
ple and worked well with fractions prepared from sample ex­
tracts. Afew ampicillin and cloxacillin fractions tested positive
in the screening test but were all found negative by LC analysis.
Thus, penicillin G and the ceftiofur metabolite DFCC were the
only ~-Iactams found in the UMI tissues. This report is the first
of chromatographic identification of ceftiofur metabolites in
samples from commercial sources. DFCC serves as a marker
residue for ceftiofur metabolites, which are mostly bound to
proteins (31). Confirmation by analysis of a replicate after
treatment with ~-Iactamase provided a simple and effective
confirmatory test. Any residual background was subtracted,
thus improving quantitation.

In general, the LC results agreed well with the new double­
enzyme screening test. The presence of DFCC, the principle
free metabolite of ceftiofur, was confumed in samples testing
positive for ceftiofur and showing antimicrobial activity. The
5 samples testing positive for ~-Iactams by the FSlS screen
contained violative levels of penicillin G. Four of 6 other sam­
ples testing positive for penicillin G by the new screen were
found to contain detectable levels of penicillin G by LC analy­
sis, one at violative levels.

The improved screening protocol was slightly more sensi­
tive than LC analysis and detected ceftiofur metabolites, which
are not bioactive. Otherwise, the 2 methods agreed well. Sam­
ples that were negative by the screening procedure did not re­
quire further examination by LC, saving considerable time. The
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multiresidue LC procedure can be used to determine any ~-Iac­

tam antibiotic by collecting suitable time windows, and it can
be used with most other antibiotics.
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Determination of Apramycin in Swine Kidney Tissue by Liquid
Chromatography with Fluorescence Detection

DANIEL J. SWEENEY and MARK R. COLEMAN

Eli Lilly and Co., Animal Science Product Development, Greenfield,lN 46140

A liquid chromatographic method for determining
apramycin in swine kidney tissue is described.
Apramycin is extracted from tissue with basic
methanol and purified by ion-pair extraction. By us­
ing an automated derivatization and injection
procedure, the purified extract is derivatized
with o-phthaldehyde, separated on a C18 column,
and detected with a fluorescence detector. For forti­
fied kidney samples, between-run coefficients of
variation ranged from 4.8 to 7.1% at 1.00 ppm and
from 9.6 to 14.3% at 0.50 ppm. Recoveries ranged
from 76 to 86%. Standard curves were linear over
the range 10-100 nglmL.

A
PramYCin, also called nebramycin factor 2, is an amino­
glycoside antibiotic (Figure I) produced by Streptomy­
ces tenebrarius. Commercially available oral and par­

enteral preparations are used to control gram-negative infec­
tions in swine (I) and calves (2) and to treat and control coli­
bacillosis in poultry (3,4). Unpublished radiolabeled residue
and metabolism studies at our facility have determined that, in
swine, kidney is the edible tissue in which residues accumulate
at the highest levels and deplete at the slowest rate. Apramycin
is the marker residue comprising greater than 80% of radiola­
beled residue. As with other aminoglycosides, the high concen­
trations of apramycin in kidney may be due to its binding to
renal tubular epithelial cell luminal membranes. The European
Community (EC) has set maximum residue limits (MRLs) for
apramycin in swine at I ppm in muscle, fat, liver, and skin and
at 5 ppm in kidney.

An unpublished apramycin microbiological bioautographic
method with a limit of detection of0.1 ppm has been developed
at our facility. However, a more specific liquid chroma­
tographic (LC) method was requested by the EC for monitoring
purposes. Two LC methods with pulsed amperometric detec­
tion have been published. One method can separate and quan­
titate apramycin in standard solutions from I mg to lOng on
column (5) but has not been extended to biological matrixes.
The other method detects both apramycin and tobramycin in
blood serum at 0.6 ppm but no statistical data regarding method
reproducibility were reported (6).

Received December 16, 1997. Accepted by JM June 25, 1998.

This paper describes a sensitive and selective method for
determining apramycin developed prior to the setting of MRLs
for swine tissue by the EC. This method was later expanded by
the Veterinary Laboratories Agency in the United Kingdom to
other edible tissue and has been validated with a limit of quan­
titation of 0,5 ppm in muscle, fat, liver, and skin and 2.5 ppm
in kidney (7), The data presented here are from the preliminary
validation done prior to setting of MRLs,

Experimental

Apparatus

(a) LCsystem.-ModeI6ooE multisolvent delivery system
and a 715 WISP injection system (Waters Associates, Milford,
MA), Model 980 programmable fluorescence detector (Ap­
plied Biosystems, Foster City, CAl with excitation wavelength
set at 230 nm and a 389 nm emission cutoff filter installed.
Pump flow rate was 1.0 mUmin.

(b) Mass spectrometer,-Sciex Model API I (Thornhill,
Ontario, Canada) equipped with an ion spray interface operated
at a source potential of 5,0 kY. Nebulizing and curtain gases
were nitrogen at ca I and 1.2 Umin, respectively.

(c) LC column,-Nova-Pak CIS, 3,9 x 300 mm x 5 ~m

(Waters),
(d) Sonicator,-Sonifer cell disruptor 350 with 1/4 in. mi­

crotip (Branson, Danbury, CT).

(e) Rotator,-Roto Torque rotator (Cole-Parmer, Niles, IL),
(0 Heating block.-Reacti-Therm heating module (Pierce,

Rockford, IL),

Reagents

(a) Water.-LC grade.
(b) Solven/s.-Distilled in glass, LC grade.
(c) Di-(2-ethylhexyl) phosphate (DEHP),-Sigma, SI.

Louis,MO,
(d) Hydrochloric acid.-Reagent grade,
(e) l-Octanesulfonic acid sodium salt,-LC grade,
(0 Acetic acid,-ACS grade,
(g) Sodium phosphate monobasic monohydrate,-ACS

grade.
(h) Anhydrous sodium phosphate dibasic,-ACS grade.
(i) Fluoraldehyde.---o-Phthaldehyde (OPA) derivatizing

agent (Pierce, Rockford, IL). Stored at 4°C. New reagent was
used every 2 months,

(j) Sodium chloride.-ACS grade,
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(k) Sodium hydroxide.-ACS grade.
(I) Ammonium hydroxide concentrated.-ACS grade.
(m) Phosphate buffer solution.-Solution was prepared by

dissolving 13.8 g sodium phosphate monobasic and 14.2 g an­
hydrous sodium phosphate dibasic in water in a I L volumetric
flask. Octanesulfonic acid (0.5 g) and NaCI (0.3 g) were added,
and the solution was diluted to volume with water.

(n) LC mobile phase.-Acetonitrile-water-acetic acid
(40 + 60 + 2) with 0.005M octanesulfonic acid.

(0) Mobile phase for LCiion spray mass spectrometry
(LC/SP-MS).-AcetonitriJe-water-acetic acid (40 + 60 + 2)
with 0.005M ammonium acetate.

(p) Dilution solution.-Solution was prepared by combin­
ing 300 mLO.25N HCI and 100 mLO.75N NaOH.

(q) Reference standard.-Apramycin (Eli Lilly, Indianapo­
lis, IN).

(r) Stock standard.-I.OO mg/mL standard stock solution
was prepared by adding 50.0 mg apramycin reference standard
to 50 mL volumetric flask and diluting to volume with water.

(s) Spiking solution.-Stock solution was diluted 1:100
with water to give a 10 mg/mL solution.

(t) Diluted standards.-Standards of 100, 50, 25, and
10 ng/mL were prepared by diluting stock solution to these
concentrations in control swine tissue extract.

Spiked Kidney Tissues

Swine kidney tissue was ground to a homogenous consis­
tency in a tissue grinder and stored frozen at -20°C until use.
Thawed 10 g portions of tissue were spiked with various
amounts of spiking solution. For 1.0 and 0.5 ppm samples, 1.00
and 0.50 mL spiking solutions were added respectively, and the
tissue was mixed thoroughly with a spatula.

Tissue Extraction

Ground kidney tissue (10 g) was weighed into a 50 mL
polypropylene centrifuge tube. Concentrated ammonium hy­
droxide (10 mL) was added, the tube was allowed to sit at room
temperature for 10 min, and then 25 mL methanol was added.
The tube was sonicated for 30 s with a Sonifer cell disruptor set
at 4 and centrifuged for 20 min at 1300 xg. Tube contents were

decanted into a 100 mL volumetric flask and another 25 mL
methanol was added to the polypropylene tube. The tube was
sonicated for I min at a setting of 4 and centrifuged for 20 min
at 1300 xg. Tube contents again were decanted into the 100 mL
volumetric flask, and flask contents were diluted to volume
with methanol.

A 2.5 mL portion (equivalent to 250 mg tissue) was taken
from the volumetric flask and dispensed into a test tube. Tube
contents were evaporated to dryness at 60°C under a stream of
air, and then 3 mL phosphate buffer solution and 2 ml ethyl
acetate containing 1% DEHP were added. The tube was capped
and rotated for 15 min on a rotator set at low with indicator on
10. (This setting gives ca 20 rotations/min.) The tube wa~ re­
moved from the rotator and centrifuged at 1300 xg for 10 min.
The top 1.5 mL of the organic layer was removed and com­
bined with 1.5 ml 0.25N aqueous HCI in another test tube. The
tube was rotated for 7 min on a setting of low with the indicator
on 10. The tube was removed from the rotator and heated at
60°C for 10 min in a heating block. The tube was removed from
the heating block and 0.5 mL 0.75N NaOH was added. The
tube was allowed to sit for 5 min, and then the organic layer was
aspirated.

A2.0 ml volume of toluene was added to the tube. The tube
was rotated for 5 min on a setting of low with the indicator on
10 and then centrifuged at 1300 x g for 5 min. The top toluene
layer was aspirated, and 22.5 IIIof the aqueous layer was trans­
ferred to a limited-volume insert injection vial (Waters). Fi­
nally, 22.5 III dilution solution was added.

Derivatization and LC Determination

(a) Preparation of WISP 7/5 autoinjector.-A 4 ml vial
filled with OPA derivatizing agent was placed in vial position I.
The autotransfer functions were set as follows: Auto Transfer.
On; Transfer Before, Vial; Purge After Transfer, Off; Dispense
Needle Depth, 4; Vial Transfer, I; Transfer Volume, 90 Ill; Mix
Cycles, 4; Mix Volume, 135 Ill; Delay Time, 35 min; Injection
Volume, 90 ilL.

For each sample injected, 90 III fluoraldehyde was taken
from vial I and mixed with 45 III sample 4 times. The sample
and derivatization reagent then were allowed a reaction time of
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Figure 2. Chromatograms of a 100 nglmL standard, kidney samples fortified at 1.00 and 0.50 ppm, and a control
kidney sample.

35 min prior to injection to the LC system. After the first injec­
tion, the next sample was being derivatized while the first sam­
ple was eluting from the LC system.

Apramycin concentration in tissue was calculated as fol­
lows:

Apramycin, ppm =A x n/(jx c) x V x I ~g/l 000 ng

where A =apramycin concentration (ng/mL) determined from
regression line, n =volume of neutralized acid (mL),f=frac­
tion of ethyl acetateIDEHP phase extracted into acid, C =
amount of methanolic extract evaporated to dryness (mL), and
V =volume of methanol in extract equal to I g tissue (mUg).
For validation of the method for kidney tissue, n =2.0 mL,f=
1.5 mLl2.0 mL, C =2.5 mL, and V=10 mLlg.

Results and Discussion

Figure 2 shows chromatograms of a control, kidney tissues
fortified at 1.0 and 0.5 ppm, and a 100 ng/mL standard pre­
pared in control extract. For fortified kidney tissue (Table I),
within-assay coefficients of variation (CYs) ranged from 4.8 to
7.1 % at 1.0 ppm and from 9.6 to 14.3% at 0.50 ppm. Assay
recovery was consistently over 80%, except for day 2, for
which recovery from tissue fortified at 0.50 ppm was 76.4%. A
4-point standard curve ranging from 10 to 100 ng/mL was lin­
ear over this range. Correlation coefficients averaged 0.999,
and the intercept was close to zero.

Aminoglycosides are difficult to extract from tissue because
they bind to anionic tissue constituents (8). Initially, attempts
were made to extract apramycin from fortified kidney tissue by
homogenization with methanol or acetonitrile in various pro-

portions with water. Recoveries from these extractions were
less than 5%. Trichloroacetic acid precipitation was also tried
but resulted in incomplete recovery. Gilbert and Kohlhepp (9)
reported a 37% recovery for the aminoglycoside gentamicin
when extracted from animal tissue by trichloroacetic acid pre­
cipitation. However, recovery improved to 96% with NaOH
digestion. For this method, we used digestion with concen­
trated ammonium hydroxide and methanol and sonic disrup­
tion to obtain 95% recovery of apramycin.

Apramycin has numerous amino and hydroxyl groups (Fig­
ure I), making it highly polar and difficult to isolate from ma­
trix components after base extraction. Apramycin will not
move from the aqueous phase into organic immiscible solvents
at any pH. Therefore cleanup by liquid-liquid extraction could
not be used. Reversed-phase solid-phase extraction columns do
not retain apramycin completely on the column and thus could
not be used to separate apramycin from other polar matrix com­
ponents. Cation-exchange solid phase columns with either a
sulfonylpropyl or propylbenzenesulfonyl functional group

Table 1. Recovery of apramycin from spiked swine
kidney tissue on 3 separate days

Day Spike level, ppm n Mean recovery, % CV,%

1.0 4 81.5 5.6

0.5 3 84.4 11.7

2 1.0 4 85.2 7.1

0.5 4 76.4 9.6

3 1.0 4 80.3 4.8

0.5 4 86.3 14.3
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Figure 3. Mass spectrum of OPA-apramycin derivative.

gave inconsistent recoveries of apramycin because of their sen­
sitivity to matrix interferences. A90% recovery was achieved
by ion-pair partitioning of apramycin into ethyl acetate. The
ion-pair was broken by adding aqueous Hel, and apramycin
was quantitatively recovered in the aqueous phase. Evapora­
tion of larger amount of methanolic tissue extracts prior to ion-

pair partioning resulted in poorer recoveries, presumably be­
cause tissue constituents interfered with ion-pair formation.
Therefore, ion-pair extraction was limited to methanolic tissue
extracts equivalent to 250 mg.

Apramycin has no chromophore for absorption in the UV or
visible region. Therefore pre- or postcolumn derivatization is

IE+07...---------------------,

IE~

o 200

Tune (min)

600

Figure 4. Formation and decay of OPA-apramycin derivative.
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necessary for UV or fluorescence detection. Precolumn OPA
derivatization allowed formation of the OPA-apramycin de­
rivative, which provided sufficient sensitivity to quantitate
apramycin in swine kidney at 0.5 ppm. Precolumn OPA deriva­
tization had the added advantage of decreasing analyte polarity,
thereby increasing retention and reducing tailing of apramycin
on the C I8 column. Typically, OPA fluorescence derivatives are
detected at an excitation wavelength of 340 nm. However, an
excitation wavelength of230 nm almost doubled the sensitivity
of the OPA-apramycin derivative. Higher sensitivities for
OPA-amino acids have been reported previously at this lower
excitation range (10).

Any of the 4 primary amines in apramycin could react with
OPA to form fluorescence derivatives. if all 4 primary amines
reacted with OPA, the mass of the OPA-apramycin derivative
would be 1243.5. LC/lSP-MS was used to determine the mass
of the derivative formed in this method. To make the mobile
phase compatible with the mass spectrometer, ammonium ace­
tate was substituted for octanesulfonic acid. The substitution
caused only a slight shift in retention time.

One hundred twenty-five microliters of a 333 ~g/mL stand­
ard of apramycin with OPA (I :2) was injected into the LC/lSP­
MS system. Figure 3 shows the mass spectrum of the derivative
peak. A peak at mlz 1244.5 is the [M + Ht ion for the deriva­
tive. Thus, the derivative monitored in this method is apramy­
cin that has reacted with OPA on all 4 primary amines.

The formation and decay of the OPA-apramycin derivative
were measured by making repeated injections of 10 ~g/mL

standards of apramycin and plotting peak area versus time. The
OPA-apramycin derivative had a maximum peak area 33 min
after addition of OPA and declined from this maximum with a
half life of 9.13 h (Figure 4). Other primary amines such as
amino acids have been reported to react with OPA almost im­
mediately (9). The time delay in the formation of the OPA­
apramycin derivative might be due to steric hindrance slowing
the rate of the reaction of OPA with the 4 primary amines. Lai
and Sheehan (II) reported that precolumn derivatization of to­
bramycin, an aminoglycoside antibiotic that has 5 primary
amines, resulted in formation of 2 derivatives: an early eluting
peak at 4 min and a later eluting peak at 10 min. The peak area
ratio of the 2 peaks varied with time with the later eluting peak
reaching a maximum at 30 min. The OPA-apramycin peak be­
haved similarly to the later eluting peak in the tobramycin assay,
requiring approximately 30 min to reach maximum peak

height. Other partial OPA-apramycin derivatives might
also be forming in this method and could be obscured by
the solvent front.

The OPA-apramycin derivative reached a maximum after
approximately 0.5 h and declined thereafter. Therefore, to
achieve maximum sensitivity an automated precolumn deriva­
tization procedure using the WISP 715 was devised. F1uoralde­
hyde was withdrawn from vial position 1, mixed with the sam­
ple, allowed to react for 35 min, and then injected onto the LC
column. After injection of the first sample, the subsequent sam­
ple was simultaneously being derivatized while the previous
sample was eluting from the column. This automated proce­
dure ensured that all samples reacted with OPA for the same
amount of time prior to injection.
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FOOD BIOLOGICAL CONTAMINANTS

Performance Tested Method Certification of BAXTM@ for
Screening/Salmonella: ACase Study
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This report details the independent laboratory
study of the BAXTM® for Screening/Salmonella as­
say to complete AOAC Performance Tested Method
certification. The performance of the BAX system
was compared with those of BAM culture methods
on food samples inoculated with Salmonella. This
study validated product claims. Performance
Tested Method status was granted for the screen­
ing assay.

P
erfonnance Tested Method certification is a program ad­
ministered by AOAC Research Institute (AOAC RI) to
validate perfonnance claims of commercial test kits.

Data supporting test kit perfonnance claims, product literature,
labels, manufacturing specifications, and quality assur­
ance/quality control procedures were supplied by the kit manu­
facturer. After initial review by AOAC RI, 2 independent re­
viewers evaluated the submitted information and designed a
laboratory study to be conducted at an independent facility.
This report details the independent laboratory study of the
BAX for Screening/Salmonella assay (Qualicon, Inc., Wil­
mington, DE) at Campden & Chorleywood Food Research As­
sociation, Chipping Campden, Gloucestershire, UK. Although
harmonization of AOAC method validation programs will lead
to minor changes in the Perfonnance Tested Method certifica­
tion process, the independent laboratory study phase described
here will remain substantially unchanged.

The importance of Salmonella spp. as a leading cause of
food-borne bacterial disease continues to be emphasized by na­
tional epidemiological reports (1-3). The low infective dose of
Salmonel/a requires that the presence of a single organism be
detected. Additional difficulty in detection of Salmonella in
food stems from the fact that organisms may be injured and/or
may be outnumbered by closely related competitor organisms

Received December 1, 1997. Accepled by AH June4, 1998.
BAX@ is U.S. registered trademark of Qualicon. Inc., a subsidiary of

E.!. du Pont de Nemours and Company, Wilmington, DE. BAX@ systems
are sold under licensing arrangement with F. Hoffman-La Roche. Ltd.•
Roche Molecular Systems. Inc.. and The Perkin-Elmer Corporation.

(4). The need for a rapid, reliable, and extremely sensitive de­
tection method for Salmonella is vitally important to the food
industry, particularly for products with limited shelf life. BAX
for Screening/Salmonella is a new assay that easily and defini­
tively detects Salmonella in food 18-20 h after sampling,
thereby shortening the time to result for product release.

BAX for Screening/Salmonel/a uses polymerase chain reac­
tion (PCR) technology for rapid and highly specific amplifica­
tion of a conserved region in the Salmonella genome that is
then detected by agarose gel electrophoresis. The process re­
quires a standard overnight enrichment of food samples and
includes use of tableted reagents (primers, Taq DNA polym­
erase, deoxynucleotides, and excipients). The test procedure in­
cludes use of control reactions that allow any food-mediated
PCR inhibition (5) to be detected.

PCR is acomplex enzymatic reaction capable of amplifying
very low levels of target DNA to detectable levels. Theoreti­
cally, a single copy of target DNA can be amplified to over
1010 copies in a 35-cycle reaction. However, small variations in
the sample will affect amplification efficiency, and sampling
statistics cannot guarantee that a single copy will always get
into the reaction tube (6). Therefore, BAX for Screening/Sal­
monella protocols have been optimized to ensure that at least
10 copies of target Salmonella DNA get into the reaction tube
from a sample with 104 colony-forming units (cfu)/mL after
primary enrichment.

METHODS

Part 1. Comparative Recovery: BAX System
versus BAM Culture Method

(a) Inoculation offoods and sample preenrichment.-Sal­
monella serotypes, 2 from groups B-1 and 3 from groups J-Z,
were obtained from the Campden & Chorleywood Food Re­
search Association. S. typhimurium (CRA35 10), S. waycross
(CRAI961), S. champaign (CRAI327), and S. driffield
(CRA 1430) were cultured in 10 mL nutrient broth (NB; Oxoid,
Unipath, Hampshire, UK) at 37°C for 18-24 h. Afreeze-dried
culture of S. virchow (CRA1424) was prepared by the UK Na­
tional Collection of Type Cultures method (7) for use as the
inoculum for dried milk.
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1. Homogenize 25 g sample of food in
LB. Incubate 24 h at 35°C.

Detail
2. Add 1mL of enrichment broth to 9

mL of BHI. Incubate 3 h at 3JOC. Neg.

3. Add SilL of enrichment into 200 ilL
Blank Control

1 1
1 Mar1<erof lysis reagent. 12 3 4 5 6 7 1 8

4. Incubate 20 min at 3JOC, then 10 min
at 95°C.

5. Add 50 ilL of lysate to sample and
positive control tablets. Sample

lanes

6. Amplify DNA in thermal cycler.

7. Add dye and load 15 ilL of each
reaction on pre-cast, pre-stained gel.

Control
8. Run electrophoresis for 30 min at lanes

180 volts.
I

9. Photograph gel. Pos I Neg Neg Pos Pos Pos Neg ,
I I

to. Analyze results. (Detail)

Figure 1. Assay steps and gel photograph for SAXT" for Screening/Salmonella.

Cultures were diluted in maximum recovery diluent
(MRD; Oxoid) and added to the foods at an inoculum level
of ca [-5 cfu/25 g. Each food was inoculated with a single
serotype. Inoculated meat samples were frozen at -20°C for
24 h. Inoculum levels were detennined by the Bacteriological
Analytical Manual (BAM), most probable number (MPN)
method (8), and by serial JO-fold dilutions and pour plates on
nutrient agar (NA; Oxoid). After 24 h incubation at 3rC, all
visible colonies on the plates were counted. Ten replicate sam­
ples (25 g) of inoculated foods (dried milk, raw ground beef,
raw chicken livers, raw ground pork, and pasteurized milk) and
3 replicates (25 g) of uninoculated foods were prepared by ho­
mogenization in lactose broth (LB), and were incubated at
35°C for 24 h.

(b) Culture method for Salmonella detection based on
BAM method (9).-Preenriched samples were subcultured into
to mL selenite cystine broth (Oxoid) and 10 mL tetrathionate
broth (Oxoid) with brilliant green. Broths were incubated at
35°C for 18-24 h. After incubation, a loopful of each broth was
streaked onto xylose lysine desoxycholate agar (Oxoid), Hek­
toen enteric agar (Oxoid), and bismuth sulfite (BS) agar
(Oxoid). Plates were incubated at 35°C for 24 h. BS plates were
reincubated for a further 24 h. Two colonies that were charac­
teri.stic of Salmonella were selected from each plate for confir­
mation. In the absence oftypicaJ colonies, up to 2 atypical colo­
nies per agar were chosen. Colonies were inoculated into triple
sugar iron agar (Oxoid) and lysine iron agar (Oxoid), and iso­
lates showing typical reactions after incubation at 35°C for 24 h
were further confirmed by testing for agglutination with Sal­
monella poly-O and poly-H agglutination antiserum (Mast Di-

agnostics, BootIe, Merseyside, UK) and by AP[ 20E (bioMer­
ieux, Basingstoke, UK).

(c) BAX for Screening/Salmonella.-Preenriched food
samples (I mL) were subcultured into 9 mL brain heart infu­
sion broth (CM225; Oxoid; Figure I) and incubated at 37°C for
3 h. A portion (5 Ill) of the resulting culture was added to
200 ilL lysis buffer containing protease enzyme (Quaiicon,
Inc., Wilmington, DE). After incubation, first at 37°C for
20 min and then at 95°C for 10 min, 50 ilL of the lysed samples
was transferred to a PCR sample tube (Qual icon, Inc.). These
tubes contained in tablet form all reagents (Taq polymerase,
deoxynucleotides, and selective primers) necessary for a PCR
reaction (Figure 2). In addition, 50 ilL lysed sample was trans­
ferred to a control reaction tube. The tube contains all pre­
viously described reagents, as well as target nucleic acid. Am­
plification in this tube indicates that there was no PCR
inhibition introduced with the sample and that proper reaction
conditions were maintained. Samples were then subjected to
thermal cycling (Perkin Elmer 9600 therrnocycler, Branch­
burg, NJ) via a 2-temperature PCR protocol (hold period
94°C/2 min; 35 cycles of 94°C/I 5 sand nOC/3 min; hold pe­
riod nocn min, then 4°C). Amplified product was then de­
tected by agarose gel electrophoresis at 180 V for 30 min with
2.0% Seakem Gold Reliant agarose gels, prestained with
ethidium bromide (FMC, Rockland, ME). Gels were photo­
graphed under UV illumination with a FOTOlPhoresis UV
documentation system (Fotodyne, Inc., Heartland, WI). Aposi­
tive result (Salmonella-specific band) is indicated by a fluores­
cent band at the n5-base-pair level (Figure I). This molecular
weight corresponds to the third band of 6 that arise in a line on
the gel that is loaded with a Low DNA Mass Ladder (Life Tech-
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Figure 2. Tableted reagents and primers used with BAX for Screening/Salmonella assay. All materials required for

peR are supplied in the tube shown.

nologies, Gaithersburg, MO). Visualization ofall 6bands demon­
strates the adequacy of the detection system. Apositive control reac­
tion is indicated by a band in the control lane of the gel (Figure I).

Part 2. Effect of Non-Salmonella Flora

S. enteritidis (CRA 1(02), S. typhimurium (CRA I(08),
Pseudomonas fluorescens (CRA8298), P. aeruginosa
(CRA8299), Acinetobacter calcoaceticus (CRA 1564 and
CRA7438), and Moraxella species (CRA 1500 and CRA 1504)
were cultured overnight in NB. Non-Salmonella cultures were
combined in equal portions to produce a cocktai I of microflora.
These organisms were chosen because they are commonly
found in the raw meat samples tested here (10). Salmonella and
non-Salmonella cultures were diluted in MRO, and appropriate
dilutions were inoculated into samples (25 g) of raw chicken
wings and raw pork sausages. Asecond group of food samples
was temperature-abused (25°C for 24 h) to increase the levels of

natural background flora. Intended Salmonella inoculum levels
were 1-15 cfu/g, and inoculum levels and background flora levels
were confumed by plate counts on NA.

Inoculated samples were enriched in LB by incubation at
35°C for 24 h. Samples were analyzed for Salmonella by the
culture method previously described. Five replicate portions of
enrichment culture were analyzed for Salmonella by the BAX
system as previously described.

Results

Part 1. Comparative Recovery: BAX System
versus BAM Culture Method

Table I lists the foods tested, inoculation levels (plate count
and MPN) and BAX system and BAM results. The dried milk
was run twice because the first sample had a high inoculation
of 49 cfu/25 g. The second dried skim milk sample was inocu-

Table 1. Results of inoculated food samples: BAX system versus BAM methodS

Food

Pasteurized milk
Plate count
(2.5 cfu/25 g)

MPN
(0.5 cfu/25 g)

Uninoculated
Uninoculated
Uninoculated

BAX system

+

+
+

Selenite cystine broth

XLD HE BS

+

+

+

Tetrathionate broth

XLD HE BS

+

BAM
confirmed

NlA

+
+

+
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Table 1. (continued)

Food BAX system XLD

Selenite cystine broth

HE BS XLD

Tetrathionate broth

HE BS
BAM

confirmed

Chicken liver +

Plate count +
(27.5 cfu/25 g) +

+
MPN
(8 cfu/25 g)

Uninoculated

Uninoculated

Uninoculated

Dried skim milk

Plate count

(49 cfu/25 g)

MPN
(115 cfu/25 g)

Uninoculated

Uninoculated

Uninoculated

Dried skim milk

Plate count

(4.7 cfu/25 g)

MPN
(2.3 cfu/25 g)

Uninoculated

Uninoculated

Uninoculated

Ground beef

Plate count

(6.5 cfu/25 g)

MPN
(60 cfu/25 g)

Uninoculated

Uninoculated

Uninoculated

+
+

+

+
+
+
+

+
+

+
+

+

+
+
+

+
+

+
+
+
+
+
+
+

+
+
+

+
+
+

+
+

+

+
+
+
+

+

+
+
+

+
+
+

+
+
+

+

+

+

+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+

+
+

+

+
+
+

+
+
+

+
+
+

+

+
+
+

+

+
+

+
+
+

+
+
+

+

+

+

+
+

+

+
+
+

+
+

+
+
+
+
+
+
+

+
+

+

+
+
+
+
+

+
+
+

+
+

+

+

+
+

+

+
+
+
+

+

+
+
+
+

+
+

+
+

+
+

+
+
+
+

+
+
+

+

+

+

+
+
+

+
+
+

+

+

+
+

+

+

+

+
+
+
+

+
+
+
+
+

+
+
+

+

+
+
+

+
+
+

+
+
+

+
+
+

+
+
+
+

+
+
+

+
+
+
+
+
+
+
+

+
+
+
+

+
+
+
+
+

+
+
+
+
+

+

+

+
+
+
+
+

+
+
+

+

+
+
+
+

+
+
+
+

+
+

+

+
+

+

+

+

+
+

+
+
+

+

+
+

+
+
+

+
+
+
+
+

+
+

+
+
+
+
+

+

+

+

+
+
+

+

+

+

+
+
+

+
+
+
+
+
+
+
+
+

N/A

+

+
+
+
+

+
+
+
+
+

N/A

N/A

N/A

+
+
+
+

+
+
+

+
+
+

N/A

N/A

N/A

+

+
+

+
+
+
+

+



MROZINSKI ET AL.: JOURNAL OF AOAC INfERNATIONAL VOL. 8\, No.6, \998 1151

Table 1. (continued)

Selenite cystine broth Tetrathionate broth
BAM

Food BAXsystem XLD HE BS XLD HE BS confirmed

Ground pork + + + + + + +
Plate count + + + + + +
(13 cfu/25 g) + + + + + +

+ + + + + + + +
MPN + + + + + + + +
(6 cfu/25 g) + + + + + + + +

+ + + + + + +

+ + + + + +

+ + + + + +

+ + + + +
Uninoculated N/A
Uninoculated N/A
Uninoculated N/A

, XLD =xylose lysine desoxycholate agar; HE =Hektoen enteric agar; BS =bismuth sulfite agar; N/A =only positive results are confirmed.
• Atypical colony.
COnly 1colony visibie.

lated in the target range (4.7 cfu/25 g). A total of 78 samples
were tested, representing 10 inoculated and 3 uninoculated
control samples for each of the 6 food types. Plate count data
and MPN data (9) were statistically equivalent except those for
ground beef samples. BAX for Screening/Salmonella recov­
ered inoculated samples as well as or better than did the BAM
method at all inoculation levels from 2.5 to 49 cfu/25 g.

Of the 78 samples tested (Table 2), the BAX system and
BAM were in agreement on 74 occasions (52 positive and
22 negative for Salmonella). On 3 occasions involving ground
beef samples, the BAX system gave positive results that were
not confirmed by BAM. Two samples were inoculated with
6.5 cfu/25 g Salmonella, and one was the uninoculated control.
Only once did the BAX system fail to detect Salmonella in a
sample that was BAM-positive. This was on a chicken liver
sample inoculated with 27.5 cfu/25 g Salmonella.

Table 2. Summary of comparative recovery: BAX
system versus culture methodS

Part 2. Effect of Non-Salmonella Flora

Tables 3-6 list foods tested, inoculation levels of Salmo­
nella and non-Salmonella, and BAX system and BAM results.
Five BAX system assays and I BAM assay were run for each
sample. Low inoculation levels for non-Salmonella microtlora
were less than 3 x 104 cfu/g. High inoculation levels reached
nearly 107 cfu/g.

In total, 160 BAX assays were run on 32 independent sam­
ples inoculated with Salmonella (Table 7). All 32 samples were
confumed positive by the BAM culture method. Of the
160 BAX system assays, 156 were positive for Salmonella.
The 4 BAX system-negative results were all from the same raw
pork sausage sample. Seven uninoculated control samples were
confumed positive by the BAM culture method. All 7 were also
positive on all 5 replicates by the BAX system. Of 9 control
samples that were negative by BAM, 2 were negative on all
5 replicates with the BAX system, 6 were positive on I of
5 BAX system replicates, and I was positive on 4 BAX system
replicates.

• Of 25 cu~ure-negative samples, 3 were BAX system-positive: 2 of
these were inoculated and 1was uninoculated. Assuming that the
1 uninoculated sample is a false positive, the assay yields a
false-positive rate of 4.00%. This is not significantly different from
the claim of 3% or less (X' = 0.09, P= not significant). Of 53
confirmed culture-positive samples, 1was BAX system-negative
for a false-negative rate of 1.89%. This supports the claim of 2%
or less. False positive = BAX system-positive but culture-negative/
total culture-negative (1/25). False negative = BAX
system-negative but culture-positive/total culture-positive (1/53).
Sensitivity =1- f,. Specificity =1- fp. (f, is the false-negative rate;
fp is the false-positive rate.)

BAX

BAX system +
BAX system­
Total

Culture +

52
1

53

Culture-

3
22
25

Total

55
23
78

Discussion

This study was undertaken to validate performance claims
of BAX for Screening/Salmonella. Earlier studies (II, 12)
comparing BAX for Screening/Salmonella directly to culture
methods were used to develop product claims of sensitivity,
~8%; specificity, ~7%; false-negative rate, :<.;2%; false-posi­
tive rate, :<.;3%; accuracy, 98%.

In par1 I of this study, 60 samples were inoculated with SaL­
monella. To test the effects of injury, inoculated meat samples
were frozen before analysis and milk samples were inoculated
from freeze-dried cultures. There were 3 instances ofBAX sys­
tem-positive and BAM-negative results. In 2 of these cases,
SaLmonella had been deliberately introduced to the sample. The
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Table 3. Non-Salmonella microflora study using raw chicken inoculated with S. typhimurium8

Selenite cystine broth Tetrathionate broth
Salmonella Non-Salmonella BAXsystem
inoculum, cfulg inoculum, cfulg (n/5 + vel XLD HE BS XLD HE BS Confirmed

3 1.0x 106b
5 + + + + + +

9 Lax 106b 5 + + + + + +

a 1.0 x 106b 5 + + + + + +

3 1.0 X 104b 5 + + + + + +

9 Lax 104b 5 + + + + + +

a 1.0x 104b
5 + + + + + +

3 2.7 X 106e 5 + + + + + +

9 2.7 x 106e 5 + + + + + +

a 2.7 x 106e a + + +

29,7 4.9 x 104e
5 + + + + + + +

9,9 4.9 x 104e
5 + + + + + + +

a 4.9 x 104e
1 + + +

• XLD = xylose lysine desoxycholate agar; HE = Hektoen enteric agar; BS = bismuth sulfite agar.
b Inoculated non-Salmonella microflora,
, Natural background flora.

large number of suspect colonies found on plates originating system when tested on pure cultures of organisms normally

from raw ground beef can often obscure typical colonies, mal<- found in raw meat samples. It is believed, therefore, that these

ing confumation difficult. An independent study (12) has were true positive samples. The third instance of BAX system-

shown that the BAX system is often more sensitive in detecting positive and BAM-negative results is also in question because

Salmonella than culture methods in such situations. In this pre- of this argument. However, accepting this sample as a false-

vious study, the BAX system was shown to detect Salmonella positive yields a false-positive rate of 4% (Table 2), which is

consistently at 104 cfu/g after enrichment and often at levels as not statistically different from the claimed false-positive rate of

low as 103 cfu/g. There was no cross-reactivity with the BAX 3% (X2 = 0.09, p = not significant).

Table 4. Non-Salmonella microflora study using raw chicken inoculated with S. enteritidis8

Selenite cystine broth Tetrathionate broth
Salmonella Non-Salmonella BAX system
inoculum, cfulg inoculum, cfulg (n/5 + vel XLD HE BS XLD HE BS Confirmed

5 1.0x 106b 5 + + + + +

15 1,Oxl06b 5 + + + + + +

a 1,Oxl06b 5 + + + + + + +

5 Lax 104b 5 + + + + +

15 Lax 104b 5 + + + + + +

a 1.0 x 104b 1 + + + + +

5 2.7xl06e
5 + + + + +

15 2.7xl06e 5 + + + + +

a 2.7xl06e 4 + + + +

29.1 4.9 x 104e 5 + + + + + + +

9.7 4.9 x 104e 5 + + + + + + +

a 4.9 x 104e 1 + + +

• XLD = xylose lysine desoxycholate agar; HE = Hektoen enteric agar; BS = bismuth sulfite agar.
b Inoculated non-Salmonella microflora.
, Natural background flora.
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Table 5. Non-Salmonella microtlora study using raw pork sausages inoculated with S. typhimurium8

Selenite cystine broth Tetrathionate broth
Salmonella Non-salmonella BAX system
inoculum, cfulg inoculum, cfulg (n/5 +vel XLD HE BS XLD HE BS Confirmed

6.9 1.1 x 106b 5 + + + + + + +
2.3 1.1 x 106b 5 + + + + + + +
0 1.1 x 106b 5 + + + + + + +

6.9 1.1 x 104b 5 + + + + + + +
2.3 1.1 x 104b 5 + + + + + + +
0 1.1 X 104b 5 + + + + + + +

6.9 3.1 x 104C
5 + + + + + + +

2.3 3.1 x 104C
5 + + + + + + +

0 3.1 X 104C 1 + + + +

29.7 9.5 x 10600 1 + + + + + + +
9.9 9.5 x 10600 5 + + + + + + +

0 9.5 x 10600 1 N/Ae

, XLD =xylose lysine desoxycholate agar; HE =Hektoen enteric agar; BS =bismuth sulfite agar.
b Inoculated non-Salmonella microflora.
, Natural background flora.
d Temperature-abused.
, NlA =only positive results are confirmed.

In one instance, the BAX system failed to detect Salmonella teet low levels of Salmonella. In 4 of 160 assays (Table 7),

in a sample that was positive by BAM. This yields a faise-nega- the BAX system failed to detect Salmonella in samples con-

live rate of 1.9%, which is consistent with the claim of <2%. firmed by BAM. These 4 were not statistically independent,

Part 2 of this study was designed to determine the effect because they were all replicates of one sample. If, however,

of non-Salmonella microflora on the ability of BAX to de- these samples are treated independently, the results of part 2

Table 6. Non-Salmonella microflora study using raw pork sausages inoculated with S. enteritidis8

Selenite cystine broth Tetrathionate broth
Salmonella Non-Salmonella BAX system
inoculum, cfulg inoculum, ctulg (n/5 + vel XLD HE BS XLD HE BS Confirmed

17.7 1.1 x 106b 5 + + + + + + +
5.9 1.1 x 106b 5 + + + + + + +
0 1.1 x 106b 5 + + + + + + +

17.7 1.1 x 104b 5 + + + + + + +
5.9 1.1 x 104b

5 + + + + + + +
0 1.1 X 104b

5 + + + + + +

17.7 3.1 x 104C 5 + + + + + + +
5.9 3.1 x 104C

5 + + + + + + +
0 3.1 X 104C 0 N/Ad

29.1 9.5 x 106ce 5 + + + + + +
9.7 9.5 x 106ce 5 + + + + + + +
0 9.5 x 106ce 1 NlA

, XLD =xylose lysine desoxycholate agar; HE =Hektoen enteric agar; BS =bismuth sulfite agar.
b Inoculated competitors.
, Natural background flora.
d NlA = only positive results are confirmed.
, Temperature-abused.
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Table 7. Summary of microflora study (inoculated
samples): BAX system versus culture methodS

References

• X' =0.071, P=0.79, not significant. No inhibitory effect due to
competing flora. The 4 SAX system-negative samples with
competition were from a single meat sample and were not
independent (p = 3.7078 X 10-5). However, they have been
treated as independent for this analysis.
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FOOD CHEMICAL CONTAMINANTS

Identification of the Source of Reagent Variability in the
XanthydroVUrea Method

PATRICIA VALOF-S BILES and GEORGE C. ZIOBRO

U.S. Food and Drug Administration, Division of Natural Products, Microanalytical Branch, 200 CSt, SW, Washington, DC
20204

Contamination of food and food packaging mate­
rial by rodent urine is evidence of insanitary condi­
tions. Urea from rodent urine is used as a chemical
indicator of contamination. The limit of detection of
the xanthydroVurea AOAC Method 959.14 by forma­
tion of dixanthylurea crystals is 4 ~g urea isolated
from urine on packaging material. Six different lots
of xanthydrol from 5 different manufacturers were
compared. Differences in urea detection sensitivity
of the xanthydrol of up to 1000-fold were observed.
Melting points showed further evidence of variabil­
ity and impurities in xanthydrollots. A liquid chro­
matographic method was developed to separate
and identify the impurities. Confirmation of ana­
Iytes was performed by gas chromatography/mass
spectrometry.

S
torage of food and food packaging materials under in­
sanitary conditions can be demonstrated by the presence
of rodent urine, as indicated by urea. Xanthydrol is used

in AOAC Method 959.14, Urine Stains on Foods and Contain­
ers: Xanthydrol Test for Urea for identification of urea by for­
mation of dixanthylurea crystals (1). The lower limit of detec­
tion of the method is 4 ~g urea from an extract concentrated on
a glass slide (I). Variations have been observed in the sensitiv­
ity of the xanthydrol used in the test. Six different lots of xan­
thydrol from 5 different manufacturers were compared through
limit of detection study, melting point determination, liquid
chromatography (LC) with photodiode array detection, and gas
chromatography/mass spectrometry (GCIMS).

METHOD

Apparatus

(a) Olympus model BH2 polarizing light microscope using
bright jield alld cross-polar illumination.

(b) Micropmbe orjine-tip dissecting needle.
(c) Depression slide.
(d) Pipet.-IO ~L.

(e) Capillary tubes.

Received January 22, 1998. Accepled by AP May 27,1998.

(f) Thomas melting point apparatus.
(g) 0.45~ nylonjilters.
(h) LC system.-Model 600E series multisolvent pump

(Waters, Milford, MA), Model 7125 injector with 100 ~L in­
jection loop (Rheodyne, Cotati, CAl, Model 38000 tempera­
ture control module (Waters), Model 996 photodiode array de­
tector (Waters), and Millennium software data station
version 2.1 (Waters). Column: J.I. Baker, Bakerbond, 5 ~m,

octadecyl, 4.6 x 250 nm (J.I. Baker, Inc., Phillipsburg, NJ).
Operating conditions: I00 ~L injection, 40°C column tempera­
ture; a 10 min isocratic run with LC mobile phase at I mLlmin;
photodiode array detection at 200-400 om.

(i) GC/MS system.-Model7673 automated liquid injector
(Hewlet-Packard, Palo Alto, CAl, Model 5890A gas chroma­
tograph with a capillary direct interface to a Model 5970B mass
selective detector (MSD; Hewlett-Packard). The GCIMS sys­
tem was controlled with a Pascal Chemstation data system
(Hewlett-Packard). Column: 30 m x 0.25 mm; Restek, RTx-20,
(80% dimethyl, 20% diphenyl polysiloxene), fused silica cap­
illary, 0.53 mm id x 0.5 ~m film (Restek, Bellefonte, PAl. Op­
erating conditions: 2 ~L split-splitless injection, split vent
opened I min after injection. Temperatures: injector 290°C; in­
terface, 290°C. Oven program: 100°C for 2 min, 10°C/min to
280°C, and hold 5 min. Total program time, 25 min. MSD op­
erating conditions: electron ionization, scan mode, scan 40­
450 mlz at 1.02 scans/so

Reagents

ACS reagent grade unless otherwise noted.
(a) Acetic acid solution.~6% solution, dilute 100% gla­

cial acetic acid 2:1 with water(J.I. Baker, 9507-01).
(b) Urea solution.-CAS [57-13-6], 1.0, 0.1, and

0.0I mglmL aqueous urea solution, Spectrum V-IO 16.
(c) Water.-LC grade (Burdick & Jackson, Muskegon, WI;

365-4).
(d) Acetonitrile.-LC grade, CAS [75-05-8] (Burdick &

Jackson, 015-4).
(e) LC mobile phase.-Prepare solvent Awith 950 mL ace­

tonitrile and 50 mL water and mix. Prepare solvent B with
950 mL water and 50 rnL acetonitrile and mix. Mix 900 mL
solvent Awith 100 mL solvent B, fJ.]terthrough 0.45 ~m mem­
brane, and degas.

(f) Xanthene.-CAS [92-83-1] (Aldrich, X20-1).
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Table 1. Xanthydrollot information, melting points, and urea detection IimitsB

Label Manufacturer, lot No. (Date opened) Label purity, % Melting point, 'C Urea detection limit, J.1g

Mnfr1 Aldrich, KM00615CM (7/86) 98 117-176 0.2

Mnfr2 Sigma, 92H2628 (2193) 99 121-123 2

Mnfr3A Kodak, B13A (5/84) 95 118-194 2

Mnfr3B Kodak, E13A (9/85) 95 118-190 0.2

Mnfr4 Spectrum, HG358 (11/92) 98 125-199 200

MnfrS Fluka, 33219984 (8/86) 97 117-176 0.2

a These data are for specific lots analyzed and may not be representative of other lots produced by the manufacturer.

(g) Xanthone.-CAS [90-47-1] (Sigma, X 6125).
(h) Xanthydrol.-CAS [90-46-0], see Table I. The xanthy­

drol was stored according to manufacturer's directions.

Limit of Detection

A limit of detection for urea was determined for each xan­
thydrol solid by adding 20 ~L of a known urea solution, I0 ~L
acetic acid solution, and a small amount of xanthydrol solid to
a well slide. Amicroprobe or a fine-tip dissection needle can be
used to transfer a small amount of the xanthydrol solid to a
depression slide and to carefully mix the components. The slide
was examined at a magnification of lOOx immediately and at
5 min intervals until dixanthylurea crystal fonmation was ob­
served or 20 min had passed (I).

MefflngPomtDerermmailon

Capillary tubes of each xanthydrollot were packed in trip­
licate. The melting point of each was determined with a
Thomas melting point apparatus. An average melting point
range was obtained from the 3 melting point runs.

LCAnalysis

A stock solution of 0.1 mg/mL in acetonitrile was prepared
for each xanthydrol lot and for the xanthone and xanthene
standards. The solutions were stored for no more than I week
in the dark at 4°C until use. A portion was diluted 1:3 with
acetonitrile and used immediately for further testing. Before
injection, the diluted portions were filtered through a 0.45 ~m
nylon filter. The filtered solutions were stored in aluminum
foil-covered vials to protect them from light prior to LC analy­
sis. Each test injection was scanned from 200 to 400 nm with
photodiode array detection. The peak area at a wavelength of
238 nm was used for measurement.

GCIMS Analysis

Asolution of I mg/mL in acetonitrile was prepared for each
xanthydrol lot and for the xanthone and xanthene standards.
The solutions were immediately diluted I: lOin acetonitrile and
analyzed directly with an automated liquid injector by capillary

Figure 1a. The rosette crystal form of dixanthylurea at 100x magnification.
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Figure lb. The needle blade crystal form of dixanthylurea at l00x magnification.

GC with MSD. Total ion chromatograms and mass spectra for
each injection were obtained.

Results and Discussion

The xanthydrol solids were stated to be 95-99+% pure and
ranged from fine to coarse crystals, white to slightly yellowish
in coloration depending on the lot and manufacturer. The xan­
thydrol detection limits varied from 0.2 to 200 ~g urea (Ta­
ble I). Five of the 6 xanthydrollots met AOAC Method 959.14
specification of 4 ~g urea detection sensitivity (I).

Use of the depression slide and the microprobe and a study
of the crystalline nature of the reagents were helpful in AOAC
Method 959.14. The depression slide or well slide is superior
to the flat slide in use with the method (2). The test drop is
prevented from drying out as quickly; thus time for crystal for­
mation is increased. In addition, the well slide provides a better
medium for observing the dixanthylurea crystals microscopi­
cally. Crystals grown under a microscope are likely to be
smaller, but more perfect, than those prepared in greater quan­
tities (3).

Agreat excess of xanthydrol reagent should be avoided. By
use of the microprobe a small crystal of the xanthydrol can be
introduced into the droplet. This small crystal will minimize the
common occurrence of saturating the solution with the reagent
in a zone about the crystal and consequently crystallizing the
reagent itself (4). Only dixanthylurea crystals seen in the drop­
let should be considered positive because dried unreacted xan­
thydrol assumes needle-like crystalline forms similar to the
blade form of dixanthylurea (2). The inexperienced analyst
may mistake these dried xanthydrol crystals for the compound
formed by the reagent with the urea present in the test drop.

This source oferror can be avoided by studying the crystal habit
of all reagents involved in the reaction (4). Anegative control
slide can be run simultaneously with a test slide to further help
the analyst differentiate a positive from a negative reaction.

Two forms ofcrystals in the reaction ofxanthydrol with urea
were observed in this study (Figures Ia and Ib). Intermediate
forms of the reaction of xanthydrol with urea have been deter­
mined by nuclear magnetic resonance (NMR; 5). In an NMR
study, Coxon and Fatiadi (5) revealed the presence ofa monox­
anthen-9-yl derivative, which upon treatment with xanthydrol
and acetic acid yielded the dixanthylurea. Thus, monoxanthen­
9-yl is a precursor of the dixanthylurea, and the reaction is in­
deed a 2-step process (5). This finding suggests that the 2 crys­
talline forms of the reaction of xanthydrol with urea are
monoxanthyl-urea and dixanthylurea.

For low urea concentrations (2-200 ~g), small rosette crys­
tals with low birefringence were observed. Little spidery ro­
settes are characteristic of dixanthylurea crystals. Visualization
of the almost translucent rosettes with their feathery blades can
be enhanced by stopping down the the microscope field dia­
phragm to increase the contrast in the field of view. The field
diaphragm controls the sire of the illuminated field of view (6).
Higher concentrations of urea (50--1000 ~g) form needles,
often in sheaves or in clusters, of much greater birefringence,
in addition to the rosettes (7). The needle form of the crystal is
most likely the monoxanthylurea as found by Coxon (5). Nee­
dles form at or near the edge of the droplet, while rosettes tend
to float just below the surface (2). The rosette crystal form of
dixanthylurea was noted in all xanthydrol lots at the limit of
urea detection.

Anarrow melting point range of 2°_3°C has been used tra­
ditionally as an indicator of compound purity (8). Only one
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Figure 2. LC traces of xanthydrollots from Mnfr1, Mnfr2, Mnfr3a, Mnfr3b, Mnfr4, and Mnfr5, and of xanthene and

xanthone at 238 nm.



VALDES BILES & ZIOBRO: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998 1159

manufacturer, Mnfr2, reported a narrow melting point of 3°C
(121 °-123°C), which corresponds to the range reported for
xanthydrol (Table I; 9). The remaining 5 lots had melting point
ranges greater than 60°C, which is well over the 3°C expected
range for pure compounds.

An LC method was developed to separate the impurities in
the xanthydrol compounds. Test portions of I00 ~L were ana­
lyzed. UV visible spectra at 200-400 nm were taken of the xan­
thydrol and the xanthene and xanthone standards. A wave­
length of 238 nm was chosen for LC analysis because it is an
absorbance maxima for the primary compound of interest, xan-

Table 2. GCIMS data

GC retention
Compound time, min

Xanthene 15.4

9-Methoxyxanthene 16.3

9-Ethoxyxanthene 16.7

Xanthydrol 17.5

Xanthone 18.3

mlz

181

212,181

226,181

197,181

196,168

LC identification

C
None

None

A

B

thydrol; is within the solvent transmittance range; and is near a
peak maxima of the xanthene and xanthone standards. All lots
tested showed a mixture of compounds, indicating that the ma­
terials were not pure. This explains the observed wide range in
melting point temperatures. LC revealed peaks with the follow­
ing retention times: peak A, 3.00 min; peak B, 3.70 min; peak
C, 4.73 min; and peak D, 5.97 min (Figure 2). Although xan­
thydrol from Mnfr2 had the fewest observable peaks on the LC
trace, it did not have the sensitivity of several other lots tested
(2 versus 0.2 ~g urea; Table I). For the most sensitive xanthy­
drollots, peak Awas the most prominent LC peak, with peaks
B, C, and D present as small extraneous peaks. The least sensi­
tive xanthydrol lot from Mnfr4 had a prominent peak B. The
retention time and UVNis spectrum of peak B were the same
as those of the xanthone standard. The retention time and
UVNis spectrum of peak C were the same as those of the xan­
thene standard. Comparison of the UVNis data with published
spectra shows that peaks A, B, and C correspond to xanthydrol,
xanthone, and xanthene, respectively (9). Xanthone is a major
reactant in the production of xanthydrol (10). Three of the
4 compounds in the xanthydrol solutions were identified by
GC/MS.
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Figure 3. GCIMS total ion chromatograms of xanthydrollots from Mnfr1, Mnfr2, Mnfr3a, Mnfr3b, Mnfr4, and Mnfr5,
and of xanthene and xanthone.
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Conclusions

methoxyxanthene also have been identified by MS as cleavage
products of the substituted xanthydrol N-xanthyl-L-valine (II).
Xanthydrol lots from Mnfrl, Mnfr2, Mnfr3a, and Mnfr5
showed adoublet xanthene peak in the total ion chromatograms
(TICs), which could be xanthene and the isomer 6H­
dibenzo[b,d]pyran. This isomer has been reported to form in
aqueous acetonitrile systems of xanthene (12). XanthydroJ
from Mnfr4 gave a pure xanthene peak with no doublet.
Xanthone was present in all 6 xanthydrol lots. Xanthene,
xanthone, and a trace amount of xanthydrol were observed
in the TIC of the lot from Mnfr4. In the remaining 5 lots
tested, xanthydrol was the predominant compound found in
the TICs (Figure 3).
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For AOAC Method 959.14, the well slide is superior to the
tlat slide. The microprobe allows the analyst to easily add a
small crystal of xanthydrol reagent to the test solution. The
2 forms of crystals observed in the reaction of xanthydrol with
urea were the rosette and the needle blade. Although some crys­
tals were observed after the slide had dried, only those seen on
the wet slide were considered positive because the dried xan­
thydrol crystals resemble the needle blade form.

Initial testing of the xanthydrol reagent's sensitivity to urea
provided evidence that differences exist among lots and manu­
facturer of the reagent. Alimit of urea detection, a melting point
determination, LC, and GC/MS analysis confinned these dif­
ferences. LC analysis revealed 4 peaks. GC/MS analysis iden­
tified xanthydrol as peak A, xanthone as peak B, and xanthene
as peak C. We were unable to identify peak D. Xanthone and
xanthene were found in all lots tested. In lot Mnfr4, only a trace
amount of xanthydrol was found by GCIMS. Xanthydrol was
the predominant peak in all other lots tested. The xanthydrol
from lot Mnfr4 was the only one tested that did not meet the
minimum urea detection method specification of 4 lJ,g.

We thank Timothy McNeal of the U.S. Food and Drug Ad­
ministration, Division of Product Manufacture and Use, for
conducting the GCIMS analysis.
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Recommendation

It is recommended that the xanthydrol reagent initially be
tested with 4 lJ,g urea. The well slide and the microprobe dis­
secting needle are helpful for use with the method. At 4lJ,g, urea
should be detected easily by AOAC Method 959.14. If the xan­
thydrol does not have a reliable positive response with 4 lJ,g
urea, the LC method can be used to confirm the existence of
reagent contaminants. The xanthydrol reagent must meet the
minimum specification of 4 lJ,g urea detection sensitivity for
use in AOAC Method 959.14. Proper storage of xanthydrol
(protect from light, store with dessicant at <4°C) and initial test­
ing of the reagent with 4lJ,g urea should ensure reliable results.
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GCIMS analysis of xanthydrol lots identified the com­
pounds xanthene, xanthydrol, and xanthone. The mass frag­
mentation pattern of 9-methoxyxanthene was observed in lots
from Mnfrl, Mnfr3a, and Mnfr3b. The mass fragmentation
pattern of 9-ethoxyxanthene was observed in the lot from
Mnfr2. Only trace amounts of these 2 compounds were noted
in the analysis (Table 2 and Figures 3 and 4). Reference stand­
ards were not available for these 2 compounds. The 9-ethoxy­
xanthene peak was found only in xanthydrol from Mnfr2 and
was not observed in LC analysis. 9-Ethoxyxanthene and 9-

Figure 4. Mass spectra of xanthene,

9-methoxyxanthene, 9-ethoxyxanthene, xanthydrol, and

xanthone.
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Variances associated with sampling, sample prepa­
ration, and analytical steps of a test procedure that
measures fumonisin in shelled corn were esti­
mated. The variance associated with each step of
the test procedure increases with fumonisin con­
centration. Functional relationships between vari­
ance and fumonisin concentration were estimated
by regression analysis. For each variance compo­
nent, functional relationships were independent of
fumonisin type (total, 81, 82, and 83 fumonisins).
At 2 ppm, coefficients of variation associated with
sampling (1.1 kg sample), sample preparation
(Romer mill and 25 g subsample), and analysis are
16.6,9.1, and 9.7%, respectively. The coefficient of
variation associated with the total fumonisin test
procedure was 45% and is about the same order of
magnitude as that for measuring aflatoxin in
shelled corn with a similar test procedure.

P
umonisins are mycotoxins produced by several fungi of
the genus Fusarium (I). Fumonisin is found in various
grains including shelled com and is carcinogenic in labo­

ratory animals such as rats (2). At present, there is no U.S. Food
and Drug Administration action level for fumonisin in food or
feed products produced in the United States (3).

The test procedure used to estimate the concentration of fu­
monisin in a bulk lot is similar to test procedures used to meas­
ure other mycotoxins, such as aflatoxin, in agricultural prod­
ucts. The test procedure consists of 3 steps. First, a random
sample (test sample) is taken from the lot (sampling step). Sec­
ond, the entire test sample is comminuted in a mill or grinder,

Received March 12, 1998. Accepled by AP May 27,1998.

and a random subsample is removed from the comminuted test
sample. Grinding and subsampling are collectively called the
sample preparation step. Third, the fumonisin in the subsample
is extracted with solvent and quantitated (analytical step).

The variability associated with each of the 3 steps contrib­
utes to the total variability associated with the test procedure.
The variability associated with the test procedure makes it dif­
ficult to estimate the true fumonisin concentration of a bulk lot
with a high degree of confidence and consequently makes it
difficult to accurately classify lots into categories such as that
required by regulatory activity. If the variability of the overall
fumonisin test procedure can be reduced, the lot concentration
can be estimated with more confidence and lots can be classi­
fied more accurately.

Previous studies that measured the variability associated
with test procedures used to measure aflatoxin in com, peanuts,

.and cottonseed lead one to expect that the variability of each
step of the test procedure would be different and that the cost
associated with reducing the variability of each step would be
different (4-6). It is important to design a fumonisin test proce­
dure that will have the lowest variability that resources will
allow. Therefore, the objectives of this study were to measure
the variabilities of sampling, sample preparation, and analytical
steps of the test procedure used to measure fumonisin in shelled
com and to show how to change the design of the test procedure
to decrease variability and achieve more precise results.

Experimental

Sample Preparation

Twenty-four bulk lots of shelled com harvested from 24 dif­
ferent fields in North Carolina were identified as having possi­
ble fumonisin contamination. A bulk sample of ca 45 kg
(100 lbs) was taken from each of the 24 lots. Each bulk sample
of shelled com was riffle divided into thirty-two 1.1 kg test
samples. Each test sample was comminuted in a Romer mill.
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Figure 1. Schematic diagram of nested experimental design showing how the fumonisin test result Ci, J, k,/ was

obtained. The identification for lot is i, where i =1 to 10; for sample is j, where j =1 to 10; for subsample is k, where k =
1 to 2; and for analysis is J, where J=1 to 2.

The comminuted test samples were placed in plastic bags, each
plastic bag was identified by lot number and sample number,
and the bags were stored at 5°C until needed for several planned
fumonisin studies.

at least 3 variance components: sampling, sample preparation,
and analysis (5). The variances in this study were estimated
with a model in which an observed fumonisin test result, C,
may be represented as follows:

Experimental Design
(I)

Anested design was used to detennine the variability asso­
ciated with each step of the fllmonisin test procedure (Fig­
ure 1). Ten lots, with an expected wide range in fumonisin con­
centration, were chosen from the 24 lots by using fumonisin
estimates for each of the 24 lots obtained from a previous study.
For each of the 10 lots, 10 comminuted test samples were se­
lected from the 32 test samples by arbitrarily taking every third
sample. By using a riffle divider, two 25 g subsamples were
taken from each of the 10 comminuted test samples. The fu­
monisin content of the 25 g subsamples was measured by using
AOAC Official Method 995.15 (7). As specified by the analyti­
cal method, each 25 g subsample was blended with 50 rnL

methanol-water (3 + I, v/v) for 3 min. Two portions were re­
moved from the blended extract. The concentrations of BI, B2,
and B3 fumonisins, in parts per million (ppm), were quanti­
tated. Total fllmonisin (sum of BI, B2, and B3) was also calcu­
lated for each portion. The nested design resulted in 400 analy­
ses (10 lots x [10 samplesllot] x [2 sllbsamples/sample] x
[2 aliquots/subsample]).

Variability Estimates

The error structure or sources of variability associated with
the fllmonisin test procedure are also illustrated in Figure I.
The total variance among fumonisin test results is composed of

where 11 is the true fumonisin concentration in the lot being

tested, S is the random deviation of sample concentrations

about the lot concentration with expected value 0 and variance

/;2s, SP is the random deviation of subsample concentrations

about the sample concentration with expected value 0 and vari­
ance llZ,p, and A is the random deviation of analytical assay

results about the subsample concentration with expected
value 0 and variance ll2a. By assuming independence among

the random deviations in equation I, the following variance re­

lationship is obtained:

(2)

where ll\ is the total variance associated with the fumonisin test

procedure. With a Statistical Analysis System (SAS) nested

analysis of variance procedure (8), each of the variance compo­

nents in equation 2 was determined for each lot. Estimates of

the true variance components and the true fumonisin concen­

tration by experimental values are denoted by S2 and C, respec­

tively. Variances were determined for total, BI, B2, and B3 fu­

monisins.
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Table 1. Fumonisin concentration and sampling, sample preparation, and analytical variances associated with
measuring fumonisins in shelled corn

Variance'
Fumonisin

Fumonisin type LotlD concentration (~glg) Total Sample Sample preparation Analytical

61 5 0.6 0.0319 0.0150 0.0080 0.0089

61 18 3.0 0.6806 0.5874 0.0572 0.0360

61 16 4.3 0.9774 0.7102 0.2229 0.0443

61 15 5.5 1.0022 0.7571 0.0572 0.1879

61 23 6.5 2.4380 1.6142 0.6259 0.1979

61 19 8.6 1.8009 1.1260 0.2752 0.3997

61 2 11.6 3.0845 1.9999 0.6331 0.4515

61 22 14.5 4.3885 2.4088 0.5325 1.4472

61 14 14.7 2.5686 - b 2.1026 0.4661

61 3 16.0 3.7095 2.1837 0.4854 1.0404

62 5 0.2 0.0134 0.0014 0.0022 0.0098

62 18 1.1 0.1003 0.0830 0.0098 0.0076

62 16 1.3 0.0843 0.0358 0.0379 0.Q106

62 15 1.9 0.1382 0.0807 0.0210 0.0365

62 23 2.0 0.3734 0.3017 0.0412 0.0305

62 19 4.0 0.5881 0.4274 0.1607

62 14 5.1 0.4742 0.2216 0.1661 0.0866

62 2 5.4 1.2444 0.9021 0.2187 0.1236

62 22 6.7 1.5876 1.0461 0.1651 0.3764

62 3 7.6 1.2589 1.0141 0.0676 0.1772

63 5 0.0 0.0001

63 18 0.3 0.0062 0.0045 0.0002 0.0015

63 16 0.5 0.0258 0.0052 0.0039 0.0167

63 15 0.6 0.0126 0.0078 0.0015 0.0034

63 23 0.7 0.0481 0.0330 0.0110 0.0042

63 19 1.0 0.1137 0.0762 0.0240 0.0135

63 2 1.4 0.0615 0.0367 0.0095 0.0153

63 14 2.0 0.1290 0.0178 0.0804 0.0307

63 22 2.1 0.1329 0.0618 0.0224 0.0487

63 3 2.2 0.0892 0.0644 0.0111 0.0138

TotalC 5 0.8 0.0892 0.0280 00265 0.0347

Total 18 4.4 1.3421 1.1658 0.1009 0.0754

Total 16 6.2 1.8246 1.1685 0.5330 0.1231

Total 15 8.0 0.1057 1.5223 0.1695 0.4139

Total 23 9.3 5.3131 3.8800 1.0168 0.4163

Total 19 13.7 4.3813 2.7495 0.3825 1.2494

Total 2 18.5 9.1663 6.4071 1.5971 1.1621

Total 14 21.8 5.6314 4.4938 1.1376

Total 22 23.3 12.9603 7.4069 1.5820 3.9714

Total 3 25.7 10.1210 6.7057 1.0758 2.3395

• Sample variance reflects 1.1 kg sample. Sample preparation variance reflects Romer mill and 25 g subsample. Analytical variance reflects
AOAC Method 995.15 and LC.

b -, missing value.
, Total fumonisin = 61 + 62 + 63.

Results

Table I shows the total, sampling, sample preparation, and
analytical variance estimates for each type of fumonisin (B I,
B2, B3, and total) for each of the 10 lots. Because of experi­
mental error, some variance estimates were calculated to be

negative (not physically possible values) and were treated as

missing values in Table I (negative values ignored and not used
in any subsequent analysis). For each type of fumonisin, vari­
ance results are ordered by the fumonisin concentration, which
varied from less than I to about 26 ppm. In general, each vari­
ance component increases with fumonisin concentration re­
gardless of fumonisin type as has also been observed in afla­

toxin studies for com, peanuts, and cottonseed (~).
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Figure 4. Analytical variance versus fumonisin concentration for shelled corn in 1 portion of extract analyzed by
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Figure 5. Coefficient of variation associated with each step of the fumonisin test procedure for shelled corn.

Coefficients of variation are specific for 1.1 kg sample, Romer mill, 25 g subsample, LC, and 1 portion.
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52, = (0.033 X C1.75) + (0.0 II X C1.59)

+ (0.014 X CI.44) (7)

Figures 2-4 show that sampling, sample preparation, and ana­
lytical variances increase linearly with fumonisin concentration
(either BI, B2, B3, and total) when plotted in full log plots. Two
important obselVations can be made from the plots in Fig­
ures 2-4. First, the figures suggest that the relationship between
variance, S2, and fumonisin concentration, C, can be described
by a power function:

From the regression analysis, the coefficients ofdetermina­
tion (R2) for equations 4-6 are 0.946, 0.87, and 0.882, respec­
tively. R2, is the square of the correlation coefficient and IOOR2

indicates the percentage of the sum ofsquares or variability that
is accounted for by the regression equation.

The total variance associated with the fumonisin test proce­
dure can be estimated by adding the sampling (equation 4),
sample preparation (equation 5), and analytical (equation 6)
variances, as shown in equation 2.

Summary and Discussion

S2, =(I.I/ns) x 0.033 x CI.75 (8)

s2,p =(25/nss) x 0.011 x C159 (9)

S2. =(I/na) x 0.014 x CI.44 (10)

Because a different cost is associated with reducing the vari­
ability of each step of the fumonisin test procedure, it is impor­
tant to consider cost as well as the expected reduction in vari­
ability when designing a fumonisin test procedure.

It would be of interest to compare the variability of the test
to measure fumonisin in shelled com to the variability of the
test to measure aflatoxin in shelled com. It is difficult to com­
pare the variabilities by using variance because aflatoxin con­
centration is usually reported in parts per billion (ng aflatoxinlg
com) and fumonisin is usually reported in ppm (~g fumonisinlg
com). However, the coefficient of variation (CV) can be used
to compare the variabilities of the 2 mycotoxin test procedures,
because CV is a relative measure of variation and is a dimen­
sionless variable. The CV associated with each step of the fu­
monisin test procedure was computed from variance equa­
tions 4-6 over a range of fumonisin concentrations and is
plotted as a continuous or smooth cUlVe in Figure 5. For exam­
ple, at a fumonisin concentration of 2 ppm, the CVs associated
with sampling, sample preparation, and analysis are about 16.6,
9.l, and 9.7%, respectively. The CV for thefumonisin test pro­
cedure is about the same as that for testing shelled com for
aflatoxin (4, 9).

where ns is in kg, nss is in g, and na is number of portions.
The total variance associated with a fumonisin test proce­

dure for any sample size, any subsampJe size (Romer mill), and
any number of a1iquots (LC) can be determined by adding
equations 8-10.

S2, =(0.0363/ns) x CI.75 + (0.275/nss) x CI.59

+ (I/na) x 0.014 X CI.44 (II)

The variability associated with the test procedure to measure
fumonisin in shelled com is similar to that associated with the
test procedure to measure aflatoxin in shelled com. For small
sample sizes, sampling variance is the largest source of the total

concentration of 2 ppm by ±0.85 ppm (2 standard deviations
or 95% confidence limits).

The total testing variation can be reduced by reducing the
variance associated with one or more of the steps of the testing
procedure. Sampling variance can be reduced by increasing
sample size, ns, or increasing the number of sampling units.
Sample preparation variance can be reduced by increasing sub­
sample size (assume use of the same mill), nss, or increasing
the number of subsampling units. Analytical variance can be
reduced by quantitating fumonisin in more than one portion
from the blended extract, na (assume use of the same analytical
method). The effects of ns, nss, and na on sampling, sample
preparation, and analytical variances are shown in equations 8­
10, respectively.

(3)

(4)

(5)

(6)

s2, = 0.033 X CI.75

S2,p =0.011 X CI.59

s2. = 0.014 X CI.44

where a and b are constants determined from regression
analysis.

Second, for each variance component (Figures 2-4), the
variance values, identified by type of fumonisin, appear to have
about the same slope. If this is true, then the variances for each
type of fumonisin can be pooled, and equation 3 for each vari­
ance component would be independent of fumonisin type. The
general linear model (GLM) procedure in SAS was used to
check the homogeneity of the slope values associated with fu­
monisin type for each variance component. The test indicated
that the slopes were not significantly different at the 95% con­
fidence level.

From regression analysis, the values ofa and b in equation 3
that describe the sampling, sample preparation, and analytical
variances as function of fumonisin concentration (independent
of the type of fumonisin) were determined:

The total variance in equation 7 is specific for the test pro­
cedure used in this study (1.1 kg sample, Romer mill, 25 g sub­
sample, I aliquot, and liquid chromatography [LCD.

As an example, the sampling, sample preparation, analyti­
cal, and total variances expected for the test procedure when
fumonisin concentration is 2 ppm are 0.111, 0.033, 0.038, and
0.182, respectively. Here, sampling variance accounts for 61 %
of the total testing variability (s2,1s2,), sample preparation vari­
ance accounts for 18.2% of the total testing variability (s2,rls2J,
and analytical variance accounts for 20.8% of the total testing
variability (s2.!s2~). As with other mycotoxins, sampling is the
largest source of variation, especially for small sample sizes.
For a normal distribution, a total variance of 0.182 indicates
that repeated fumonisin test results will vary about the true lot
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testing variation. For example, when testing abulk com lot with
a fumonisin concentration of 2 ppm, the CYs associated with
sampling, sample preparation, and analysis are 16.6,9.1, and
9.7%, respectively. The variances associated with each step of
the test procedure increase with fumonisin concentration. Re­
gression equations were developed to predict the variance as a
function of fumonisin concentration for each step of the fumon­
isin test procedure. They were independent of fumonisin type
(8 I, 82, 83, or total).

From variance estimates, the effect of the test procedure on
confidence limits with which fumonisin concentration is being
estimated can be determined. Further studies are needed to de­
termine the type ofdistribution (symmetrical, skewed, etc.) that
will best describe the distribution of sample test results from a
given lot so the performance of fumonisin sampling plans can
be predicted more accurately.
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FOOD CHEMICAL CONTAMINANTS

Immunoaffinity Column as Cleanup Tool for a Direct
Competitive Enzyme-Linked Immunosorbent Assay of
Cyclopiazonic Acid in Corn, Peanuts, and Mixed Feed
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An immunoaffinity column (lAC) for cyclopiazonic
acid (CPA) was prepared by coupling a CPA-spe­
cific monoclonal antibody to CNBr-activated
sepharose 4B. A direct competitive enzyme-linked
immunosorbent assay (dC-ELISA) was used to
stUdy the chromatographic behavior of a 0.2 mL
gel column with a binding capacity of 4 ~g CPA/col­
umn as well as to evaluate its efficacy as a cleanup
tool for analysis of naturally occurring CPA. Sam­
ple extract either in buffer solution or in a solution
containing up to 35% methanol could be loaded
onto the column. After the column is washed with
5 mL deionized water and 5 mL 50% methanol, CPA
could be quantitatively eluted with 2 mL 100%
methanol. The column could be regenerated at least
10 times by washing with 10 mL equilibrating buffer
and then storing in a cold room overnight before
reuse. Recoveries of CPA added to com, peanut, and
mixed feed extracts in the range 10-200 nglg were
88-105, 86-100, and 90-110%, respectively. Detection
limits were 2.0, 4.4, and 4.7 nglg for corn, mixed
feed, and peanuts, respectively. Twenty-two peanut
samples naturally contaminated with CPA were sub­
jected to both lAC and solvent partition cleanup fol·
lowed by dc-ELISA. Although a good correlation be­
tween data obtained from IAC-<lc-ELISA and from
SP-dc-ELISA (r =0.75, P< 0.0001) was obtained, the
slope of the linear regression was low (0.67), indicat­
ing loss during solvent partition cleanup. The overall
data showed that the combination of lAC and dc­
ELISA is an effective method for CPA analysis.

C
YclOPiazonic acid (CPA) is a toxic secondary fungal me­
tabolite produced primarily by aspergilli and penicillia.
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It was originally isolated from Penicillium cyclopium
and Aspergillus jlavus (1-3). The toxin causes degeneration
and necrosis of the Iiver, lesions of the myocardium, and neuro­
toxic effects in many animal species through alteration of cal­
cium homeostasis and cellular transduction (3-9). It has been
found in a number of foods and feed (I~15). It can be trans­
mitted into milk and eggs after animals ingest the toxin through
contaminated feed (16). To minimize the potential risk to hu­
man and animal health, several methods, including spectro­
photometry and thin-layer chromatography (11,12,14,16),
high-performance liquid chromatography (LC; 13, IS, 17-19),
and enzyme immunoassays (2~24), have been established for
analysis of CPA in a variety of samples.

Because CPA does not fluoresce and its UV absorption

maximum (284 nm) is not specific, most chemical methods in­

volve derivatization and extensive sample cleanup. Such meth­

ods are time consuming and not very sensitive. Some methods,

such as those based on LC, also need expensive instrumenta­

tion. With immunoassays, on the other hand, sample matrix

greatly interferes with assay sensitivity (24), as we found re­

cently during analyses of CPA in agricultural commodities. De­

tection limits for CPA in com, mixed feed, and peanuts in a

direct competitive enzyme-linked immunosorbent assay (dc­

ELISA) were estimated to be about 100, 300, and 600 nglg

(ppb), respectively (24).

To alleviate this problem, the present study was conducted.

A monoclonal antibody (mAb) with high affinity to CPA was

conjugated to Sepharose gel, which was then used to clean up

the sample extract before dc-ELISA. Similar to results with

other mycotoxins (25), our findings show that the CPA immu­

noaffinity column (lAC) effectively removes interfering mate­

rials from the matrix. Details of column preparation, chroma­

tographic behavior, and conditions for regenerating the

column, and protocols for application of this lAC in a dc­

ELISA for com, feed, and peanuts are presented in this paper.
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Figure 1, Sequential elution of CPA from lAC with different concentrations of methanol. CPA loaded was 100 ng

(dark bars) or 500 ng (stripped bars). Columns were eluted sequentially with different concentrations of methanol. The

amount of CPA in each fraction was determined by ELISA.

Experimental

Materials

CPA, Tween 20, sodium azide, Trizma hydrochloride. and
pristane were purchased from Sigma Chemical Co. (St. Louis,
MO). Bovine serum albumin (BSA, for blocking; cat.
No. 3160-0I) was obtained from Intergen Co. (Purchase, NY).
Bakerbond ABx was from J.T. Baker (Phillipsburg, NJ). Virus­
free Balb/c mice were purchased from Harlan Sprague-Dawley
(Madison, WI). Microwell ELISA plates were obtained from
Nunc Co. (No. 4-69914; Roskilde, Denmark). Horseradish
peroxidase (HRP) was obtained from Boeringer Mannheim
GmbH Biochemicals (Indianapolis, IN). CPA-BSA-HRPcon­
jugate was prepared as previously described (24). All other
chemicals and solvents were reagent grade or better.

Production and Purification ofAnti-CPA Monoclonal
Antibody

Specific mAb against CPA was generated in the ascites of
Balb/c mice after injection of hybridoma cell line 5C8D I. An­
tibodies were purified first by precipitation with ammonium
sulfate (final saturation. 33%) and then by ABx chromatogra­
phy, as we described previously (24).

Preparation of CPA-Specific Affinity Column

(a) Preparation of CPA-specific immunogel.---{2PA-spe­
cific immunogel was prepared by coupling CPA-specific anti­
body to CNBr-activated Sepharose 4B according to manufac­
turer's instructions (Pharmacia Fine Chemicals, Uppsala,
Sweden). In a typical experiment, 5.2 g freeze-dried CNBr-ac­
tivated Sepharose 4B was suspended in 20 mL I mM HCl and
washed first with 1000 mL I mM HCI on a sintered glass fun­
nel and then with 20 mL coupling buffer (CB, 0.1 MNaHCOr

O.5M NaCI, pH 8.3) twice. The swollen gel was immediately
added to 25 mL CPA-specific antibody solution (220 mg lyo­
philized anti-CPA mAb powder containing 163 mg immuno­
globulin GI [IgG I]) that had been dialyzed overnight against
2 L CB. After mixing end-over-end on an orbital shaker
(30 rpm) overnight in a cold room, excess IgG I was removed
by washing with several portions of CB. Absorbance offiltrates
at 280 nm was measured. Unreacted sites on the gel were
blocked by reacting with 25 mL 0.2M glycine (pH 8.0) at room
temperature for 2 h. The product was washed alternatively with
5 cycles of buffers having high and low pH (CB and 0.1 M so­
dium acetate buffer containing O.5M NaCI, pH 4.0), followed
by washing with phosphate buffered saline (PBS). The immu­
nogel was stored in PBS plus 0.02% sodium azide. The final
'volume of the gel after settling was ca 17.5 mL.

(b) Packing ofCPA affinity column.-The CPA-specific af­
finity column was prepared by filling aclean filter tube (Alltech
Associates, Inc., Deerfield, IL) with 0.2 mL CPA immunogel in
0.57 mL slurry. It was held in place between 2 porous poly­
ethylene frits (Alltech). The column was filled with PBS con­
taining 0.02% sodium azide and stored at 4°C until use.

Determination of Column Capacity and Reusability

(a) Determination of binding capacity of column.---{2ol­
umn capacity for CPA was determined by passing I0 ~g CPA
in 10 mL PBS through an affinity column at I mUmin. To en­
sure maximum binding, the effluent was loaded to the column
once more and washed with 30 mL PBS. Bound CPA was
eluted with 2 mL 100% methanol at 0.5 mUmin. Eluates were
air-dried, and the residue was reconstituted in I mL PBS. CPA in
the reconstituted eluates were analyzed by dc-ELISA. The column
was immediately regenerated by washing with 10 mL PBS.
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Figure 2. Change in binding capacity of lAC for CPA after repeated application of CPA standard solution,
regeneration, and holding in equilibration buffer for various periods (a to d) after each use. CPA solution was loaded
onto an lAC (initial capacity, 411glcolumn) and then washed with about 20 mL PBS. CPA was eluted from the column
with 2 mL 100% methanol. The column was regenerated and kept in equilibrating buffer for <10 min (a), 5 h (b), 18 h
(c), or >24 h (d) before application of next sample. Two milliliters CPA solution (0.511glmL) was loaded each time. X
axis represents the number of repeated use. Y axis represents relative percentage of CPA bound to column, with
amount of CPA bound to the column the first time as 100% (column with no generation). Z axis represents withholding
time before next time use. CPA (1 119) was quantitatively bound onto the column in the first time of repeated use (bar
in column 1 , row d). However, only 30% of CPA was bound when the column was used the third time and column had
been subjected to regeneration and then kept in the equilibration buffer for <10 min (bar in column 3, row a). Binding
of CPA onto the column was very low when the holding time was <10 min in subsequent application of the sample and
regenerations (bars in columns 4-10, row a). Nevertheless, binding of CPA was still very high (11th application) when
the same column was held >24 h after the 10th use and regeneration (bar in column 11 and row d).

(b) Evaluation ofconditions for elution ofbound CPA from
immunogel.-To determine optimal conditions for eluting CPA
from the immunogel, 100 or 500 ng CPA in 2 mL PBS was
loaded on the column. After the column was washed with
10 mL PBS, it was eluted sequentially with 2 mL methanol at
various concentrations. Eluates were air-dried and redissolved
in I mL PBS; CPA in the reconstituted eluates was analyzed by
dc-ELISA.

(c) Column reusability.-To determine column reusability,
2 mL CPA standard solution (0.5 Ilg/mL PBS) was loaded onto
an lAC for CPA. After the column was washed, CPA was
eluted. The column was regenerated with equilibrating buffer
and allowed to stand for various periods, from <I0 min to
>24 h. The capacity of the regenerated column was then deter­
mined by reloading with standards. This process was repeated
several times. CPA both in the PBS washing eluate and in the
methanol eluate were determined by dc-ELISA. The distribu­
tion of CPA in the PBS washing eluate and in the methanol
eluate was determined. Likewise, a series of experiments was
conducted by loading extracts obtained from com, peanuts, and
mixed feeds contaminated with CPA.

Evaluation of lAC as a Cleanup Tool for dc-ELISA of
CPA in Corn, Peanuts, and Mixed Feeds

(a) Extraction and cleanup.-CPA was extracted from
samples with methanol-50 mM Tris-buffered saline (TBS,

pH 8.0; 7 + 3, v/v), as described previously (24). Generally,
10 g sample was extracted with 50 mL solvent in a Waring
blender at high speed for I min. The mixture was filtered
through Whatman No. I filter paper, and a 5 mL portion
(equivalent to 1.0 g sample) was withdrawn and diluted with
an equal volume of deionized water. To prevent clogging of
the column, turbid dilute mixtures were centrifuged or fil­
tered first.

CPA affinity columns were mounted on a solid-phase ex­
traction manifold (Supelco, Inc., Bellefonte, PA) with a 10 mL
syringe barrel connected on top as areservoir. To equilibrate the
irnmunogel, the column was washed with 10 mL TBS at
2 mLlmin. Diluted extracts (total CPA should not exceed
4 Ilg/column) were applied to the column at I mLlmin. Then
the column was washed with 5 mL water and 5 mL 50% metha­
nol (aqueous solution). ~PA was eluted with 2 mL methanol at
0.5 mLlmin, air-dried, and recopstituted with I mL TBS, as de­
scribed earlier. Depending on the CPA level in the samples, this
solution was either directly subjected to dc-ELISA or diluted
with TBS before the assay.

(b) dc-EUSA.-Protocols were essentially as previously
described (24). Briefly, microwells of the ELISA plate were
each coated with 120 ilL purified anti-CPA mAb (1.5 Ilg/mL
IgG1diluted in PBS) by overnight incubation at 4°C. The plate
was washed 4 times with 300 ilL PBS containing 0.05% (v/v)

Tween 20 (PBST). Then, 200 ilL blocking solution [0.1 %
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Figure 3. Change in binding capacity of lAC for CPA after repeated application of sample extracts naturally
contaminated with CPA and holding in the equilibration buffer for various periods (a to d) after each use. Sample

extract was loaded onto an lAC (capacity, 4 ltg/column) and washed with 5 mL 50% of methanol; CPA was eluted with

2 mL 100% methanol. The column was regenerated and withheld for <5 min (a), 1 h (b), 14 h (c), and >24 h (d) before
reloading again. Rowe represents a new lAC (control). Five milliliters of sample extracts containing 151 ng (corn, 3A),
160 ng (peanuts, 38), and 141 ng (mixed feed, 3C) CPA were loaded to the column each time. Y axis represents the

relative column capacity (%), which is the amount of CPA bound to the column in a run divided by the amount CPA
bound to a new column (or first time use with no regeneration) times 100. Z axis represents withholding time before
use. Explanations for the data shown in this figure are similar to those for Figure 2.

(m/v) BSA in PBS (BSA-PBS)] was added to each well, and
the plate was incubated at 37°C for 0.5 h. After the wells were
again washed 4 times with PBST, 50 I!-L CPA standards or sam­
ples in 50 mM TBS plus 50 I!-L CPA-BSA-HRP conjugate

(0.2I!-g/mL BSA-PBS) were added. The conjugate was pre­
pared according to the method of Yu and Chu (24). The plate
was incubated at 37°C for I h and washed again, and 100 I!-L

K-blue substrate solution (ELISA Technologies, Lexington,

KY) was added. The reaction was terminated by adding 100 I!-L
1M HCI after incubation at room temperature in the dark for
15 min. Absorbance was determined in dual-wavelength mode
at 450 and 650 nm in an automatic ELISA reader (Molecular
Devices Co., Menlo Park, CAl. Samples and standards were
run in triplicate. Standard curves were generated from raw data
by using a 4-parameter (sigmoidal) equation. Sample results

were calculated from the curve.
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Table 1. Recovery of CPA added to corn, peanuts, and mixed feed

CPA detected

Corn Peanuts Mixed feed

CPA added, ng/g Detd, ng/ga Rec, %b CV,% Detd, ng/g Rec, % CV,% Detd, ng/g Rec, % CV,%

0 1.75 - c 5.2 3.74 8,5 3.83 5.0

1 2.93 118 14.1 4.87 113 5.6 5.38 155 15.0

10 11.1 93.5 13.5 13.7 99.6 16.4 14.8 110 4.9

20 19.4 88,3 1.8 22.0 91.3 2,7 21.8 89.9 1.4

50 54.4 105 16,8 46,6 85.7 14.6 52.7 97.7 3,5

100 106 104 4,5 101 97.3 4.8 111 107 8.0

200 208 103 9.6 204 100 9,3 209 103 11,8

Average 102 9.4 97.8 8,8 111 7.1

, Detd = mean CPA detected by dc-ELISA.
b Rec =mean recovery (%) after corresponding blank values had been subtracted,
c _ =not applicable,

Results

Coupling Efficiency and Capacity of CPA Affinity
Column

The efficiency of the coupling of the anti-CPA mAb to the
CNBr-activated Sepharose 4B was measured by determining
the difference between the amount of IgG I added and the
amount unconjugated after the immobilization reaction (26).
The results showed that 98.2% of the added IgG I (163 mg) was
coupled to the 17.5 mL swelled CNBr-activated Sepharose 4B
gel matrix. A0.2 mL gel column contained about 1.8 mg IgG I.
To determine column capacity, excess CPA was loaded onto the
column repeatedly to ensure maximum binding and both bound
and unbound CPA were determined (26). Results from 2 repre­
sentative columns (0.2 mL each) showed that each column was
capable of binding 4.2 llg CPA. Thus, each milliliter of gel
could bind 2111g CPA.

Evaluation of Conditions for Eluting Bound CPA from
Immunogel

The effect of methanol concentrations on elution of bound
CPA are shown in Figure I. Bound CPA began to elute at a
methanol concentration of 60%. Although bulk levels of CPA
appeared in eluates with 80% methanol, 2 mL 80 or 90%
methanol was insufficient to elute all the bound CPA from the
column. However, 2 mL 100% methanol at 0.5 mUmin could
quantitatively recover the CPA loaded to the column.

Change in Column Capacity after Repeated Use
and Regeneration of Column

Two approaches were used to study the capacity of the col­
umn after repeated use. In one approach, I llg standard CPA
was loaded to the column each time. After regenerating and
holding for an appropriate period, the column was used again.
Results are shown in Figure 2. Apparently the column was not
well equilibrated when the column was held for less than
10 min after regeneration: A minimum holding time of 5 h is
necessary. Best results were achieved by keeping the column in

a cold room overnight or 24 h before reuse. Column capacity
remained at >O.611g CPA/column (60% ) after the column had
been used 16 times.

In the second approach, extracts equivalent to I g com, pea­
nuts, or mixed feed naturally contaminated with CPA (5 mL
containing 140-160 ng CPA) were loaded to columns with a
capacity of 4 llg CPA/column. Results are shown in Figure 3.
Recovery of CPA was low when regenerated columns were
held for <5 min or I h. Good recoveries (92.3, 81.3, and 89.4%
for com, peanuts, and mixed feed, respectively) were obtained
when columns were held >14 h after each use and reused
10 times.

Recovery of CPA from Spiked Corn, Peanuts, and
Mixed Feed after lAC Cleanup

Extracts from CPA-free com, peanuts, and mixed feed were
spiked with different amounts of CPA, cleaned up by affinity
chromatography, and analyzed by dc-ELISA. A small amount
of CPA (1.75-3.83 nglg) was present in nonspiked extracts
(zero added) even after lAC cleanup (Table I). Recoveries of
added CPA (1-200 nglg) after blanks (zero added) were sub­
tracted, were 88-118% for com, 86-113% for peanuts, and 90­
155% for mixed feed. Mean coefficients of variation were 9.4,
8.8, and 7.1%, respectively. For CPA added at 10-200 nglg,
mean recoveries were 98.8, 94.8, and 102% for com, peanuts
and mixed feed, respectively.

Analysis of CPA in Naturally Contaminated Samples
by dc-ELISA after lAC or Solvent Partition Cleanup

Twenty-two peanut samples naturally contaminated with
CPA were used. Extracts prepared as described earlier were first
cleaned up by lAC or by solvent partition (SP) according to the
method of Lansden (17) and then analyzed by dc-ELISA. CPA
concentrations in these samples ranged from 2.7 to 384 nglg
(Figure 4). Although there was good correlation between data
obtained from SP-dc-ELISA and IAC-LC (correlation coeffi­
cient, r= 0.75,p <0.0001), the regression slope was low (0.69),
indicating that considerable loss occurred during SP cleanup.
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the basis for estimation (27), detection limits oflAC-dc-ELISA
for CPA would be 2.0, 4.7, and 4.4 nglg for com, peanuts, and
mixed feed, respectively. However, if those amounts were due
to interference with no correction for the blanks, average recov­
eries of CPA spiked at 10-200 nglg in com, peanuts, and mixed
feed would be 105, 109, and 115%, respectively. Thus, detec­
tion limits would be between 10-20 nglg, an improvement of
more than 20 times over dc-ELISA without cleanup, a method
that we had recommended for screening (24). The method de­
scribed in this paper is the most sensitive method for deterrnin­
ing CPA in com, peanuts, and mixed feed. Data from analyses
of CPA in peanuts naturally contaminated with toxin further
support this conclusion, because CPA concentrations in these
samples were much lower than the detection limit of the pre­
viously established dc-ELISA (24). The enrichment and
cleanup steps reported herein helped to solve the problem. The
SP method was less effective because low recovery of CPA was
apparent after this treatment.

Aquestion often asked with use of lAC is the cost of prepar­
ing a column because columns generally require more antibod­
ies than regular ELISAs, and, except in a few cases (25, 28, 29),
each column can be used only once. In the present study, con­
ditions for lAC reuse were optimized. Reusability could be af­
fected by a number factors, including sample matrix (27), elu­
tion solvents (29), antibody properties, supporting matrix,
storage conditions, and column capacity (25). Our study shows
that the column's equilibration period after each use plays a key
role. It is likely that once the antibodies in the lAC are condi­
tioned with the eluting solvents through the dissociation proc­
ess, kinetics for renaturation of the antibody to the conforma­
tion for binding is slow. In this regard, the time of the
antibody/column exposure to the eluting solvent is also impor­
tant and should be kept as short as possible, and regeneration of
the column should be prompt. Conditions developed for reuse
of lAC in the present study could be applied for other lAC
systems to maximize lAC use.
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With the advances of immunoassay techniques for low-mo­
lecular-weight naturally occurring compounds including my­
cotoxins and phycotoxins, immunoaffmity chromatography
has become a very effective tool for concentrating and purify­
ing compounds in a single step for subsequent analyses (25).
This technology has gained wide application as a cleanup tool
for a number of mycotoxins (25). In the present study, an lAC
for CPA was prepared and its efficacy as a cleanup tool was
evaluated. We found that the lAC could serve as an effective
cleanup tool for CPA analyses. The IAC and the protocol devel­
oped in the present study provide the following advantages: high
capacity binding of CPA, tolerance of high methanol concentra­
tion in samples (as high as 35% methanol could be loaded onto the
column), effective removal of interferences by washing with 50%
methanol, good analytical recovery, and reusability.

In CPA analysis, lack of an effective cleanup method greatly
affects the sensitivity of many detection methods (11-23). Re­
cently, we found that with most sensitive ELISAs the detection
limits for CPA in complex matrixes such as com, peanuts, and
mixed feed were in the range 20Q-6oo nglg (24). Results from
the present study indicate that the sensitivity of dc-ELISA im­
proves considerably after lAC cleanup.

Spiking experiments showed that a small amount of CPA
(1.75-3.83 nglg) is present in blank samples. These blanks
were analyzed for CPA by LC. Because the detection limit of
CPA when analyzed by LC is about 10 nglg, it is difficult to
assess whether the amount found in blanks represents a true
contamination or is due to interference with dc-ELISA. If these
amounts were due to true contamination and were subtracted
from the average, recoveries of CPA added to com, peanuts,
and mixed feed at 1-200 nglg would be 102, 97.8, and 111%,
respectively. With blank values plus 3 standard deviations as

Figure 4. Correlation between CPA levels in peanuts

determined by dc-ELISA after lAC cleanup versus after

SPcleanup.
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FOOD COMPOSITION AND ADDITIVES

Rapid Gas Chromatographic Method for Simultaneous
Determination of Cholesterol and a-Tocopherol in Eggs

NICKOS BOTSOGLOU, DIMITRIOS FLETOURlS, 10ANNIS PSOMAS, and ANTONIOS MANTIS

Aristotle University, School of Veterinary Medicine, GR-54006 Thessaloniki, Greece

A new method was developed for simultaneous de­
termination of cholesterol and a-tocopherol in
eggs. It involves rapid and simple sample prepara­
tion accomplished in one tube and chroma­
tographic separation that does not require derivati­
zation of analytes. Total analysis time per sample is
40 min. Labor, cost, and use of hazardous chemi­
cals are minimized. To ensure selectivity, accuracy,
and precision, critical analytical parameters were
investigated. Overall recoveries were 98.8 and
99.2% for cholesterol and a-tocopherol, respec­
tively. Linearity was acceptable for both analytes
(r =0.9964 for cholesterol and 0.9996 for a-toco­
pherol) in the fortification range examined. Preci­
sion data based on within-day and between-days
variation gave overall relative standard deviations
of 2.0% for cholesterol and 7.0% for a-tocopherol.
The method was applied successfully for quantita­
tion of cholesterol and a-tocopherol in eggs.

C
holesterol and a-tocopherol are among the nutritionally
significant lipids in foods that increasingly require rou­
tine analysis. Cholesterol is a precursor of bile acids,

steroid honnones, and vitamin D and is the principal steroid in
foods of animal origin, occurring in both free and esterified
fonn. Assessment of dietary cholesterol intake is of growing
interest to consumers because cholesterol in serum has been
implicated in atherosclerosis (I). a-Tocopherol is the prevalent
congener of vitamin E. It is a natural antioxidant that extends
the oxidative stability of dietary fat, showing also outstanding
antioxidant activity in living cells. Accurate detennination of
these compounds is of great importance to the food industry
and recently has been of special interest to poultry scientists
who have placed considerable emphasis on altering, through
changes in diet fed to chicken, the fatty acid and cholesterol
composition of egg yolk (2).

The cholesterol and a-tocopherol contents of eggs are con­
troversial. Data available from food composition tables and re­
cent reports show wide variability, mainly because of differ­
ences in analytical methods used (3-7). Cholesterol and
a-tocopherol usually are determined separately by methods in-

Received April? 1998. Accepted by JLJune 29.1998.

cluding spectrophotometry (5, 6--9), liquid chromatography
(LC; 5,6, 10, II), and gas chromatography (GC; 6, 12-19).
When data for both analytes are required, it is possible to deter­
mine them in the same analysis because they are both found in
the nonsaponifiable fraction and exhibit similar physicochemi­
cal properties.

Simultaneous detennination of cholesterol and a-toco­
pherol in eggs by LC has been reported (20). However, such a
determination has not been achieved yet by Gc. With its excel­
lent precision, accuracy, and high degree ofautomation, GC has
become the method of choice for cholesterol analysis, espe­
cially when many samples are to be analyzed (6, 21). The very
few reports on simultaneous determination of cholesterol and
a-tocopherol by GC either concern analysis of matrixes other
than egg (22,23) or are limited to issues relating to chroma­
tographic behavior of analytes, which in many GC systems
produce peaks with nearly identical retention times (10, 21).

Here, we describe a simple GC method for simultaneous
determination of cholesterol and a-tocopherol in eggs. It in­
volves rapid sample preparation accomplished in one tube and
capillary GC analysis that does not require derivatization of
analytes. To ensure selectivity, accuracy, and precision, critical
analytical parameters were investigated.

METHOD

Apparatus

(a) Capillary column GC system.-Shimadzu Model GC­
l5A GC system equipped with Model AOC-17 autosampler,
flame ionization detector, and Model Class-VP chromatogra­
phy data system (Shimadzu Corp., Kyoto, Japan). Operating
conditions: fused silica capillary column, 15 m x 0.32 mm id,
coated with SPB-I (Supelco, Inc., Bellefonte, PA) with film
thickness of 1.0 ~m; oven temperature, programmed from 250°
to 275°C at 2°C/min and held there for 12 min; helium carrier
gas, 2 mUmin; hydrogen, 30 mUmin; air, 300 mUmin; injec­
tion port temperature, 300°C; flame ionization detector tem­
perature, 300°C; split ratio, 20: I; injection volume, I ~.

(b) Sample preparation tubes.-15 x 150 mm culture tubes
with Teflon-lined screw cap suitable for sterilizing liquids
(Coming, Inc., Coming, NY).

(c) Water bath.-Temperature regulated (tIOC; Model
3044, Kottennann, Hanigsen, Gennany).

(d) Vortex mixer.-Model G-560E, Scientific Industries
(Bohemia, NY).
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Table 1. Influence of temperature, heating time, and KOH strength on efficiency of saponification of egg yolk
samples, as represented by recovered cholesterol (mg choiesteroV100 g yolk)

0.5M KOH 2.0M KOH Saturated KOH
Saponification
time, min 60°C 80°C 60°C 80°C 60°C 80°C

5 946.0 986.2 995.8 1005.6 954.6 966.6

15 1144.2 1174.3 1135.2 1128.9 930.0 944.0

30 1175.0 1126.0 1054.8 1069.8 926.2 918.6

60 1154.8 1169.8 1035.6 1029.9 932.8 922.4

120 1164.2 1162.1 1018.0 1007.5 912.0 920.8

(e) Centrifuge.-IEC Model Centra-MP4, equipped with
6-position rotor with 15 mL carners (Needman Heights, MA).

(C) Solvent dispensers.-5.0 mL (Model P5000), and
1.0 mL (Model PlOOO), precision pipettes (Gilson, Villiers-le­
Bel, France) to conveniently dispense solvents.

(g) Magnetic stirrer plate.-With variable speed control
(Fisher Scientific, Pittsburgh, PAl.

(h) Autosampler vials.-Teflon-lined screw-cap vials with
1.5 mL capacity (Shimadzu).

Reagents

(a) Hexane, methanol, and potassium hydroxide (KOH).­
Analytical grade (Merck, Darmstadt, Germany).

(b) Cholesterol and a-tocopherol standard solutions.­
Using cholesterol and a-tocopherol (>99% purity) reference
standards (Sigma Chemical Co., St. Louis, MO), prepare indi­
vidual 2 mg/mL stock solutions in hexane. Prepare individual
standard intermediate solutions by diluting portions of the
stock solutions with hexane. Prepare mixed standard working
solutions by transferring appropriate volumes from each stand­
ard intermediate solution into 10 mL flasks and diluting to vol­
ume with hexane to cover the range 6-54 J..lg/mL for each ana­
Iyte (6.7, 13.3,20.0,33.3, and 53.3 J..lg/mL). Protect solutions
from light, and keep them at -20°C when not in use. Prepare
fresh standard intermediate solutions every month for choles­
terol and each working day for a-tocopherol.

(c) Methanolic KOH solution (O.5M).-Prepare by dis­
solving, with stirring, 14 g KOH into methanol and diluting to
500 mL with methanol.

(d) Pyrocatechol solution (200 mg/mL).-Prepare by dis­
solving I g pyrocatechol (Sigma) in 5 mL methanol. Protect
from light, and keep in a refrigerator when not in use. Prepare
fresh every day.

Sample Preparation

Accurately weigh 0.2 g (iO.OOI) egg yolk into sample
preparation tube. Add 100 J..lL pyrocatechol solution and 5 mL
methanolic KOH solution, agitate immediately on Vortex
mixer for 20 s, and cap tightly. Immerse lower half of tube in
80°C bath for 15 min; remove and agitate on Vortex mixer for
15 severy 5 min. Several tubes can be handled conveniently by
placing them in a wire basket. Cool tube with tap water, remove
cap, add I mL water and 5 mL hexane, and agitate vigorously
on Vortex mixer for I min. Centrifuge I min at 2000 xg, trans-

fer a portion of the upper phase to the autosampler vial, and
close vial cap.

Chromatography, Preparation of Calibration Curve,
and Calculations

Generate calibration curve by injecting I J..lL from each
mixed standard working solution; plotting peak areas vs mass
of analytes injected; and computing slope, intercept, and least­
square fit of standard curves. Use calibration curve slopes and
intercept data to compute mass of analytes in injected (I J..lL)
unknown sample extracts. For cholesterol determination, ap­
propriately dilute sample extracts with hexane and reinject.
Calculate concentration of cholesterol and a-tocopherol in un­
known samples as follows:

Analyte concentration, mg/ I00 g =M x V x 2.5

where M is the mass (ng) of each analyte in injected sample
extract (I J..lL) according to corresponding calibration curve
and V is the dilution factor, if any, applied.

Results and Discussion

Determination ofcholesterol in eggs has been studied exten­
sively. Among commonly used GC methods, some require ex­
traction of total lipids, removal of solvents, hot saponification
in alkaline media, extraction of nonsaponifiable material, re­
peated washes, concentration of extracts, and derivatization
prior to analysis (13, 17). These steps are time consuming, as
well as labor and material intensive. Of at least equal impor­
tance is the interlaboratory variability reportedly inherent in

such highly manipulative treatments (24). Other more recent
methods based on direct saponification of sample (15, 16, 18)
have eliminated some of the steps. However, cholesterol deter­
minations remain laborious and costly, requiring hazardous re­
agents, the procurement, recovery, and disposal of which are
becoming increasingly expensive. Our method minimizes
time, labor, and expendable materials, with sample preparation
essentially completed in a single tube. To keep the procedure as
simple and reliable as possible, all analytical steps were thor­
oughly investigated.
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Table 2. Effect of vegetable fat on recovery of
cholesterol and a-tocopherols

Conditions for direct saponification of food samples are not
well documented; various combinations of temperature, heat­
ing time, and KOH concentration are claimed to be suitable for
converting esterified cholesterol to its free form (21). To estab­
lish optimum saponification conditions, 60 identical samples
(0.2 g pooled egg yolks) were prepared and processed at vari­
ous temperatures (60° or 80°C), heating times (5, IS, 30,60, or
120 min), and strengths of methanolic KOH solution (satu­
rated, O.5M, or 2M). Two samples were processed for each set

Direct-Saponification Step

• Values are means ± standard deviations; n=3.

of conditions and then combined before hexane (10 mL) ex­
traction and processing through the rest of the method.

When the methanolic KOH solution was O.5M or 2.0M,
cholesterol recovery increased as heating time increased from
5 to IS min (Table I). This result indicated that a 5 min heating
time at either 60° or 80°C is not adequate for complete conver­
sion of esterified cholesterol. Having attained its maximum
value at IS min, cholesterol concentration could remain essen­
tially constant for heating times up to 120 min with 0.5M KOH.
With 2.0M KOH, however, cholesterol recovery decreased
gradually as heating time was increased. These results sug­
gested that a IS min saponification at 80°C with 0.5M KOH is
sufficient for complete conversion of esterified cholesterol.

With saturated methanolic KOH, cholesterol recovery was
. very low no matter what temperature or heating time was ap­
plied (Table I). Contrary to the findings in a recent report (18),
these results unequivocally show that saponification with satu­
rated methanolic KOH cannot proceed without loss of choles­
terol content. Because auto oxidation ofcholesterol has been ob­
served in some rigorous hydrolysis schemes (9), the protective
effect of antioxidants added before saponification was also evalu­
ated. However, neither pyrogallol, pyrocatechol, nor butylated hy­
droxytoluene significantly reduced loss ofcholesterol.

Unlike recovery of cholesterol, recovery of lX-tocopherol
was highly dependent on the level and type of added antioxi-

101.0± 1.6

99.2 ± 2.6

97.4 ± 2.8

97.0 ± 1.2

99.0 ± 2.8

93.8 ± 1.8

Recovery of
a-tocopherol, %

99.2± 1.2

96.8 ± 1.8

100.4 ± 1.0

99.6 ± 1.8

98.2 ± 1.6

91.6 ± 2.4

Recovery of
cholesterol, %
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Figure 1. Typical chromatograms of (A) a standard solution of cholesterol and a-tocopherol containing

Sa-cholestane as Internal standard and (B) an egg yolk extract. Peaks: 1, Sa-cholestane; 2, cholesterol; 3,

a-tocopherol.
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Table 3. Recovery of cholesterol and a-tocopherol standards added to egg yolk

Analyte added (n = 5), mg/100 9 Mean concn found, mg/100 9 ± SD Relative standard deviation, %

Spiking level Cholesterol a-Tocopherol Cholesterol a-Tocopherol Cholesterol a-Tocopherol

0 0 0 1089.9 ± 19.0 7.3 ± 0.3 1.7 4.1

1 285.7 66.8 1356.0 ± 32.8 74.6± 1.1 2.4 1.5

2 571.4 133.6 1645.8 ± 23.9 139.4 ± 2.4 1.5 1.7

3 857.1 200.3 1934.0 ± 26.2 206.6 ± 2.8 1.4 13

dants. In the absence of antioxidants, a-tocopherol recovery
after 15 min saponification at 80°C with 0.5M KOH was only
38%. Addition of 20 mg butylated hydroxytoluene increased
recovery to 57%. But addition of 20 mg ofeither pyrocatechol
or pyrogallol totally protected a-tocopherol from oxidation.
Pyrocatechol seemed more suitable for use in this method than
pyrogallol, because it did not darken as rapidly as pyrogallol
did in the alkaline medium.

Extraction Step

When hexane or other nonpolar solvents are used for post­
saponification extraction of cholesterol and a-tocopherol from
foods and fats, addition of various amounts of water is, in most
cases, a mandatory preliminary step (21). Our experiments to
establish the amount of water needed for efficient extraction
showed that when no water is added, extraction efficiency of
hexane for both cholesterol and a-tocopherol is low, ranging
from 30 to 40%. Addition of 0.5 mL water increases extraction
efficiency to 85-93%. Further addition of 0.5 mL makes ex­
traction quantitative, eliminating the need for a second extrac­
tion. Therefore, the minimum volume of water required for ef­
ficient extraction is I mL. These findings support most
published procedures but disagree with a recent method (18)
that claims quantitative extraction of cholesterol in the absence
of water when saturated methanolic KOH is used. We checked
this possibility, but the results did not differ significantly from
those initially found.

Slover et aI. (22) reported that fat in the saponification mix­
ture also can affect the extraction efficiency. To investigate the

matter, we prepared a series of 6 sample preparation tubes so
that each one contained a fixed amount of both analytes but a
variable amount of vegetable fat (O-D.3 g hydrogenated palm
oil) free of either analyte. The content of each tube was saponi­
fied, extracted, and chromatographed as described, replicating
each analysis 3 times. Results (Table 2) showed that extraction
efficiency of hexane is not affected by fat, provided the amount
in sample is $250 mg.

Chromatography

Although thin-film columns are generally preferred for
analysis of high-molecular-mass, high-boiling-point com­
pounds to minimize bleeding from the column, we achieved
good results for cholesterol and a-tocopherol with a short
thick-film column. As Figure I shows, both peaks are sharp
without tailing. The thick film covering the active silanol
groups on the surface of the fused silica seems to prevent ad­
sorption of underivatized analytes, and thus, peak distortion
does not occur. Some fatty acid methyl ester peaks are sizable,
but they did not present any separation or contamination prob­
lem on the capillary column, eluting very early, just after the
solvent front. On the other hand, plant sterols eluted long after
a-tocopherol and were well-resolved from each other.

Because chromatographic results were acceptable, we did
not consider derivatization of analytes prior to injection onto
the GC system, in accordance with other workers (15, 16, 18,
25, 26). Trimethylsilylation of analytes might further improve
peak shape, reduce retention time, and improve sensitivity.
However, trimethylsilylation not only adds an extra step in the

Table 4. Precision of determination of cholesterol in egg yolk

Day

1

2

3

Concn of cholesterol found, mg/100 9

1073.4,1044.1,1098.0,1069.0,1096.3

1118.2,1101.6,1070.4,1122.8,1090.0

1087.0,1068.2,1114.6,1098.0,1101.6

Overall mean

Mean value ± SD, mg/100 9

1076.2 ± 19.8

1100.6 ± 19.1

1093.9 ± 15.6

1090.2 ± 21.0

RSD,%

1.8

1.7

1.4

1.9

Variance estimates

Source

Between-days

Within-day

Overall

RSD,%

2.6

1.9

2.0
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Table 5. Precision of determination of a-tocopherol in egg yolk

Oay

1

2

3

Concn of a-tocopherol found, mg/100 9

7.5, 6.6, 7.0, 7.4, 6.4

7.0,7.2,7.9,7.5,8.1

7.0, 7.8, 7.2, 8.0, 6.8

Overall mean

Source

Between-days

Within-day

Overall

Mean value ± SO, mg/100 9

7.0 ± 0.4

7.5 ± 0.4

7.4 ± 0.5

7.3 ±0.5

Variance estimates

RSO, %

6.1

5.5

6.3

6.8

RSO,%

8.7

6.7

7.0

procedure but also could increase noise; lead to formation of
artifacts; decrease recovery; result in poor linearity because of
silicone deposits in the flame ionization detector; and raise
safety concerns because many silylating agents are toxic, flam­
mable, and corrosive.

Calibration

Both internal (15,16,18,25) and external (10,27,28)
standard calibration techniques have been proposed for analy­
sis ofcholesterol and a-tocopherol. Because delivery of sample
volumes is quite precise with modem automatic sampling sys­
tems, the internal standard (IS) technique is most useful for as­
says that require extensive sample pretreatment including deri­
vatization, where variable recoveries of the target analytes may
occur. For an essentially manipulation-free and well-tested pro­
cedure such as the one we describe here, use of the IS technique
may not be advantageous. On the contrary, it may actually in­
crease precision error because of the frequent calibration
needed for measuring 2 peak areas rather than one (29, 30).

To test the efficiency of external versus internal standard
calibration in our system, we prepared 5 sample preparation
tubes so that each one contained the same amount of 5a­
cholestane (120 ~g) as IS and a variable amount of cholesterol

and a-tocopherol (33.5, 66.0, 100.0, 166.5, and 266.5 ~g of
each compound) in 5 mL hexane. Each mixture consisted of
standards only, so they were analyzed by GC without saponifi­
cation, with each analysis replicated 5 times. Cholesterol and
a-tocopherol responses as either cholesteroU5a-cholestane and
a-tocopheroU5a-cholestane peak area ratios or distinct choles­
terol and a-tocopherol peak areas were plotted against amount
ofcholesterol ora-tocopherol. Regression analysis showed lin­
ear responses for both types of calibration and both analytes in
the range examined: YIC =0.003 + 0.0414x, response factor =
1.001 ± 0.023, TIC =0.99996 for internal standard calibration of
cholesterol; Yrr =0.00 I + 0.0342x, response factor =0.838 ±
0.024, Trr =0.99986 for internal standard calibration a-toco­
pherol; YEC =9.22 + 495.78x, 'Ee =0.99994 for external stand­
ard calibration of cholesterol; and YET =0.50 + 409.63x, 'ET =
0.99992 for external standard calibration of a-tocopherol,

where YIC, and Yrr represent peak area ratios, YEc and YET repre­
sent peak areas, and x is the quantity (ng) of analyte injected.
The excellent linearities suggested that both techniques are
more than adequate for reliable quantitation of target analytes.
We selected the external standard calibration technique, be­
cause it minimizes manipulations and analysis cost.

Table 6. Cholesterol and a-tocopherol in commercial eggs (mg/l00 g yolk)

Mean concn ± SO (n = 3) Mean concn ± SO (n = 3)

Sample No. Cholesterol a-Tocopherol Sample No. Cholesterol a-Tocopherol

1 1120.3 ± 19.5 5.5 ± 0.4 11 1126.1 ±21.0 7.0 ± 0.2

2 1096.0 ± 12.8 4.8 ± 0.3 12 1269.0 ± 25.4 6.8 ± 0.3

3 1077.0 ± 11.0 6.2 ± 0.4 13 1120.7 ± 26.3 <2

4 1298.2 ± 18.4 <2 14 1090.6 ± 15.8 2.8±0.1

5 1164.2 ± 21.2 7.3 ± 0.3 15 1521.0±21.1 3.0 ± 0.2

6 1196.7 ± 19.0 6.2 ± 0.4 16 1379.0± 10.1 26.4± 1.5

7 1084.8 ± 28.8 6.2 ± 0.3 17 1236.0 ± 13.6 112.8 ±4.3

8 1095.8 ± 29.3 6.4 ± 0.4 18 1090.8 ± 18.2 5.2 ± 0.3

9 1110.0 ± 15.4 7.0 ± 0.4 19 1162.0 ± 20.4 4.8 ± 0.2
10 1089.8 ± 17.8 19.3± 1.0 20 1123.4 ± 17.6 5.0±0.1
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Accuracy

The standard addition procedure was used to study method
accuracy. Fifteen of 20 samples from an egg yolk were spiked
with standard cholesterol and a-tocopherol at 3 levels (5 sam­
ples at each level) from a methanolic solution containing both
analytes. Least-squares and regression analyses of the data (Ta­
ble 3) based solely on the 3-level spiking showed that the rela­
tionship between "added" (x) and "found" (y) for each analyte
was adequately described by a linear regression: y = 1067.3 +
1.0 Ilx, r =0.9931 for cholesterol; y =8. I + 0.989x, r =0.9991
for a-tocopherol. The intercepts of these regression lines,
which represent the values (mg/l 00 g) predicted for unspiked
samples, were not significantly different from the arithmetic
means of the unspiked samples (1067.3 versus 1089.9 forcho­
lesterol; 8.1 versus 7.3 for a-tocopherol), suggesting the ab­
sence of interference in extracted samples. The absence of in­
terference permitted evaluation of accuracy based on data from
both spiked and unspiked samples. Least-squares and regres­
sion analyses of these data gave acceptable Linearities: y =
1083.1 +0.988x, r=0.9964 for cholesterol; y =7.6 +0.992x,
r =0.9996 for a-tocopherol. Therefore, the slopes (0.988 and
0.992 for cholesterol and a-tocopherol, respectively) of these
regression lines could be used as estimates of overall recovery
(98.8% for cholesterol; 99.2% for a-tocopherol) for the pro­
posed method.

Precision

Method precision was evaluated by assaying on each of
3 different days 5 egg yolk samples. To estimate overall preci­
sion, raw data were subjected to analysis of variance and ex­
pected mean squares for one-way classification-balanced de­
sign (31). Tables 4 and 5 show that the within-day precision
was better than between-days precision for both analytes.
Overall precisions were 2.0% for cholesterol and 7.0% for a­
tocopherol in egg yolk.

Cholesterol and a-Tocopherol in Egg Samples

Results of analysis of eggs from various local markets (Ta­
ble 6) demonstrate method applicability. Cholesterol concen­
trations in the egg yolks ranged from 1077 to 1521 mg/IOO g.
This variability cannot be attributed to analytical errors, be­
cause all values are means of triplicate analyses. Extensive
studies on the modification of egg composition have shown
that genetics (32), diet (33), and management (34) can influ­
ence cholesterol level in eggs. Nevertheless, cholesterol values
found in this study are comparable with data obtained by other
workers (5, 6, 15, 20), although higher than some recently re­
ported results (18).

Unlike cholesterol levels, a-tocopherol levels show enor­
mous variation. Although most samples contained a-toco­
pherol in the range 2.8-7.3 mg/IOO g egg yolk, 2 samples did
not contain a-tocopherol (limit of detection corresponded to
2 mg/IOO g egg yolk for a peak-to-noise ratio of 3: I), and
3 samples contained 19.3,26.4, and 112.8 mgllOO g egg yolk.
Slover (35) reported an a-tocopherol level of 1.2 mg;
Mclaughlin et aI. (36), 2.05 mg; and Syvaoja et aI. (37),

5.5 mg/IOO g egg yolk. Feeding vitamin Esupplements to hens
may be the reason for the higher a-tocopherol levels found in
this study compared with earlier studies. Surai et al. (38)
showed that vitamin E transfer from the diet to the egg yolk
takes place very rapidly. An increase of vitamin E supplemen­
tation in the hen diet of up to 320 mglkg feed results in eggs
with a vitamin E level in the yolk of about 70 mgt I00 g (39).
Lower levels of vitamin E (about 40 mg/IOO g) in egg yolk
have been found after supplementation of the hen diet with a­
tocopherol acetate at 100 mglkg (40).

Most GC methods for determining cholesterol in eggs can­
not discriminate between cholesterol and a-tocopherol, be­
cause the 2 compounds exhibit similar physicochemical prop­
erties. Therefore, faulty results may be obtained by these earlier
methods when eggs contain the high levels of a-tocopherol
found in this study or even higher.

Conclusions

The method has satisfactory analytical characteristics with
respect to recovery, selectivity, and reproducibility. It is very
rapid and simple, offering considerable savings in solvent, ma­
terials, sample manipulation, and analysis time. For analysis of
16 samples, sample preparation can be completed by a single
analyst in about I h. The GC determinative procedure requires
about 20 min for each sample but automation can extend ana­
lytical capacity. The method may be particularly suitable for
laboratories where large throughput of compliance samples is
obligatory.
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RESIDUES AND TRACE ELEMENTS

Gas Chromatographic Determination of Azoxystrobin,
Fluazinam, Kresoxim-Methyl, Mepanipyrim, and Tetraconazole
in Grapes, Must, and Wine

PAOLO CABRAS, ALBERTO ANGIONI, VINCENZO L. GARAU, and FILIPPO M. PJRISI

Universitll di Cagliari, Dipartimento di Tossicologia, Viale Diaz 182,09126 Cagliari, Italy
VINCENZO BRANDOLINI

Universitll di Ferrara, Dipartimento di Scienze Farmaceutiche, 44100 Ferrara, Italy

Azoxystrobin, fluazinam, kresoxim-methyl,
mepanipyrim, and tetraconazole were determined
in grapes, must, and wine by a gas chroma­
tographic method with nitrogen-phosphorus (NP)
and mass spectrometric (MS) detectors. Pesticides
were isolated from the matrixes by online microex­
traction with acetone-hexane (SO + SO, vlv). Because
of the high selectivity of NP and MS detectors, no in­
terferent peaks were present and no cleanup was
necessary. Recoveries from fortified grapes, must,
and wine ranged from 80 to 111 %, with coefficients of
variation ranging from 1to 14%. Limits of determina­
tion were 0.05 mglkg for kresoxim-methyl and
0.10 mglkg for the other compounds.

N
ew fungicides belonging to new chemical classes
have been marketed in the 1990s to control the major
pathogens of vine. These compounds belong to the

chemical classes strobilurines, phenylpyrroles, anili­
nopyrimidines, and 2,6-dinitroanilines (I). A gas chroma­
tographic (GC) method for determining some new fungi­
cides used to control grey mold (Botrytis cinerea) in grapes,
must, and wine was reported recently (2). No analytical
method is reported for the new fungicides used to control
downy mildew (Plasmopora viticola) and powdery mildew
(Uncinula necator), such as the strobilurines azoxystrobin
and kresoxim-methyl and the 2,6-dinitroaniline tluazinam.
This paper describes a simple, rapid method to determine
these fungicides in grapes, must, and wine by GC with nitro­
gen-phosphorus (NP) or mass spectromelric (MS) detec­
tion. The method also determines the anilinopyrimidine
mepanipyrim and the latest generation triazole tetracona­
zole. An enzyme-linked immunosorbent assay (ELISA) has
been reported for tetraconazole (3).

Received March 6. 1998. Accepted by JS June 3. 1998.

METHOD

Apparatus

(a) GC-NPD system.-Fisons HRGC series Mega 2 gas
chromatograph (Carlo Erba, Milan, Italy) equipped with an NP
detector (NPD-80), a split-splitless injector, and an AS 800
autosampler (Carlo Erba) and connected to an HP 3396-A re­
porting integrator (Hewlett-Packard, Avondale, PAl was used.
The capillary column was aWCOT fused-silica column CP-Sil
8 CB liquid phase (25 m x 0.25 mm id; film thickness,
0.12 11m; Chrompack Int., Middelburg, The Netherlands). The
injector and detector were operated at 2500 and 300°C respec­
tively. The sample (2 ilL) was injected in the splitless mode
(60 s). The oven temperature was programmed as follows:
llOoC for I min, raised to 26O°C (lO°C/min), and held for
5 min. Helium was the carrier gas at 120 kPa, and N2 was the
makeup gas at 80 kPa. The plasma of the detector was obtained
with H2 (60 kPa) and air (110 kPa), the current was 2.75 A, and
the voltage was 3.5 V.

(b) GCIMS system.-GC HP-5890 (Hewlett-Packard, Palo
Alto, CAl gas chromatograph equipped with GCIMS HP-597 I
(Hewlett-Packard) and Durabond fused-silica column (30 m x
0.25 mm id; J&W Scientific, Folsom, CAl, DB 5MS liquid
phase (film thickness, 0.25 11m). The sample (2 Ill) was in­
jected in the splitless mode (60 s). The injector temperature was
250°C, and the oven temperature was programmed as follows:
II O°C raised to 300°C (15°C/min) and held for 10 min. Helium
was the carrier gas at 0.8 mUmin. Mass spectrometer operating
conditions: electron ionization, 65 V; ion source, 180°C; dwell per
ion, lOOms; solvent delay, 8 min; selected monitoring (SIM), mlz:
triphenylphosphate (internal standard) =326, tetraconazole =
336, mepanipyrim =222, kresoxim-methyl =116/1311206,
fluazinam = 371/387/417, and azoxystrobin = 344.

(e) Rotatory shaker.-GFL, Burgwedel, Germany.

Reagents

Active ingredient (AI) standards (purity, >99%) were pro­
vided by the manufacturer. Chemical Abstracts registry num­
bers are as follows: azoxystrobin, 131860-33-8; tluazinam,
79622-59-6; kresoxim-methyl, 143390-89-0; mepanipyrim,
110235-47-7; tetraconazole, 112281-77-3.
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(a) Acetone and hexane.-Liquid chromatography and
pesticide grade, respectively (Carlo Erba).

(b) Sodium chloride, anhydrous sodium sulfate, and
triphenylphosphate.-Reagents for analysis (Carlo Erba and
Janssen, Geel, Belgium).

(c) Standard stock solutions (ca 500 mglL).-Prepared in
methanol.

(d) Internal standard solution.-Add 0.1 mL
triphenyl-phosphate solution (300 mg/L) to I L acetone-

hexane (50 + 50, v/v) to obtain a final concentration of
0.03 jlg/mL.

(e) Spiking solution.-Prepare intennediate solution con­
taining all pesticides at 100 mg/L from standard stock solutions.

(I) Working standard solutions (0.05, 0.50, 1.00, and
3.00 jlg/mL).-Prepare by evaporating to dryness portions of in­
tennediate standard solutions under nitrogen stream and taking up
the residue in the extract solution of acetone-hexane plus the in­
ternal standard from untreated (control) grapes, must, and wine.
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Figure 2. Comparison of Ge-NPD chromatograms of pesticides in solvent and extracts of untreated grapes, must,

and wine, in controls (c) and samples (s) fortified with fungicides at about 1.0 mglkg. For GC conditions, see text.

Peaks: tetraconazole (1), mepanipyrim (2), kresoxim-methyl (3), fluazinam (4), and azoxystrobin (5).
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Figure 3. Ge-SIM chromatograms of pesticides at about 1.0 mg/kg in extract of untreated grapes. For GCIMS

conditions, see text. Peaks: tetraconazole (1), mepanipyrim (2), kresoxim-methyl (3), fluazinam (4), and

azoxystrobin (5).

Sample Preparation

Use a blender to chop and homogenize grapes samples.
Shake and/or stir must and wine.

fonned at 0.05-D.l and 1.50 ppm. At each fortification level,
4 replicates were analyzed.

Results and Discussion

Extraction

Weigh 10 g sample into 40 mL screw-capped tube; add 4 g
NaCI and 10 mL acetone-hexane (50 + 50, v/v) containing in­
ternal standard. Homogenize resulting mixture for 30 min in a
rotary shaker. Allow phases to separate, and pour organic layer
into another tube containing I g anhydrous sodium sulfate. In­
ject sample without cleanup for GC-NPD detennination. For
GCIMS analysis, dry I mL organic extract under N2 stream and
dissolve in 100 IJL acetone-hexane (50 + 50, v/v).

Recovery Assays

Untreated grapes, must, and wine samples were fortified
with the fungicides and processed. Recovery assays were per-

The 5 fungicides (Figure I) were separated with DB 5 and
CP-Sil 8 CB columns and eluted in the same sequence: tetra­
conazole, mepanipyrim, kresoxim-methyl, fluazinarn, and
azoxystrobin (Figures 2 and 3). The matrix effect on the peak
response was evaluated. Working standard solutions at the
same concentration (about I mglkg) were prepared in the sol­
vent (acetone-hexane, 50 + 50, v/v) and in the extract from
untreated grapes, must, and wine. Peak responses were com­
pared. No difference was found with the MS detector, but with
the NP detector, responses were significantly different (Fig­
ure 2). Peaks corresponding to pesticides and internal standards
increased to different degrees in must and wine. In grapes the
internal standard peak was constant and the pesticide peaks de-

Table 1. Ratios of pesticide peak height to internal standard peak height in various matrixesB

Matrix Azoxystrobin Fluazinam Kresoxim-methyl Mepanipyrim Tetraconazole

Solvent 100±4 100±5 l00±4 100 ± 3 100 ±2

Grapes 43± 1 51 ±3 60± 1 78± 3 55 ±2

Must 51±2 60±3 68± 1 98± 5 62 ±4

Wine 34± 1 67±2 67±2 99± 3 82 ± 3

a Values are percentages of the ratios in solvent; mean of triplicate analysis.
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creased. Table I shows the ratios of peak height of pesticide to
peak height of internal standard expressed as a percentage of
the ratio for solvent. These data showed that pesticide calibra­
tion curves depend strongly on the matrix. Therefore, working
standard solutions were prepared in the matrix extract of un­
treated grapes, must, and wine. Other have reported that the
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Figure 4. Mass spectra of fungicides.

GC-NPD response of some pesticides are affected by the ma­
trixes (4-6). Figure 4 shows the mass spectra of the fungicides.
The major ions (mlz: azoxystrobin = 344, fluazinam =
371/387/417, kresoxim-methyl = 116/131/206, mepanipyrim =
222, tetraconazole =336, triphenylphosphate (internal stand­
ard) =326) were used to determine residues in the Selected Ion
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Table 2. Recovery (% ±RSO) of fungicides from
grapes, must, and wine samples

Recovery
Fortification,

Fungicide mglkg Grapes Must Wine

Azoxystrobin 1.50 98±2 102 ±4 90±2
0.10 85 ±2 87 ±1 81 ±4

Fluazinam 1.50 103±2 94± 11 102 ±1
0.10 111 ±2 96 ±1 80± 1

Kresoxim-methyl 1.50 102 ±4 104 ±3 95± 1
0.05 107 ±3 98 ±2 85± 1

Mepanipyrim 1.50 100±5 102 ±10 93±2
0.10 109±3 100± 1 96± 1

Tetraconazole 1.50 101 ±4 104 ±4 93± 1
0.10 110±2 95±8 85± 14

Monitoring (SIM) mode. The method has a low sensitivity for
fluazinam, which could not be determined at 0.1 mglkg. Be­
cause the sensitivity of the MS detector was lower than that of
the NP detector, extracts were concentrated by a factor of 10.
Nevertheless, chromatograms of untreated samples were free
from interfering peaks, and no cleanup was necessary.

Calibration curves for active ingredients were prepared by the
internal standard method by plotting peak heights versus concen­
trations. Good linearity was achieved in the 0.05-3 mglkg range,
with correlation coefficients between 0.9987 and 0.9995 for both
detectors.

Recovery

An online microextraction procedure according to Stein­
wandter (7) was used. With this method, extraction-partition
was performed in one step. Thus, we gained speed and avoided
losses due to transfers. Because of the high selectivity of the NP
and MS detectors, no interfering peaks were present, and no
cleanup was necessary. Because coextractive substances mod-

ify the peak height, quantitation of residues was performed by
measuring samples fortified at 0.05-0.10 and 1.50 mglkg
against matrix-matched standards. Recovery and repeatability
data are summarized in Table 2. Recoveries ranged from 80 to
III %. Accuracy was acceptable; coefficients of variation
ranged from I to 14%. Under the above operating conditions
the limits of determination (8) with GC-NPD were 0.05 mg/kg
for kresoxim-methyl and 0.10 mglkg for the other pesticides.

Conclusion

Extraction-partition was performed in one step. No cleanup
was necessary, because the gas chromatograms of untreated
samples were all free from interfering peaks. This allowed a
simple and rapid determination of fungicides in grapes, must,
and wine; an acceptable recovery and repeatability; and a suf­
ficient limit of determination.
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RESIDUES AND TRACE ELEMENTS

Determination of Phosphine Residues in Whole Grains and
Soybeans by Ion Chromatography via Conversion to Phosphate

MARVIN CARLSON and RICHARD D. THOMPSON
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An ion chromatographic (IC) method was devel­
oped for determining phosphine (PH3) in whole
grains (barley, corn, oats, rice, rye, and wheat) and
soybeans. The method converts phosphine to
phosphate (i.e., orthophosphate) and isolates the
phosphate by IC with eluent-suppressed conductiv­
ity detection. Recoveries of unbound phosphine by
the method were similar to those obtained by an es­
tablished colorimetric method for 7 different prod­
ucts fortified at 3 levels. Mean recoveries were low
(i.e., 30-60%) and varied with product type and
level of fortification. Recoveries of PH3 from pre­
viously fumigated products fortified with aluminum
phosphide ranged from 19.0% for barley fortified at
0.734 ppm to 88.3% for corn fortified at 1.691 ppm.
Precision data from 3 products based on replicate
analyses (n =4 or 5) gave relative standard devia­
tions of 1.78-4.66% for mean laboratory-fumigated
PH3 levels of 0.679-1.309 ppm. Estimated limits of
detection (LOD) and quantitation (LOa) for PH3
were 0.010 Jlglg (10 ppb) and 0.0275 Jlglg (27.5 ppb)
at signal-to-noise ratios (SIN) of 4:1 and 10:1, re­
spectively. These values were also determined for
a nonchemically suppressed IC system with LOD
of 0.02 Jlglg (20 ppb) and LOa of 0.055 Jlglg
(55 ppb) at SIN of 4:1 and 10:1, respectively. Phos­
phate response was linear over the concentration
range equivalent to 0.30-10.0 Jlg P/mL, with a mean
correlation coefficient of 0.9988 based on replicate
standard curves. The relationship of product com­
position to recovery from various products was
also examined.

P
hosphine (PH3) is a highly toxic gaseous compound that
has been used worldwide since the 1930s as a fumigant
against insects (e.g., rribolium confusum Duv.) in stored

grains such as wheat, barley, oats, and rice. It is effective at air
levels as low as 0.02 ppm over a 24 h period (I). Recently, use
ofphosphine has increased to replace halogenated fumigants (e.g.,
ethylene dibromide and methyl bromide). Typically, stored grain
is exposed to the fumigant in the fonn of aluminum phosphide

Received January 30, 1998. Accepted by JS June 13, 1998.

(AlP) in a gas-penneable container that allows slow hydrolysis
by atmospheric moisture to phosphine ga, as follows:

Commercial preparations of aluminum phosphide in tablet
or pellet form, for example, may contain the active ingredient,
ammonium carbamate, and paraffin at levels of55,41, and 4%,
respectively. Ammonium carbamate in combination with alu­
minum phosphide produces a nonflammable mixture of
phosphine, ammonia, and carbon dioxide upon hydrolysis (2).
Materials of this type are assayed by acid hydrolysis to
phosphine. The gas is trapped in 1.5% mercuric chloride solu­
tion, and the HCI released is titrated with 0.1 N NaOH (3). Ac­
cording to an early report regarding misuse of aluminum
phosphide marketed as "Delicia-AlP," 12 persons became ill
and one person died after fumigation of a grain elevator in a
large city neighborhood (4). This report raised concem regard­
ing application ofaluminum phosphide as a fumigant (5). Simi­
lar tragedies have occurred more recently (6), including those
caused by domestic misuse ofzinc phosphide for rodent control
(7). Therefore, consumers must know to take adequate precau­
tions when using metal phosphides and to thoroughly aerate
phosphine-treated products to reduce residues to negligible
concentrations.

Grains adsorb PH3released by A1Pwhile in storage (8). This
surface uptake may be chemical or physical in nature and de­
pends on temperature, product moisture content, particle size,
and exposure time. The Food and Agriculture Organization
(FAO), the World Health Organization (WHO), and the U.S.
Environmental Protection Agency (EPA) have established a
tolerance level of 0.1 ppm for total PH3 (intact and derived
from phosphide) in raw cereal grains and 0.01 ppm in certain
foodstuffs including nuts (9, 10). It is important to have suitable
analytical methodology for PH3 residues that may be present
on or in these products.

Early methodologies for detecting and estimating low levels
of phosphine were based on gravimetry for phosphine in cereal
grains (II) and on color reactions for phosphine in air samples
(12, (3). Recent quantitative analytical procedures are based on
colorimetry (14-17), titrimetry (18), and gas chromatography
(GC; 19-22). Colorimetric and titrimetric methods are suscep­
tible to interferences, time consuming, and manipulative. Al­
though GC exhibits adequate sensitivity and specificity, it lacks
retention control of the gaseous analyte at the low column tem-
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Figure 1. Phosphine generation apparatus: (A) addition funnel; (B) 3-neck reaction flask; (C) nitrogen inlet adapter;
(0) Allihn condenser; (E) and (F) connector tubes; (G) outlet tUbe; (H) gas washing bottles.

peratures required (e.g., 30°-60°C). Preparation and use of ref­
erence PH3 standards also hampers validation of this technique.

The procedure we propose uses modifications of existing
methods (14, 15) for liberation of PH3 from various matrixes
and ion chromatography (lC) with suppressed conductivity for
detection. Phosphine is generated by refluxing 100 g whole
grain with 200 mL 10% H2S04, The liberated phosphine gas is
derived from either surface desorption of the fumigant or hy­
drolysis of residual aluminum phosphide (e.g., Phostoxin). The
gas is transferred with the aid of nitrogen to 2 traps in series.
Each trap contains 75 mL saturated bromine water, which oxi­
dizes phosphine to phosphate ion:

Nonphosphine phosphorus residues (e.g., phosphite and phos­
phate) present in the acid media remain in the reflux mixture.

The trap liquids are combined, concentrated by boiling to
about 5 mL, and then diluted prior to the determinative step. An
aqueous solution of potassium dihydrogen phosphate
(KH2P04) is used as the reference standard.

The proposed IC procedure was compared with acolorimet­
ric method (15) using the molybdenum blue reaction for phos­
phate anion. This reaction is based on complexation of the an­
ion with molybdic acid followed by reduction with hydrazine
sulfate (23).

IC has several advantages over spectrophotometry: Direct
injection of concentrated sample extract into the chroma­
tograph avoids the time-consuming and manipulative color de-

velopment step, and phosphate anion retention is readily con­
trolled by column selection, eluent composition (ionic strength
and pH), and flow rate, providing greater specificity. Both IC
and colorimetric methods are safer than GC because they do
not require use of the toxic and difficult-to-handle phosphine
gas reference material. The proposed procedure detects
phosphine at the 10 ppb level via phosphate anion. The method
is also more specific and easier to perform than the colorimetric
method.

This study also considers the chemical and physical factors
that may be associated with the low phosphine recoveries ob­
served under acid reflux conditions. Abrief comparative study
of 2 IC systems-a chemically suppressed versus a nonchemi­
cally suppressed-was also conducted.

Experimental

Safety

Latex gloves were used in handling 10-20% HCl and 10%
H2S04 solutions. Manipulation of commercial aluminum
phosphide pellets and bromine required use ofboth latex gloves
and a fume hood.

Apparatus

(a) lnstrumentation.-Dionex Model 4500i ion chroma­
tograph with a pulsed electrochemical detector in the conduc­
tivity mode, a pneumatically actuated microinjection valve,
and a Model SP-4400 integrator (Dionex Corp., Sunnyvale,
CAl. Injection volume, 50.0 ilL; detector sensitivity range,
3-10 IlS (microsiemens); column temperature, ambient.
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Table 1. Recovery of phosphine derived from aluminum phosphide added to various whole grains and soybeans at
3 fortification levels

Colorimetric detection IC detection

Product PH3 added, ppm PH3 recovered, ppm Recovery, % PH3 added, ppm PH3 recovered, ppm Recovery, %

White rice 1 0.212 0.121 57.1 0.179 0.101 56.4

White rice 2 1.290 0.724 56.1 1.195 0.650 54.4

White rice 3 2.744 1.840 67.1 2.465 1.660 67.3

Mean 60.1 59.4

Com 1 0.200 0.082 41.0 0.159 0.061 38.4

Com 2 1.246 0.546 43.8 0.920 0.378 41.1

Com 3 2.357 1.234 52.4 2.095 1.087 51.9

Mean 45.7 43.8

Wheat 1 0.224 0.037 16.5 0.184 0.032 17.4

Wheat 2 1.214 0.271 22.3 1.099 0.250 22.7

Wheat 3 3.409 1.711 50.2 3.000 1.505 50.2

Mean 29.7 30.1

Oats 1 0.210 0.084 40.0 0.196 0.061 31.1

Oats 2 1.290 0.432 33.4 1.167 0.377 32.3

Oats 3 4.158 1.786 43.0 3.760 1.581 42.0

Mean 38.8 35.1

Rye 1 0.236 0.065 27.5 0.132 0.027 20.5

Rye 2 1.294 0.289 22.3 0.989 0.228 23.1

Rye 3 3.153 1.046 33.2 2.954 0.849 28.7

Mean 27.7 24.1

Barley 1 0.201 0.037 18.4 0.124 0.024 19.4

Barley 2 1.579 0.590 37.4 1.328 0.511 38.5

Barley 3 3.613 1.213 33.6 3.404 0.993 29.2

Mean 29.8 29.0

Soybeans 1 0.188 0.100 53.2 0.127 0.073 57.5

Soybeans 2 1.344 0.777 57.8 1.124 0.758 67.4

Soybeans 3 3.309 2.001 60.5 2.838 1.593 56.1

Mean 57.2 60.3

(b) Columns and suppressor.-Dionex AS4A, 15 11m par­
ticle size, 25 em x 4 mm id analytical column; AG4A guard
column and an anion micromembrane suppressor unit
(AMMS-II). Eluent flow rate, 2.0 mUmin at ca 860 psi. Sup­
pressor solution, 25 mM H2S04; flow rate, 10 mUmin.

(c) Eluent.-1.5 mM Na2COr1.7 mM NaHC03 in deion­
ized water, pH 10.1.

(d) Sample pretreatment canridge.-Dn Guard-AG (Dionex
No. 39637) or MaxiClean IC-Ag (Alltech Associates, Inc., Deer­
field, IL) cartridges containing cation resin impregnated with Ag+
for removal of excess bromide, preconditioned by washing
with 15-20 mL deionized water.

(e) Glassware cleaning protocol.-Dlassware (beakers,

flasks, tubing, gas washing bottles, etc.) were soaked initially in
10-20% HCI for 2 hon a stearn bath and then rinsed 6-8 times in
deionized water. The condenser was rinsed with HCl solution

and water. After each determination, beakers and flasks were
soaked in dilute HCI while on the stearnbath and then thor­
oughly rinsed with water. Other glassware were rinsed with
water only. Reagent blanks were run periodically to monitor
apparatus cleanliness.

(I) Phosphine generation apparatus.-The phosphine gas
generation assembly (Figure I) consists of (A) 50 mL addition
funnel with T 24/40 joints, (B) 500 mL 3-neck round-bottom
reaction flask with T 24/40 joints and heating mantle, (C) nitro­
gen sweep inlet adapter with T 24/40 joint and tube shortened
to 85 rnm, (D) AlIihn condenser with a 200 mm jacket and
T 24/40 joints, (E) 240 mm connector tube with ~ 18/9 spheri­
cal joint and T 24/40 joint at opposite ends and a 60° bend at
midpoint (custom made), (F) 160 mm connector tube with
~ 18/9 ball and socket joint at opposite ends (custom made),
(G) 75 mm straight outlet tube with ~ 18/9 joint, and (H)
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Table 2. Product compositionS and phosphine recovery

Recovery, %

Product Moisture, % Protein, % Oil and fat, % Carbohydrates, % Crude fiber, % Mineral, % Range Mean

Wheat 13.4 (12.8)b 12.1 1.9 69.0 1.9 1.7 17.4-50.2 30.1

Barley 14.9 (9.3) 10.0 1.5 66.7 4.4 2.5 19.4-38.5 29.0

Corn 13.0 (11.3) 10.0 4.5 69.1 2.2 1.2 38.4-51.9 44.0

Oats 13.3 (9.9) 10.2 4.9 58.2 10.3 3.1 31.1-42.0 35.1

White rice 12.2 (14.0) 8.4 1.8 64.7 8.9 5.0 56.4-67.3 59.4

Rye 13.4 (11.5) 11.5 1.7 69.5 1.9 2.0 20.5--28.7 24.1

SoybeansC 10.0 (10.3) 34.1 17.7 33.5 4.9 4.7 57.5-67.4 60.3

a Data from reference 28.
o Values in parentheses are moisture contents determined by AOAC Method 925.10.
C Data derived from reference 29.

125 mL gas washing bottles with ~ 18/9 joints and adjustable­
length dispersion tube [via polytetrafluoroethylene (PTFE)
sieve] with a coarse fritted tip positioned ca 4 mm from the
boltom. The assembly was secured with 4 size 18 metal pinch
clamps at the f 18/9 joints and 5 stainless steel spring wire
clamps at the T 24/40 joints. All components were obtained
from Kontes, Vineland, NJ. Assembled apparatus was main­
tained and operated in a well-ventilated hood with a 70 cm
length of Tygon tubing directed to the rear of the hood from
outlet G.

Reagents

(a) Hydrochloric acid and bromine.-AR grade, Mallinck­
rodt, Inc., Paris, KY.

(b) Sulfuric acid.-J.T. Baker, Instra-analyzed reagent,
Phillipsburg, NJ.

(c) Aluminum phosphide (Phostoxin).-Degesch America,
Inc., Weyers Cave, VA. Product in tablet form (3 g) containing
55% aluminum phosphide, 41 % ammonium carbamate, and
4% paraffin.

(d) Deionized water.-Barnstead, Division of Sybron
Corp., Boston, MA.

(e) Antifoaming agent.-Anti-Foam A concentrate No.
A5633, Sigma Chemical Co., St. Louis, MO.

(0 Potassium dihydrogen phosphate (KH2P04)·-No.
60219, >99.5%, F1uka Chemical Corp., Ronkonkoma, NY.

(g) Sodium carbonate and sodirl/n bicarbol1ate.-Liquid
chromatography grade, Fisher Scientific Co., Itasca, 1L.

Standard Solutions

Astock standard solution of KHzP04 was prepared in deion­
ized water at a concentration of 100 ~g phosphorus/mL. Work­
ing standard solutions in deionized water were prepared weekly
from stock standard solution at concentrations of 0.30--8.0 ~g

P/mL. A 50 ~L volume of the appropriate working standard
solution was injected into the ion chromatograph.

Nonsuppressed Ie System

The system (24) consisted of a Waters 590 programmable
pump, a Model 431 conductivity detector (Waters, Milford,

MA), a Rheodyne Model 7125 valve (Rheodyne, Inc., Cotati,
CAl, and a HP-3396 Series II integrator (Hewlett-Packard Co.,
Avondale, PAl. The system was passivated with 6N HN03 and
washed thoroughly with deionized water prior to insertion of
analytical and guard columns. Injection volume, I00 ~L; de­
tector sensitivity, 5~S full scale; column temperature, ambient.
AWaters IC-PAK AHR, 6~m particle size, 75 x 4.6 mm ana­
lytical column was used with an IC-PAK anion Guard PAK
insert in a precolumn module; eluent flow rate was 1.0 mUmin
at ca 650 psi. Eluent preparation consisted of a borate/glucon­
ate concentrate containing 16 g sodium gluconate, 18 g boric
acid, and 25 g sodium tetraborate decahydrate dissolved in
500 mL deionized water in a I L volumetric flask; 250 mL
glycerin was added, and the mixture was taken to volume and
mixed. All chemicals were obtained from F1uka Chemical
Corp. This concentrate can be stored in a refrigerator for
6 months. The working borate/gluconate eluent, pH 8.5, was
prepared by adding 20 mL borate/gluconate concentrate,
20 mL n-butyl alcohol (F1uka) and 120 mL acetonitrile
(Mallinckrodt) to a I Lvolumetric flask containing ca 500 mL
deionized water. The mixture was diluted to volume with water,
mixed, and passed through a0.45 ~m Nylon-66 membrane fil­
ter (AMF/CUNO, Inc., Meriden, CT). The observed conduc­
tivity was ca 270 ~S. Astock standard solution at a concentra­
tion of 136.7 ~g P/mL was prepared from KHZP04 (0.854 g) in
100.0 mL deionized water. Working standard solutions in
deionized water at concentrations of 0.30--2.80 ~g P/mL were
prepared.

Methods

(a) Preparation offortification standard.-One 3 g Phos­
toxin tablet (Degesch America, Inc.) was ground to a powder
with a mortar and pestle in a ventilated hood, with operator
wearing latex gloves. The ground material (in 2 Petri dishes)
was exposed to a current of air for ca 2 weeks to reduce the
concentration of aluminum phosphide. To maintain stability, the
partially depleted Phostoxin tablet material was stored at ambient
temperature over silica gel in a polycarbonate desiccator.

(b) Fortification of products.-Partially depleted Phos­
toxin material (a) was diluted I + 10 with talc, mixed thor-
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Table 3. Recovery of phosphine from whole grains and soybeans with laboratory-fumigated phosphine residues
(calculations based on standard carried through procedure)

Product Laboratory-fumigated phosphine, ppm Phosphine addeda, ppm Phosphine recovered, ppm Recovery, %

Wheat 1 0.0018 0.552 0.135 24.5

Wheat 1 0.0956 1.062 0.493 46.4
Wheat 2 0.0632 1.275 0.501 39.3

Wheat 2 0.0632 2.046 1.108 41.1

Barley 1 0.0734 1.275 0.231 18.1
Barley 1 0.0734 2.406 0.809 33.6

Corn 1 1.691 1.371 1.255 91.5
Corn 1 1.691 2.288 1.835 80.2

Oats 1.391 1.104 0.288 26.1

White rice 1.053 0.553 0.404 73.1

Rye 1 0.178 1.136 0.215 18.9

Rye 2 0.389 0.553 0.209 37.8

Soybeans 1.602 1.062 0.828 78.0

• As diluted Phostoxin containing 0.2132% phosphine.

oughly, and stored over silica gel desiccant when not in use.
This standard preparation was assayed by the proposed diges­
tion oxidation step followed by colorimetry (15). Assays per­
formed over a period of 42 weeks (n =26) gave a mean con­
centration equivalent to 0.2132% PH3, with a relative standard
deviation (RSD) of 3.06%. Accurately weighed quantities of
this diluted fortification standard were added to 100 g portions
of each product in the reaction flask.

(c) Preparation ofphosphine-fumigated products.-A 3 g
Phostoxin tablet containing 55% aluminum phosphide was
powdered and divided between 2 open 85 mm id Petri dishes,
each placed in a separate polycarbonate desiccator having a
volume of ca lO L. An open 4 fl. oz. bottle containing a satu­
rated solution ofNaCI was placed in each desiccator for humid­
ity control (75.3% relative humidity). Five 100 g portions of
product (grains or soybeans) were weighed directly into
250 mL beakers or onto fluted filter paper (S & S No. 588,
185 cm) set in 250 mL beakers and placed in the desiccators.
The product was exposed to liberated PH3 gas for I week to
obtain PH3 levels of I ppm or greater. Lower PH3 levels (ca
0.2 ppm or less) required up to 2 weeks exposure. On comple­
tion of the desired exposure time, the 100 g portions of product
were transferred to 160 mL glass milk dilution bottles having a
plastic screw cap (30 mm id) with Teflon liner and stored at
_lOoC until ready for analysis.

(d) Assay procedure.-One hundred grams product and
200 mL 10% H2S04 were added to the reaction flask. One mil­
liliter bromine (Br2) and 75 mL deionized water were added to
each of the 2 gas-washing bottles. All glass joints were sealed
with water and clamped to prevent gas leakage. Nitrogen gas
was swept through the apparatus at 95-100 rnUmin for 30 min
at ambient temperature. Then, heat was applied for 2 h to a
maximum temperature of 95°C. For high-fat products such as
soybeans, 2-3 drops antifoaming agent were added to elimi­
nate excess foaming in the reaction flask. After heating, con­
tents of the gas-washing bottles were transferred to a 600 mL

beaker and combined with deionized-water rinses from the bot­
tles and attached glass tubing. The aqueous mixture was con­
centrated to ca 5 mL on a hot plate in a fume hood and then
cooled to ambient temperature. About 25 mL water was added,
and the beaker contents were mixed. The pH of the product
extract was adjusted to 3.0 ± 0.1 with 0.5M NH40H, quantita­
tively transferred to a 50.0 mL volumetric flask, and diluted to
volume. A 1.5-2 mL portion of the diluted product extract was
passed through a silver ion (Ag+) cartridge attached to the load­
ing syringe prior to injection of 50 ~L into the ion chroma­
tograph. The Ag+cartridge was washed with three 5 mL por­
tions of water immediately after each injection to allow reuse
4--6 times. Excessive resistance by the cartridge material dur­
ing subsequent injections indicated the necessity for replace­
ment. Fifty microliters of the appropriate working standard so­
lution having a chromatographic response approximating that
of the sample solution was injected into the ion chromatograph.
A3-5 mL portion of the diluted product extract (based on for­
tification level) was removed for the molybdenum blue col­
orimetric procedure (15) in the comparative study (Table I).
Reagent and product blanks were included in all assay and re­
covery determinations. Standard curves were prepared to verify
linearity of response for the 2 procedures.

(e) Calculations.-The amount of phosphine (~g/g or
ppm) was calculated by direct comparison of sample peak area
response obtained with that of the appropriate KH2P04 work­
ing standard solution (as phosphorus) of similar magnitude as
follows:

Ru x ex DF x 1.097
PH3, ~g/g (ppm) =---"------­

RsxW

where Ru and Rs =peak area responses of sample and standard
solutions, respectively; C=concentration of working standard
solution (~g P/mL); DF = dilution factor (mL); 1.097 = mo­
lecular weight conversion factor (PH/P); W=weight of sam­
ple portion (100 g).
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Table 4. Recovery of phosphine from whole grains and soybeans with laboratory-fumigated phosphine residues
(calculations based on known concentrations of standard)

Product Laboratory-fumigated phosphine, ppm Phosphine addeda, ppm Phosphine recovered, ppm Recovery, %

Wheat 1 0.0018 0.527 0.135 25.6

Wheat 1 0.0956 1.156 0.493 42.6

Wheat 2 0.0632 1.215 0.501 41.2

Wheat 2 0.0632 2.347 1.108 47.2

Barley 1 0.0734 1.215 0.231 19.0

Barley 1 0.0734 2.347 0.809 34.5

Corn 1 1.691 1.422 1.255 88.3

Corn 1 1.691 2.232 1.835 82.2

Oats 1.391 1.185 0.288 24.3

White rice 1.053 0.535 0.404 75.5

Rye 1 0.178 1.032 0.215 20.8

Rye 2 0.389 0.535 0.209 39.1

Soybeans 1.602 1.156 0.828 71.6

a As diluted Phostoxin containing 0.2132% phosphine.

Recoveries of phosphine were obtained by calculating
the ratio of PH) recovered from the product fortified with
diluted AlP material to that recovered from an equivalent
amount of diluted AlP material carried through the proce­
dure. Recoveries were also calculated from the known con­
centration of PH) in the diluted AlP material (0.2132% PH))
added to the product. In addition, the recoveries from prod­
ucts with laboratory-fumigated PH) residues were obtained
by subtracting the amount of PH) originally present from the
total quantity of PH) found in a similar sample portion for­
tified with the diluted AlP preparation.

Results and Discussion

Phosphine Recovery: Colorimetric and IC
Procedures

Comparative recovery data are shown in Table I. For each
of the 2 procedures, separate portions of product were fortified
with diluted Phostoxin powder at 3 different levels. The added
material was placed in direct contact with the product prior to
introduction of the acid media. Quantities added ranged from
0.0124 to 0.4158 mg PH)/IOO g product (0.124--4.158 ppm
PH)). Recoveries in Table I were calculated by direct compari­
son of the response observed for an equal amount of PH) (as
Phostoxin) carried through the procedure in the absence of
product. Product blanks carried through the procedure prior to
fortification indicated that all products were phosphine free.

The data show no significant differences in recoveries of
phosphine when using either colorimetry or IC as the determi­
nati ve step. Both procedures are based on the detection of phos­
phate ion, an oxidation product of phosphine. However, the
colorimetric procedure provided slightly higher values for 5 of
the 7 products, perhaps because of the less specific nature of the
molybdenum blue reaction (25), making it subject to interfer­
ences from other ionic species that may be present in the con­
centrated extract. The colorimetric procedure (15) has a limit of
detection (LOD) of 10 ppb phosphine and a limit of quantita-

tion (LOQ) of about 25 ppb phosphine. Both are comparable
with the limits of the proposed IC procedure. Although both
procedures are equally sensitive, the IC approach requires less
manipulation.

Mean recoveries with either detection step were low
«60%), ranging from 24.1 % for rye to 60.3% for soybeans.
Recoveries were consistent within the 3 fortification levels,
with only com and wheat exhibiting a gradual increase in re­
covery with an increase in the amount added. The increase
shown for wheat agrees with results of Nowicki (20) for Phos­
toxin-fortified wheat but not with those of Scudamore and
Goodship (22), both of whom analyzed laboratory-fumigated
phosphine residues using acid reflux of the product followed by
GC detection of phosphine. Scudamore and Goodship (22) for­
tified samples by introducing known amounts of phosphine gas
into the reaction flask containing liberated phosphine. Their re­
coveries were consistently high, ranging from 87.0 to 95.6%.
Bruce et al. (14) reported recoveries of 66.7-101.0% from
wheat fortified with Phostoxin or phosphine in carbon disulfide
and analyzed by colorimetry after acid reflux and oxidation
with bromine water.

The inherent low recoveries obtained with the proposed pro­
cedure are related to substrate interaction in the acid medium.
Similar findings have been reported for wheat at the 0.05­
1.5 ppm range (20) and for sugar cane at the 0.01-1.0 ppm
range under acid reflux conditions (26). Phosphine uptake by
grains and cereal products has been studied under test chamber
or simulated storage conditions (8, 18). The parameters exam­
ined include particle size, temperature, exposure time, and
chemical composition. The terms chemisorption and
physisorption have been used to describe the binding of
phosphine to cereal substrate (8). Chemisorption refers to an
irreversible, nonrecoverable, and substrate-specific sorption
that increases with temperature and may involve the formation
of covalent bonds between phosphine and substrate. An in­
crease in temperature has been demonstrated to be a significant
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Figure 2. Ion chromatograms representing (A) extract from 100 g wheat blank; (8) extract from 100 g

laboratory-fumigated wheat, 0.629 ppm P (0.690 ppm PH3); and (C) phosphate standard, 1.000 ~g P/mL. Conductivity
range, 3 ~S.
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Figure 3. Ion chromatograms representing (A) extract from 100 g barley blank; (8) extract from 100 g

laboratory-fumigated barley, 0.609 ppm P (0.668 ppm PH3); and (C) phosphate standard, 1.000 ~g P/mL. Conductivity

range, 3 ~S.
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Figure 4. Ion chromatograms representing (A) extract from 100 g corn blank; (B) extract from 100 g

laboratory-fumigated corn, 1.605 ppm P (1.761 ppm PHa); and (C) phosphate standard, 4.000 I1g P/mL. Conductivity
range, 10115.
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Figure 5. Ion chromatograms representing (A) extract from 100 g rye blank; (B) extract from 100 g

laboratory-fumigated rye, 0.355 ppm P (0.389 ppm PHa); and (C) phosphate standard 1.000 I1g P/mL. Conductivity

range, 3 115.
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Table 5. Precision data for whole grains with fortified and laboratory-fumigated phosphine PH3 residues

Residue type Product Mean PH3 fortification or fumigation ievel, ppm RSD,%

Fortified Wheat 0.679 (n= 5) 4.66

White rice 0.791 (n= 5) 3.08

Fumigated Corn 1.309 (n= 5) 4.45

White rice 0.819 (n= 4) 1.78

factor for phosphine uptake (8). Conversion to other phospho­
rus-containing compounds has been demonstrated to explain
the loss of phosphine after exposure. Experiments using wheat,
flour, and whole insects (Tribolium cOllfuswll Duv.) exposed to
radio-labeled phosphine derived from aluminum phosphide
cJ2p) have shown the presence of water-soluble phosphorus
residues (phosphite, hypophosphite, and phosphate) isolated by
paper chromatography (27). Physisorption is a temporary phe­
nomenon that is non-substrate-specific and can be reversed by
increased temperature, solvent treatment, or prolonged aera­
tion. Both processes may be involved and related to the losses
observed in this study.

Recovery versus Product Composition

Previous studies have shown that cereal products with high
moisture, protein, and mineral contents take up higher levels of
phosphine, presumably through chemisorption. Our study
shows that chemical composition and the physical nature of the
product are the main factors that affect recovery of phosphine
generated from Phostoxin under acid reflux conditions. Table 2
provides comparative data for product composition and recov­
eries of phosphine from each product. Recoveries observed are
due to matrix interaction and do not appear to be strongly influ­
enced by anyone component of composition. Moreover, cer­
tain composition factors may be interrelated. The possibility
that the parent species, aluminum phosphide, may be interact­
ing with the substrate cannot be excluded.

Most cereal grains have protein levels between 10 and 12%.
Mean recoveries from cereal grains were generally low and less
than 50%. An exception was white rice, which had the lowest
protein content of 8.4% but gave the highest mean recovery,
59.4% (range, 56.4-67.3%). In a separate study, we observed
15% loss of phosphine fortified at the 0.15 ppm level in the
presence of 0.76 g solubilized protein (gelatin). This suggests a
phosphine-protein interaction under acid reflux conditions.
The oil and fat contents of 4 of the 6 grains were less than 2%.
Mean recoveries for these 4 grains were between 24 and 35%,
except rice for which mean recovery was 59.4%. Both com and
oats with oil and fat levels of 4.5 and 4.9%, respectively,
showed slightly higher recoveries of 35--45%. The carbohy­
drate contents of the grain products ranged from 58.2 to 69.5%.
Mineral content has been suspected as the cause of low
phosphine recovery under test chamber and storage conditions
for certain cereal substrates (8). The mineral and fiber contents
of the products in the current study may playa minor role in
recovery. However, white rice, which had the highest mineral
and fiber contents, also gave the highest recovery.

The legume (soybeans) included in the study was clearly
an exception, giving results that are in contrast with those
from cereal grains. Soybeans gave the highest mean recov­
ery and range for phosphine. The chemical composition of
soybean is different from those of cereal grains, being high
in protein (34.1 %) and oil and fat (17.7%), but low in carbo­
hydrate (33.5%).

The physical nature of the bran or seed coat of a product also
can affect phosphine recovery under acid reflux conditions.
Highest mean recoveries and ranges were obtained for rice,
com, and soybeans. The smooth surface of these products may
be more impervious to phosphine, thereby minimizing chemi­
sorption. High recoveries from these products could be related
to reduction in surface reaction sites.

Phosphine Recovery: Products with
Laboratory-Fumigated PH3 Residues

Samples representing each of the products were exposed to
phosphine under controlled laboratory conditions to determine
whether recoveries of phosphine introduced by fortification
with Phostoxin are affected by the presence of fumigated
phosphine residues on the various cereal grains and whether
chemisorption is diminished. These laboratory-fumigated
products were also used to evaluate method precision. Expo­
sure times varied from I to 2 weeks. After exposure, the por­
tions were stored at -lOoC prior to analysis. The longer time
required to achieve lower phosphine levels may be due to faster
chemical sorption (non-recoverable PH3) occurring initially
with less physical uptake, in addition to other factors such as
high moisture environment and dissipation of available PH.1
from the "closed system." Products were assayed "as is" and
after fortification with diluted Phostoxin.

The data in Table 3 includes levels of laboratory-fumigated
phosphine found after exposure and recoveries at various forti­
fication levels. Equivalent quantities of diluted Phostoxin ma­
terial added to the product were also carried through the proce­
dure to determine recovery. Phosphine levels ranged from
0.00 18 ppm for one wheat sample to 1.691 ppm for com sam­
ples. Recoveries were lowest for barley (18.1 %) and highest for
com (91.5%). Low recoveries were obtained for wheat, barley,
oats, and rye and were similar to those obtained with
phosphine-free products. By contrast, com, rice, and soybeans
yielded the highest recoveries with phosphine-free products
and even higher values when residual phosphine is present. For
example, recoveries for com were 38.4-51.9% for phosphine­
free products and 80.2-91.5% for similar samples with labora­
tory-fumigated residues. For these 3 products, irreversible
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Ion Chromatograms

Optimization of Conditions

Table 6. Determination of phosphine in miscellaneous
food products

chemisorption appears to be reduced by previous exposure to
phosphine. Higher recoveries observed in both situations may
be due partly to the more impervious nature of the product sur­
face. The data in Table 4 represent levels of incurred phosphine
but with fortification quantities based on diluted Phostoxin at a
concentration equivalent to 0.2132% phosphine. Recoveries
calculated by either technique (Tables 3and 4) were similar and
within ± 1-3%. Only one wheat sample and soybeans differed
by approximately 6%.

Use of subambient condenser temperature and use of water
as reaction medium were examined as a means of reducing or
eliminating a sulfate response in the ion chromatograms. This
peak was derived from S02 generation and carryover using
aqueous sulfuric acid. When using 10% H2S04, no difference
in sulfate response was observed by lowering the condenser
temperature. Although sulfate response was absent with water
as the medium, a wheat sample fortified at 0.218 ppm PH) gave
a recovery of7.84% versus 36.7% with 10% H2S04, Highest
recoveries of phosphine were obtained with reaction flask at
ambient temperature for 30 min followed by an increase to
95°C for 2 h in a 10% H2S04 medium with a nitrogen sweep
rate of95-100 mUmin.

Fortification involved addition of diluted Phostoxin powder
directly to reaction flask containing 100 g product prior to
acidification with 200 mL 10% H2S04, A brief comparative
study was conducted regarding the Phostoxin addition se­
quence during a later stage of this work. For example, when
Phostoxin (2.24 ppm PH)) was added to wheat in the above
manner, recovery was 35.7% (0.80 ppm PH)). When Phostoxin
at this same level was added to the flask first, followed by the
product and aqueous sulfuric acid, recovery was 47.8%
(1.07 ppm PH)). On the basis of these results, it may have been
preferable to fortify the product by the lalter approach.

Use of gelatin capsules to contain the diluted Phostoxin to
fortify 100 g wheat resulted in 37.7% reduction in recovery.
This additional Joss may have been due to phosphine reacting
with the capsule's protein material. Use of a second bromine
water trap increased recoveries by approximately 10%. The ad­
dition of a trap preceding the bromine water traps and contain­
ing either 3% H20 2or 1M NaOH did not reduce response for
sulfate ion. Use of silicone lubricant as a joint sealant for the
generation apparatus produced a doublet in the phosphate re­
sponse. Therefore, water was used for this purpose. Use of
water also facilitated cleaning ofglass components between de­
terminations.

During the initial phase of this work, sample extracts were
diluted with deionized H20 prior to Ie. The pH of these diluted
extracts varied: rice, pH 2.3; rye, pH 1.8; barley, pH 2.0; wheat,
pH 2.1; and, soybean, pH 2.0. In the absence of product matrix,
the pH of the diluted extract was 3.0. The required nitrogen
sweep rate of 95-1 00 mUmin increased the quantity of prod­
uct-related volatile acids carried over, thus lowering extract pH.
Extracts with pH values ranging from 2.5 to 2.0 reduced the
phosphate anion response from 9 to 44%, respectively. The
water diluent was briefly replaced with the eluent (1.5 mM
Na2COrl.7 mM NaHCO)). This medium provided a sample
extract pH of about 3, which minimized suppression of the
phosphate response. However, when eluent-diluted extract was
passed through a Ag+ cartridge to remove excess bromide, a
precipitation reaction occurred that impaired flow. This block­
age may have been due to formation of insoluble silver salts
(i.e., silver carbonate). It was therefore necessary to revert to
water as the diluent and to adjust the pH of the extract to 3.0
with O.5M NH40H prior to bromide removal and Ie. Without
use ofa Ag+ cartridge, all anions in the diluted extract chroma­
togram are masked by the presence of bromide. The Ag+ car-

4.06

0.68

NDb

0.018

0.18

ND
ND
ND
ND

Phosphine found, ppm'Product

Instant noodles A

Instant noodles B
Instant oatmeal

Oatmeal A

Oatmeal B
Cassava root

Taro root
Basmati rice

Tea

Product No.

• Single determinations.
b ND = not detected.

1

2

3
4

5
6

7

8

9

Various parameters were optimized during method develop­
ment, notably those related to the acid reflux step used to liber­
ate phosphine. The basic approach has been described pre­
viously (14). Accurately weighed portions of diluted Phostoxin
(25-100 mg) and/or Phostoxin-fortified wheat were used for
these comparative studies. The variables and conditions exam­
ined were (I) water condenser temperature, 10°_25°C; (2) re­
flux media, water versus 5-10% H2S04; (3) reaction flask tem­
perature, 25°-95°C; (4) reaction flask heating time, I, 2, and
4 h; (5) reaction flask agitation, N2 sweep versus magnetic
stirring; (6) nitrogen sweep rate, 25-100 mUmin; (7) fortifi­
cation media, free powder versus encapsulation; (8) number of
bromine traps; (9) glass joint sealant, water versus silicone lubri­
cant; (/0) media and pH ofextract (prior to 1C), water versus elu­
ent, pH 2-5; and (1/) injection volume of extract, 25-100 ilL.

Figures 2 through 5 are typical sets of ion chromatograms
of product extract blank, product extract with laboratory-fumi­
gated phosphine residue, and phosphate reference standard.
Levels of laboratory-fumigated phosphine ranged from
0.389 ppm for rye to 1.761 ppm for com. Retention times for
phosphate anion varied from 3.5 to 3.8 min over a 2-month
period for these samples. The phosphate anion peak was well
resolved from early eluting anions and the later eluting sulfate
anion. Sharp responses observed between 1.5 and 2.5 min are
due to residual bromide and reagent impurities or oxidation by­
products, including chloride and nitrate.
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tridges can be used repeatedly (4--6 times), provided they are
flushed with three 5 mL volumes of deionized water between
samples. When the cartridge resisted solvent flow because of
partial obstruction, it was replaced.

Injection volumes of 25, 50, and 100 l!L were compared
with respect to linearity over a 30-fold range in concentration
(0.1-3.0 l!g P/mL, 5 points) and repeatability of peak response
(peak width at 5% peak height) for the 5 phosphate standards.
Correlation coefficient (r) values were 0.9999 for each volume,
and relative standard deviation (RSD) values were 9.74, 2.96,
and 10.43% for the 3 injection volumes, respectively. An injec­
tion volume of 50 l!l was determined to be the most suitable.

Method Performance

Precision of the proposed procedure was assessed by repli­
cate analysis of products fortified with diluted Phostoxin and of
products with laboratory-fumigated phosphine residues (Ta­
ble 5). Five 100 g portions of wheat and white rice were each
fortified with identical weights of diluted Phostoxin. Mean lev­
els of phosphine found were 0.679 ppm PH) (RSD =4.66%)
and 0.791 ppm PH) (RSD =3.08%), respectively. Five 100 g
portions ofcom and four 100 g portions of white rice contained
in fluted filter paper and placed in 250 mL beakers were ex­
posed to phosphine under laboratory-controlled conditions.
Mean levels of phosphine were 1.309 ppm PH3 (RSD =4.45%)
for com and 0.819 ppm PH) (RSD = 1.78%) for white rice.
Analysis of replicate portions (n =5) of wheat and rye exposed
to phosphinecontained in 250 mL beakers (without fluted filter
paper) gave considerably higher RSD values (15-21 %) due in
part to the nonuniform exposure and the physical nature of
these grains.

Replicate determinations (n =9) of the diluted Phostoxin
material (0.2132% PH)) were performed over 3 months with
sample portions varying from 25.1 to 110.1 mg. RSD for these
analyses was 4.90%, indicating that there was no significant
physical loss of phosphine during acid reflux and that this ref­
erence material was stable when stored at ambient temperature
in a desiccator.

Estimated LOQ values (SIN, 10: I) for phosphine in 100 g
product were 27.5 ppb for chemically suppressed conductivity
IC system and 55 ppb for non-chemically suppressed system.
Estimated LOD values (SIN, 4:1) were 10 ppb PH) forchemi­
cally suppressed IC system and 20 ppb PH) for non-chemically
suppressed system. Both IC systems performed equally well
and both were suitable for detection and quantitation of low
levels of phosphate ion derived from phosphine. The chemi­
cally suppressed IC system provided slightly better chroma­
tographic peak shape and resolution from extraneous responses
and exhibited an overall sensitivity advantage of 2.

Phosphate standard response over the concentration range
0.3-8.0 l!g P/mL (5 points) was linear, with r values varying
from 0.9985 to 1.0000 (n =7; mean, 0.9990). Response of
phosphate ion derived from diluted Phostoxin carned through
the procedure as a routine performance check displayed ade­
quate linearity (r =0.9982) over the concentration range 1.0­
8.0 l!g P/mL (3 points).

Applications

Arecently analyzed sample of bulk wheat was found to con­
tain 0.053 ppm PH). In addition to being used to monitor stored
grain products and soybeans, the proposed procedure has been
applied to other samples (Table 6). Instant noodles (products I
and 2), analyzed by initially using a semiquantitative procedure
based on acid hydrolysis and a Drager indicator tube, were
shown to contain 8 and 1.1 ppm PH), respectively (30). The
time interval between analysis by this procedure and analysis
by IC was approximately 3 months. Hence, loss of residue may
have occurred during the interval. The presence of these resi­
dues could be due to inadequate aeration of the wheat ingredi­
ent. Products 3 and 6-9 had been stored in a warehouse near
other products previously fumigated with phosphine. The
2 oatmeal samples (products 4 and 5) had been exposed to
phosphine from a perforated pint jar containing Phostoxin ma­
terial determined to have a concentration equivalent to 2.94%
PH3. The 4 finished food products with phosphine residues (Ta­
ble 6) constitute violations of FAOIWHO and EPA tolerances
of 0.01 ppm. By contrast, previous studies have shown that
many consumer food products, if adequately packaged and aer­
ated following exposure to phosphine under controlled condi­
tions, have no measurable residue levels «0.003 ppm; 31). Be­
cause of the increased worldwide use of phosphine as a
fumigant for staple commodities, it is imperative that more at­
tention be directed toward detection of phosphine and
phosphide residues in these products and their potentially
harmful affects to consumers. The IC method presented here
would significantly aid in this task.

Acknowledgments

We thank Donald G. Shaheen, Degesch America, Inc., and
Charles H. Carlin, Carleton College, for their helpful discus­
sions; Karen Krawchuk for her patience in preparing the manu­
script; and Jan Johnson for technical assistance.

References

(I) Lindgren, D.L., & Vincent, L.E. (1966) 1. Stored Prod. Res.
2, 141-146

(2) Gehring, PJ., Nolan, RJ., Watanabe, PG., & Shumann, A.M.
(1991) in Handbook oJPesticide Toxicology, WJ. Hayes & E.R.
Laws (Eds), Academic Press, New York, NY, pp 657--{j61

(3) White, WE., & Bushey, A.H. (1944)J. Amer. Chem. Soc. 66,
1666-1672

(4) Gessner, O. (1937) Salllmi. Vergiflllllgsflillen 8, Abc B, 13­
18; Chem. Abst. (1938) 32, 9305

(5) Schwarz, L. (1940)Z Hyg. Zool. SchtidlillgsbekiimpJ32, 81­
86; Chelll. Absl. (\942) 36. 5905e

(6) Heyndrickx, A., Van Peteghem, c., Van den Heede, M., &
Lauwaert, R. (1976) Eur. J. Toxico!. 9,113-118

(7) Hayes, W,J., Jr, & Vaughn, W.K. (1977) Toxieol. Appl. Phar­
macol. 42, 235-252

(8) Berek, B. (1968) 1. Agrie. Food Chem. 16,419-425



CARLSON & THOMPSON: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998 1201

(9) Codex Maximum Limits for Pesticide Residues (1986) 2nd
Ed., Vol. XIII, Codex Alimentarius Commission
(FAOIWHO), Rome, Italy

(10) Code of Federal Regulations (1997) Title 40, Parts 180.225,
185.200,186.200, U.S. Government Printing Office, Wash­
ington, DC

(II) Tornow, E. (1942) Z. ges. Getreidew. 29,28-31; Chem Abstr.
37,5790

(12) MUller, W (1943) Arch. Hyg. Bokt. 129,286-292
(13) Nelson, J.P., & Milun, AJ. (1957) Anal. Chem. 29,

1665-1666
(14) Bruce, R.B., Robbins, A.1., & Tuft, TO. (1962) J. Agric.

FoodChem. 10, 18-21

(15) Pesticide Analytical Manual, Vol. II, Pest. Reg. Sec 180.225,
Transmittal No. 82-3 (1In3) Method A, U.S. Food and Drug
Administration, Washington, DC, pp l-{j

(16) Kroller, E. (1968) Dtsch. Lebenslll. -Rllndsch. 64, 6-9

(17) Rangaswamy, J.R. (1984) 1. Assoc. Off. Anal. Chem. 67,
117-122

(18) Berck,B. (1968)J. Agric. FoodChem.16,415-418

(19) Dumas, T. (1978) J. Assoc. Off. Anal. Chem. 61, 5-7
(20) Nowicki, T W (1978) J. Assoc. Off. Anal. Chem. 61, 829-836

(21) Saeed, T, & Abu-Tabanja, R. (1985) J. Assoc. Off. Anal.
Chem. 68, 61-{i4

(22) Scudamore, K.A., & Goodship, G. (1986) Pestie. Sci. 37,
389-395

(23) Hague, J.L., & Bright, H.A. (1941) J. Res. Natl. Bllr. Stand.
26,405-413

(24) Heckenberg, A.L., Alden, PG., Wildman, B.1., Krol, J., Ro­
mano, J.P., Jackson, P.E., Jandik, P., & Jones. WR. (1989)
Waters Innovative Methodsfor Ion Analysis, WaterslMil­
lipore, Milford, MA, Sec. 2, Method A-I03, pp 9-12

(25) Woods, J.T, & Mellon, M.G. (1941) Ind. Eng. Chem. Anal.
Ed. 13,760-764

(26) Robison, WH., & Hilton, H.W (1971) 1. Agric. Food Chem.
19,875-878

(27) Robinson, J.R., & Bond, E.1. (1970) 1. Stored Prod. Res. 6,
133-146

(28) Kent-Jones, D.W, & Amos, A.1. (1967) Modem Cereal
Chemistry, 6th Ed., Food Trade Press Ltd., London, United
Kingdom

(29) Composition ofFoods, Agriculture Handbook No.8 (1975)
B.K. Watt & A.C. Merrill (Eds), U.S. Department of Agricul­
ture, Washington, DC

(30) Stijve, T., & Diserens, H., Nestec Ltd., Nestle Research Cen­
ter, 1000 Lausanne, Switzerland, Letter R&D/QSlTSIHDS of
December 19, 1995

(31) Dieterich, WH., Mayer, G., Hild, K., Sullivan, J.B., & Mur­
phy, J. (1967) in Residue Reviews, FA Gunther (Ed.),
Springer-Verlag, New York, NY, Vol. 19, pp 135-139, data
derived from unpublished method



1202 JULSHAMN ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 8I, No.6, 1998

RESIDUES AND TRACE ELEMENTS

Determination of Magnesium and Calcium in Foods by Atomic
Absorption Spectrometry after Microwave Digestion: NMKL

t

Collaborative Study

KAARE JULSHAMN and AMUND MAAGE

Institute of Nutrition, Directorate of Fisheries, PO Box 185, N-5D02 Bergen, Norway
HARRIET C. WALLIN

VTI Biotechnology and Food Research, Livsmedelsverket, Ekogatan 3, PO Box 5, FIN-D053I Helsingfors, Finland

Collaborators: S. Lierhagen; J. Nielsen; E. Asb,;; J. Engman; H. Berg; M.-L. Johansson; H. Liukkonen-Lilja; A. Hirvonen;
A. H,;jgaard; I. Meyland; E. Niemi

On the basis of results of the performed collabora­
tive study, the 49th Annual General Meeting of the
Nordic Committee on Food Analysis (NMKL) in The
Faroe Islands, August 1995, approved this method
to be printed and included in NMKL's collection of
methods of analysis of foods. Eleven laboratories
participated in an interlaboratory methods-perform­
ance (collaborative) stUdy of a method for determin­
ing magnesium and calcium in foodstuffs by
atomic absorption spectrometry (AAS) after wet mi­
crowave digestion. The study was preceded by a
practice round of familiarization samples. The
method was tested on 7 materials: 5 foods (apple,
milk powder, minced fish, wheat bran, and choco­
late cake) and 2 composite diets ranging in Mg con­
tent from 240 to 3900 mglkg and in Ca content from
290 to 9300 mglkg. The materials were presented to
study participants as blind duplicates, and partici­
pants were asked to perform single determinations
on each sample. Repeatability relative standard de­
viations (RSDr) ranged from 1.9 to 4.9% for Mg and
from 2.2 to 8.1% for Ca. Reproducibility relative
standard deviations (RSDR) ranged from 4.0 to 13%
for Mg and from 5.9 to 23% for Ca. For Ca, lowest
RSDR values were found for samples with high con­
centrations of Ca (>3800 mglkg sample) and with ni­
trate ion residues of <1.3% (wlv).

M
agnesium and calcium are essential nutrients in­
volved in bone and tissue formation. Analytical food
laboratories need validated methods of analysis for

determining these elements in foods in general. Validated meth-

Received December 29. 1997. Accepted by JS June 20,1998.
I Nordic Committee on Food Analysis. Secrelarial General. cia

ational Veterinary Institute, Depanmenl of Food and Feed Hygiene. PO
Box 8156, Dep. N-0033 Oslo, Norway.

ods for determining Mg and Ca may be found in the Official
Methods of Analysis of AOAC INTERNATIONAL (I), but
none seem to have been validated for a wide range of matrixes.
For example, among the more modem methods using atomic ab­
sorption spectrometry, validated methods are available for drugs,
cheese, and infant formulae but none for foods in general.

Flame atomic absorption spectrometry (FAAS) is still a
much used analytical technique for determining elements in
biological samples. Determinations are performed in sample
solutions after digestion of the food material in acids. Micro­
wave oven, wet digestion offers an alternative to traditional
closed- and open-tube sample dissolution technique. Since the
first description of the use of microwave radiation as an energy
source in acid digestion (2), the technique has attracted consid­
erable attention, and several successful methods have been de­
scribed (3). However. digestion conditions must be established
by taking into account individual analytical problems, that is,
sample type, elements to be determined, and microwave sys­
tem used.

The present method has been in use for several years at the
Institute of Nutrition (Bergen, Norway). The method was se­
lected by the Nordic Committee on Food Analysis (NMKL) to
be evaluated in a collaborative study (repeatability and repro­
ducibility) using judiciously chosen foodstuffs.

Prior to the collaborative study, the method was tested and
optimized with respect to factors that could affect the trueness
and reproducibility of the method, such as fat or carbohydrate
content of sample to be digested, digestion programs for micro­
wave ovens, concentration of lanthanum in the sample solution,
ratio of acetylene and air in the flame, and concentration of
nitric acid in the sample solutions to be mea~ured by FAA.

Collaborative StUdy

Adescription of the method and an invitation to participate
in the study were sent to 13 laboratories in Denmark, Finland,
Norway, and Sweden. Eleven laboratories accepted and agreed
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to follow the method procedure and the time schedule of the
study. The design, conduct, and interpretation of the study fol­
lowed guidelines recommended by AOAC (4) and NMKL(5).
Participating laboratories were from 4 countries and represent
the food industry, commercial laboratories, universities. and
government laboratories.

Study Materials

Each participant received 7 test materials: wheat bran, milk
powder, and minced fish (materials obtained from the National
Food Agency, Copenhagen, Denmark), 2composite diet mate­
rials (diet D and diet F; obtained from the Swedish National
Food Administration, Uppsala, Sweden), dried apple, and
chocolate cake (produced at the Institute of Nutrition, Bergen,
Norway). The composite diets were mixtures of different pro- .
portions of a number of foodstuffs, for example, meat, liver,
potatoes, milk, and flour. These 2 diets were originally pro­
duced as reference materials for determination of metals for use
in an interlaboratory study of a method for determination of
lead, cadmium, zinc, copper, iron, chromium, and nickel (6).
The expected values of Mg and Ca in the materials used in the
study were obtained by analyzing 10 replicates per material
(Table I).

The homogeneity of the test materials was investigated by
estimating within-container and between-container variations
of the 7 study materials. The homogeneity test was performed
by taking 5 subsamples, of 5 g, from each food sample. Two
replicates of 0.25 g (according to the method) from each sub­
sample were digested. In total, 10 replicates of each food sam­
ple were analyzed for Mg and Ca. Results were analyzed by
2-way analysis of variance (ANOYA) at the 5% level. Yalues
of p < 0.05 were obtained for all test materials, indicating that
test samples were homogeneous.

Protocol

Before the full collaborative study, participants were given
the opportunity to become familiar with the method in a pretrial
test. Test materials included 2 certified reference materials:
wheat flour and oyster tissue, both purchased from the U.S.
National Institute of Standards and Technology (Gaithersburg,
MD). The oyster tissue material contained certified concentra­
tions of Mg and Ca in the range 1000--2000 mg/kg. The wheat
flour material contained between 100 and 500 mg/kg of the
2 elements. Nine laboratories reported results for the certified
reference materials. All results for Mg concentration were ac­
ceptable and fell within the certified range. For Ca, only the
results for the oyster tissue material having a high Ca concen­
tration were acceptable. Several laboratories reported very low
Ca results for the wheat flour material with a lower Ca concen­
tration. The reason for these low results was most probably due
to interference from nitrate ions in less diluted sample solu­
tions. This fact was taken into account when elaborating the
final text for the full collaborative study.

The 7 test materials of the collaborative study were all dry
and packed in small plastic containers. They were presented to
participants as blind duplicates, that is, as 14 randomly coded
materials, but the fact that blind duplicates were included in the

Table 1. Types of materials included in the study and
their expected magnesium and calcium concentrations
(average of 10 independent decompsitions per sample)

Expected values, mglkg (dry weight)

Material Mg Ca

Wheat bran 3900 ± 156 900 ± 30

Simulated diet (D) 636 ± 12 520 ± 10

Simulated diet (F) 600±6 290 ± 15

Milk powder. freeze dried 820± 11 9300 ± 200

Minced fish, freeze dried 739 ± 13 4000 ± 200

Apple, dried 240±7 300± 25

Chocolate cake, dried 270± 5 850 ±40

set of materials was not disclosed to the participants. Partici­
pants were asked to perform single determinations of the Mg and
Ca concentrations of the materials according to the method de­
scribed below and to report results in mg/kg on adry weight basis.
Participants were also asked to give information on the microwave
oven used and the temperature program used, as well as to report
the absorbance values obtained for the working standard solutions.
All test samples were dried and had a moisture of 2 to 10%. The
participants were asked to perform dry matter determinations on
the test materials and report their values on dry weight basis.

METHOD

Field of Application

The method is applicable to quantitative determination of
Mg and Ca in various types of foodstuffs, with the exception of
oils, fats, and extremely fatty products. The method has been
tested primarily on dry products but may, under certain condi­
tions, be used for fresh samples. High residual concentrations
of nitric acid in solutions to be measured by AAS using a flame
of air and acetylene interfere with the determination of Ca.

Principle

Concentrated nitric acid and hydrogen peroxide are added
to the weighed sample. The sample is digested in a microwave
oven. Any commercially available microwave oven for labora­
tory use may be used. Lanthanum(IlI) oxide is added to stand­
ards and sample solutions to prevent interference from phos­
phate ions. The concentrations of Mg and Ca are determined by
FAAS. The concentrations of the elements are calculated from
standard curves.

Chemicals and Reagents

(a) Concentrated nitric acid (HN03).-65% Suprapur.
(b) Nitric acid, 0.65% (w/v).-Dilute 10 mL concentrated

nitric acid (a) to 1000 mL with water.
(e) Hydrogen peroxide (H20 2).-30%, analytical quality.
(d) Deionized and possibly filtered water.-Specific resis­

tance, >18 Mntcm.
(e) Lanthanum(lJI) oxide (LaP3).-For MS.
(t) Lanthanum solution, 5% (w/v).-Weigh 14.66 g lantha­

num(lII) oxide (e) into 250 mL beaker, moisten with 10 mL
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water, and cautiously add 62.5 mL concentrated HCI (g).
Transfer to 250 mL volumetric flask and dilute to the mark with
water. The solution will keep for I month.

(g) Concentrated HCI.-37%, analytical quality.
(h) Magnesium standard.-lOOO mgIL in for example

2.5% (v/v) nitric acid (commercial standard solution).
(i) Magnesium standard solution, 10 mg/L.-Dilute I mL

Mg standard (h) to 100 mL in a volumetric flask with 0.65%
nitric acid (b). The solution will keep for I month.

(j) Calcium standard.-lOOO mgIL in for example 2.5%
(v/v) nitric acid (commercial standard solution).

(k) Calcium standard solution, 100 mg/L.-Dilute 10 mL
Ca standard (j) to 100 mL in a volumetric flask with 0.65%
nitric acid (b). The solution will keep for I month.

Apparatus, Equipment, and Gases

(a) Analytical balance.
(b) Microwave oven.-CEM microwave sample prepara­

tion system MDS-81D (maximum initial effect, 750 W) with
capping station, rotational table, and 120 mL digestion contain­
ers capable of withstanding a pressure of 830 kPa.

(e) Dispenser.
(d) Glassware.-25 , 50, 100, and 250 mL volumetric

flasks; 250 mL beakers; 10 and 100 mL measuring cylinders.
(e) Polyethylene tubes.-10 mL.

(f) Polyethylene tubes with screw caps.-15 and 50 mL.

(g) Automatic pipets with tips.
(h) Atomic absorption spectrometer.
(i) Computer calculation program.-AA WinLab, Instru­

ment Control Software (perkin-Elmer Corporation).
(j) Acetylene.-Welding quality.
(k) Air.

Procedure

(a) Preparation of test sample.-The procedure for deter­
mining dry matter content involves freeze-drying and thermal
drying at 105°C for 12 h until constant weight.

Weigh into the digestion container an amount ofhomogeneous
sample corresponding to 0.2--D.25 g dry material. Each digestion
series must contain 2 reagent blanks, that is, acids only without
sample materials. Ifpossible, include certified reference materials
containing Mg and Ca in amounts corresponding to those found
in samples to reveal systematic or random errors.

Note: The following 2 sections should be regarded as exam­
ples. Digestion programs and amounts of acids will vary with
different digestion systems.

(b) Digestion.-Add 4 mL concentrated nitric acid (a) to
each container. Seal the containers in the capping station. Place
the carousel with the digestion containers in the microwave
oven and start the program: SI, 250 W, 1.00 min; S2, 0 W,
1.00 min; S3, 250 W, 5.00 min; S4, 400 W, 5.00 min; and S5,
650 W, 5.00 min.

Open the cooled containers and add 0.5 mL H20 2 (e). Recap
the containers, return them to the oven and start the next pro­
gram: SI, 650 W, 1.00 min, and S2, 0 W, 20.00 min.

Note: In this example, H20 2 is added in a separate step, but
the peroxide may also be added together with the nitric acid
without affecting the accuracy of the determination.

Open the cooled containers and rinse down with water any
condensed water in the cap and on the walls. Quantitatively
transfer the sample solution to a 25 mL volumetric flask and
dilute to the mark with water. Then transfer the sample solution
to a polyethylene tube (f).

(e) Dilution.-Take out a suitable volume, add 5% La so­
lution (f), and dilute this volume with 0.65% (w/v) nitric acid
(b) so that the final concentration of Mg and/or Ca will be
within the linear range of measurement of the metals. In this
example, the following ranges are selected for the standard curves:
for Mg, 0.05--D.4 mgIL, and for Ca, 0.5-4.0 mgIL. The lowest
point may be lower ifrequired by the concentrations of the sample
solutions. Add 5% La solution (f) to a final concentration of La of
I%(e.g., 2 mL 5% La solution is diluted to 10 mL).

(d) Preparation of working standard solutions.-Prepare
working standard solutions for Mg of 0.05, 0.1, 0.2, and
0.4 mgIL from the Mg standard solution (i): Add 0.25, 0.5, 1.0,
and 2.0 mL to separate 50 mL volumetric flasks, add 10 mL 5%
La solution (f), and dilute to the mark with 0.65% (w/v) nitric
acid (b). Prepare fresh solutions daily.

Prepare working standard solutions for Ca of 0.5, 1.0, 2.0,
and 4.0 mgIL from the Ca standard solution (k): Add 0.25, 0.5,
1.0, and 2.0 mL to separate 50 mL volumetric flasks, add
10 mL 5% La solution (f), and dilute to the mark with 0.65%
(w/v) nitric acid (b). Prepare fresh solutions daily.

Note: Check that the residual concentration of nitric acid in
the sample solution has no effect on the determination of Ca.
Any interference can be eliminated in the following alternative
ways: (1) Prepare a standard curve containing the same residual
concentration of nitric acid as the sample solution, or (2) use
the standard addition method. Prepare a zero solution for the
standard curves by measuring 2 mL 5% La solution (f) into a
10 mL volumetric flask and dilute to the mark with 0.65%
(w/v) nitric acid (b).

(e) Determinatioll.-Connect the Mg and/or the Ca lamp
. and switch on the AAS instrument. Retrieve the stored program
for Mg and/or Ca and adjust to the correct wavelength and slit.
Allow the instrument to warm up for ca 30 min. Readjust the
position of the lamp and the wavelength by using setup to maxi­
mum energy. Light the flame and adjust the instrument to zero
against water. Measure the sample series (including the reagent
blank), the working standard solutions, and the zero solution.
Measure the standard and blanks first, last, and after every
15 sample solutions.

(f) Calculations.-Calculate standard curves for Mg and
Ca by simple linear regression (method of least squares) on the
basis of the data obtained from AAS measurements. Use the
standard curves to calculate the amounts of the elements in re­
agent blanks and sample solutions as follows:

(I)

where mbl =amount ofelement in the reagent blank solution Vo

(llg), Abl = absorbance of the reagent blank solution (milliab­
sorbance units), k =slope of the standard curve (llglmL per
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milliabsorbance units), and Vo= total volume of the reagent
blank solution (mL).

<> <>
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For detennination of Mg, the relative standard deviation for
repeatability (RSD,) of the method was estimated to be be­
tween 2.0 and 4.7%. The relative standard deviation for repro­
ducibility (RSDR) was estimated to be between 4.0 and i3%.
For determination ofCa, RSD, was estimated to be between 2.4
and 7.8%, and RSDR was estimated to be between 5.9 and 22%.

RSDR values were compared with those obtained from a
large number of interlaboratory method performance studies
involving a wide range of analytes, matrixes, and measurement
techniques. Horwitz et aI. (8) found that the RSDR value gen­
erally can be predicted from a general equation, the so-called
Horwitz equation:

RSD
R
=2(1- 0.5 log C)

where C is the concentration as a decimal fraction. According
to Horwitz, the ratio between observed RSDR values and the
RSDR values predicted by this equation, designated HORRAT,
can be regarded as an indication of the acceptability of a
method with respect to its precision. The HORRAT values of
this method are presented in the last columns of Tables 4 and 5.
According to Horwitz et aI. (8), a series of ratios close to or
consistently smaller than 1.0 indicates acceptable precision of
methods. Correspondingly, HORRAT values consistently near
or greater than 2 probably indicate an unacceptable method
with respect to precision. The same approach has been adopted
by IUPAC (9).

Table 4 shows that the present method has an acceptable
precision for Mg detennination. HORRAT values are below
2.0 for all test materials except wheat bran. This material had a
high concentration of Mg, 4 g/kg. The required large dilution
may have given rise to the poor agreement in results between
laboratories.

Table 5 shows that for Ca detennination, acceptable HOR­
RAT values were obtained only for materials with the highest
Ca concentrations: milk powder and minced fish. HORRAT
values were above 2.0 for other test materials. The most prob­
able reason for this is failure to correct for interference from the
concentration of nitric acid in less diluted sample solutions.

Collaborators' Comments

Laboratory I reported that the sample solutions were cali­
brated against both I% nitric acid and solutions having a nitric
acid concentration corresponding to that in the sample solu­
tions. The Ca concentrations of the sample solution were ana­
lyzed by both FAAS and rcp (inductively coupled plasma).
Results from FAAS and rcp agreed in the case of milk powder
and fish. In the case of other test materials, results from FAAS
and rcp agreed if the FAAS system was calibrated against a
standard curve constructed from standards containing the same
nitric acid level as the sample solutions.

Laboratory 5 indicated that results from the detennination
of Ca varied on a day-to-day basis.

Conclusions

The results of the collaborative study of this AAS method
for determining Mg and Ca indicate that the method is suitable
for detenninations of Mg in foods in the concentration range
250-1000 mg/kg dry matter and Ca in foods containing con­
centrations of Ca above about 4000 mg/kg dry matter. In the
case of Ca, method precision could be improved by correcting
for the suspected interference of nitrate ions when measure­
ments are made with less diluted sample solutions.
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RESIDUES AND TRACE ELEMENTS

Determination of 17~-Estradiol and Its Metabolites in Sewage
Emuent by Solid-Phase Extraction and Gas Chromatography/
Mass Spectrometry

HING-BIU LEE and THOMAS E. PEART

Environment Canada, National Water Research Institute, Aquatic Ecosystem Protection Branch, 867 Lakeshore Rd,
Burlington, Ontario L7R 4A6, Canada

The paper describes a simple and quantitative
method for monitoring non-conjugated 17~-estra­

diol (E2) and its metabolites estrone (E1) and estriol
(E3) as environmental contaminants in municipal
sewage effluents. Estrogens were preconcentrated
and cleaned up by solid-phase extraction using a
reversed-phase C18 cartridge. They were deriva­
tized with pentafluoropropionic acid anhydride,
and the products were analyZed by gas chromatog­
raphy/mass spectrometry. Recoveries from spiked
distilled water and sewage were better than 87% at
fortification levels of 100 and 20 ngIL. For a 1 L sew­
age sample and a concentration factor of 5000, de­
tection limits were 5 nglL for E1 and E2 and 10 ngIL
for E3. In a brief survey of Canadian wastewater,
these estrogens were detected in many raw sew­
age and effluent samples at concentrations rang­
ing from 6 to 109 ngIL for E1, from <5 to 15 nglL for
E2, and from <10 to 250 ngIL for E3.

M
any synthetic chemicals can mimic the function of the
naturally occurring estrogen, 17~-estradiol (Ez),
causing disruption of the endocrine system (I), These

chemicals have been hypothetically linked to increased inci­
dence of certain estrogen-dependent cancers in humans, falling
sperm counts in men, feminization of fish, and abnormal repro­
ductive organs of wildlife (2-4), Many of these endocrine dis­
ruptors are environmental contaminants, with examples includ­
ing organochlorine insecticides such as DDT as well as its me­
tabolites and derivatives, kepone, some hydroxylated poly­
chlorinated biphenyls, chlorinated dioxins, alkylphenols such
a~ bisphenol A, 4-nonylphenol, and 4-tert-octylphenol (5-7),
However, data developed from MCF-7 (a human breast cancer
cell) bioassay (8) or rainbow trout in vitro hepatocyte bioassay
(9, 10) indicate that these xenobiotic compounds are 4 to 6 or­
ders of magnitude weaker than Ez in relative estrogen potency.

Ez is the principal hormone that regulates cell proliferation
and is responsible for the development and maintenance of the

Received February 24. 1998, Accepted by JS June 12, 1998,

female reproductive system and sex characteristics. In humans,
Ez is metabolized to estrone (E I) and estriol (E3) in both conju­
gated and nonconjugated forms. These steroids are commonly
found in human excreta and in urine, serum, and amniotic fluid
of pregnant women (II). The synthetic estrogen 17a­
ethynylestradiol (EEz) is the major ingredient of many oral
contraceptives that have been used since 1960. Structures of
these steroids are shown in Figure I.

Naturally occurring estrogens enter the environment
through excretions of humans, domestic and farm animals, and
wildlife, Although the concentrations of these steroids in sew­
age and environmental samples are very low (at nanogram-per­
liter levels), it has been demonstrated that nonconjugated Ez
and EEz at concentrations as low as I ngIL can induce synthesis
of vitellogenin (VG) in male fish (12), VG is a protein precur­
sor of the egg yolk and is normally produced in large quantities
by mature female fish, The observation of elevated levels of
VG in male fish collected in rivers downstream ofsewage treat­
ment plants has led to the belief that estrogenic compounds are
present in sewage (13), Although conclusive evidence is still
unfolding, Ez and EEz are suspected to be major contributors of
estrogenic activities in sewage.

Very few analytical methods for determinating Ez in envi­
ronmental samples have been published, Previously, a radioim­

munoassay technique was developed for determining Ez and
testosterone in sewage (14). Identification of estrogenic com­
pounds in sewage effluent by gas chromatography/mass spec­
trometry (GCIMS) was also reported in a British study (15) that
involved solid-phase extraction (SPE) of a 20 Lsample, liquid
chromatographic fractionation, and ion trap GCIMS analysis of
underivatized EJ, Ez, and EEz. To date, no data regarding oc­
currence of estrogens in the Canadian aquatic environment are
available. In this work, we present a simple SPE and GeIMS

method for determining free Ez and its metabolites EI and E3 in
sewage effluent. The present study is a continuation of our cur­
rent research in new analytical methods for detecting other es­
trogenic compounds such as nonylphenol (16), nonylphenol
ethoxylates (17), and carboxylates (18) in sewage effluent and
sludge samples,
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HO HO

Estrone (EI) 17B-Estradiol (EJ

HO

-OH

HO

OH
,C=CH

Estriol (E))

Figure 1. Chemical structures of estrogens.

Experimental

Reagents and Chemicals

(a) Solvents.-Distilled-in-glass grade organic solvents
(Burdick & Jackson, Muskegon, WI) were used without further
purification.

(b) Estrogens and anhydride.-E I , ~, E3, E~, and pen­
tafluoropropionic acid anhydride (PFPA) were obtained from
Sigma-Aldrich-Supelco Canada Ltd. (Oakville, ON, Canada).
Stock solutions of each estrogen (I 000 ~g/mL) were prepared
in acetone. Mixtures of the estrogens (100, 10, and I ~g/mL)
for sample fortification and standard preparation were also pre­
pared in acetone. All stock solutions and mixtures were stored
in screw-capped centrifuge tubes at -20°C in the dark.

Extraction Apparatus

A home-made system consisting of a 12-port SPE vacuum
manifold (Supelco Visiprep DL 5-7044), a 20 L stainless steel
tank, and a vacuum pump was used. A 6 mL, reversed-phase
SPE cartridge containing I g CI8 sorbent (ENVI-18, Supelco,
5-5706) was used to extract a sewage sample.

Collection of Sewage Samples

Grab or 24 h composite influent, primary, and final effluent
samples from various municipal sewage treatment plants were
collected. Samples extracted within 48 h after collection were
kept at 4°C and no preservative was added. Other samples were
preserved with formaldehyde (I %, v/v) and kept at 4°C in the
dark until extraction.

17u-ethynylestradiol (EE,)

Caution: Because of the presence of bacteria, viruses, and
parasites that may pose a health hazard to workers, protective
clothing, gloves, mask, and safety goggles with full side shields
must be used when handling sewage samples as a safety pre­
caution. It is also recommended that workers have proper im­
munization against diphtheria, tetanus, polio, and hepatitis A.
For details, consult your local health authorities.

Extraction of Sewage Samples

Prior to extraction, each sewage sample (I L) was vacuum
. filtered through a 47 mm Whatman GF/C filter with a pore size
of 1.2 ~m installed in an all-glass funnel support assembly
(Kontes Ultra-Ware, Vineland, NJ; KT-953825-00(0). A filter
aid such as Celite 545 was used to minimize plugging of the
filter. For recovery experiments, a portion of the free estrogens
(e.g., 100 ~L of the Illg/mL mixture in acetone) was spiked to
I L distilled water or effluent. The sample was stirred for
15 min prior to SPE.

In preparation for extraction, each C18 tube was conditioned
with 5 mL acetone, 5 mL methanol, and 10 mL water on an
SPE manifold per manufacturer's instruction. The filtered sam­
ple was then applied to the extraction tube via a siphon tube and
an adaptor (Supelco, 5-7275). An average flow rate of ca
10 mUmin was maintained by adjusting the vacuum to ca
-15 in. Hg. As a safety precaution, the vacuum should not ex­
ceed -20 in. Hg. When extraction was complete, the tube was
dried under vacuum for 5 min. A 5 mL portion of acetone­
water (I + 4, v/v), in 2 equal fractions, was used to rinse the
tube, and the washes were discarded. Estrogens were removed
from the CI8 tube by eluting with 10 mL acetone. Because the
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Figure 2. Total ion current chromatogram and mass spectra of PFP derivatives of E2, E3, E1, and EE2. Concentration,

10 nglllL for each component.

acetone extract contained a small amount of water, it was gently
evaporated to ca 100 ilL with nitrogen on a water bath at 40°C.
Estrogens were then back-extracted into four I mL portions of
ethyl acetate, and the extract was dried by passing through a
disposable pipet filled with 5 cm anhydrous sodium sulfate. All
sewage samples (extracted and unextracted) were discarded
down the toilet.

Derivatization of Estrogens

After the ethyl acetate extract was evaporated to 100 ilL in
a centrifuge tube, the sample was reacted with 50 ilL PFPA at
ambient temperature (22°C) for 20 min. At the end of reaction,

2 mL petroleum ether (boiling point, 30°-{j()°C) and 3 mL 1%
K2C03 were added and the products were partitioned into the
organic layer by agitation on a Vortex mixer for I min. After
phase separation (centrifugation was required for most sewage
samples to break the emulsion), the upper layer was removed
and passed through a disposable pipet filled with anhydrous
sodium sulfate. The extraction was repeated twice, and the
combined petroleum ether fraction was evaporated just to dry­

ness. The residue was redissolved in 200 ilL isooctane for
GClMS analysis. For a calibration standard, a mixture of these
estrogens (e.g., 50 ng each) was derivatized and worked up as
described above.
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Table 1. Mass number and relative abundance of
molecular and major ions of PFP derivatives of
estrogens

M+, mlz (relative Major ions, mlz (relative
PFP derivative abundance, %) abundance, %)

E1 416 (100) 372 (82), 359 (52), 306 (37),
119 (56)

E2 564 (57) 401 (3t), 359 (43), 306 (41),
119 (100)

E3 726 (5) 563 (7), 399 (22), 359 (9),119
(100)

EE2 442 (9) 359 (100), 306 (57), 279 (18),
119 (24)

Analysis of Estrogen Derivatives by GCIMS

AHewlett-Packard 5890 Series Il GC equipped with a 5972
mass-selective detector and a 30 m x 0.25 mm id x 0.25 ~m

film thickness HP-5-MS column was used for quantitation of
estrogens. GC conditions were as follows: injection port,
250°C; interface, 280°C; initial oven temperature, 70°C with a
I min hold; programming rates, 30°C/min (from 70° to
180°C); and 5°C/min (from 180° to 290°C). Carrier gas (he­
lium) linear velocity was held constant at 36.9 cm/s. Splitless
injections (l ~L) were made by a HP7673 autosampler with a
splitless time of I min. The electron energy and electron multi­
plier voltage were 70 eV and 400 V above autotune value, re­
spectively. The detector was tuned each day by using perfluoro­
tributylamine (PFfBA) and the standard spectra autotune
program. Full-scan mass spectral data were collected from
mlz 50 to 600. For quantitation ofestrogens in a sample extract,
selected ion monitoring (SIM) was used. Response factors for
the estrogens were generated by injecting mixtures of their pen­
tafluoropropionyl (pFP) derivatives at 2 levels (1000 and
200 pg/~L). The following quantitation and confirmation ions,
respectively, were used in SIM work: mlz 372 and 416 (E I),

mlz 564 and 40 I !E2), mlz 563 and 399 (E3), and mlz 359 and
306 (E~). Using the external standard method, we calculated
the concentration of each estrogen in a sample by multiplying
its area (for the quantitation ion) by the average response factor
generated from the above 2 standards and dividing by an appro­
priate concentration factor (i.e., 5000 in this case).

Results and Discussion

Extraction of Estrogens from Sewage

Estrogens and other steroidal hormones in plasma and urine
of a small sample size (i.e., a few milliliters) have been ex­
tracted successfully by solvents such as ethyl acetate (19), as
well as a mixture of diethyl ether and dichloromethane (20).
Extraction of estrogens and estrogen conjugates in late-preg­
nancy fluids has been reported by using a graphitized carbon
black cartridge (II). Our extraction procedure was based on a
previously published SPE method for estrogen and testosterone
in sewage, using a CI8 column (14). For convenience and con­
sistency with our previous SPE procedures, suspended particu-

lates in the sewage sample were removed by vacuum filtration
through a layer of Celite and a glass fiber filter of 1.2 Jlm pore
size. However, this process should be performed only immedi­
ately before the preconcentration step. Otherwise, reduction in
flow rates or even plugging of the adsorption media may still
occur if the filtered sample is stored for an extended period.

Prior to elution of estrogens, the CI8 cartridge was washed
with 5 mLacetone-water (I +4, v/v) and the washing was dis­
carded. This cleanup step was very useful because it removed
coextractives that were much more polar than the estrogens. Its
effectiveness was best illustrated in the extraction of some sew­
age samples with known inputs from the textile industry: After
the dark-colored dyes were removed by this cleanup step, the
fraction containing the estrogens was nearly colorless.

In our experience, a small amount of water (100 to
200 JlL) always remains on the CI8 cartridge even if the car­
tridge is dried under vacuum for 30 to 60 min. The water,
which is removed alongside the estrogen in the acetone elu­
tion step, must be removed before chemical derivatization.
Rather than use a prolonged nitrogen evaporation step that
causes loss of analytes to eliminate residual water, we
stopped evaporation when the volume was about 100 JlL, or
when the solvent was almost entirely water. Then we back­
extracted the estrogens into ethyl acetate, which was sub­
sequently evaporated to about 100 ~L for derivatization. A
smaU volume of ethyl acetate was necessary to keep the sew­
age extract in solution, and because ethyl acetate is miscible
with PFPA, its presence made derivatization efficient.

Derivatization and GCIMS Analysis

Several derivatization procedures have been published for
GC determination of estrogens. For example, formation of
trimethylsilyl (TMS; 19, 21, 22) and len-butyldimethylsilyl
derivatives of E" ~, and ~ (22), dimethylethylsilyl deriva­
tives of E~ and other steroids used in oral contraceptive for­
mulations (22), and PFP derivatives of testosterone acetate (20)
have been demonstrated. In the beginning of this study, we
evaluated several estrogen derivatives for ease of formation,
stability of products, and chromatographic and mass spectral
properties. In addition to TMS and PFP derivatives, we also
studied acetyl and heptafluorobutyryl (HFB) derivatives. We
selected PFP derivatives for this work because their formation
produced very few side products and they were stable for
weeks at-20°e. This stability made it possible to save sample
extracts for further analysis. In addition, PFP derivatives were
formed in the shortest time under the least vigorous conditions,
requiring only 20 min of reaction at room temperature. Al­
though we did not determine the absolute yield of PFP deriva­
tives, we assumed the reaction to be complete and quantitative
because longer reaction times (e.g., 60 and 120 min) or higher
reaction temperatures (e.g., 50° and 65°C) did not improve
yield. Pentafluoroacylation ofestrogens also was reproducible.
For 6 replicate reactions with 50 ng of each estrogen, coeffi­
cients of variation for the yields of the products ranged from
3.8% (for ~) to 6.6% (for E3).

As illustrated by the chromatogram shown in Figure 2, all
PFP derivatives were baseline resolved and their order of elu-
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Figure 3. Extracted ion chromatograms for quantitation and confirmation ions of E2, E3, and El from a 200 pgll1L

standard.

tion is Ez, E3, E" and EEz. Tailing of the EEz derivative oc­
curred, and its response to the mass-selective detector de­
creased as contaminants accumulated in the splitless liner. We
think this derivative, which has one active OH group, became
adsorbed to the polar coextractives, such as surfactants, that are
common in sewage samples. The EEz response can be easily
restored by replacing the liner and cutting a few centimeters of
the capillary column in the injector end. By contrast, responses
of the PFP derivatives of E" Ez, and E3 were not greatly af­
fected by cleanliness of the liner.

All hydroxyl groups in naturally occurring, endogenous es­
trogens-3-0H of E" 3- and 17-0H of Ez, and 3-, 16-, and
17-OH of E3-reacted readily with PFPA to yield the respective
mono-, di-, and tri-PFP derivatives, as evidenced by molecular

ions at mlz 416, 564, and 726 (Table I). The molecular ion (M+)
for the E3 derivative was observed on a Hewlett-Packard MS
Engine because its molecular weight is beyond the upper mass
range of the mass-selective detector. Under the reaction condi­
tions used, no partially derivatized Ez and E3 (i.e., a monosub­
stituted Ez and either a mono- or disubstituted E3) were ob­
served in the chromatogram. The absence of such intermediates
enabled straightforward quantitation of the estrogens. By con­
trast, a monosubstituted derivative of the synthetic estrogen
EEz was formed (M+ at mlz 442). Because mestranol, the 3­
methyl ether derivative of EEz, did not react with PFPA under
such conditions, we think that the hydroxyl group at posi­
tion 17 was protected from being derivatized by the presence
of the ethynyl group at the same location.
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Table 2. Accuracy and precision of recovery data of estrogens from fortified water and sewage samples (n =6)

Mean recovery ± standard deviation, %

From distilled water at indicated spiking level (ngIL) From sewage at indicated spiking level (ngIL)

Estrogen 100 20 100' 20b

E, 101 ±3 107±5 96±4 102 ± 8

E2 95±4 91 ±5 105 ± 5 98 ± 9

E3 93±5 98±6 101 ±8 127± 13

EE2 89±6 102±8 88±8 87± 11

a Acomposite sewage final effluent (mixture of 3 samples from different treatment plants) was spiked. As all sewage final effluents are naturally
contaminated with detectable amounts of E, and E" the results for these 2 estrogens in the spiking experiments have to be corrected
(subtracted) for the blanks.

b Acomposite sewage final effluent that had been extracted previously by this procedure was spiked. Results were not corrected because the
concentrations of estrogens in blanks were below detection limits.

All PFP derivatives displayed ions at mlz 69 (cB) and 119

(CzPs), which are characteristic of the PFP group (Figure 2).

Molecular ions for the E1 and Ez derivatives were either the

base peak or very strong. Those for E3 and EEz were relatively

weak. All the estrogens gave aprominent peak at mlz 359. This

ion is likely due to loss of carbons at positions IS, J6, and 17

of the 5-member ring (ring D), their substituents, and a hydro­

gen from the molecular ion of each derivative. With the Ez de­

rivative for example, the ion at mlz 359 or (M - 205t arises

from loss of C3HsO, CzFsCO, and H (presumably from the

carbon at position 14) from M+. For EEz, the ion corresponding

to (M - 83)+ arises from loss of C3HsO, the ethynyl group, and

a hydrogen from M+ The fragmentation pattern of EEz also

provided direct evidence for the fact that the hydroxyl group at

position 17 of this synthetic steroid was not derivatized.

The mass numbers and relative abundance of the major ions

for the PFP derivatives are listed in Table I. Their mass spectra

are shown in Figure 2. Extracted ion chromatograms of the

quantitation and confirmation ions derived from a calibration

standard are depicted in Figure 3.

Method Performance

The accuracy and precision of this procedure was deter­

mined by analysis of distilled water and sewage effluent sam­

ples fortified with the estrogens at environmentally relevant

levels (Table 2). At spiking levels of 100 and 20 ngIL, method

precision was very good, with standard deviations of less than

10% for most samples. Recoveries of estrogens, ranging from

87 to 107% for all except one case, were close to quantitative.

Table 3. Levels of E1, E2, and E3 in sewage influent, primary effluent, and final effluentS

Estrogen found, mean ± standard deviation, ngiL

Location Sewage type Sampling date No. of replicates E, E2 E3

Burlington Primary 12/16/97 3' 26± 1 7±0.6 128 ± 10

Burlington Final 12/16/97 3 6±0.5 <5 18 ± 1

Burlington Primary 1/20/98 3 53 ± 4 14 ± 2 220 ± 20

Burlington Final 1/20/98 3 8 ± 1 <5 33± 1

Dundas Primary 1/13/98 2 70,68d 9,8d 243,203d

Dundas Final 1/13/98 2 8,lOd <5, <5 <10, <10

Edmonton Primary, preservedb 8/20/97 3 109 ± 5 <5 209 ± 14

Edmonton Final, preservedb 8/20/97 3 72 ± 2 <5 <10

Guelph Influent, preservedb 12/18/97 2 58,75d <5 164,158d

Guelph Final, preservedb 12/18/97 2 18,16d <5 37,30d

Guelph Influent 1/22/98 3 41 ±4 15±2 250 ± 32

Guelph Final 1/22/98 3 14 ± 1 <5 30± 2

Montreal, north InfluentC 11/17/97 3 28 ±6 6±1 72 ±6

Montreal, south Influent" 11/17/97 3 15±2 7±0.7 53± 3

Montreal PrimaryC 11/17/97 3 19± 3 6±0.7 68 ± 7

a All samples were grab and unpreserved except where noted.
b With formaldehyde (1%, vlv), 4°C in the dark.
c 24 h composite sample.
d For n= 2, individual results are given.
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Figure 4. Extracted ion chromatograms of a derivatized, primary sewage effluent extract indicating the presence of

E2, E3, and El in the sample.

With a concentration factor of 5000 (I L sample extracted
and a final volume of 200 ilL), detection limits (based on a
signal-to-noise ratio of 10: 1) for these estrogens in sewage
samples were estimated to be 5 ngIL for ~, EJ, and E~ and
10 ngIL for E3. Detection limits could be reduced by a factor of
2 to 3 for distilled water samples where interference is minimal.

Application

This method has been used to determine steroidal estrogens
in the sewage treatment plants of a few Canadian cities. E1, ~,

and ~ were found in all sewage influent and primary effluents
that were extracted within 48 h after collection. In these sam­
ples, concentrations of E, and ~ were relatively high, varying
from 14 to 109 nglLand from 53 to 250 ngIL, respectively (Ta-

ble 3). The levels of~, the most potent endogenous estrogen,
in the influent or primary effluent were much lower, ranging
from 6 to 15 ngIL. These concentrations are substantially lower
than those reported by Shore et aI. (48-141 ngIL; 14) for raw
sewage samples collected in Israel. Shore et aI. used a radioim­
munoassay technique, which might have measured other cross­
reactive estrogens at the same time. To a smaller extent, dis­
crepancy of the results could also be related to differences in
weather (i.e., amount of precipitation) and patterns of water us­
age in the 2 countries.

The occurrence of E" ~, and E) in a primary sewage efflu­
ent collected in Burlington is illustrated in Figure 4. The iden­
tity of each estrogen was confumed by the presence of both
characteristic ions at the expected retention time (± 0.04 min)
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and in a similar area ratio (± 35%) compared with a standard
(Figure 3). Although E1 and E:J were found in 2 preserved pri­
mary effluent samples (which were analyzed l-3 months after
collection),~ was not detected in those samples. Therefore the
stability of~ and other estrogens in preserved sewage should
be investigated.

As indicated in Table 3, the concentrations of the estrogens
in the final effluents were substantially lower. In fact, in all
cases, the concentration of~ was below the detection limit of
5 ngIL. E1and E3 levels decreased by a factor of 4 between the
primary and the final effluents collected on the same day from
the same sewage treatment plant. The reduction is probably due
to degradation of~ and its metabolites by activated sludge in
the secondary sewage treatment processes (24). In the final ef­
fluents, concentrations varied from 5to 19 ngIL for E1and from
<10 to 34 ngIL for E:J. These levels are about 3 orders of mag­
nitude lower than those found for nonylphenol ethoxylates and
their degradation products in the same samples (16, 18, and
unpublished results). None of the sewage effluents tested had
any detectable amounts of E~.

The results suggest that this method is adequate for deter­
mining E1 and E3 in most sewage samples, as well as Ezin the
raw influent and primary sewage effluent, but it may not be
sensitive enough for determining~ in final effluent. This pro­
cedure is not likely to be applicable to determination ofE~ in
sewage samples because the estimated environmental concen­
tration of this estrogen is much lower than the method detec­
tion limit of 5 nglL (15). Asurvey of the occurrence of~ and
its metabolites in sewage samples collected across Canada is
underway.
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RESIDUES AND TRACE ELEMENTS

Automated Method for Cleanup and Determination of Benomyl
and Thiabendazole in Table-Ready Foods

ROBERT A. LEVINE, RONALD G. LUCHTEt'EW, MARVIN L. HOPPER, and GARREll D. SALMON

U.S. Food and Drug Administration, Total Diet and Pesticide Research Center, PO Box 15905, Lenexa, KS 66285-5905

An automated solid-phase extraction (SPE)
cleanup with on-line liquid chromatographic (LC)
analysis was developed to determine residues of
benomyl (as carbendazim) and thiabendazole in ta­
ble-ready food items from the U.S. Food and Drug
Administration Total Diet Study (TDS). Astrong-cat­
ion-exchange cleanup of an acetone extract re­
places the methylene chloride solvent partitioning
steps in the procedure described in the Pesticide
Analytical Manual (PAM). LC analysis is accom­
plished with a Ca analytical column and tandem
fluorescence and UV detection. Recoveries of both
analytes from 32 representative TDS foods fortified
at 0.05 and 0.5 Ilglg were determined. Method preci­
sion was evaluated with triplicate recovery assays
on 11 foods fortified at both levels. Accuracy was
tested further by assaying 47 foods for incurred
residues in parallel with the validated PAM proce­
dure for comparison, and good agreement was
found. The automated SPE method reduces sol­
vent consumption, analysis time, and labor.

S
ince 1961, the U.S. Food and Drug Administration Total
Diet Study (TDS) has monitored levels of nutrients, ele­
ments, and resIdues of pestICIdes and ,"dustnal chemi­

cals in table-ready foods (currently 261 food items) to estimate
dietary intake for various age-sex groups in the U.S. population
(I). There are 4 collections per year, each composited from
3 cities within a geographical region (east, central, west, and
south). In 1992, TDS was expanded to detect the fungicide
benomyl in 67 TDS foods as the degradation product methyl­
2-benzimidazole carbamate (carbendazim, or MBC). The Pes­
ticide Analytical Manual (PAM) procedure (2,3) used for
analysis consists of a methanol extraction, liquid-liquid parti­
tioning cleanup with methylene chloride while the pH is ad­
justed to cycle the analyte between neutral and cationic forms,
and liquid chromatography (LC) with UV and fluorescence de­
termination ofcarbendazim. Findings are reported as benomyl.
TDS analysis for the fungicide thiabendazole (TBZ) started in
1989 by the organosulfur method with gas chromatography
with flame photometric detection. Because the LC method also

Received March 19. 1998. Accepted by J5 July II. 1998.

determines TBZ, the IDS began assays for TBZ by that proce­
dure in 1994. An additional 15 food items are assayed for
benomyl and TBZ for a supplemental survey of foods for in­
fants and toddlers conducted under the auspices of the IDS.

It is possible to reduce labor and solvent consumption in
benzimidazole assays by performing the liquid-liquid parti­
tioning on diatomaceous earth, but this still requires evapora­
tion of methylene chloride (4, 5). Solid-phase extraction (SPE)
seems to offer additional benefits. Milk assays with octadecyl­
siloxane-bonded (C LS) silica cleanup (6) and automated assays
offruits and vegetables with diol-bonded silica SPE cleanup (7)
have been reported. Another approach involves the ionic nature
of the analytes in ion-exchange separation schemes. For exam­
ple, benzenesulfonic acid-bonded silica was used for the miti­
cide/acaricide formetanate hydrocWoride (8) and later was ap­
plied to benomyl and TBZ (9, 10). Propylsulfonic acid
(PRS)-bonded silica also has been used (11-15).

To apply the SPE technique to the TDS market basket, ana­
lytical conditions had to be optimized for the wide range of
foods. The desire for compatibility with an available automated
workstation placed some constraints on the parameters that
could be selected. For example, SPE column loading and
eluting volumes could not exceed 10 mL and it was not possi­
ble to use 2 cleanup columns in series. An automated method
using benzenesulfonic acid-bonded silica has been developed
that allows selective retention and elution of analytes with
small solvent volumes and eliminates use of methylene chlo­
ride, reducing the hazardous waste generated. Automation
takes the place ofrepetitive and labor-intensive partitioning and
rotary evaporation steps, increasing safety by minimizing con­
tact with solvents. Automation also enhances quality with self­
documenting procedures, audit trails, and gravimetric confir­
mation of volumetric deliveries.

METHOD

Apparatus

(a) Liquid chromarograph.-Model LC-IOAS LC pump
(Shimadzu, Japan), Model 1050 online degasser (Hewlett­
Packard, Palo Alto, CAl, Model 7010 electrically actuated 6­
port LC injection valve with 50 ilL sample loop (Rheodyne,
Cotati, CAl built into workstation, Model 486 tunable UV ab­
sorbance detector and Model 470 scanning fluorescence detec­
tor (Waters, Milford, MA) connected in series, and Model 4270
integrators (Spectra Physics, San Jose, CAl. Operating condi-
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Figure 1. Chromatogram of peach sample containing
incurred residues of benomyl (154 nglg) as carbendazim
and of thiabendazole (11 nglg) after acetone extraction
and SPE SCX cleanup.

(I) Potassium hydroxide (KOH).-Pellets, ACS certified
(Fisher, Fair Lawn, NJ).

(g) Phosphate buffer, pH 4.0, 0.05M.-Mix 50 mL 1M
mixed acetic-phosphoric acid solution with water to make I L
and adjust to pH 4.0 with 50% (w/v) KOH solution.

(h) Phosphate buffer, pH 6.0, 0.2M.-Mix 200 mL 1M

mixed acetic-phosphoric acid solution with water to make I L

and adjust to pH 6.0 with 50% (w/v) KOH solution.

(i) Extract diluent.-I % phosphoric acid.

(j) SPE wash solution.-I % phosphoric in acetone-water
(35 + 65); mix 350 mL acetone with 640 mL deionized water
and 10 mL 85% o-phosphoric acid.

(k) SPE elution solution.-Acetonitrile-phosphate buffer
pH 6.0, 0.2M (40 + 60); mix 400 mL acetonitrile with 600 mL

phosphate buffer pH 6.0, 0.2M and filter through 0.45 ~m ny­

lon membrane filter.
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tions: injection volume, 50 ~L; flow rate, 1.0 mUmin; UV ab­
sorbance at 280 nm; fluorescence detection, carbendazim
(benomyl) at excitation 270 nm and emission 304 nm and TBZ
at excitation 290 nm and emission 388 nm; slit widths, 18 nm.

(b) Analytical colunUl.-Platinurn Cs 4.6 x 150 mm, 5 ~rn

bonded silica, base deactivated (AJltech Associates, Deerfield, IL).

(e) Automated workstation.-BenchMate II workstation
(Zymark, Hopkinton, MA) equipped for SPE, with robotic
arm, liquid-transfer station, balance, Vortex mixer, membrane
filtration, LC injector,S reagent reservoirs, one internal stand­
ard reservoir, a rack for 8 LC calibration standards, 4 racks for
fifty 16 x 100 mm tubes, relays to trigger integrators, floppy­
disk drive to store program sequence and sample-tracking data,
and custom-made connecting cable from injector to LC detec­
tor and integrator start triggers.

(d) Personal computer.-A computer capable of running
BenchMate software is used to create and edit programs that
control the workstation. Quattro Pro or equivalent spreadsheet
software may be used for calculations and data management.

Materials

(a) Membrane filters.-Nylon, 0.45 ~m and 0.2 ~m pore
id, 25 mm id disk (Whatman, Clifton, NJ).

(b) SPE canridge.-Strong cation exchange (SCX), 200 mg
sorbent, 40 ~m irregular silica, benzenesulfonic acid-bonded, not
endcapped, 3 mLcartridge (Varian, Harbor City, CAl.

(e) Syringe filters.-Nylon, 0.45 ~m, 13 mm, Cat. No.
6840-1304 (Whatrnan), or equivalent, filter with housing di­
ameter that fits BenchMate filter dispenser.

(d) Blenders.-Model 33AM26 I quart glass jar blender,
and Model 34BL22 I gallon stainless steel jar blender (Waring
Products Division, New Hartford, CT).

(e) Choppers.-l gallon, Model 84145, and 2 gallon,
Model 84181D (Hobart, Troy, OH).

(I) Food processors.-Model R6N, 6 quart, and
Model RIO, 10 quart food processors (Robot Coupe USA,
Jackson, MS).

(g) Containers.-Wide-mouth, clear, colorless gallon jars
with screw caps (Ryco Packing Corp, Lenexa, KS), pint and
quart Mason jars with 2-piece screw caps (lids put on jars with
the rubber seal not contacting contents), 32 oz. paper cups with
paper lids (Sealright, Kansas City, MO).

Reagents

(a) Mobile phase.-Acetonitrile-phosphate buffer pH 4.0,
0.05M (30 + 70); mix 300 mL acetonitrile with 700 mL phos­
phate buffer pH 4.0, 0.05M, and filter through 0.2 ~m nylon
membrane filter.

(b) Alternative mobile phase.-Methanol-phosphate buff­
er pH 4.0, 0.05M (50 + 50); mix 500 mL methanol with
500 mL phosphate buffer pH 4.0, 0.05M, and filter through
0.2 ~m nylon membrane filter.

(e) Solvents.-Acetone and methanol are distilled-in-glass,
pesticide grade; acetonitrile is UV grade; deionized water is
filtered with a 0.2 ~m nylon membrane rLlter.

(d) o-Phosphoric acid.-85%, LC grade.
(e) Acetic acid.-Glacial, reagent grade.
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Table 1. Analyte recoveries from foods fortified at 0.05 and 0.50 ~glg with benomyl and thiabendazole, determined
by automated SCX SPE and LC with fluorescence detection

Recovery, % (CV)' at indicated spike levels

0.05 ~g1g 0.50 ~g1g

Item Benomyl TBZ Benomyl TBZ

Baby food, fruits, apricots/tapioca 76 91 90 80
Baby food, juice, apple-grape 100 82 86 76

Baby food, juice, apple-prune 73(26) 87 (12) 84 (4) 86 (0)
Baby food, juice, grape 84 91 90 81

Baby food, juice, mixed fruit 35 97 90 81

Cantaloupe, raw 119 (7) 98 (3) 96 (7) 78 (1)

Carrot, fresh, boiled 95 89 88 79

Coffee, decaffeinated, from instant 55 113 87 80

Coffee, from ground 91 102 90 80

Dry table wine 101 (16) 82 (3) 74 (6) 80 (2)
Fruit drink, canned (e.g., Hi-C) 89 76 84 72
Grape juice, from frozen concentrate 44 81 89 78

Green beans, strained/junior 91 90 93 84

Jelly, any flavor 86 (19) 86 (3) 82 (2) 70(0)

Mushroom soup, canned, condensed 92 (19) 90 (7) 91 (2) 74 (1)

Mushrooms, raw 58 90 90 76

Orange juice, from frozen concentrate 101 90 92 84

Peach, canned in lighVmedium syrup 114 86 90 82

Pear, canned in light syrup 83 85 91 77

Pineapple juice, from frozen concentrate - b 71 79 70

Pineapple, canned in juice 74 86 88 84

Prune jUice, bottled 73(31) 70(1) 83 (4) 69 (2)

Prunes, dried 73 80 97 77

Rice cereal, strained/junior 92 (29) 96 (4) 90 (4) 64 (1)

Rice infant cereal, instant 89 93 93 76

Tea, from tea bag 86 86 93 81

Tomato juice, bottled 41 93 83 80

Tomato sauce, plain, bottled 53 (5) 67 (1) 62 (3) 61 (0)

Tomato soup, canned, condensed 87 92 97 82

Tomato, stewed, canned 21 86 83 82

White potato, boiled without skin 82c (1) 108 (1) 122 (13) 85 (0)
White rice, cooked 65 (2) 94 (0) 90 (2) 80(1)

a CV is shown in parentheses for cases where n= 3.
b Could not be determined because of interfering peaks in the chromatograms.
C Estimated from UV data because of interfering peaks in fluorescence chromatogram.

Standard Solutions

(a) Stock standard salutians.-Benomyl and TBZ refer­
ence standards were obtained from the U.S. Environmental
Protection Agency repository. Stock solutions (I mg/mL) were
prepared by weighing 15-20 mg material into an appropriate
container and adding an accurately measured volume of metha­
nol. Benomyl standards quantitatively convert to carbendazim
after standing overnight. Any benomyl residues in samples are
converted to carbendazim during analyses (2). For purposes of
calculations and reporting, carbendazim LC peaks are treated
as if they arise from benomyl, and no conversion is necessary.

(h) LC mixed standard.---D.2 ~g/mL benomyl and
0.02 ~g/mL TBZ, prepared by adding an appropriate amount of

each stock standard solution to a volumetric flask and diluting
with acetonitrile-O.2M buffer pH 6.0 (40 +60).

(c) Spiking mixed-standard salutian.-Standard solutions
for spiking were prepared by mix.ing appropriate amounts of
each stock standard solution in a volumetric flask and diluting
to volume with acetone-water (70 + 30) to obtain solutions
containing each standard at 5 or 50 ~g/mL.

Sample Preparation

Foods and ingredients are purchased at retail outlets in the
collection cities and shipped to the TDS laboratory in Lenex.a,
KS. Some items go to a contract institutional kitchen for prepa­
ration and are separated from those that are prepared by the
TDS group. Any items that need to be frozen are immediately
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Spike, Ilg/g =

Table 2. Analysis of benomyl incurred residues
(>10 nglg), by automated SPE method and TOS PAM
method

where the volume ofacetone used to extract the food is adjusted
for an estimated 10 mL volume contraction because of mixing
with water from the sample.

Spike levels are calculated as follows:

Incurred residue, nglg

TDS

80

32

25

26

35

39
147

NO"
195

179

149

20

12

18

17

58

154

15

214

219

SPEItem

• NO = none detected.

Apple, red, raw
Applesauce, bottled

Baby food, fruits, pears, and pineapple
Baby food, juice, apple-cherry
Cantaloupe, raw
Mushrooms, raw

Peach, raw
Pineapple, canned in juice
Plums, raw

Strawberries, raw

placed in the freezer, and all others are kept in refrigerator stor­
age until their individual preparation. Foods that require prepa­
ration are treated as they would be by atypical consumer, which
includes washing, peeling, discarding inedible portions, and
cooking according to standard recipes with added spices and
ingredients.

After cooking or any necessary preparation of the items,
equal weights of samples from the 3 cities are blended,
chopped, or mixed until homogenous and poured into a com­
posite container. Individual jars and cups contain at least 300 g
of each item and are frozen until analysis.

Extraction

The Luke extraction procedure (16) is used. Defrost afrozen
composite, mix to homogeneity, and weigh 100 g into a labeled
blender cup. Add 200 mL acetone and blend at high speed for
2 min. Place a Buchner funnel with sharkskin filter on a side­
arm vacuum flask and filter acetone extract under vacuum until
acetone no longer elutes from the funnel. Transfer a portion of
the filtrate to a 250 mL Erlenmeyer flask.

Method Recovery Spikes

Food composites are fortified with benomyl and TBZ at
0.05 and 0.5 Ilg/g by adding I mL of the appropriate spiking
solution. Recoveries are calculated after subtracting any in­
curred residue.

Automated SCX Cleanup
Spiking solution, mLx Spiking solution,llg/mL

Sample weight, g

The BenchMate was programmed to prepare samples for
LC analysis. Approximately 6 mL acetone fl1trate is dispensed
through a 0.45 l!ffi nylon syringe filter into a test tube, and the
remainder of the procedure is completed by automation. Adi­
lution program takes 5 mL of the portion, dilutes it to 10 mL by
addition of I% phosphoric acid, and agitates the tube with a
Vortex mixer. The cleanup program conditions the SCX col­
umn with 5 mL methanol followed by 5 mL I% phosphoric
acid in acetone-water (35 + 65). The 10 mL diluted extract is
loaded onto the column, and the column is rinsed with 5 mL
methanol and dried with N2 gas for 60 s. The SCX is eluted
with 5.25 mL acetonitrile-phosphate buffer pH 6.0, 0.2M
(40 + 60); the eluate is agitated with a Vortex mixer, a 3.0 mL
portion is filtered through a 0.45 Ilm nylon filter, and 50 ILL is
injected into the LC system.

Determination

The workstation injects 50 l!L of each SCX eluate, with
groups of 4 samples bracketed by standard injections.

Residue levels are calculated with the following formula:

Residue, Ilg/g =

_S_am--,p,-I_e-,-pe_a_k_a_re_a_x_S_td--",-,J..L"",g/,,--mL_ x
Std peak area x Sample, g

(Acetone, mL +Samplemoisture,mL)

To determine recovery of a spiked item, any incurred resi­
due in that item is subtracted from the apparent spike residue:

Recovery, % =

100 x Residues, Ilg1g - Incurred residue, Ilg1g
Spike level, Ilg1g

System Suitability

Determine optimum fluorescence detection parameters for
the 2 compounds. For the detection system described above,
optimum wavelengths for carbendazim were 270 nm for exci­
tation and 304 nm for emission. For TBZ, they were 290 nm
for excitation and 388 nm for emission.

Inject 50 ILL LC mixed standard solution containing
0.21lg/mL benomyl and 0.02 Ilg/mL TBZ and determine ca­
pacity factors and resolution for the 2 peaks. Capacity factors
should be ca 2 for benomyl and ca 3.5 for TBZ and resolution
between the 2 peaks should be 4 or greater. The organiclbuffer
ratio in the mobile phase may be adjusted to achieve the appro­
priate values.

Inject standard solution 6 times and determine peak area re­
producibility. The coefficient of variation for each peak should
be 4% or less.

Prepare a series of mixed standards in SPE eluting solution,
containing from 0.1 to 1.0 J..Lg/mL benomyl and from 0.01 to
0.1 J..Lg/mLTBZ. Determine linearity for each compound by as-
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saying 50 ~L ofeach solution after adjusting Le to obtain con­
ditions described above.

Results and Discussion

Table 3. Analysis of thiabendazole incurred residues
(>8 nglg), by automated SPE method and TDS PAM
method

Incurred residue, nglg

LCAna/ysis

A typical chromatogram from a peach sample containing
incurred residues of both benomyl and TBZ after acetone ex­
traction and sex cleanup is shown in Figure I. fluorescence
detection is more sensitive and specific than UV detection for

benomyl and TBZ in acetone-water (70 + 30, roughly the sol­
vent composition of the extract for the foods in this study) were
spiked with various levels of sodium and potassium cations.
Recoveries of both analytes through the sex procedure were
reduced by approximately half when either cation was in­
creased to 2 mg/mL. This ionic strength approximates the level
ex.pected in the saltiest TDS food items that are part of the TDS
benzimidazole study. Recoveries returned to about 100% when
the spiked solutions were diluted 1:2 with water before loading
them onto the sex columns. This provides some evidence that
high amounts of salt, in combination with the 70% acetone, con­
tributed to analyte breakthrough, and it was found that the method
was improved by reducing the ionic strength and acetone content
of the acetone-water extracts by dilution with water.

Two other modifications were considered to cope with high­
ionic-strength extracts. The simplest was reducing sample size
from 5 mL to 1mL, which increased recovery but is unaccept­
able for trace residues because of decreased sensitivity. An ap­
proach that does not decrease sample size is addition of a e l8

SPE cleanup that desalts the Luke extract prior to the sex pro­
cedure. This provides good recovery but is accompanied by
increased cost and labor.

Method Development

For analytes such as carbendazim and TBZ that form cations
at low pH, sex cartridges based on a benzenesulfonic acid­
bonded phase offer better control over the cleanup process than
the more commonly used e l8 material by making ionic inter­
actions available as a selective retention mechanism in addition
to significant nonpolar interaction with the benzene ring. Sol­
vent and buffer variables requiring control include pH, ionic
strength, solvent strength, and selectivity of counterions.
Eluting an analyte of interest requires use of a high ionic·
strength and addition of a nonpolar solvent. Solvents that meet
only one of these requirements can be used effectively as wash
solvents for matrix simplification.

It was advantageous to replace the PAM methanol extrac­
tion solvent with an acetone extraction because acetone has
suitable extraction properties and it is the solvent already used
by TDS for extraction oforganohalogen and organophosphorus
residues. It is possible to use a portion ofexisting extracts for
benomyl and TBZ analyses. Initial development focused on
attaining maximum analyte recovery from a set of repre­
sentative TDS items because it was impractical to vary all
parameters for all foods.

sex material was found to work better than PRS. The
BenchMate limitation on column loading volume necessitates
elution with the smallest possible volume to avoid unwanted
dilution; 5 mL is a practical lower limit to allow for loss during
filtration prior to Le and for the need to have adequate volume
for multiple injections. When 5 mL of a spiked acetone extract
was acidified to a concentration of 1% (v/v) phosphoric acid
and loaded on a 500 mg sex SPE column, strong retention of
MEe and TBZ prevented complete analyte elution from the
cartridge with 5 mL of any eluent. A 200 mg cartridge gave
good recoveries.

During preliminary experiments, problems with some ma­
trixes were encountered when the method was extended to the
full variety of market basket foods (data not shown). Good re­
covery data demonstrated that the SPE method worked for 90%
of the foods in the study but failed for the rest because of ana­
lyte breakthrough during sex column loading. Low recoveries
generally were associated with high-salt-content foods. It is
likely that the high ionic strength of some matrixes provides a
concentration of cations that compete with the analytes for
sex binding sites. Salt concentrations in extracts ofTDS food
were estimated from data in the U.S. Department of Agricul­
ture's Agriculture Handbook Release II (17) for 100 g samples
extracted with a mixture of 200 mL acetone plus the intrinsic
moisture content. These are upper limits, based on the assump­
tion that the elements exist entirely in the form of extractable
cations. Every cation has a different selectivity for ion-ex­
change materials, hence these values are only rough predictors
of chromatographic behavior. To test the correlation between
high ionic strength and low recovery, 0.07 ~g/g solutions of

Item

Apple juice, bottled
Apple juice, strained
Apple, red, raw
Applesauce, bottled
Baby food, juice, apple-banana
Baby food, juice, mixed fruit
Baby food, juice, pear

Banana, raw
Grapefruit juice, from frozen concentrate

Grapefruit, raw
Mushroom soup, canned, condensed
Mushrooms, raw
Orange, raw

Peach, raw
Pear, raw
Plums, raw
Rice cereal, strained/junior
Rice infant cereal, instant
Tomato soup, canned, condensed

White potato, baked with skin

• ND =none detected.

SPE

21
259

456

39

52

9

89

11

9

52

21
193

53

11
357

24

36

ND
11

67

TDS

29

258

812
32

58

10

84

9

9
39

22

325

37

NDa

391

17

26
13

ND

56
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the analytes and was used for calculating and reporting find­
ings. TBZ peaks can be detected at 2 ng/g, and the limit of
quantitation is about 7 ng/g.

The detector is less sensitive to benomyl (as carbendazim).
Benomyl generally can be detected and estimated at 23 ng/g.
The limit ofquantitation is about 70 ng/g. These limits can vary
for different foods depending on the levels of coeluting peaks.

Concentrations are also tabulated from UV data. The UV
detector is not sensitive enough for low-level incurred residues
but is still useful to confum results at higher levels. It is used
for quantitation for a few matrixes where coeluting peaks in the
fluorescence chromatogram make quantitation impossible.

Benomyl in foods is quantitatively converted to carben­
dazim before or during extraction, and the conversion occurs
quickly in LC standards. Tolerances are established for the
combined residues of benomyl and its metabolites containing
the benzimidazole moiety, calculated as benomy!. Details of
benomyl chemistry have been reported (18). There can be an
overestimation of benomyl for foods that have been treated
with carbendazim. The latter fungicide is not approved for use
in this country and would pose a problem mainly with imported
samples.

Recovery Studies

The SPE procedure for benomyl and TBZ was evaluated by
fortifying 32 foods from the TDS and the infant-toddler survey
to 0.05 and 0.50 ~g/g with both compounds and correcting for
any incurred residues (Table I). Foods were selected to be rep­
resentative for each of the TDS commodity groups. Recoveries
were acceptable for most foods. At the 0.05 ~g/g level,
benomyl is more difficult to determine than TBZ because fluo­
rescence detection is less sensitive to benomyl and benomyl
elutes in a region of the chromatogram where some foods have
coeluting peaks. Afew foods gave low recoveries or could not be
determined because of inteIfering peaks. Other than some prob­
lems with lOW-level benomyl, recoveries ranged from about 60 to
110%, with an average over 80%.

Also shown in Table I is a group of food items for which
recoveries were determined in triplicate to estimate method re­
peatability (CV) for those matrixes. As expected, some prob­
lems were seen with benomyl at 0.05 ~g/g because that level is
below the limit ofquantitation. Data are shown for comparison.
They indicate that the method may have some utility at that
level even though accuracy is reduced. Repeatabilities for TBZ
and higher levels of benomyl are very good.

Incurred Residues

Determinations by SPE and PAM procedures were per­
formed in parallel in order to compare the automated method
with a validated method in their ability to detect incurred resi­
dues. PAM data were obtained as part of the TDS. A total of
47 table-ready foods were assayed by both methods. Of those,
22 foods had no detectable residue by either method: 3 infant­
toddler foods (apricots/tapioca, instant rice, and green beans),
4 infant-toddler juices (apple-grape, apple-peach, apple­
prune, and grape), fresh boiled carrots, instant decaffeinated
coffee, ground coffee, tea, dry table wine, canned fruit drink,

3 juices from frozen concentrate (grape, pineapple, and or­
ange), jelly, peaches canned in light or medium syrup, pears
canned in light syrup, bottled tomato juice, bottled tomato
sauce, and white potato boiled without skin.

There were 25 foods having at least a trace of one residue
detected by one or both methods (Tables 2and 3). For this com­
parison, estimated trace amounts considered to be below the
limits of quantitation are included in the tabulation to compare
the sensitivities and accuracies of the 2 methods for these diffi­
cult-to-detect residues.

The PAM method found that 22 foods contained a total of
27 incurred residues (9 benomyl and 18 TBZ). Qualitative
agreement between the methods was very good. The only dis­
crepancies were at levels below 15 ng/g. In 3 cases, trace resi­
dues detected by the SPE method were not confirmed by the
PAM method. In one case, the SPE method did not detect a
trace residue found by the PAM method. The quantitative
agreement is good, with a few problems that can be noted in the
data. In general, concentrations from the 2 methods are close,
with a few results deviating by up to a factor of2. The encour­
aging results obtained to this point will need to be validated
with additional samples.

Conclusion

An automated SPE procedure coupled with LC determina­
tion was developed for analysis of benomyl (as carbendazim)
and TBZ in TDS foods. This SPE cleanup replaces a procedure
that uses partitioning between methylene chloride and an aque­
ous phase to clean extracts for determination by LC. In addition
to eliminating use of about ISO L methylene chloride per year
from the TDS program, the SPE method is a less labor-inten­
sive procedure than the PAM method because much of the
work is accomplished with unattended automation.
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RESIDUES AND TRACE ELEMENTS

Stability of Organochlorine and Organophosphorus Pesticides
when Extracted from Solid Matrixes with Microwave Energy

VIORICA LoPEZ-AVILA and JANET BENEDICTO

Midwest Research Institute, California Operations, 555-C Clyde Ave, Mountain View, CA 94043
KARIN M. BAUER

Midwest Research Institute, 425 Volker Blvd, Kansas City, MO 64110

A stability study of 44 organochlorine pesticides
(OCPs) and 47 organophosphorus pesticides
(OPPs) was conducted. Compounds were spiked
into solvent only (hexane-acetone, 1 + 1;
methylene chloride-acetone, 1 + 1; methyl fett-bu­
tyl ether [MTBE]; and toluene-methanol, 10 +1),
solvent/dry soil suspensions, and solventlwet soil
suspensions (20% water, wlw). Spiked matrixes
were heated in closed vessels with microwave en­
ergy at 2 temperatures (50° and 145°C) for 5 or
20 min. For comparison and for determination of ni­
trogen blowdown losses, spiked matrixes that had
not been exposed to microwave energy were con­
centrated by using the blowdown technique and
analyzed for each of the spiked compounds. For
OCPs, temperature had the most significant effect
on compound recovery, followed by matrix. All
3 pairwise comparisons of the 3 matrix types were
statistically significant. The solvent factor was also
significant, with average recoveries of 97.8% with
methylene chloride-acetone, 96.3% with toluene­
methanol, 92.8% with hexane-acetone, and 92.3%
with MTBE. Of the 6 pairwise comparisons among
the 4 solvents, all but 2-methylene chloride-ace­
tone versus toluene-methanol and hexane-ace­
tone versus MTBE-were statistically significant.
For OPPs, temperature also had the most signifi­
cant effect on recovery, followed by matrix. All
3 pairwise comparisons of the 3 matrix types were
statistically significant in the same order as for
OCPs. The solvent factor was also significant, but
average recoveries-89.5% with hexane-acetone,
89.4% with methylene chloride-acetone, and 81.5%
with either MTBE or toluene-methanol-are in a
slightly different order from that for OCPs. Of the
6 pairwise comparisons among the 4 solvents, all
but 2-hexane-acetone versus methylene chloride­
acetone and MTBE versus toluene-methanol­
were statistically significant. Compounds that ap­
pear to degrade under microwave-assisted

Received January 5, J998. Accepted by JS June 6, J998.

extraction conditions include TEPP, phosphami­
don, trichlorfon, naled, monocrotophos, demeton­
0, and demeton-S.

E
arlier (I, 2) we reported the extractability under micro­
wave-assisted extraction (MAE) conditions of 95 com­
pounds listed in the U.S. Environmental Protection

Agency (EPA) Method 8250, 44 organochlorine pesticides
(OCPs) and polychlorinated biphenyls listed in EPA
Method 8081, and 47 organophosphorus pesticides (OPPs; in­
cluding 2 triazine herbicides) listed in EPA Method 8141, from
freshly spiked soil samples; spiked soil samples aged for 24 h,
14 days, or 21 days; and a few standard reference materials with
hexane-acetone (I + I) at 115°C for 10 min. In this paper, we
report on the stability of the 44 OCPs and 47 OPPs under MAE
conditions. Asimilar study for 95 semivolatile compounds listed
in the EPA Method 8250 was reported elsewhere (3).

Solvents other than hexane-acetone have been used to ex­
tract some of the more polar compounds (4). However, none of
the solvents recommended by EPA in Methods 3540 and 3550
(e.g., methylene chloride-acetone and toluene-methanol) has
been thoroughly evaluated for use in MAE. Furthermore, the

. potential degradation or conversion ofcompounds that may oc­
CUI when using microwave energy to heat the solventJsoil sus­
pension has not been investigated. Possible ways in which
compound degradation may occur include exposure to the tem­
perature and pressure inside the microwave extraction vessel,
interaction with other analytes or the solvent under these con­
ditions, and catalysis by the matrix. To help determine whether
degradation under MAE conditions may present a problem, a
stability study was conducted for 44 OCPs and 47 OPPs (Ta­
ble I; atrazine and simazine were included with the OPPs, even
though they are triazine herbicides, because they are listed in
EPA Method 8141). These compounds were spiked into sol­
vent only (hexane-acetone, I + I; methylene chloride-acetone,
I + I; methyl terr-butyl ether [MTBEJ; and toluene-methanol,
10 + I), solventJdry soil suspensions, and solventJwet soil sus­
pensions (20% water, w/w). Spiked matrixes were heated in
closed vessels with microwave energy at 2 temperatures (50°
and 145°C) for 5 or 20 min. For comparison and for determi­
nation of nitrogen blowdown losses, spiked matrixes that had
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Table 1. Organochlorine and organophosphorus
pesticides investigated in this study

Organochlorine pesticides

Alachlor

Aldrin

P-BHC
y-BHC

Il-BHC
Captafol
Captan
Chlorobenzilate

a-Chlordane

y-Chlordane
Chloroneb

Chlorothalonil

DBCP

DCPA
4,4'-DDD

4,4'-DDE
4,4'-DDT

Decachlorobiphenyl

Diallate

Dichlone

Dichloran

Dieldrin
Endosulfan I

Endosulfan "
Endosulfan sulfate

Endrin
Endrin aldehyde

Endrin ketone

Etridiazole
Heptachlor

Heptachlor epoxide
Hexachlorobenzene

Hexachlorocyclopentadiene

Isadrin
Methoxychlor
Mirex

Nitrofen

PCNB

Perthane
Propachlor

trans-Nonachlor

cis-Permethrin
trans-Permethrin

Trifluralin

Organophosphorus pesticides

Aspon
Atrazine

Azinphos-ethyl

Azinphos-methyl
Boistar
Chlorofenvinphos
Chlorpyrifos
Chlorpyrifos methyl

Coumaphos

Crotoxyphos
Demeton-O
Demeton-S

Dichlorfenthion
Dichlorvos
Dicrotophos
Dimethoate

Dioxathion
Disulfoton

EPN

Ethion
Ethoprop

Famphur

Fenitrothion
Fensulfothion

Fenthion

Fonophos
HMPA
Leptophos

Malathion
Merphos
Mevinphos

Monocrotophos

Naled
Parathion ethyl

Phorate
Phosmet

Phosphamidon
Ronnel

Simazine

Stirophos

Sulfotepp

TEPP
Thionazin

TOCP

Tokuthion
Trichlorfon

Trichloronate

Experimental

Standards

Analytical reference standards of the OCPs were purchased
from Absolute Standards (Camden, CT) as one composite so­
lution in toluene-hexane (I + I) containing 17 compounds
(aldrin, the 3 BHCs, 4,4 '-DOD, 4,4 '-DOE, 4,4 '-DDT,
dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, en­
drin, endrin aldehyde, endrin ketone, heptachlor, heptachlor
epoxide, and methoxychlor), each at 2 mglmL; one composite
solution in isooctane containing DBCP, etridiazole, chloroneb,
propachlor, PCNB, and chlorobenzilate, each at 100 IlglmL;
and one composite solution in isooctane containing dichloran,
chlorothalonil, DCPA, methoxychlor, and cis- and trans-per­
methrin, each at I mglmL. Alachlor (I mglmL), hexachlorocy­
c10pentadiene (5 mglmL), and isodrin (5 mglmL) were pur­
chased as individual solutions in methanol from NSI
Environmental Solutions (Research Triangle Park, NC). The
remaining OCPs listed in Table I were obtained as neat mate­
rials from Chern Service (West Chester, PAl, Ultra Scientific
(North Kingstown, Rl), or Aldrich Chemical (Milwaukee, WI).
An intermediate stock solution containing each of the 44 OCPs
at 21lglmL (Table I) in acetone was prepared by combining the
various composite stock solutions and was used for spiking soil
samples and for preparing calibration standards.

Analytical reference standards of the OPPs were purchased
from Absolute Standards as individual solutions in either hex­
ane or methanol, with the exception of aspon, azinphos-ethyl,
chlorofenvinphos, chlorpyrifos methyl, dichlorofenthion,
ethion, and fonophos, which were obtained as neat materials
from Ultra Scientific, Inc.; dicrotophos, leptophos, phosmet,
trichlorfon, tri-o-cresylphosphate (TOCP), and simazine,
which were obtained as neat materials from Chern Service;
famphur at I mg/mL in acetonitrile and atrazine at I mglmL in
methanol, which were obtained from NSI Environmental Solu­
tions; and thionazin at I mg/mL in methanol, which was ob­
tained from Supelco (Bellefonte, PAl. An intermediate stock
solution containing each of the 47 OPPs at 20 Ilg/mL (Table I)
in hexane-methanol-acetonitrile was prepared by combining
the various individual stock solutions and was used for spiking
soil samples and for preparing calibration standards.

Soil

The topsoil (pH, 7.5; cation exchange capacity, 14.6 mequiv/
100 g; organic carbon content, 0.1 %; water content, 2.6%; sand,
57.6%; silt, 21.8%; and clay, 20.6%) used in this study was ob­
tained from Sandoz Crop Protection (Gilroy, CAl.

Solvents

All solvents used in this study were distilled-in-glass and
pesticide grade and were obtained from Baxter Scientific
(McGaw Park, IL).

MAE Procedure

not been exposed to microwave energy were concentrated by
using the blowdown technique and analyzed for each of the
spiked compounds.

All MAE experiments were performed with an MES-lOOO
microwave sample extraction system (CEM Corporation, Mat­
thews, NC) described in reference I.
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A5 g portion of spiked soil was accurately weighed into an
aluminum dish and transferred quantitatively to the Teflon­
lined extraction vessel. For wet samples, the calculated volume
of water was added to the sample in the extraction vessel and
allowed to equilibrate with the matrix for ca 10 min. Asolution
containing the test compounds was added to each sample im­
mediately before the solvent (30 mL) was added. Spike levels
were 100-1000 ng/mL for OCPs and 5-10 ng/mL for OPPs.
After a new rupture membrane was secured in place, the extrac­
tion vessel was closed. Extractions were performed at 50° and
145°C for 5 or 20 min at 100% power. After extraction, the
vessels were allowed to cool to room temperature for ca 20 min
before they were opened. The supernatant was ftltered through
glass wool prewashed with solvent and then combined with the
2-3 mL solvent rinse of the extracted sample. The extract was con­
centrated to ca 5 mL by nitrogen blowdown evaporation and cen­
trifuged twice for 10 min at 2300 rpm to separate the fine particu­
lates. The extract was concentrated to I mL for gas chromatogra­
phic analysis with electron capture detection (GC-ECD) or nitro­
gen-phosphorus detection (GC-NPD).

Four solvents were used: hexane-acetone (I + I), methylene
chloride-acetone (I + I), methyl tert-butyl ether (MTBE), and
toluene-methanol (10+ I).

Analysis of Extracts

For OCP analyses, we used a Hewlett-Packard 5890 Se­
ries II gas chromatograph equipped with 2 ECDs and a
Hewlett-Packard 5973A autoinjector. Samples were intro­
duced via a splitless injector into a retention gap (20 cm length
x 0.53 mm id) connected through a fused-silica V-shaped inlet
splitter to two 30 m length x 0.32 mm id x 0.251lm film thick­
ness fused-silica open-tubular columns (DB-5 and DB-l701)
with helium as carrier gas at flow rates of 3.7 and 4.0 mUmin,
respectively. The column temperature was increased at
5°C/min from 80° to 275°C (2 min hold). The injection volume
was I J1.L, and the injector temperature was 250°C. A 3-point
external standard calibration using standards at 25, 50, and
100 ng/mL was performed initially to establish the GC-ECD
linear range. Not all compounds were at 25, 50, and 100 ng/mL
because detector response varied significantly from compound
to compound. Exceptions included the following compounds:
trifluralin was at 50, 100, and 200 ng/mL; chlorothalonil,
DCPA, dichloran, and the 2 permethrin isomers were at 75,
150, and 300 ng/mL; methoxychlor was at 100, 200, and
400 ng/mL; chlorobenzilate, chloroneb, DBCP, etridiazole,
hexachlorocyclopentadiene, nitrofen, PCNB, and propachlor
were at 125,250, and 500 ng/mL; and alachlor, captafol, cap­
tan, diallate, dichlone, hexachlorobenzene, and perthane were
at 250, 500, and 1000 ng/mL. For quantitation, we used aver­
age response factors from multilevel calibration. The measure­
ment error as established by replicate injections of calibration
standards is below 5% relative standard deviation (RSD).

For OPP analyses, we used a Hewlett-Packard 5890 Series II
gas chromatograph equipped with 2 NPDs and a Hewlett­
Packard 5973A autoinjector. Samples were introduced via a
packed-column injector connected to a fused-silica retention
gap (20 cm length x 0.53 mm id) and a fused-silica V-shaped

inlet splitter connected to two 30 m length x 0.32 mm id x
0.25 Ilm film fused-silica open-tubular columns (DB-5 and
DB-1701) with helium as carrier gas at a flow rate of3 mUmin.
The column temperature was held at 120°C for 3 min and then
increased at 5°C/min to 260°C (I min hold). The injection vol­
ume was I ilL, and the injector temperature was 250°C. A 4­
point external standard calibration using standards at 1,2.5,5,
and 10 Ilg/mL was performed initially to establish the GC­
NPD linear range. The only compounds that were present at
concentrations different from those stated above for OPPs were
mevinphos, TEPP, naled, chlorfenvinphos, crotoxyphos, phos­
met, azinphos-methyl, coumaphos, and dioxathion, which
were at 2, 5, 10, and 20 Ilg/mL; and thionazin and trichloronate,
which were at 0.5, 1.25,2.5, and 5 ng/mL. For quantitation, we
used average response factors from multilevel calibration. The
measurement error as established by replicate injections ofcali­
bration standards is below 5% relative standard deviation.

Safety

The microwave unit incorporates several safety features (2)
and should be operated in accordance with operating safety in­
structions recommended by CEM. A new rupture membrane
per vessel should be used for each extraction. Should the mem­
brane rupture because of increased pressure inside individual
vessels, the solvent vapor is unlikely to leak into the cavity be­
cause all vessels are connected to a containment vessel via the
solvent rupture vent tube. To prevent pressure buildup inside
individual vessels, wet samples should not be extracted simul­
taneously with dry samples. When 12 samples are extracted si­
multaneously (this is the maximum number that can be ex­
tracted with the CEM system), they should be either all dry or all
wet. Likewise, solvent blanks should not be heated together with
samples that are to be extracted by MAE because the former will
heat faster than the latter.

Statistical Analysis

Recovery results from the 2 groups ofcompounds were ana­
lyzed by analysis of variance (ANOYA) to estimate the main
effects on recovery of heating time (2 levels), temperature
(2 levels), solvent (4 levels), and matrix (3 levels) and their in­
teractions. Analyses were performed separately for OCPs and
OPPs at the 95% confidence level by using the general linear
model procedure (PROC GLM) of the SAS statistical software.
Prior to ANOYAs, recoveries below 10% were deleted. OCP
recoveries greater than 150% were excluded as well. One high
OPP recovery of 182% (statistical outlier, over 3 standard de­
viations from the mean) was also excluded. ANOYAs were per­
formed on the reduced set of recovery data. All 4 main effects,
six 2-way interactions, four 3-way interactions, and one 4-way
interaction were then included in the model. If an interaction
and/or main factor was not significant at the 95% confidence
level, it was excluded from the model and ANOYA was per­
formed again. A final linear model including only significant
main effects and interactions was kept for final interpretation.
Adjusted (for unequal sample sizes) least-square means for re­
covery were then computed at each level of main effects and
interactions.
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Organochlorine Pesticides (44 compounds)
Average Percent Recovery (2,087 total measurements)
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Figure 1. Effect of temperature on MAE recovery for organochlorine pesticides.

Results and Discussion

Organochlorine Pesticides

Ofthe initial 21 12 recovery results (44 compounds x 2 heat­
ing times x 2 temperatures x 4 solvents x 3 matrixes), 28 or
1.3% (9 above 150% and 19 below 10%) were excluded as
outliers. ANOVA was therefore based on the remaining
2084 recovery results ranging from 12.7 to 150%. One main
factor, time (p =0.38; average recoveries were 94.5% at 5 min
heating and 95.2% at 20 min), two 2-way interactions (time x
matrix and time x temperature), and one 3-way interaction
(time x temperature x matrix) were not significant at the 95%
confidence level and were thus excluded from the final analy­
sis. On the basis of the final model, an average recovery of
94.9% with an RSD value of 16.8% was obtained across all
44 OCPs and 48 experimental conditions. The temperature was
the most significant factor (F =193 with I and 2036 degrees of
freedom): average recoveries were of 99.6% at 50°C and
90.0% at 145°C. The 9.6% loss in recovery is statistically sig­
nificant. The matrix was the second most significant factor (F
=38.9 with 2 and 2036 degrees of freedom). Average recover­
ies were 97.9% for solvent alone, 95.8% for solvent/wet soil
suspensions, and 90.6% for solvent/dry soil suspensions. All
3 pairwise comparisons among the 3 matrix types were statis­
tically significant. The solvent factor (F = 14.8 with 3 and
2036 degrees of freedom) was significant: average recoveries
were 97.8% with methylene chloride-acetone, 96.3% with
toluene-methanol, 92.8% with hexane-acetone, and 92.3%
with MTBE. Of the 6 pairwise comparisons among the 4 sol­
vents, all but 2-methylene chloride-acetone versus toluene­
methanol and hexane-acetone versus MTBE---were statisti-

cally significant. Because the remaining interactions were all
significant at the 5% level, average recoveries were plotted at
the most detailed level, that is, separately by matrix, solvent,
time, and temperature. Figures 1-3 show average recoveries
(adjusted least-square means) for OCPs in 3 groupings. Fig­
ure I compares OCP recoveries at 50° and 145°C for each set
defined by heating time, solvent, and matrix. Figure 2 com­
pares OCP recoveries for solvent only, solvent/dry soil suspen­
sions, and solvent/wet soil suspensions for each set defined by
heating time, temperature, and solvent. Figure 3 compares
OCP recoveries for the 4 solvents for each set defined by heat­
ing time, temperature, and matrix. Although all interactions re­
maining in the model were significant, there was no consistent
pattern of matrix effect on recovery within solvent type. For
example, in 9 of 16 cases (4 solvents x 2 heating times x 2 tem­
peratures), best recoveries were obtained with solvent only, all
other conditions being equal. In II of 16 cases, solvent/wet soil
suspensions yielded higher recoveries than solvent/dry soil sus­
pensions, all other conditions being equal. This lack of consis­
tent pattern is further reflected in the significant interaction
among all factors considered in the model.

Outliers for OCPs

Of the 28 outliers, 9 recoveries were in excess of 150% and
19 were below 10%. Of the compounds with low recoveries
(that might have degraded under MAE conditions), hexachlo­
rocyclopentadiene had 7 recoveries below 10% and dicWone
had 5. The former is a fairly volatile compound (even the blow­
down recoveries were somewhat lower for this compound),
and the latter is relatively stable in methylene cWoride-acetone
and toluene-methanol. Low recoveries of dichlone were ob-
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Organochlorine Pesticides (44 compounds)
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tained for hexane-acetone experiments at 145°C (at 5 and
20 min heating) and MTBE only and MTBFJdry soil suspen­
sions (at 145°/5 min heating).

Organophosphorus Pesticides

Of the initial 2256 recovery results (47 compounds x 2 heat­
ing times x 2temperatures x 4 solvents x 3 matrixes), 90 or 4%
(l high recovery value of 182% and 89 below 10%) were ex­
cluded as outliers. ANOYA was therefore based on the remain­
ing 2166 recovery results ranging from 10.5 to 167%. Overall,
OPP recoveries were lower and more variable than those for
OCPs. As with OCPs, time (p =0.67; average recoveries were
85.5% at 5 min heating and 85.2% at 20 min) and the 2-way
interaction time x temperature (p =0.07) were not significant
at the 95% confidence level and were thus excluded from the
final analysis. On the basis of the final model, an average re­
covery of 86.2% and an RSD value of 23.9% was obtained
across all 47 OPPs and 48 experimental conditions. Tempera­
ture was the most significant factor (F = 301 with I and
2118 degrees of freedom): average recoveries were 93.2% at
50°C and 77.8% at 145°C. The 15.4% loss in recovery is sta­
tistically significant. Matrix was the second most significant
factor (F =140 with 2 and 2118 degrees of freedom). Average
recoveries were 94.8% for solvent alone, 85.0% for solvent/wet
soil suspensions, and 76.6% for solvent/dry soil suspensions.
All 3 pairwise comparisons among the 3 matrix types were sta­
tistically significant, in the same order as those for OCPs. The
solvent factor (F =26.8 with 3 and 2118 degrees of freedom)
was also significant but in a slighly different order from that
observed with OCPs: Average recoveries were 89.5% with hex­
ane-acetone, 89.4% with methylene chloride-acetone, and
81.5% with either MTBE or toluene-methanol. Of the 6 pair­
wise comparisons among the 4 solvents, all but 2-hexane­
acetone versus methylene chloride-acetone and MTBE versus
toluene-methanol-were statistically significant. Because the
remaining interactions were all significant at the 5% level, av­
erage recoveries were plotted like those for OCPs. Figures 4-6
show average recoveries (adjusted least-square means) in
3 groupings. Figure 4 compares OPP recoveries at 50° and
145°C for each set defined by heating time, solvent, and matrix.
Figure 5compares OPP recoveries for solvent only, solvent/dry
soil suspensions, and solvent/wet soil suspensions for each set
defined by heating time, temperature, and solvent. Figure 6
compares OPP recoveries for the 4 solvents for each set defined
by heating time, temperature, and matrix. Although all interac­
tions remaining in the model were significant, there was no
consistent pattern of matrix effect on recovery within solvent
type, except for MTBE (Figure 5). However, the patterns here
are more distinct than they were for OCPs. For example, in 13
of 16 cases (4 solvents x 2 heating times x 2 temperatures),
highest recoveries were obtained with the solvent only, all other
conditions being equal. In 12 of 16 cases, solvent/wet soil sus­
pensions yielded higher recoveries than solvent/dry soil sus­
pensions, aU other conditions being equal. Finally, in 9 of
16 cases, recoveries with solvent only were always higher than
those with solvent/wet soil suspensions, which in tum were al­
ways higher than those with solvent/dry soil suspensions. This

pattern is especiaUy clear for MTBE in Figure 5. In that case,
the average recovery degradation from solvent only to sol­
vent/wet soil suspensions ranged from 3.7% (50°C and 5 min)
to 26.4% (145°C and 20 min), for an average recovery degra­
dation of 11.6%. Similarly, the average degradation in recovery
from solvent/wet soil suspensions to solvent/dry soil suspen­
sionsranged from 12.8% (145°C and 20 min) to 36.1 %(145°C
and 5 min), for an average recovery degradation of 21.0%.

Outliers for OPPs

The 90 outliers removed from statistical analysis of OPPs
were distributed as follows: one data point each for cWorfen­
vinphos, EPN, fensulfothion, and fonofos; 2 for dimethoate; 3
for mevinphos; 4 each for demeton-O and disulfoton; 5 each
for dichlorvos and HMPA; 6 for dicrotophos, naled, and
trichlorfon; 8 for demeton-S; II each for monocrotophos and
phosphamidon; and 15 forTEPP.

Upon analysis of these data, the following conclusions can
be drawn. In the case of TEPP, an unstable diphosphate that
readily hydrolyzes in water and is thermaUy labile (e.g., decom­
poses at 170°C), the MAE data indicate that this compound is
stable when heated up to 145°C in solvent alone. MAE recov­
eries dropped significantly when dry soil was present and were
even lower when wet soil was added to solvent. For example,
with hexane-acetone, MAE recoveries at 145°C were 102 and
95.8% for 5 and 20 min extractions, respectively. These
dropped, respectively, to 9.4 and 19.2% with dry soil present
and to 8.8 and 9.2% with wet soil present. With MTBE or tolu­
ene-methanol, TEPP recoveries at 145°C were 0 (except one
data point of 17.9% for MTBFJwet soil suspension and 5 min
heating time).

For phosphamidon, 10 of II outliers corresponded to
MTBFJdry soil suspensions at 50° or 145°C, toluene-metha­
noVdry soil suspensions at 145°C, and toluene-methanoVwet
soil suspensions at 50° (20 min only) or 145°C. For the other
2solvent combinations, MAE recoveries in the presence of wet
soil were still high (e.g., recoveries for hexane-acetone were
69.5 and 49% at 145°C for 5 and 20 min, respectively, and re­
coveries for methylene chloride-acetone were 81.5 and 67.2%
at 145°C for 5 and 20 min, respectively). However, MAErecov­
eries dropped to 22.8 and 0% at 145°C for 5 and 20 min heating,
respectively, for hexane-acetone/dry soil suspensions and to about
30% for methylene cWoride-acetone/dry soil suspensions.

TricWorfon and naled are converted to dichlorvos by dehy­
drocWorination and debromination, respectively (5). This reac­
tion appears to take place even in the solvent-only experiments.
For example, in the case of tricWorfon and hexane-acetone,
MAE recoveries were 86% at 50°C and 5 min and 79.1% at
145°C at 5 min but dropped to 32% when heated at 145°C for
20 min. For solvent/dry soil suspensions, MAE recoveries
were 11.9% (at 145°C/5 min) and 8.9% (at I45°C/20 min). In
the case of naled, MAE recoveries dropped from 90.1 to 23.5%
when going from heating at 50°C for 5 min to heating at 145°C
for 5 min with hexane-acetone only, to 9.9% with hexane--ace­
tone/dry soil suspensions heated at 145°C for 5 min, and to 0%
recovery when heated at 145°C for 20 min.
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Organophosphorus Pesticides (47 compounds)
Average Percent Recovery (2,170 total measurements)
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Organophosphorus Pesticides (47 compounds)
Average Percent Recovery (2,170 total measurements)
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Monocrotophos, demeton-O, and demeton-S also showed
consistently lower recoveries when heated in the solvent/dry
soil or solvent/wet soil suspensions and their recoveries also
appeared to be a function of temperature and heating time.

Conclusions

For OCPs, temperature had the most significant effect on
recovery, followed by matrix. All 3 pairwise comparisons of
3 matrix types were statistically significant. The solvent factor
was significant, with average recoveries of 97.8% when using
methylene chloride-acetone, 96.3% when using toluene­
methanol, 92.8% when using hexane-acetone, and 92.3%
when using MTBE. Of the 6 pairwise comparisons among the
4 solvents, all but 2-methylene chloride-acetone versus tolu­
ene-methanol and hexane-acetone versus MTBE-were sta­
tistically significant. Among 4 solvent combinations tested, the
best solvents are hexane-acetone and methylene chloride-ace­
tone. Both are easier to evaporate than toluene-methanol and
MTBE. Nonetheless, solvent selection must be considered with
matrix coextractives, which were not addressed in this study.
Furthermore, optimum extraction temperature would have to
be established by the user of this technology. We have demon­
strated that within 50°-145°C, the OCP compounds investigated
here are stable under irradiation with microwave energy, despite a
9.6% loss in recovery when temperature rises from 50° to 145°C.

For OPPs, temperature also had the most significant effect
on recovery, followed by matrix. All 3pairwise comparisons of
the 3 matrix types were statistically significant, in the same or­
der as for OCPs. The solvent factor was also significant, with
average recoveries of 89.5% with hexane-acetone, 89.4% with

methylene chloride-acetone, and 81.5% with either MTBE or
toluene-methanol, in a slightly different order from those for
OCPs. Of the 6 pairwise comparisons of the 4 solvents, all but
2-hexane-acetone versus methylene chloride-acetone and
MTBE versus toluene-methanol were statistically significant.
The same solvent combinations giving the best results for
OCPs appear to give the best results for OPPs. However, for
OPPs, several compounds appeared to degrade under MAE
conditions (e.g., TEPP, phosphamidon, trichlorfon, naled,
monocrotophos, demeton-O, and demeton-S). For these com­
pounds, extraction with microwave energy would have to be
performed at 50°C because of the thermal instability of the
compounds.
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RESIDUES AND TRACE ELEMENTS

Determination of Calcium by Inductively Coupled
Plasma-Atomic Emission Spectrometry, and Lead by Graphite
Furnace Atomic Absorption Spectrometry, in Calcium
Supplements after Microwave Dissolution or Dry-Ash Digestion:
Method Trial
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FDA, Kansas City District Office, Lenexa, KS; and Paul H. Siitonen, FDA, National Center for Toxicological Research,
Jefferson, AR

A 3-laboratory method trial was conducted to
evaluate 2 sample digestion procedures and in­
strumental determination parameters for analysis
of calcium and lead in Ca supplements. Calcium
supplements were treated by dry-ash digestion
or microwave dissolution prior to spectrometric
analysis. In each case, Pb was determined by
graphite furnace atomic absorption spectrometry
and Ca by inductively coupled plasma-atomic
emission spectrometry. Blind duplicates of 6 Ca
supplement samples were analyzed after each
sample treatment procedure. Matrix pairs con­
tained dissimilar Pb levels to cover the analyte
range encountered during method development.
Calcium content of the Ca supplement samples
also reflected the range seen during method de­
velopment. Stock solutions of Ca and Pb were
supplied to collaborators for preparation of quan­
titation standards to remove a variable external
to the method. National Institute of Standards
and Technology Standard Reference Material
(NIST SRM) 1486, bone meal, was included to as­
sess method accuracy and recovery at NIST cer­
tificate Ca and Pb levels for this material (26.58 ±
0.24% Ca and 1.335 ± 0.014119 Pb/g). Analyses of
the NIST SRM yielded 25.9 ±1.1 and 27.2 ±2.3%
Ca and 1.53 ± 0.19 and 1.26 ± 0.19 I1g Pb/g for dry­
ash and microwave procedures, respectively. Sta­
tistical analyses of data indicated acceptable re­
peatability and reproducibility for determination
of Pb and Ca in various Ca supplements. With
either sample preparation technique, the method

Received August 27, 1997. Accepted by J5 July 2,1998.

is appropriate for determining Pb or Ca in Ca sup­
plements.

A
potential for lead exposure from calcium supplements
exists for youth and developing fetuses. Calcium sup­
plements often are prescribed to young children and ex­

pectant women to meet increased Ca needs. The presence of
lead at elevated levels in some commonly available Ca supple­
ments (I) is a concern because infants and young children ab­
sorb and retain a far greater percentage of consumed Pb than do
adults (2). The harmful developmental and neurological effects
of Pb on fetal development can occur even at slightly elevated
Pb exposure levels (3). Children evaluated for neurological ef­
fects of Pb exposure as infants have significant intellectual and
academic performance deficits at 10 years of age (4). Recent
research indicates that infants exposed to Pb tend to display
antisocial behavior as adolescents (5). In a 1991 report, the
Centers for Disease CODtrol stated that "lead poisoning is one
of the most common and preventable pediatric health problems
today" (6). Clearly, exposure of youth to Pb is an identifiable
and preventable health risk that must continue to be addressed,
and human exposure to Pb needs to be minimized.

The U.S. Food and Drug Administration (FDA) recently has
begun to address calcium carbonate and other food-grade
sources of Ca, proposing lower limits of Pb content than are
currently in place (7). This action follows those taken by the
United States Pharmacopeia (USP) and Food Chemicals Codex
(FCC) to lower allowable Pb in CaC03 and a continually im­
proving understanding of long term health risks associated with
exposure to low levels of Pb. Both USP and FCC currently
specify 3 mg allowable Pblkg CaC03 (8, 9).

The method described here was developed in response to a
request from FDA's Center for Food Safety and Applied Nutri­
tion (CFSAN) for sensitive and reliable methods to quantitate
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Pb in Ca supplements. The dry-ash method was developed in­
itially to allow simultaneous preparation of many samples for
analysis (10). The microwave dissolution procedure was devel­
oped to take advantage of the latest advancements in rapid sam­
ple preparation technology (Siitonen, unpublished data). Be­
cause sample mineralization occurs in closed Teflon
Perfluoroalkoxy (PFA) vessels, microwave sample dissolution
minimizes contamination while maximizing analyte recovery.
Calcium analysis was included in the method to allow evalu­
ation of Pb level on a Ca basis if needed for regulatory deci­
sions. Regulatory scientists at CFSAN indicated that future Pb
limits may be related to Ca content on a Ilg Pb/g Ca basis (II).
Calcium results determined by inductively coupled plasma­
atomic emission spectrometry (ICP-AES) after treatment of
supplements are not significantly different from results ob­
tained by instrumental neutron activation analysis (INAA) of
intact supplements (10; Siitonen, unpublished data).

Manufacturers of Ca supplements recommend daily intakes
that vary greatly for different supplements. Depending on type,
commonly available Ca supplements have Ca contents varying
from 9 to 40%. Manufacturers' recommended intake for
achieving a recommended daily allowance for Ca can vary
from as little as 2 g CaC03 to more than II g Ca lactate. Expo­
sure to Pb would vary greatly if these 2 supplement types, with
equivalent Pb contents, were taken as recommended. FDA uses
interlaboratory method trials to validate methods with potential
for regulatory use in FDA field laboratories and to comply with
a recent draft guideline from the Intemational Conference on
Harmonization (12). AOAC INTERNATIONAL requires that
performance characteristics of a peer-verified method be tested
in one or more laboratories independent of the submitting labo­
ratory (13). The method trial was conducted for FDA field
ruggedness testing to determine whether major differences
could be attributed to differences in graphite furnace atomic
absorption spectrometry (GFAAS) instrumentation and
whether the method meets requirements for an AOAC INTER­
NATIONAL peer-verified method.

Trial Conditions

Calcium supplements were purchased from area health food
stores or obtained from chemical supply vendors. All Ca sup­
plements purchased were labeled as suitable for human con­
sumption or as USP grade. Two samples each of calcium car­
bonate, calcium lactate, and bone meal were chosen to
represent the variety of available Ca supplements. Calcium
supplements chosen for the study were those thought to be ho­
mogeneous. All gave Pb values with relative standard devia­
tions (RSDs; n ~ 4) of <8% during method development and
initial characterization. Supplements originating from the Na­
tional Center for Toxicological Research (NCTR) gave Pb val­
ues with an average RSD of 3.9%. National Institute of Stand­
ards and Technology (NIST SRM) 1486 was included as one of
the bone meal samples.

Prior to the method trial, participants received a practice Ca
supplement sample to familiarize themselves with the method
and to determine the suitability of their laboratory systems for

applying the method. The collaborative method and back­
ground material on method development also were supplied.
The practice sample characterized by GFAAS, ICP-AES, and
INAA during method development was found to contain 35.3
±2.6% Ca and 0.711 ±0.0861lg Pb/g at the 95% confidence
limits. After participants became familiar with the method, they
were provided with study samples.

Sample sets were prepared as follows: Approximately 1.5 g
of each Ca supplement was distributed in duplicate to Nalgene
low-density polyethylene bottles with sample code labels af­
fixed. Two sets of 12 samples were prepared for each collabo­
rator. Each sample set was coded and shipped separately with
sample codes unknown to collaborators. Collaborators were
asked to prepare one complete set of samples by each sample
preparation technique. After completion of all analyses, partici­
pants were asked to return all raw data and results to originating
laboratory for statistical evaluation.

For the originating laboratory to participate in the method
trial without bias, 2 sets of samples were blind coded by an
NCTR chemist not associated with the project. Sample codes
were unknown to the participating NCTR chemist until sample
data analyses were complete.

Statistical analyses for calculation of performance parame­
ters were performed per AOAC INTERNATIONAL guidelines
(\4), with AOAC INTERNATIONAL-supplied computer
worksheets and a LOTUS 1-2-3 macro program.

METHOD

Principle and Scope

(Caution: See safety notes on nitric acid and hydrogen per­
oxide.)

Calcium supplements are mineralized through either a dry­
ash digestion or a microwave dissolution procedure. The sam­
ple digest matrix is modified by addition of (NH4hHP04, and
the resulting solution is analyzed for Pb by GFAAS and for Ca
by ICP-AES. The method is applicable to Pb concentrations in
supplement ranging from 0.20 to 10.0 Ilglg and to Ca levels
ranging from 9 to ca 40% by weight. Higher levels of Pb are
addressed by dilution.

Apparatus

Alliabware and plasticware are washed initially with deter­
gent, rinsed with deionized water, soaked overnight in IN
HN03, rinsed with deionized water, and air dried. Thereafter,
thorough rinsing with IN HN03 and deionized water is suffi­
cient to avoid contamination.

(a) GFAAS system.-Capable of instrument detection limit
of 2 ng Pb/mL, with background correction enabled, based on
3 x standard deviation (SD) of 3 blank Hp atomizations;
Thermo Jarrell Ash Corp. (Franklin, MA) Model Video 22 with
Smith-Hieftje background correction and Model 755 furnace
atomizer or equivalent.

(b) Microwave digestion apparatus with Teflon-closed di­
gestion vessels.-CEM MDS-2000 with advanced composite
vessels or equivalent (Matthews, NC).
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Table 1. Method trial results: Calcium (%)

Laboratory 1 Laboratory 2 Laboratory 3

sample pair" Dry ash Microwave Dry ash Microwave Dry ash Microwave

33.4 37.2 40.9 41.0 38.8 42.7

35.1 36.7 40.7 40.2 38.7 42.6

2 35.0 37.8 41.5 41.7 39.8 42.8

35.6 38.1 41.1 41.3 26.0b 42.8

3 12.8 13.9 14.2 14.6 13.9 13.7

13.6 14.0 14.4 14.2 13.9 13.4

4 14.9 16.7 17.4 16.9 16.7 20.7

15.2 16.7 17.2 16.9 16.4 20.8

5c 24.7 25.5 26.9 27.6 39.8b 31.6

25.4 26.5 27.3 27.1 25.4 25.1

6 28.4 31.5 34.1 34.7 31.5 35.5

30.3 31.2 33.6 34.1 31.3 32.0

• Sample pair types are as follows: 1 and 2, CaCO,; 3 and 4, Ca iactate; 5 and 6, bone meal.
• See Results and Discussion and Method Tria/sections of text.
e NIST SRM 1486 bone meal; certificate value, 26.58 ± 0.24% Ca.

(e) ICP-AES system.-Capable of calcium analysis,
Thermo Jarrell ModellCAP 61E or equivalent.

(d) Programmable mufflefumace.-Lindburg type 51668
furnace with Model 59564 control console or equivalent (Wa­
tertown, WS).

(e) Analytical balance.-Calibrated, accuracylo 0.0001 g
for sannple weighing, Ohaus Corp. (Florham Park, NJ)
Model GA200D or equivalent.

Materials

(a) Calcium standard stock solution.-IO.OO mglmL,
NlST SRM 3109 or equivalent.

(b) Lead standard stock solution.-IO.OO mglmL, NlST
SRM 3128 or equivalent.

(c) Ammonium phosphate dibasic.-Analytical reagent,
meets ACS specifications, Mallinckrodt Chemical Works (St.
Louis, MO) or equivalent.

(d) Nitric acid 70.0-71.0%.-Baker Instra-Analyzed re­
agent for trace metal analysis, J.T. Baker, Inc. (Phillipsburg, NJ)
or equivalent.

(e) Hydrogen peroxide, 30%.-Baker-Analyzed reagent
(stabilized), J.T. Baker or equivalent.

(f) Deionized water.-ASTM Type I, BamsteadfTher­
molyne Corp. (Dubuque, IA) Nanopure deionized water sys­
tem or equivalent.

Digestion

(a) Weigh duplicate I g sannples of Ca supplement to 4 sig­
nificant figures into suitable precleaned digestion vessels.

(b) Analyze a reagent blank-to monitor reagent contami­
nation and limit of quantitation (LOQ}-with each batch of
samples.

Dry-Ash Procedure

(el) Dry ash samples by using the following temperature
program: heat from 200° to 450°C linearly over 4 h (to avoid
ignition of sample), hold at 450°C for 8-16 h, and then cool to
room temperature.

(dl ) Add 5 mL H20, 2 mL HN03 (cautiously because of
foaming), and 2 mL 30% H20 2 to each sannple and then heat
sample at 125°C until nearly dry.

(el) Add up to 4 mL 30% H20 2dropwise until all carbona­
ceous material is mineralized.

Microwave Dissolution Procedure

(C2) Add 10 mL HN03to each sample and allow sample to
oxidize at ambient temperature for I h.

(d2) Secure vessel caps and pressure monitor and heat sam­
ples through microwave program as follows: Apply 280 W for
10 min with a pressure limit of 50 psi followed by 5 min with
no microwave radiation. Apply 420 W for 10 min with a pres­
sure limit of 80 psi followed by 5 min with no heating. Apply
560 W for 10 min to complete dissolution.

(e2) Upon completion of microwave heating, allow sam­
ples to cool for 10 min and vent pressurized vessels before re­
moving vessel caps.

(f) Transfer mineralized sample to 50 mL volumetric flask
with several rinses of ca 5 mL IN HN03, add 1.0 mL 25% am­
monium phosphate as matrix modifier, and adjust to volume
with IN HN03.

(g) Allow particulate material (MgO) to settle out of solution
before diluting the digest I:200 for Ca analysis by ICP-AES.

(h) Perform additional dilutions, if required for Pb analysis
by GFAAS, with IN HN03 containing 0.5% ammonium phos­
phate. Note: A 10:50 or 5:50 additional dilution of the original
50 mL sannple digest was sufficient for measuring Pb content
of supplements during method development. Ca supplements



1236 SrrroNEN & THOMPSON: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998

Table 2. Method trial results: Lead (1lg!9)

Laboratory 1 Laboratory 2 Laboratory 3

Sample paira Dry ash Microwave Dry ash Microwave Dry ash Microwave

0.297 0.345 0.24 0.31 0.478b 0.377

0.277 0.303 0.22 0.23 0.725b <0.31<

2 1.36 1.34 1.22 1.29 1.33 1.11
1.38 1.30 1.35 1.45 1.41 1.34

3 1.31 1.35 1.20 1.34 1.46 1.20
1.27 1.11 1.24 1.27 1.21 0.99

4 0.116 <0.11 0.07 0.07 0.428b <0.31

0.138 <0.11 0.08 0.06 0.364b <0.31

5d 1.58 1.29 1.33 1.49 1.68 1.09
1.57 1.05 1.27 1.47 1.74 1.17

6 5.84 5.77 6.14 7.81 4.24 4.31
5.96 5.15 8.77 6.81 5.03 3.87

• Sample pairs are as follows: 1 and 2, CaCO,; 3 and 4, Ca lactate; 5 and 6 bone meal.
• See text.
C Results preceded by < represent LaO.
d NIST SRM 1486 bone meal; certificate value, 1.335 ±0.014l!g Pb/g.

with >4 /lg Pb/g exceed the concentration range of the standard
curve and therefore require this additional dilution.

Determination by GFAAS

The GFAAS instrument is configured and optimized for Pb
analysis per manufacturer's specifications. Typically, instru­
ment conditions for Pb analysis are wavelength =283.3 nm, slit
width =320 /lm, bandpass = I nm, background correction =
enabled, integration time =4 s, integration mode =peak area.
A typical graphite furnace temperature program is sam­
pling/drying =100°-140°C/5 s, charring =250°C/lOs, pyro­
lysis =680°C120 s, and ramp atomization =2300°C/1O s. The
amount of sample injected is adjusted such that standards con­
taining 0-80 ng Pb/mL 0.5% ammonium phosphate in IN
HN03 yield a linear standard curve. The minimum fit for the
standard curve is a linear regression r;:: 0.995. Data are ac­
quired for standards to establish the standard curve prior to and
after atomization of sample digests. At least 3 readings are
taken for each sample or standard, and the peak areas are aver­
aged for each. Using the peak area of unknown sample, the con­
centration of Pb in the digest is determined from the standard
curve. The contribution of reagent blank and dilution factors are
applied to obtain Pb concentration as /lg Pb/g supplement:

Pb concentration, /lg/g =

(Pb Csx I /lg/IOOO ng x dilution volume)/\\\

where Pb Cs =(Pb concentration in sample digest - reagent
blank) and WI, =sample weight (g).

An instrument check standard (lCS) is read after each
10 samples to verify instrument stability. Instrument calibra­
tion and analysis of the prior 10 samples are required if ICS
deviates from the actual value by more than ± 20%.

Determination by ICP-AES

The plasma is initialized and the system is allowed to equili­
brate thermally over 30 min. Calibration and standardization
are performed per manufacturer's specifications. Four readings
are obtained for each sample or standard for signal statistics.
Prior to sample analysis and after each 10 sample analyses, a
calibration blank standard (CBS) and an ICS are read to evalu­
ate instrument stability. If CBS differs by more than 3a from
the initial value or if ICS differs from the known value by more
than ± 10%, analysis is terminated, the instrument is restan­
dardized and the previous 10 samples are reanalyzed. Calcium
is quantitated as follows:

Ca, % =[(Ca Cs x 10 OOO)/WtsJ x 100

where Ca Cs=Ca concentration in sample (mg/mL) and Wt, =
sample weight (mg).

Results and Discussion

Pretrial Practice

Laboratory 2 produced acceptable initial results from analy­
sis of practice sample, finding Pb levels of 0.672 and
0.75 I /lg/g after microwave digestion and dry-ash digestion,
respectively and Ca levels of34.8 and 35.4%, respectively. The
95% confidence limit values for practice sample were 35.3 ±
2.6% Ca and 0.711 ± 0.086 /lg Pb/g (determined by the origi­
nating laboratory). However, laboratory 3 could not secure Pb­
free (NH4hHP04 and had problems with the prescribed
GFAAS furnace temperature conditions for sampling and dry­
ing. After Pb-free 25% (NH4hHP04 was provided and furnace
condition problems were solved, laboratory 3 found 0.879 and
0.787/lg Pb/g and 33.7 and 32.6% Ca after microwave and
dry-ash digestion, respectively. These values were acceptable
and the method trial phase of the study was initialized.
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Table 3. Statistical treatment: Calcium (%)

Mean RSDr RSDR

Sample pair Dry ash Microwave Dry ash Microwave Dry ash Microwave

FDA method trial statistics

1 37.9 40.1 1.85 0.97 8.93 7.24
2 36.5 40.8 15.5 0.50 16.1 6.17
3 13,8 14.0 2.44 1.49 4.39 3.22
4 16.3 18.1 1.17 0.23 7,08 12.6
5 28.3 27.2 20.8 9.89 20.8 9.89

6 31.5 33.2 2.56 4.39 7.37 5.75

AOAC peer-verification statistics

1 37.5 38.8 2,28 1.22 12.5 6.71

2 38.3 39.7 0.94 0,63 11.1 6.33

3 13.8 14.2 3.00 1.45 6.04 2.47
4 16.2 16.8 1.11 0.0 9.87 0.84

5 26.1 26.7 1.55 2.10 5.67 3,87

6 '31.6 32.9 3.11 1.02 10.3 6.60

Method Trial

Results of Ca and Pb analyses after microwave or dry-ash
digestion are given in Tables I and 2. Inconsistencies in data
from laboratory 3could not be resolved through a review of the
raw data or discussions with the analyst. At the suggestion of
an AOAC statistician at the time, statistical treatments of the
data were performed with and without this laboratory's data.
Questionable data in Tables 1 and 2 are indicated. However,
except for sample pairs 2 and 5 for Ca and sample pairs I and
4 for Pb, laboratory 3's data were similar to those from the other
2 laboratories, resulting in acceptable statistics for the method
trial with the exception of statistics for Pb at LOQ.

Sample codes for Ca supplements with questionable Ca re­
sults were 6a and 6b. The questionable Ca result ofeach sample
closely matches the remaining sample in the corresponding
data set. This observation indicates that a sample switch most
likely occurred.

Method trial statistical results for Pb were detrimentally af­

fected by the elevated LOQ determined for laboratory 3. The

LOQ is based on lOx SD of the blank sample determination.

Laboratories I and 2 obtained average LOQs of 0.1 and

O.06llg Pb/g supplement, respectively, while laboratory 3 ob­
tained an average LOQ of 0.31 Ilg Pb/g supplement. Although

an LOQ of 0.31 Ilg Pb/g is sufficient for current method needs

(lOx below the current Pb limit for Ca supplements), one aim

of the study was to show method applicability at Pb levels as
low as possible. Thus, further discussion will concentrate on data

conforming to AOAC INTERNATIONAL peer-verified method

criteria but excluding data from laboratory 3. With the exception

stated previously, the method trial demonstrated acceptable per­

formance at the current Pb limit for Ca supplements.

Calcium

Statistical analyses ofCa data are given Table 3. The relative
percent difference (RPD) between means from dry-ash and mi­
crowave pretreatment averaged 3.3%, with microwave disso­
lution giving higher values. Although Ca results tended to be
slightly higher for microwave dissolution, this was not always
true. Mean Ca values for NIST SRM sample pair 5 (certificate
value, 26.58 ±0.24% Cal were within 2% of certificate value by
either sample pretreatment. Intralaboratory relative standard de­
viation (RSD,) values averaged 2.00 and 1.07% for dry-ash and
microwave pretreatments, respectively. Interlaboratory relative
standard deviation (RSDIJ values averaged 9.25 and 4.47%, re­
spectively. This level of precision in Ca results is acceptable.

Lead

Statistical analyses of Pb results are presented in Table 4.
Average RPD between means for dry-ash and microwave pre­
treatment was 5.8%. Abias in Pb results was not apparent. Av­
erage results of analysis of NIST bone meal for Pb were within
8% ofcertificate value. Harmonization guidelines state that ac­
curacy should be between 80 and 120% of the known value.
Results of analysis of the standard reference material indicate
acceptable accuracy and recovery for Pb at a contaminant level
one-third the current equivalent USP specification for Pb in
CaC03. RSD, values averaged 7.75 and 10.8% for dry-ash and
microwave procedures, respectively. RSDR values averaged
12.3 and 14.4%, respectively, except for data from sample
pair 4, which were at the LOQs for the methods. Higher RSD,
and RSDR values were demonstrated mainly for samples aver­
aging ~ 0.3 Ilg Pb/g, except for sample pair 6, abone meal sam­
ple. During method development, bone meal samples fre­
quently demonstrated the greatest lack of homogeneity in Pb
content of any supplement type. An unforseen lack of homoge-
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Table 4, Statistical treatment: Lead (~g1g)

Mean RSDr

Sample pair Dry ash Microwave Dry ash Microwave

FDA method trial statistics

1 0.37 0.26 27.2 60.9

2 1.34 1.31 4.68 8.85

3 1.28 1.21 8.16 11.0

4 0.20 0.02 14.0 18.8

5 1.53 1.26 2.28 8.22

6 6.00 5.62 18.7 9.13

AOAC peer-verification statistics

1 0.26 0.30 5.47 15.2

2 1.33 1.35 4.95 6.13

3 1.26 1.27 2.25 9.86

4 0.10 0.03 12.0 15.4

5 1.44 1.33 2.12 9.09

6 6.68 6.39 19.7 9.21

Dry ash

57,0

4.93

8.16

87,0

13,8

27.0

16.1

5,72

4.25

37.4

13.6

21,6

Microwave

60,7

8.85

11.8

174

16.3

29.5

16.8

6,13

9.86

142

17.8

21.5

neity for sample pair 6 may have negatively impacted Pb re­
sults for this sample pair.

Comments by Participants

Analysts in one laboratory commented that one reagent
blank sample per analytical batch of samples was insufficient
to adequately determine Pb background. They used 5-10 con­
trol blanks per series to monitor contamination and method per­
formance by the method detection limit concept (15). Their as­
sessment of method figures of merit was determined with
5 reagent blank samples. The originating laboratory also used
this method for evaluating method characteristics. After ob­
serving consistent reagent blank Pb values (at or near the instru­
ment detection limit), the decision was made to limit reagent
blanks to approximately a 10% frequency. Inconsistent reagent
blanks should alert the chemist to increase the number of re­
agent blanks to determine an accurate value for reagent blank
contribution and to minimize sources of Pb contamination.

Instrumentation

GFAAS equipment used by the laboratories for Pb determi­
nations were of 2 basic types. Smith-Hieftje or pulsed back­
ground correction was used in one laboratory, while Zeeman
background correction was used in the 2 other laboratories.
Also, discrete sample deposition was used with the Zeeman
GFAAS instrument, while aerosol sample deposition was used
with the other instrument. Discrete sampling dictated a modifi­
cation of the initial furnace temperature to avoid sample spat­
tering during deposition. Two laboratories used Thermo-Jarrell
Ash ICAP 6lE instruments for Ca analyses, while the remain­
ing laboratory used an ARL 3580 ICP instrument. No apparent
differences due to ICP instrument differences were noted.

Conclusions

Amethod for determining Ca and Pb in Ca supplements was
developed that demonstrates acceptable accuracy and preci­
sion. Method sensitivity sufficient for a regulatory limit of Illg
Pb/g was demonstrated by 2 of 3 laboratories. For Pb analysis,
there was no apparent bias, due to either sample treatment pro­
cedure or mode of background correction during GFAAS. ICP
instrumentation differences had no observable effect on Ca re­
sults. Data from microwave dissolution procedure gave slightly
better statistics for Ca, but data from dry-ash digestion gave
slightly better Pb statistics. The microwave procedure has advan­
tages with respect to time savings and contamination control.
Either sample treatment can be used with acceptable results.
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RESIDUES AND TRACE ELEMENTS

Monitoring Chlorinated Pesticides and Toxic Elements in Tissues
of Food-Producing Animals in Yugoslavia

AURELUA SPIRIC and SNEZANA SAICIC

Institute of Meat Hygiene and Technology, Kacanskog 13, PO Box 33-49, 11000 Belgrade, Yugoslavia

According to the established monitoring program
in Yugoslavia, 941 swine, 561 cattle, and 358 lamb
samples collected during a 5-year period were ana­
lyzed for chlorinated pesticide residues. Less than
10% of the examined samples contained residues
of HCB (hexachlorobenzene), HCH (hexachlorocy­
clohexane), lindane (,..hexachlorocyclohexane),
and total DDT (p,p '-DDT and metabolites) at con­
centrations greater than the lowest detectable limit.
None of the swine and cattle samples exceeded the
residue limit (RL). Among lamb samples, 2.5% con­
tained lindane residues exceeding the RL, with a
mean of 4.75 mglkg. This finding suggests lin­
dane's improper use as a veterinary pesticide, prob­
ably as a sheep-dip for destroying ectoparasites.
During the same period, 849 swine, 584 cattle, and
350 lamb samples also were analyzed for toxic ele­
ments (Pb, Cd, Hg, and As). In the majority of sam­
ples, toxic elements were present at levels less
than 50% of RLs. Only Cd and Pb RLs were ex­
ceeded in several cases. Differences in trace ele­
ment contents of samples from different animals
were not significant. The data indicate that resi­
dues in tissues of food-producing animals do not
have a great potential impact on pUblic health.

H
umans today are subjected to prolonged exposure to
many toxic substances at very low doses (l, 2). To
evaluate human exposure to environmental contami­

nants and hazards and the risks associated with that exposure,
monitoring ofresidues is very important. The primary objective
of monitoring is to collect information about distribution and
year-to-year variability of selected environmental pollutants.

Many toxicants are eliminated by mammals through milk.
Thus, milk is the most important product through which hu­
mans are exposed to many organochlorine pesticides (3,4). But
because of the large use of meat in human nutrition and the
solubility and accumulation of chlorinated pesticides and other
compounds in lipids, many investigations to evaluate human
exposure to different environmental contaminants are based on
monitoring of animal tissues and organs (5-7). Among these

Received January 22, 1998. Accepted by J5 July 10, 1998.

environmental contaminants, pesticides and toxic elements are
considered to be of particular importance because of their tox­
icity and cumulative properties (8-10).

Use ofchlorinated hydrocarbon insecticides in crop and ani­
ma) production has become very important during the past
50 years because of their effectiveness, low cost, and acute tox­
icity. Discovery of environmental hazards caused by their high
persistence, chronic toxicity, and ability to bioaccumulate re­
sulted in their restriction or banning in most industrialized
countries (II, 12). But they remain important as pesticides and,
consequently, as contaminants of food and animal feed pro­
duced in Third World countries, where their use is still permit­
ted (13,14).

Trace elements are another common group of environ­
mental pollutants that are toxic to mammals, birds, and fish.
Excessive concentrations of these materials are present in
water, air, or soil as a result of natural deposits, and their use can
lead to accumulation in the environment (15-17). The presence
of toxic elements in soil, water, and air contributes to the con­
tamination of food chains (18). To evaluate human exposure to
diverse toxic elements, animals are used as indicator organisms
(19). Because of their toxicity and bioconcentrations, mercury,
cadmium, and lead have been the most extensively studied met­
als (15-18).

Arsenic is another widespread element in the environment.
Apart from its presence in some minerals-mainly as arsenides
of copper, nickel, and iron or as arsenic sulfides or oxides-it
has some applications in metallurgy for hardening Cu, Pb, or
alloys. Small amounts are used in the glass and ceramics indus­
tries. Arsenic compounds were used in agriculture and forestry
mainly as pesticides. At present, because of legislation, As
compounds cannot be used as crop-protecting agents (20).
Because of its widespread presence in the environment and
its acute and chronic toxicity, permanent monitoring of As
residues in foodstuffs and in food-producing animals is re­
quired (21, 22).

Exposure of animals to environmental contaminants or in­
appropriate use of pesticides in animal husbandry can leave
high levels of residues in animal tissues. To maintain the safety
of meat and meat products, a national system of residue control
was established in Yugoslavia in 1972. Under the supervision
and on request from the U.S. Department of Agriculture
(USDA), Foreign Agricultural Service, Office of Agricultural
Affairs, the residue control program in Yugoslavia was set up
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Table 1. Residues of chlorinated hydrocarbons detected in adipose tissue of food-producing animals in Yugoslavia,
1991-1996

<LOLa LDL-50% RLb 50-100% RL >RL
Pesticide Total No. of

Animal detected samples No. % No. % No. % No. %

Swine HCB 941 936 99.5 5 0.5 a a
a +P+ &-HCH 941 938 99.7 3 0.3 a a

Lindane 941 891 94.6 41 4.4 9 1.0 a
Total DDT 941 937 99.6 4 0.4 a a

Cattle HCB 561 556 99.1 3 0.5 2 0.4 a
a +P+ &-HCH 561 556 99.1 2 0.4 1 0.2 a

Lindane 561 535 95.4 17 3.0 9 1.6 a
Total DDT 561 561 100.0 a a a

Lamb HCB 358 356 99.4 2 0.6 a a
a +P+ &-HCH 358 356 99.4 1 0.3 1 0.3 a

Lindane 358 333 93.0 13 3.6 3 0.9 9 2.5

Total DDT 358 352 98.3 2 0.6 4 1.1 a

• LDL =lowest detectable limit: 0.01 mglkg for HCH, HCB, and lindane; 0.04 mglkg for total DDT.
o RL =residue limit: 0.1 mglkg for HCH, HCB, and lindane; 1.00 mglkg for total DDT.

with the task of avoiding the exposure of the domestic hu­
man population and its food supply-as well as consumers
in the United States who buy meat products imported from
Yugoslavia-to unexpectedly high residue levels. The first
official guidelines for veterinary inspection of slaughtered
animals, meat, and meat products to detect residues was set
in 1985 (23).

Experimental

Apparatus

(a) Gas chromatograph.-Varian Model 3400 (Walnut
Creek, CAl, equipped with 63Ni electron capture detector and
J&W DB-l7, 30 m long Megabore column (J&W Scientific);
0.53 mm id and 1.0 ~m film thickness. Operating conditions:
injector temperature, 250°C; detector temperature, 300°C; and
programmed column temperature, 160°C with 2 min hold,
ramp from 160° to 180°C at 2°C/min, ramp from 180° to 2300C
at 5°C/min, 10 min hold at 230°C. Carrier gas flow (highly pu­
rified nitrogen) was 16 mUmin.

(b) Data acquisition.-Varian integrator, Model 4400.
(c) Atomic absorption spectrophotometer.-Pye Unicam

Model SP-9 (Cambridge, UK), equipped with Pb, Cd, and Hg
hollow cathode lamps, acetylene/air burner, and deuterium
background correction.

(d) UVlvisible spectrophotometer.-Pye Unicarn Model SP8­
500, with deuterium lamp and 1cm near-infrared silica cell.

(e) Microcolumn.-12 x 300 mm frined glass column with
Teflon stopcock.

Reagents

(a) Reagents and solvents.-E. Merck, Darmstadt, Ger­
many; graded for residue analysis.

(b) Alumina.-ICN Biomedicals (Eschwege, Germany)
neutral, Brockman Activity I, 80/200 mesh, treated according
to determinative method procedure.

(c) Pesticide reference standards.-HCB, a + ~ + 'Y + Ii­
HCH, lindane, p,p '-DDT, p,p '-DOE, p,p '-DOD, aldrin,
dieldrin, heptachlor, heptachlor epoxide, metoxich!or, endrin,
and chlordane were obtained from Supelco (Gland, Switzer­
land). Concentrations of standard solutions were appropriate
for instrumentation used and samples tested.

(d) Standard solutions.-Solutions for atomic absorption
spectrophotometric (AAS) determination of Cd, Pb, and Hg, as
well as for spectrophotometric determination of As (stock and
calibration standards), were made from commercially available
reference standard solution (Serva, Feinbiochemica, 0-6900,
Heidelberg, Germany).

Sample Collection

Testing of slaughtered animals for residue content com­
prises 2 phases: monitoring and surveillance. Monitoring pro­
vides general information on occurrence of residue violations
in specified animal populations on an annual national basis.
Results are used to identify producers that deliver animals with
violative concentrations of residues. Subsequent offer of ani­
mals for slaughter from those producers is subjected to surveil­
lance sampling and testing, until accordance with regulation is
demonstrated.

Data presented in this paper originated from the monitoring
and surveillance phases of Yugoslavia's national residue con­
trol program. Samples were collected from registered slaugh­
terhouses throughout the country. Monitoring information was
obtained from a statistically based collection of random sam­
ples from healthy appearing animals under inspection at the
slaughter line. The number of samples was chosen to provide
95% probability ofdetecting at least one violative sample when
I% of the total animal population is violative. When residues
were detected at higher than tolerance levels, the surveillance
program was applied. On the basis of monitoring information,
sampling would be directed to aparticular area, animal species,
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Table 2. Residues of arsenic and heavy metals in liver and kidney of food-producing animals in Yugoslavia,
1991-1996

<LDLa LDL-50% RLb 50-100% RL >RL
Toxic element Total No. of

Animal detected samples No. % No. % No. % No. %

Swine Arsenic 849 207 24.4 369 43.5 273 32.1 0

Cadmium 849 125 14.7 576 67.8 143 16.9 5 0.6

Lead 849 468 55.1 322 37.9 55 6.5 4 0.5

Mercury 849 354 41.7 456 53.7 39 4.6 0

Callie Arsenic 584 122 20.9 322 55.1 140 24.0 0

Cadmium 584 84 14.4 427 73.1 63 10.8 10 1.7

Lead 584 290 49.7 236 40.4 56 9.6 2 0.3

Mercury 584 175 30.0 397 68.0 12 2.0 0

Lamb Arsenic 350 73 20.9 185 52.9 92 26.2 0

Cadmium 350 110 31.4 212 60.6 25 7.1 3 0.9

Lead 350 181 51.7 125 35.7 41 11.7 3 0.9

Mercury 350 235 67.1 110 31.5 5 1.4 0

, LDL = lowest detectable limit: 0.01 mglkg for As, Cd. and Pb; 0.001 mglkg for Hg.
b RL =residue limit: As. 0.5 mglkg; Cd and Pb. 1.0 mglkg; Hg, 0.1 mglkg.

and compound, if warranted. In such a case, carcasses were
retained until laboratory analyses were received. Samples were
taken at random, unforeseen and unexpected by veterinary in­
spection at the slaughterhouses and at no fixed time or particu­
lar day of the week. Collected tissues were placed separately in
plastic bags to prevent transfer of residues from tissue to tissue,
marked, and sent to a laboratory in a frozen state.

Target tissues were tissues containing 80-90% fat for chlo­
rinated pesticides, kidney for heavy metals (Cd, Pb, and Hg),
and liver for As. Target tissues were seleected according to data
from literature or available analytical methods (7, 24-26).

Analysis

Samples were treated according to USDA's Guidebook (24).
Chlorinated hydrocarbons were extracted and separated by elu­
tion from fat in small glass columns filled with partially deac­
tivated alumina. The eluate was evaporated to a small volume
and transferred to a volumetric flask. A portion was injected
into a gas chromatograph for detection and quantitation. Resi­
dues were expressed on a fat basis (24).

To analyze for trace elements, the matrix was completely
destroyed by heating (600°C). The ash residue was dissolved
in hydrochloric acid, and trace elements were determined by
AAS. Mercury was determined by cold-vapor technique after
wet digestion. Arsenic was determined spectrophotometrically
at 840 nm as a molybdenum blue complex.

Results were evaluated against national residue limits estab­
lished in regulations (27).

Accuracy

Data accuracy was estimated from recovery of compounds
from fortified samples. For each sample, one reagent blank
sample and one spiked sample were analyzed. Blank samples
were spiked with single or a group ofcontaminants in the range
of concentrations expected for analyzed samples. Results for

analyzed samples were corrected for recovery of the corre­
sponding compound from the spiked blank sample. Acceptable
recoveries ranged 70 to 110%, depending on compound. When
recoveries were out of range, results were rejected and the rea­
sons for the deviation had to be determined and eliminated.

Results and Discussion

Residues of chlorinated pesticides detected in different ani­
mal species during the 5-year period 1991-1996 are shown in
Table I. Adipose tissues from swine (941 samples). cattle
(561 samples). and lamb (358 samples) were analyzed. Or­
ganochlorine pesticide residues detected were HBC (hexachlo­
robenzene), HCH (hexachlorocyclohexane), lindane (y-hex­
achlorocyclohexane), and p.p '-DDT and its metabolites,
presented as total DDT. Other chlorinated pesticides such as
.aldrin, dieldrin heptachlor and its epoxide, and chlordane were
not detected. Use of chlorinated pesticides in agriculture (ex­
cept lindane) and forestry (except DDT) was banned in Yugo­
slavia in 1972. Pesticide residues in more than 90% of samples
examined were at levels below the lowest detectable limit
(LDL) of the method, in agreement with our previous results
(28). Lindane was the most frequently detected pesticide at lev­
els above LDL. None of the pork and beef samples contained
residues in excess of the residue limits (27). Among lamb sam­
ples, 2.5% contained lindane in excess of the residue limit, with
a mean lindane concentration 4.75 mg/kg. The residue limit for
lindane is O. I mg/kg.

Literature data indicate that the banning or restricted use of
many organochlorine insecticides in agriculture was followed
by a decrease in levels of pesticide residues in animal feed and,
consequently, in tissues of slaughtered animals (12, 29). Lin­
dane still is widely used in agriculture and animal husbandry.
Thus, the source of lindane in tissue samples could be contami­
nated feed or improperly used veterinary pesticides. Direct use
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Table 3. Concentrations of cadmium and lead in samples exceeding residue limits (RL)

Toxic element
No. of samples exceeding Range of concentrations,

Animal RL mglkg Average concn, mglkg

Cadmium Swine 5 1.12-1.85 1.36
Callie 10 1.24-2.02 1.57
Lamb 3 1.20--1.76 1.42

Lead Swine 4 1.14-1.68 1.31
Callie 2 1.55-2.14 1.84
Lamb 3 1.34-2.28 1.61

of lindane to control ectoparasites in livestock can leave high
residue levels in the animal body (30, 31). The data for lambs
suggest improper use of lindane as a veterinary pesticide, prob­
ably as a sheep-dip for destroying ectoparasites. The pesticide
might enter through the skin into the animal body and then
penetrate to the fetus through the placenta. Milk is the most
effective way of eliminating persistent organohalogen com­
pounds from the body (32, 33). So, milk is another way that
lambs may be contaminated with lindane. Our previous results
(34) and other literature data (30) support this conclusion.

Residues of toxic elements detected in tissue samples are
shown in Table 2. During the 5-year period, 849 swine,
584 cattle, and 350 lamb samples were analyzed. For the ma­
jority of examined samples, residues of toxic elements were
detected at levels <50% of residue limits. None of the samples
contained As or Hg at a level above the residue limit. The Cd
residue limit was exceeded in 5 pork, 10 beef, and 3 lamb sam­
ples. The Pb residue limit was exceeded by 4 swine, 2 cattle,
and 3 lamb samples. The range of concentrations and average
values for Cd and Pb in samples exceeding residue limits are
shown in Table 3.

The Cd and Pb found in pork and beef kidneys may be due
to contaminated feed. Phosphate fertilizers, rainfall, and in­
creased industrialization and motorization continually increase the
contamination of the environment and, consequently, of tissues of
food-producing animals (18,26). Our results are very similar to
previous data (28, 35, 36). Differences in trace element contents
of samples from different animals were not significant.

The data for organochlorine pesticides and trace element
residues indicate that the occurrence of residues in tissues of
food-producing animals in Yugoslavia has no great potential
impact on public health. For samples exceeding tolerance lev­
els, the monitoring program allows identification and, conse­
quently, elimination of the source of animal contamination.
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RESIDUES AND TRACE ELEMENTS

Determination of (+/-) Elution Orders of Chiral Organochlorines
by Liquid Chromatography with a Chiral Detector and by
Enantioselective Gas Chromatography
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Enantioselective gas chromatography (GC) with
5 modified cyclodextrins was applied to chiral or­
ganochlorines. A prerequisite for determining GC
elution orders of enantiomers is the availability
of enantioenriched standard solutions. In addi­
tion to compounds reported before (e.g., a-HCH,
PCB 174, oxychlordane), we determined the sign
of optical rotation of enantioenriched solutions
of e-aeee-pentachlorocyclohexene-1 (~-PCCH),

perdeuterated a-HCH (a-PDHCH), perdeuterated
~-PCCH, and the persistent compound of techni­
cal toxaphene--2-exo,3-endo,5-exo,9,9,1 0,1O-hep­
tachlorobornane (B7-1453)-by liquid chromatog­
raphy (LC) with a chiral detector. An enantio­
enriched solution of !3-PCCH was obtained by enan­
tioselective degradation of a-HCH with (-)-brucine. In
addition to forming an enantiomeric excess of (-)-a­
HCH, we formed enantioenriched (+)-!3-PCCH. In a
similar study, a-PDHCH showed the same behavior
with respect to enantioselectivity. Dextrorotation of
an enantioenriched solution of B7-1453 was also con­
firmed by LC with a chiral detector. Enantiosepara­
tion of chiral organochlorines on 5 chiral stationary
phases resulted in several reversed elution orders.
These results indicate that a careful check of elution
orders of organochlorine enantiomers is necessary
prior to comparison of literature data for the study of
enantioselective processes in the environment.

S
ince the 1940s, organochlorines (e.g., hexachlorocyclo­
hexanes, DDT, chlordane, toxaphene, and polychlori­
nated biphenyls) have been applied at million-ton scales

all over the world (I). Because of their persistence and lipo­
philicity, these xenobiotics are accumulated at parts-per-trillion
to parts-per-million levels, particularly in adipose tissues of

Received April 9, 1998. Accepted by J5 June 25. 1998.

species at higher trophic levels. Many organochlorines are chi­
ral, and technical products contain both enantiomers. However,
optical antipodes often have different effects on living organ­
isms. For example, McBlain (2) showed that (-)-o,p '-DDT
possesses estrogenic activity while (+)-o,p '-DDT has none.

In 1989, Konig et al. (3) succeeded in gas chroma­
tographic (GC) enantioseparation of an aaeeee- I,2,3,4,5,6­
hexachlorocyclohexane (a-HCH) standard solution and
stated that this technique may be used to study enantioselec­
tive degradation of a-HCH in the environment. In the past few
years, GC enantioseparations of chiral organochlorines have
attracted growing attention in environmental chemistry (4). Al­
though no chiral stationary phase (CSP) could enantioseparate
all chiral compounds, different CSPs based on alkyl- or silyl­
terminated cyclodextrins allow resolution of enantiomers of
most chiral organochlorines and collection of data on enan­
tioselective accumulation in some matrixes (4).

Enantiomeric ratios (ER) usually are defined as the ratio of
the dextrorotary enantiomer to the levorotary enantiomer. If the
signs of the specific rotations of individual enantiomers are un­
known, ER is based on the ratio of the first eluted enantiomer
to the second eluted enantiomer under defined chroma­
tographic conditions (4). However, elution orders of enantiom­
ers frequently are reversed on different CSPs (5, 6) and in one
case even on the "same" CSP synthesized by different manu­
facturers (7). Therefore, knowing the (+/-) elution order of en­
antiomers is necessary to evaluate enantioselective accumula­
tion of chiral organochlorines in environmental samples. This
determination has been done for some materials, for example
through chiroptical investigations ofenantiopure or enantioen­
riched a-HCH (8), chlordane-related compounds (8, 9), and
some atropisomeric polychlorinated biphenyls (PCBs; 10).

We have now established the sign of optical rotation of
e-aeee-pentachlorocyclohexene-l (~-PCCH), the first metabo­
lite of a-HCH (II). We also determined the signs of the optical
rotations of perdeuterated a-HCH (a-PDHCH), perdeuterated
~-PCCH (~-PDPCCH), and an enantioenriched compound of
technical toxaphene (CIT). And we determined elution orders
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of the enantiomers of these and other organochlorines on
5 CSPs.

Experimental

Materials and Reference Compounds

Standard solutions of a-HCH and oxychlordane (10 nglllL
each) were from Promochem (Wesel, Germany). Solid o,p '­
DDT was from Dr. Ehrenstorfer (Augsburg, Germany), solid
a-HCH was from Riedel-de-Haen (Seelze, Germany), and
solid PCB 132 and PCB 174 were from Promochem. a­
PDHCH was synthesized and purified in our laboratory (12)
but is available from Promochem. Enantioenriched oxychlor­
dane was from Dr. Ehrenstorfer, and enantiopure PCB 132 and
PCB 174 were prepared (10) and kindly donated by P. Haglund
(Vmea, Sweden). Enantiopure PCB standards were mixed with
racemic PCB solutions to obtain enantioenriched solutions that
allow simpler determination of (+/-) elution orders. 2-exo,3­
endo,5-exo,9,9,10,IO-Heptachiorobomane (B7-1453) was iso­
lated from the technical product Melipax (13). This persistent
heptachlorobomane is present in Melipax in nonracemic com­
position (14). lA-Dioxane (chromatographic grade) was from
Merck (Darmstadt, Germany), and n-hexane (residue analysis
grade) was from Promochem. (-)-Brucine (2,3-dimethoxy­
strychnidin-I O-one) was from Merck. The natural product bru­
cine exists only in the levorotary form.

Silica gel 60, extra pure for column chromatography (parti­
cle size, 0.063-D.2oo mm; Merck), was activated for 16 hat
130°C before use.

Preparation of Enantioenriched Standards

Organochlorines (a-HCH, a-PDHCH, PCB 174, and
o,p'-DDT) were treated with (-)-brucine as described by
Cristol for a-HCH (15). Forty milligrams organochlorine
(except I mg for PCB 174) and 200 mg (-)-brucine were
added to 10 mL IA-dioxane. Solutions were stored for sev­
eral days in closed 50 mL flasks and then filtered through I g

silica gel to remove (-)-brucine. The a-HCH reaction solution
was chromatographed on 60 g silica gel with n-hexane as mo­
bile phase. The parent compound (1000-1450 mL) eluted prior
to the dehydrochlorinated product ~-PCCH (1550-2150 mL),
allowing quantitative separation of the compounds. The same
procedure was applied to a-PDHCH and ~-PDPCCH. Areac­
tion between ca 20 Ilg B7-1453 with 40 mg (-)-brucine was
performed in IA-dioxane. In addition, we tested the reaction of
B7-1453 with (-)-brucine at 95°C in a sealed reaction vial (Re­
acti-Vial, Pierce, The Netherlands).

LC with a Chiral Detector

The LC system consisted of a degassing system, a PV-980
pump, a UV-975 detector (operated at 210 nm), and an OR990
chiral detector (all Jasco, Japan). The LC column (200 mm
length x 4 mm id, silica; ET 200/4 Nucleosil 100-5) was from
Macherey-Nagel (DUren, Germany). The mobile phase was n­

hexane at a flow rate of 0.7 or 0.5 mLlmin. About 20 ilL was
injected into a 20 ilL sample loop. Data treatment was per­
formed with Borwin software (lasco).

GC with Electron Capture Detection

Five CSPs were tested. ~-PMCD (10% immobilized hep­
takis[2,3,6-tri-O-methyl]-~-cyclodextrin bonded to polysilox­
ane) and y-PMCD (10% immobilized octakis[2,3,6-tri-O­
methyl]-y-cyclodextrin bonded to polysiloxane) columns,
distributed with the tradename Chirasil-Dex, were from
Chrompack (Middelburg, The Netherlands). Columns were
25 m long, 0.25 mm id, 0.25 11m film thickness (dr).

~-BSCD (20% lert-butyldimethylsilylated-~-cyclodextrin

in 85% dimethyl-, 15% diphenylpolysiloxane [PS086]) was a
prototype similar to a column available under the tradename
BGB-I72 (BGB Analytik, Adliswil, Switzerland). Column was
30 m long, 0.25 mm id, and 0.18 11m dr.

The ~-TBDM (35% heptakis[6-0-lert-butyldimethylsilyl­
2,3-di-O-methyl]-~-cyclodextrin in 85% methyl-, 7% phenyl-,

Table 1. Elution order and elution temperatures of organochlorine enantiomers on 5 chiral stationary phases

Elution order (reference); temperature, 'C on indicated stationary phase

Organochlorine P-PMCD y-PMCD P-TBDM P-BSCD p-PPCD

a-HCH (+) < H (5, 6,17); 130 H < (+) (5, 6, 17); 150 _a; 150 _b; 160 (+) < (-); 145

a-PDHCH (+) < (-); 130 (-) < (+); 150 _a; 150 _b; 160 (+) < (-); 145

P-PCCH (+) < (-); 130 H < (+); 140 (+) < (-); 150 n.s.c (+) < (-); 135

P-PDPCCH (+) < (-); 130 H< (+); 140 (+) < (-); 150 n.s. (+) < (-); 135

B7-1453 n.s. n.s. (+) < (-); 140 (+) < (-); 180 n.s.

Oxychlordane n.s. n.S. H < (+) (6); 165 (+) < (-); 200 n.s.

PCB 132 (-) < (+) (10); 190 H«+)d; 160 (-) < (+); 180 H«+); 180 n.s.

PCB 174 (+) < (-) (10); 190 n.s. H«+); 190 (-) < (+); 180 n.s.

• The p-TBDM used in the study eluted (+)-a-HCH prior to (-)-a-HCH, which is the reverse of the elution order determined recently on another
p-TBDM phase of different purity (27). Elution order of enantiomers on p-TBDM must be carefully checked.

b The P-BSCD used in the study eluted H-a-HCH prior to (+)-a-HCH, which is the reverse of the elution order obtained recently on a P-BSCD
phase from a different synthesis batch of the same manufacturer (7). Elution order of a-HCH enantiomers on P-BSCD must be carefUlly
checked.

C n.s. =not separated.
d Only a shouider.
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Figure 1. Enantioselective Ge-ECD chromatograms (13-TBDM) of (a) enantioenriched H-u-HCH and (b)

enantioenriched (+)-I3-PCCH obtained after separation of products of reaction of u-HCH with (-)-brucine.

7% cyanopropyl-, 1% vinyl-polysiloxane [OVI70lj) phase

was from M. MUller (Eidgenossische Forschungsanstalt
Wadenswil, Switzerland; 6). Column was 20 m long, 0.25 mm
id, and 0.15 I.lm dr.

Undiluted ~-PPCD (heptakis[2,3,6-tri-O-n-pentyll-~-cy­

c1odextrin) column is available under the tradename Lipodex C

(Macherey-Nagel). Column was 25 m long and 0.25 mm id.

Achiral separations were performed on an HP 5890 gas
chromatograph (Hewlett-Packard, Ratingen, Germany)

equipped with 2 fused-silica columns (CP-Sil 2 and CP­
Sil 8/20% CIS, both Chrompack) and 2 electron capture detec­
tors (ECDs) in parallel, as recently reported (6, 7).

Enantioseparations were performed on HP 5890 and
HP 5840 gas chromatographs, each equipped with an ECD (7).
Samples were injected splitless at 240°C injector temperature;
detector temperature was 300°C. Carrier gas was helium (col­

umn head pressure was 1.0 bar, except for ~-TBDM for which
column head pressure was 0.8 bar).

GC oven programs started at 60°C for 2 min. Then the oven
was heated at 10° or 15°C/min to the required separation tem­
perature (Table I).

Results and Discussion

Reaction of Organochlorines with (-)-Brucine

The reaction of racemic a-HCH with (-)-brucine has
been the subject of several studies (5, 15-19). Degradation
of a-HCH is accompanied by formation of the chiral degrada­
tion product ~-PCCH. The second eluted a-HCH peak (Fig­
ure la) was significantly more abundant than the fIrst eluted
enantiomer. The peak ratio of a-HCH enantiomers was about
I:2. Moller et al. (18) found a signifIcant optical rotation of
pure a-HCH enantiomers in n-hexane.

Enantioenriched a-HCH was injected into the LC system.
The chiral detector was used in the + mode. Thus, a signal ex­
ceeding the baseline (positive signal) corresponds with dextro­
rotation, and a negative signal indicates levorotation. The LC
system was used with an achiral stationary phase. With this
technique, signals in the chiral detector are obtained only when
one enantiomer predominates. Racemic compounds neutralize
the opposite optical rotation of the enantiomers, and only the
surplus of one enantiomer gives rise to a signal. In the case of
a 1:2 ratio ofenantiomers such as with a-HCH, only one third
of the injected solution is responsible for the detector signal.
Because of this fact and the poor sensitivity of the chiral detec-
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tor for organochlorines, 10-100 llg enantioenriched com­
pounds was required to obtain a significant signal in the chiral
detector.

a-HCH gave a negative signal in the chiral detector (Fig­
ure 2a). The corresponding peak was fractionated and, after di­
lution (about 200 Pg/llL), analyzed by GC-ECD. The GC­
ECD chromatogram of the LC fraction showed only 2 peaks at
the retention times of the a-HCH enantiomers and reproduced

the enantiomeric ratio measured prior to LC analysis. These
results confirm that degradation of a-HCH with (-)-brucine
leads to enantioenriched (-)-a-HCH (15), which can be read as
E~+I_) =0.57. The enantiomeric excess was only slightly lower
than that reported by Htihnerfuss et aI. (20).

Along with formation of enantioenriched (-)-a-HCH,
dehydrochlorination with (-)-brucine yielded nonracemic
~-PCCH. Although formation of ~-PCCH from a-HCH after

-2.6E+

-2.8E

oJ.OE

a Chiral Detector

10.00

~enantioenriched
(-)-a-HCH

14.00 [min]

Chiral Detectorb

5.00

10.00

UV-Detector

10.00

15.00

15.00

enantioenriched
(+)-P-PCCH

20.00

I3-PCCH

20.00

[min]

[min]

Figure 2. Liquid chromatograms of organochlorines: (a) LC/chiral detector chromatogram of enantioenriched

(-)-a-HCH, (b) LC/chiral detector (top) and LCIUV detector (bottom) chromatograms of enantioenriched (+)-~PCCH.
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Figure 3. LC/chiral detector chromatogram of enantioenriched (+)-87-1453 isolated from Melipax (positive signals
are caused by dextrorotation).

treatment with brucine has been described (5,15-19,21), the
sign of rotation of ~-PCCH hitherto has not been established.
Enantioenrichment of ~-PCCH was less pronounced than that
of a-HCH (Figures la and 1b). Only a small enantiomeric ex­
cess of the first eluted ~-PCCH enantiomer (ER =1.36) was
observed. However, the ~-PCCH isolate caused a significant
positive signal in the chiral detector, corresponding to greater
abundance of the dextrorotary enantiomer (Figure 2b). There­
fore, reaction ofa-HCH with (-)-brucine resulted in enantioen­
riched (-)-a-HCH and enantioenriched (+)-~-PCCH. ~-PCCH

also caused a signal in the UV detector (210 nm), which was
not the case with a-HCH because a-HCH lacks a double bond.

a-PDHCH was synthesized recently (12). It has been
predicted that a-HCH and the isotope-labeled analogue
a-PDHCH will behave in the same way with respect to enan­
tioselectivity (6). To test this prediction, we treated a-PDHCH
with (-)-brucine, separated the reaction products on silica, and
studied the enantiomeric excess by LC with a chiral detector.
Reaction with brucine led to enantioenriched (-)-a-PDHCH
and enantioenriched ~-PDPCCH, in agreement with results for
nonlabeled compounds. In contrast to a-HCH and a-PDHCH,
O.p '-DDT and PCB 174 did not react with (-)-brucine, and en­
antioselective GC confirmed that these compounds exist in
racemic composition (data not shown).

Next we determined the sign of the rotation of B7-1453, an
abundant crr in fish (22) and seal blubber (23), isolated re­
cently from the technical product Melipax (13). With enan­
tioselective GC on ~-BSCD and electron-caption negative
ionization-mass spectrometry (ECNI-MS) and electron im­
pact-MS (EI-MS) detection, we established an ER of 1.26 ±
0.03 for the B7-1453 isolate from Melipax (14). The non­
racemic composition of B7-1453 confirmed that toxaphene
mixtures contain enantioenriched compounds (24). Reaction of
(-)-brucine with B7-1453 failed when performed both at ambi­
ent temperature and at 95°C in a sealed vial. Consequently, we
studied the enantioenriched B7-1453 isolated from Melipax by
LC with a chiral detector. Because of the small surplus (about
11.5%) of one B7-1453 enantiomer, the Melipax isolate was
concentrated to about 50 ilL, and 20 ilL was injected into the

LC system. Two significant positive signals were observed in
the chiral detector (Figure 3). Eluates were separately collected
at the respective retention times and analyzed by GC-ECD.
The GC-ECD chromatogram of the LC cut of the major posi­
tive peak in the chiral detector was identified as B7-1453. The
fraction was concentrated and reinjected into the LC system.
This time, we recorded only the one positive signal in the chiral
detector. GC-ECD analysis on nonchiral and chiral stationary
phases confirmed that the peak originated from B7-1453 (Fig­
ure 4). Although the abundance of the positive signal in the chiral
detector was low, we concluded that the isolate from Melipax con­
tained enantioenriched (+)-B7-1453. Enantiomers of polycWori­
nated bomanes are obtained by mirroring the substituents on C-2,
C-3, and C-9 with those on C-6, C-5, and C-8, respectively (25).
Consequently, both enantiomers of B7-1453 must be labeled with
different chemical names (26), that is, 2-exo,3-endo,5­
exo,9,9,lO,IG-heptacWorobomane and 3-exo, 5-endo,6­
exo,8,8, lO,IG-heptacWorobomane (13). At the moment, it is still
not clear which structure corresponds to (+)-B7-1453.

Elution Orders of Organochlorines on Chiral GC
Stationary Phases

Elution orders and separation temperatures of organo­
chlorine enantiomers on 5 different CSPs are listed in Table 1.
Enantioseparations of organocWorines are enthalpy controlled,
and best chiral resolutions are obtained with isothermal elution
(4). Adecrease in separation temperature increases chiral reso­
lution but increases retention times. Note that separation tem­
peratures are optimized not to obtain the best chiral resolution
or separation factor but to achieve a reasonable compromise
between resolution and GC run time. Coelutions with other
compounds in samples might require other conditions and op­
timization procedures. Consequently, these temperatures are
recommended as initial values to start with in similar studies.

Elution orders of labeled and nonlabeled a-HCH and
~-PCCH were the same on all CSPs. Only a-HCH and its
perdeuterated analogue were enantioseparated on all CSPs. a­
PDHCH and ~-PDPCCH had shorter retention times than non­
labeled a-HCH and ~-PCCH, respectively. ~-PPCD enan-
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(+)-B7-1453

(-)-87-1453

i
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Figure 4. Ge-ECD chromatogram of enantioseparation of B7-1453 on j3-BSCD (LC cut).

[min]

tioseparated only a-HCH, ~-PCCH, and their perdeuterated
analogues. Therefore, this CSp' which is reported to enan­
tioseparate many chiral compounds (28), is suitable only for a
few chiral organocWorines.

(+)-a-HCH eluted earlier than the levorotary enantiomer on
all CSPs except y-PMCD and the ~-BSCD phases. However,
we have found evidence for reversed elution orders on ~-BSCD
phases depending on the synthesis procedure (7). ~-BSCD, in­
troduced by Blum and Aichholz (29), is synthesized by silyla­
tion of terminal -OH groups on C-2, C-3, and C-6 of the cy­
clodextrins. Because the low stability of trimethylsilyl ethers,
tert-butyldimethylsilyl groups were used to prepare suitable
CSPs (29). However, these bulky substituents prevent persily­
lation of the free -OH groups on the cyclodextrin, and ~-BSCD

consists of several products that may vary from batch to batch
(7,28-30). Some ofthese products elute the dextrorotary enan­
tiomer before the levorotary enantiomer, while others give a
reversed elution order (7). For example, the elution order of
a-HCH enantiomers we obtained on the ~-BSCD phase is the
reverse of the elution order obtained with a ~-BSCD phase
tested earlier from the same manufacturer (7). Although rever­
sal of elution order ofenantiomers on ~-BSCD has been shown
only for a-HCH, we cannot exclude the possibility that it can
occur with other compounds. Thus, an entire testing of the elu­
tion order of organocWorine enantiomers is strongly recom­
mended. The same effect was observed on ~-TBDM,

which also contains tert-butyldimethyl groups on the cy­
clodextrin. But in contrast to ~-BSCD, preparation of
well-defined ~-TBDM (purity, >99%) has been described

(31). However, these purified ~-TBDM phases enantioseparate
only a limited number of organochlorines while the randomly
silylated ~-TBDM (as with ~-BSCD) enantioseparate a large
number of organocWorines (32). Despite the disadvantages of
randomly silylated ~-BSCD and ~-TBDM phases in terms of
being not well-defined CSPs, at present they are indispensable
for enantioselective analysis of chiral organocWorines. For ex­
ample, B7-1453 and oxycWordane can be enantioseparated only
with randomly silylated !3-BSCD 'and !3-TBDM and not with !3­
PMCD, y-PMCD, and !3-PPCD. Consequently, working with
these CSPs requires an entire study of the elution order of enan­
tiomers. Note that the !3-BSCD and!3-TBDM phases we used for
this study elute oxycWordane enantiomers in reversed order.

Reversal of elution order also was observed for PCB 174
enantiomers on ~-PMCD and ~-TBDM. ~-PMCD and y­
PMCD eluted a-HCH (5, 6) and ~-PCCH in reversed order
(Table I), and this reversal is expected for other chiral organo­
chlorines. Although (-)-PCB 132 eluted prior to (+)-PCB 132
on ~-PMCD (10), enantioseparation on y-PMCD resulted only
in a broad peak with low abundance. Because (-)-PCB 132 is
more abundant in the solution, (-)-PCB 132 eluted earlier than
(+)-PCB 132, confirming the same elution order on ~-PMCD

and on y-PMCD. Because enantioseparations of organo­
cWorines are enthalpy controlled, crossing of the isoenantiose­
lective temperature that leads to reversal of the elution order of
enantiomers on the respective CSP can be excluded (4). As we
said at the outset, elution order of enantiomers barely can be
predicted.
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Recently, the elution order of ~-PCCH enantiomers was de­
termined on a chiral LC phase (ChiraDex, Merck). Now we
confmn that the first eluted enantiomer (~rPCCH) corresponds
to (+)-~-PCCH and the second eluted enantiomer (~s-PCCH)

corresponds to H-~-PCCH. Hiihnerfuss et aI. (20) used ~­

PPCD to enantioseparate ~-PCCH enantiomers. On the basis
of their data and the data we obtained on our ~-PPCD phase
(Table I), it is now clear that the enantiomer labeled ~1 (20)
corresponds to (+)-~-PCCH. Hiihnerfuss et aI. (20) found pref­
erential microbial and photochemical decomposition of ~1­

PCCH, which now can be read as (+)-~-PCCH. However, all
effort to identify ~-PCCH enantiomers in seal blubber failed,
perhaps because of the low persistence of this first metabolite
of a-HCH (33).
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RESIDUES AND TRACE ELEMENTS

Determination of Bitertanol Residues in Strawberries by Liquid
Chromatography with Fluorescence Detection and Confirmation
by Gas ChromatographylMass Spectrometry

YOSIDE YAMAZAKI and TAKAIDRO NINOMIYA
Institute of Food Hygiene, Japan Food Hygiene Association, 22-6 Koyashiki, Yaizu 425-0075, Japan

A simple and rapid method was developed for de­
termining bitertanol residues in strawberries. Biter­
tanol was extracted from samples with ethyl ace­
tate. Bitertanol acetate was added prior to
extraction as a surrogate standard. The ethyl ace­
tate extract was cleaned up by passing through tan­
dem solid-phase extraction columns consisting of
anion-exchange (SAX) and aminopropyl (NH2)
bonded silica. The eluate was evaporated to dry­
ness and reconstituted with methanol. Bitertanol
residues were determined by liquid chromatogra­
phy with fluorescence detection. Recoveries at
4 fortified levels (0.05, 0.25, 0.5, and 1.0 Jlglg), calcu­
lated by the internal standard method, ranged from
92.1 to 99.1 %, with coefficients of variation ranging
from 0.3 to 4.0%. The detection limit was 0.01 Jlglg.
Of 25 commercial strawberry samples analyzed for
bitertanol residues, 5 contained bitertanol residues
at concentrations ranging from 0.02 to 0.51 Jlglg.
Positive samples were confirmed by gas chroma­
tography/mass spectrometry with mass-selective
detection (mlz 170 and 168).

B
itertanol [1-(biphenyl-4-yloxy)-3,3-dimethyl-I-(IH­
1,2,4,-triazol-l-yl)butan-2-01; Figure I] is a fungicide
widely used on fruit and vegetable crops. It is commer­

cially available as Baycol or Baycoral. Because strawberries
are directly sprayed with the fungicide, bitertanol residues are
likely to be left on the edible portion. In Japan, the tolerance
level for bitertanol residues in strawberries is 1.0 Jlg/g (l).
Hence, there is a requirement to measure bitertanol residues.

Bitertanol residues in crops have been determined by gas
chromatography (GC) with nitrogen-phosphorus detection
(NPO; 2). Multiresidue methods have been developed based on
GC with flame thermionic detection (3) and GC/mass spec­
trometry with mass-selective detection (GC/MS-SIM; 4, 5). A
multiresidue method for analysis of wine also has been devel­
oped based on GC with electron capture detection and NPO (6).
However, these methods do not address the issues of simple

Received February 9,1998. AccepIed by JS June 30,1998.

extraction and cleanup for fruit samples and short instrumental
analysis time.

Recently, a method for determining bitertanol in bananas
was developed, using liquid chromatography (LC) with fluo­
rescence detection (7). We attempted to develop an LC method
that is more rapid, simpler, and more suitable for strawberry
samples than the method for bananas. Here, we report a method
based on a simple solvent extraction, subsequent solid-phase
extraction (SPE) cleanup, and determination by LC with fluo­
rescence detection. Bitertanol acetate (Figure I) is used as a
surrogate standard for quality assurance. Positive samples are
confirmed by GCIMS-SIM.

METHOD

Apparatus

(a) Blender.-Model MX-C2OG (Toshiba, Tokyo, Japan).
(b) Homogenizer.-Physcotron (Nichion, Tokyo, Japan).
(c) SPE vacuum manifold.-Vac Elut 24 (Varian Sample

Preparation Products, Harbor City, CA).
(d) Rotary vacuum evaporalOr.-RE 47 (Yamato, To­

kyo, Japan).
(e) Glassfilter.-Buchner funnel with fused-in fritted glass

disk (Shibata Scientific Technology, Tokyo, Japan).
. (0 SPE cartridges.-Bond Elut SAX, 500 mg, and Bond
Elut NH2, 500 mg (Varian). Attach SAX cartridge below NH2
cartridge by using Bond Elut cartridge adapter (Varian).

(g) LC column.-Mightysil RP-18 (particle size 5 Jlm, 250
x 4.6 mm id; Kanto Chemical, Tokyo, Japan) with TSK gel 80
guard column (particle size 5 Jlm, 15 x 3.2 mm id; Tosoh, To­
kyo, Japan).

(h) Liquid chromatograph.-Model PU-980 pump (Jasco,
Tokyo, Japan); Model 7125 injector (Rheodyne, Cotati, CA);
Model 821-FP fluorescence detector (Jasco); Model 807 IT in­
tegrator (Jasco); flow rate, 1.0 mUmin for isocratic elution
with acetonitrile-water (7 + 3); injection volume, 10 JlL; col­
umn temperature, 40°C; detector, 265 nm excitation and
325 nm emission.

(i) Gas chromatograph/mass spectrometer.-Shimadzu
GC 14A (Shimadzu Corp., Kyoto, Japan) equipped with
GCIMS QP2000GF (Shimadzu) and DB-I capillary column,
30 m x 0.25 mm id, 0.25 Jlm film thickness (J&W Scientific,
Folsom, CAl. Gas chromatograph operating conditions: oven
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temperature program, I min at 60°C, 20°Clmin to 260°C, hold
20 min; carrier gas flow, helium 0.4 kg/cm2 head pressure; in­
jector, 260°C; splitless injection; splitless time, 2 min; injection
volume, 2 ilL. Mass spectrometer operating conditions: elec­
tron ionization, 70 eV; ion source, 280°C; selected-ion moni­
toring, mlz 170 and 168.

Reagents

(a) Acetic anhydride.-Reagent grade (Wako Pure Chemi­
callndustries, Osaka, Japan).

(b) Pyridine.-Reagent grade (Wako Pure Chemical In­
dustries).

(c) Chlorofonn.-Reagent grade (Wako Pure Chemical In­
dustries).

(d) Ethyl acetate.-For pesticide residue analysis (Wako
Pure Chemical Industries). .

(e) Metfulnol.-For pesticide residue analysis (Wako Pure
Chemical Industries).

(I) Anhydrous sodium sulfate.-For pesticide residue
analysis (Wako Pure Chemicallndustries).

(g) Acetonitrile.-LC grade (Wako Pure Chemicallndustries).
(h) Biterranol standard.-For pesticide residue analysis,

>99.0% (Wako Pure Chemicallndustries).

Standard Solutions

(a) Biterranol stock solution (100 IlglmL).-Dissolve
10 mg bitertanol standard in 100 mL methanol. Store at 4°C.

(b) Biterranol intermediate solution (10 IlglmL).-Dilute
10 mL bitertanol stock solution to 100 mL with methanol.

(c) Surrogate and intemal (IS) solution (200 IlglmL as bit­
erranol).-Dilute 2 mL bitertanol acetate solution (10 mg/mL
as bitertanol; see Preparation ofBiterranol Acetate) to loo mL
with methanol.

(d) Bitertanol working standards for LC (0.1, 0.5, 1.0, and
2.0 IlglmL).-Transfer 1,5, 10, and 20 mL bitertanol interme­
diate solution (10 Ilg/mL) to individual 100 mL volumetric
flasks. Add I mL lS solution to each flask. Dilute to 100 mL
with methanol.

(e) Biterranol working standards for GCIMS (0.1,0.5, 1.0,
and 2.0 IlglmL in control strawberry matrix).-Transfer I, 5,
10, and 20 ilL bitertanol stock solution (100 Ilg/mL) to indi­
vidual calibrated glass tubes. Add 10 ilL [S solution to each
tube. Dilute contents of each tube to I mL with strawberry
extract prepared as described in Sample Extraction and
Cleanup.

Preparation of Bitertanol Acetate

The method described by Candida et aI. (2) was used: Dis­
solve 100 mg bitertanol in I mL pyridine and I mL acetic an­
hydride in a 20 mL screw-capped vial with Teflon-lined cap.
Allow mixture to stand at room temperature for 72 h in the
dark. Add 15 mL water and transfer mixture to a 100 mL sepa­
ratory funnel. Extract successively with three 25 mL portions
of chloroform. Collect chloroform layer. Rinse chloroform
layer once with 20 mL concentrated HCI-water (2 + I) and
twice with 25 mL water. Pass chloroform layer through filter
paper containing ca 2 g anhydrous sodium sulfate, and evapo-

OH

OOO-~H-CH-C(CH3)3
N"-N

UN
Bitertanol

Bitertanol acetate

Figure 1. Structures of bitertanol and bitertanol
acetate (IS).

rate ftItrate to dryness in 200 mL round-bottom flask with ro­
tary vacuum evaporator at 40°C. Dissolve residue in 10 mL
methanol (10 mg/mL as bitertanol).

Sample Preparation

Remove calyxes of strawberries. Cut edible portion into
small pieces. Store at -l8°C in polyethylene bags if not used
immediately.

Sample Extraction and Cleanup

Weigh 109 chopped strawberries in 300 mL glass beaker.
Add 50 ilL IS solution, 100 mL ethyl acetate, and 40 g an­
hydrous sodium sulfate. Homogenize mixture for 3 min.
Pass homogenate through glass filter under vacuum. Rinse
solid residue on glass filter with 5 mL ethyl acetate. Transfer
solid residue to 300 mL glass beaker and repeat homogeni­
zation with 100 mL ethyl acetate and filtration step. Com­
bine ethyl acetate extracts and evaporate to ca I mL in
300 mL round-bottom flask with rotary vacuum evaporator
at 40°C. Precondition tandem SPE cartridges with 3 mL
ethyl acetate. With a Pasteur pipet, apply concentrated ethyl
acetate extracts to tandem SPE cartridges on SPE vacuum
manifold. Rinse flask with 3 mL ethyl acetate. Add rinses to
cartridges. Pass through cartridges additional 6 mL ethyl
acetate. (Let each solution pass through cartridges at ca
2 mUmin by vacuum.) Collect ethyl acetate eluate in 10 mL
calibrated centrifuge tube. Evaporate eluate to dryness in
100 mL round-bottom flask with rotary vacuum evaporator
at 40°C. Reconstitute residue in 5 mL methanol.

Fortification

Fortify 109 finely chopped control strawberry samples
(previously determined not to contain bitertanol) with 5, 25, 50,
and 100 illbitertanol stock solution, corresponding to concen­
trations of 0.05,0.25,0.5, and 1.0 Ilg/g, respectively.

Follow procedure described above.

LC Determination

Run working standard solutions and sample extracts on LC
system. Quantitate bitertanol residues based on the internal
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Table 1. Recovery of bitertanol from fortified
strawberries

standard method and the calibration curve constructed by plot­
ting bitertanol concentration vs ratio ofbitertanol and bitertanol
acetate peak areas. Use bitertanol acetate peak area as IS. Check
linearity of standard curve. Calculate bitertanol concentration
as follows:

Fortification
level, ~g/g

Absolute
recovery, %a CV,%

Recovery
corrected for

IS,% CV,%

Results and Discussion

Inject 2 ~L sample extract and an appropriate bitertanol
working standard in control strawberry matrix (0.1, 0.5, 1.0,
or 2.0 ~g/mL) into GCIMS system. Use peak retention times
and relative abundances of 2 ions (mlz 170 and 168) within
5% of those obtained for the bitertanol standard to confirm
identity.

Bitertanol, ~g/g = C/R(std) x R(samp) x V/W

where C =concentration of standard solution (~g1mL), R(std)
= peak area of standard solution/peak area of IS, R(samp) =
peak area ofbitertanol in sample extract/peak area of IS in sam­
ple extract, V = volume of extract (5 mL), and W = sample
weight (10 g).

Confirmation by GC/MS-SIM

The proposed method is both simple and rapid. Despite the
double extraction, sample extraction was not time-consuming.
Filtration with glass filter was fast. And the procedure did not
need a partition step. Cleanup was performed by using tandem
SPE cartridges.

Cairns et al. (8) described successful use of C18, anion-ex­
change (QMA), and aminopropyl bonded silica (NHz) Sep Pak
cartridges for cleanup ofpesticide residues in fruits and vegetables.
The C18 Sep Pak cartridge removed long-chain fats and waxes, the
QMASep Pak cartridge removed colored compounds and flavors,
and the NHzSep Pak cartridge removed sugars.

0.05 80.5 3.0 92.1 4.0

0.25 87.6 0.7 96.1 1.6

0.50 89.0 3.7 98.7 0.3

1.00 92.4 2.0 99.1 0.9

8 n=3 at each fortification level.

In our proposed method, we used anion exchange (SAX)
and NHz cartridges. Bitertanol was eluted through these SPE
cartridges with ethyl acetate. Although we did not use the CI8

cartridge, the combination of SAX and NHz cartridges pro­
vided adequate cleanup.

After cleanup, the sample was reconstituted with metha­
nol. In the methanol solution, a small amount of oily precipi­
tate appeared. By pipetting the clear supernatant, a filtration
step was not needed before injection into LC system or
GCIMS system.

For quality assurance, a surrogate and internal standard (IS)
was needed to monitor extraction, cleanup, and determination
steps. The criteria for the selection of the IS were as follows:
(1) Its recovery should be similar to that of bitertanol, (2) it
should be detectable by LC with fluorescence detection, (3) its
retention time should be distinct from that of bitertanol, and (4)

it should elute in <15 min.
Bitertanol acetate meets these criteria. It is prepared easily

by acetylation ofbitertanol. It is stable in methanol solution for
at least 3 months, and its recovery from strawberry samples is
similar to that of bitertanol.

Figure 2 shows liquid chromatograms for bitertanol stand­
ard, control strawberry, and bitertanol-fortified strawberry. No
chromatographic interference from control strawberry was ob­
served at the retention times of bitertanol (6.8 min) and biter­
tanol acetate (9.5 min). Other triazol fungicides, such as triadi­
menol and traidimefon, were not expected to interfere under the
LC conditions used.

22

Table 2. Determination of bitertanol residues in
25 commercial strawberry samples

(A) (B) (C) Bitertanol, ~g/ga

8 Duplicate determinations. Bitertanol was found only in the
5 samples presented here. Bitertanol was not detected
«0.01 ~g/g) in the 20 remaining samples.

L~-
\ \ '-'-~-~-

o 5 10 0 5 10 0 5 10

Time (min)

Figure 2. Liquid chromatograms of (A) control
strawberry, (B) bitertanol standard (1.0 JlglmL), and (e)
bitertanol-fortifled strawberry (0.5 Jlglg). Peak 1,
bitertanol; peak 2, bitertanol acetate (IS).

StraWberry sample No.

1

2

3
4

5

LC

0.13

0.02

0.06

0.04

0.51

GC/MS

0.15

0.02

0.06

0.05

0.58
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(A) (B)

1

(C)

1

rn/z 170 _

rn/z 168--~---~--.
20.0 21.0 22.0

3

2

21.0

Time (min)

22.0

Figure 3. Selected ion chromatograms of (A) control strawberry, (B) bitertanol standard in control strawberry matrix

(1.0 llglmL), and (C) strawberry sample 5 in Table 2. Peaks 1 and 2, bitertanol; peak 3, bitertanol acetate (IS).

The LC conditions were similar to those reported by Na­
gayama et al. (7), except for the LC column and the acetoni­
trile/water ratio of the mobile phase. Under our LC condi­
tions, bitertanol appeared as a single peale Bitertanol can be
separated into 2 diastereoisomeric peaks by increasing the
water content of the mobile phase (acetonitrile-water) or by
using a mobile phase consisting of methanol, tetrahydro­
furan, and water (7).

Table I gives recoveries of bitertanol from strawberries for­
tified at 0.05, 0.25, and 0.5 llglg and at the Japanese tolerance
level of 1.0 llglg. Absolute recoveries without correction for IS
ranged from 80.5 to 92.4%, with coefficients ofvariation (CVs)
ranging from 0.7 to 3.7%. Recoveries corrected for IS ranged
from 92.1 to 99.1%, with CVs ranging from 0.3 to 4.0%. Ab­
solute recovery of bitertanol acetate (IS) from strawberry sam­
ples was 96.4%. Recoveries ofbitertanol were improved by the
IS method. CVs for corrected recoveries were not significantly
different from those of absolute recoveries. The method pro­
vides acceptable recoveries and precision.

The detection limit (signal-to-noise ratio, SIN '" 3) was
O.Dlllgig. The standard calibration curve was linear over the
range 0.05-1.0 IlgimL. The correlation coefficient was 0.999.

Table 2 gives bitertanol residues in 25 strawberry samples
purchased from local supermarkets determined by the pro­
posed method. Bitertanol residues were detected in only 5 sam­
ples at concentrations ranging from 0.02 to 0.51 Ilglg.

Positive samples were confirmed by GClMS-SIM. No false­
positive results were observed. Figure 3 shows the selected ion
chromatograms for control strawberry, bitertanol standard in con­
trol strawberry matrix, and strawberry sample 5 in Table 2. The
selected ions at mlz 170 and 168 were used to confmn the identity
ofbitertanol. Bitertanol acetate was also monitored at mlz 170 and
168. Under the GClMS conditions, bitertanol was separated into
2 diastereoisomeric peaks. Retention times of bitertanol dias­
tereoisomers and bitertanol acetate were 20.2, 20.5, and 21.5 min,
respectively. At bitertanol peak I (Figure 3), the relative abun­
dances of ions at mlz 170 and 168 were 100 and 15%, respectively.

At bitertanol peak 2, the relative abundances of the ions were
100 and 20%, respectively. Abundances of bitertanol peaks
tended to be affected by the strawberry matrix extract.

To compensate for the matrix effect, standards for GCIMS
were prepared in residue-free strawberry matrix extract (9). For
reference, bitertanol residues in positive samples were quanti­
tated under the GCIMS conditions (peak areas at mlz 170) by
the IS method. Results were similar to those obtained by LC,
as shown in Table 2.

Bitertanol could be also monitored at mlz 171, but inter­
ferences from strawberry matrix were observed in this re­
gion at the retention time of bitertanol. Other adequate ions
were not found. The GCIMS conditions did not meet the
guidelines for confirmation; that is, confirmation should be
based on the presence of at least 3 ions (10, II). However,
the combination of 2 analytical techniques, LC with fluores­
cent detection and GCIMS, provides reliable identification
of bitertanol residues.
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Large-scale laboratory- and method-performance
studies involving more than about 30 laboratories
may be evaluated by calculating the HORRAT ratio
for each test sample (HORRAT =[experimentally
found among-laboratories relative standard devia­
tion] divided by [relative standard deviation calcu­
lated from the Horwitz formula]). The chemical ana­
lytical method is deemed acceptable per se if
HORRAT z 1.0 (± 0.5). If HORRAT is ~2.0, the most
extreme values are removed successively until an
"acceptable" ratio is obtained. The laboratories re­
sponsible for the extreme values that are removed
should examine their technique and procedures. If
~15% of the values have to be removed, the instruc­
tions and the methods should be examined. This
suggested computation procedure is simple and
does not require statistical outlier tables. Proposed
action limits may be adjusted according to experi­
ence. Data supporting U.S. Environmental Protec­
tion Agency method 245.1 for mercury in waters
(manual cold-vapor atomic absorption spectrome­
try), supplemented by subsequent laboratory-per­
formance data, were reexamined in this manner.
Method-performance parameters (means and
among-laboratories relative standard deviations)
were comparable with results from the original sta­
tistical analysis that used a robust biweight proce­
dure for outlier removal. The precision of the cur­
rent controlled performance is better by a factor of
4 than that of estimates resulting from the original
method-performance study, at the expense of re­
jecting more experimental values as outliers.

T
he International Union of Pure and Applied Chemistry
(IUPAC) classifies interlaboratory studies into 3 major
self-defining categories: method performance, material

performance, and laboratory performance (I). Although the

Received June 12, 1998. Accepted by GUune 29, 1998.

procedure for statistical evaluation of data from these 3 types
of interlaboratory studies may be identical, the use and inter­
pretation of the resulting statistical estimates will be deter­
mined by the primary purpose of the study. The purpose of a
method-performance study is to characterize the performance
of a method within the context of the materials analyzed in the
study. The purpose of the material-performance study is to as­
sign a value and an associated uncertainty (or reliability) to a
characteristic (usually a concentration) of a material. The pur­
pose of a laboratory-performance study is to provide data that
will permit evaluation ofeach participant against preset criteria
or criteria estimated directly from the study itself.

Method-performance studies serve to determine the bias
and precision of analytical methods. General protocols are
available from AOAC INTERNATIONAL (2), International
Organization for Standardization (3), and IUPAC (4). The
American Society for Testing and Materials has a protocol for
methods for water analysis (5). The protocols differ somewhat
in requirements for number of laboratories, matrixes, and lev­
els, as well as in details of outlier removal. For studies not re­
quiring outlier removal, the protocols return the same values for
the mean and repeatability and reproducibility standard devia­
tions from the same set of data, but they differ with respect to
the confidence that can be ascribed to the derived method pa­
rameters. The protocol based on the largest number of labora­
tories, matrixes, and levels, in general, would have the highest
degree of validation. Method-performance studies require that
all laboratories use the same method and follow all details of
the method description and study instructions exactly so that no
uncontrolled variable is introduced.

Material-performance studies determine the properties of a
material, usually analyte concentration, with a stated uncer­
tainty. Assigned values are evaluated on acase-by-case basis by
the organization supplying or certifying the reference material
according to a critical evaluation of the bias and precision ex­
hibited by the results. Typically, the certifying organization pre­
fers to use avariety of methods and multiple laboratories so that
local biases from these sources have the opportunity to appear
and to cancel out or be minimized by randomization.



1258 HORwm ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998

Laboratory perfonnance is evaluated from the point of view
of producing results that are satisfactory for the intended pur­
pose (6) or of producing results according to previously set
specifications. A standard based on the desired reliability or
what is "fit for the purpose" may not necessarily correspond to
what is practically attainable. Laboratories are expected to use
their routine method for this type of study.

Theoretically, interlaboratory studies are sampling exer­
cises. These studies involve a sample of laboratories that are
expected to use the method or material in the future. In some
sectors, as in clinical chemistry and some environmental
analyses, the entire population of laboratories must partici­
pate. The test materials used in all interlaboratory studies
must be homogeneous.

Many sets of experimentally derived data are marred by the
presence of outliers-values that do not seem to belong to the
bulk of the data. But how distant does a data point have to be
before it should be rejected? The chemist usually turns the data
over to a statistician, who applies standard statistical tests
whose validity depends upon several assumptions. Two such
assumptions are (1) that the submitted data follow a known
distribution usually assumed to be "nonnal" and (2) that the
values are independent. The criterion of independence among
laboratories is easily met in interlaboratory studies as long as
there is no consultation among them. Data from simultaneous
or consecutive replicate analyses within a laboratory, however,
are inherently nonindependent.

The IUPAC internal quality control document (7) and pro­
ficiency-testing protocol (8) are based upon an examination of
zscores. This score is the deviation of an individual value from
the mean, expressed in standard deviation units. The prob­
ability that a laboratory is more than 2 standard deviation units
away from the mean of a nonnally distributed set of data by
chance alone is only about 5%; the chance of being more than
3 units away is less than I%. If the set contains fewer than
30 laboratories, the critical statistics should be further modified
by use of Student's t factors to account for the uncertainty of
standard deviation estimates made from small samples.

We present here a simple method for evaluating large data
sets such as those that are frequently available from laboratory­
proficiency studies and those that are occasionally obtained in
method- and material-evaluation studies. This proposed proto­
col does not require statistical tables. The test is based entirely
upon the thesis that interlaboratory data that are in statistical
control will follow a consistent historical pattern. Laboratories
that produce values that distort this pattern are not performing
in an acceptable manner and should investigate the cause of
their discrepancies. The historical, empirical Horwitz curve can
be used as the initial screen for a distorted pattern, but final
decisions are based on the data themselves or on the pattern of
related data. Laboratories that cause the statistical distribution
to exhibit relative standard deviations consistently greater than
twice the value predicted from the Horwitz fonnula are not op­
erating according to historical perfonnance standards (9).

The Horwitz curve is an empirically derived exponential
equation that relates the relative standard deviation among­
laboratories, RSDR, in %, to concentration, C, expressed in

mass/mass or volume units (e.g., Jlglg or JlglmL =IO~). Thus,
RSDR, % =2CO· 1505

. The relationship is more or less inde­
pendent of analyte, matrix, method, and time when the inter­
laboratory study was conducted. It was originally derived from
a review of several hundred interlaboratory studies conducted
primarily by the Association of Official Analytical Chemists
(10). The relationship is now supported by the examination of
almost 10 000 data sets from method-perfonnance studies that
typically use 8 laboratories analyzing 5 individual test samples
of commodities ranging from agricultural products to geologi­
cal specimens, with analytes ranging from chlorinated indus­
trial contaminants to nutrients, at concentration levels from
pure compounds (C = I) to ultratrace contaminants (C= 10-12).

The equation recently was derived by assuming that a fractional
change in concentration is proportional to a fractional change
in standard deviation (II).

METHOD

A spreadsheet or a calculator with statistical functions is
convenient and sufficient for calculations. The estimated mean
concentration, C, and the standard deviation, s, are calculated
from all reported values from individual laboratories, material
by material. If all laboratories report replicates, laboratory
means are used or the following procedure is applied: Calculate
the mean, C1, and the standard deviation, Sl, from the first value
reported by each laboratory, C2 and S2 from the second values
reported, etc., and then average the Cj estimates and pool the Sj

estimates to obtain overall estimates of Cand s for each analyte
in each material studied. Multiple values from an occasional
laboratory in a large study may be treated as separate laborato­
ries or a single value may be chosen at random from the group.
From the mean and s, calculate the RSDR, in percent:

RSDR, % =100 (siC)

Also calculate the predicted RSDR, in percent, from the Hor­
witz fonnula (II):

PRSDR, %=2CO l505

where C is expressed in masslmass or volume (fractional) units,
e.g., gig or mL (I ppm = IO~ gig; at C = IO~, PRSDR= 16%).
Then calculate the HORRAT value:

HORRAT =RSDRIPRSDR.

Interpretation

If HORRAT is ca 1.0 (± 0.5), the data may be accepted di­
rectly as corresponding to the equation representing historical
perfonnance.

If HORRAT is :?;1.5, remove the most extreme value(s)
without regard to direction (i.e., high or low) and recalculate
HORRAT. Most outliers are at the high end of the distribution,
but also check the lowest value to determine if its removal
makes a meaningful contribution to convergence toward the
targeted HORRAT of unity. Continue removal of extreme data
until either HORRAT is $1.5 or further removal changes the
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HaRRAT very little (;$0.2). If several extreme values are close
together or if they are present as a cluster an order of magnitude
distant from their neighbors, they can be removed as a group.
The critical value to use for the decision to stop data point re­
moval is arbitrary and is a function of the number of participat­
ing laboratories. For method-performance studies, where data
often are available from only 8 laboratories, the need to remove
2 laboratories (i.e., >22%) is considered excessive for method
approval (2, 4). For large studies with the number of participants
approaching or exceeding 100, failure by 15 laboratories suggests
the potential existence of misinterpretation of the protocol; prob­
lems with study sample homogeneity, or standard procurement or
preparation; or a need to improve the method. Current experience
with large-scale interlaboratory studied involving analyses of
water suggests that on the average ca 8% of the data represents
out-of-eontrol performance.

An initial HaRRAT value of ;$0.5 suggests either lack of
independence or use of a superior, compatible quality assur­
ance program on the part of most laboratories. Lack of inde­
pendence may take the form of unreported consultation, replica­
tion, averaging, self-eensoring, or excessive rounding of reported
data, thereby artificially reducing within-laboratory and among­
laboratories variabilities. Low HaRRAT values also can indicate
that poorly performing laboratories have discovered and corrected
their errors, that they have abandoned the analysis, or that they no
longer participate in the proficiency studies.

Although these recommended critical HaRRAT values are
the integrated result ofexperience with numerous analytes, ma­
trixes, methods, and experimental designs, now approaching
10 000 interlaboratory data sets, they may be modified to con­
form to specific situations and experience. Exclusive applica­
tion to specialized areas may result in development of other
specific parameters applicable to limited matrixes, analytes, or
commodity areas. Aspecific example is determination of poly­
chlorinated contaminants (biphenyls, dioxins, and furans).
These compounds exhibit better than predicted performance
(12). This achievement is ascribed to use of labeled internal
standards and adherence to reference performance parameters
at practically every step of the complicated separation and
measurement procedure. As demonstrated in the current study,
continuous operation of a laboratory proficiency control pro­
gram for almost 2 decades has shifted the initial, empirically
determined HaRRAT value of ca 1.5 to a relatively stable 0.4.
Nevertheless, a recent independent statistical examination of
then-current published databases containing 7502 data sets
(13) affrrmed the original conclusions with regard to the overall
behavior of variability as a function of concentration and time
in the examination of initial method-performance studies of nu­
merous procedures.

Application of a HaRRAT-like ratio to within-laboratory
designs (within-runs, among-analysts, among-test portions,
and similar replications), however, should be approached with
caution because of the difficulty of meeting the independence
criterion. Strict adherence to the requirement for independence
calls for all results to be completely uninfluenced by other
measurements. Theoretically, this would even require a new
calibration curve for every measurement-an impractical re-

quirement. The influence ofthis factor, however, may be automat­
ically incorporated into internal quality control limits and
used as the basis for an internal HaRRAT interpretation
factor by using a consistent number of randomly placed
replicates in a run.

In this proposed data-outlier-purging procedure, extreme
values may be selected for removal "by eye," by plotting the
data on a linear scale, by use of scatter plots or histograms, by
use of the most extreme z score, and by invoking the critical
value ofany ofthe conventional outlier tests, as well as on the basis
of reports of method deviation, instrument instability, or any de­
sired unbiased criterion. In statistical phraseology, this robust,
practical procedure would be called "successive trimming."

Example

The original method-evaluation data supporting use of U.S.
Environmental Protection Agency (EPA) cold-vapor
method 245.1 (manual) for mercury in waters (14) are used as
an example, supplemented by subsequent, recent performance
data. Although the cold-vapor, flameless, atomic absorption
method is in its fourth edition, it remains fundamentally the
same as originally accepted. The first study (14) provided the
data for method-performance assessment, which was used as
the basis for acceptance of the method by EPA. Known quanti­
ties of Hg from 0.2 to 10 l!g!L (C =0.2-10 x 10.9) were added
to 2 matrixes-distilled and natural water-arranged as
Youden pairs. The Youden pair design, also known as split lev­
els, consists of 2 test samples that differ only "slightly" in con­
centration or in matrix to avoid the tendency of analysts to
match replicates (5).

The second group of data consists of the most recent sets of
test samples used for monitoring ongoing EPA and state labo­
ratory performance.

The data are presented in groups as "jitterplots" in Fig­
ures 1-3, with concentrations in l!g!L as the y-axis and the
identified individual test samples as the x-axis. Results are
summarized in Tables 1-3. Individual values for each test sam­
ple are displaced by small, random noise for visibility (IS). The
original data will be available from the correspondence author
for a reasonable length of time after publication. This presenta­
tion conceals the identity of most laboratories but shows the
main features of the distribution. The rectangles overlying the
data give the mean ± I (final) standard deviation with the iden­
tification numbers of the most extreme, off-scale outliers
placed at the top with their reported concentrations in parenthe­
ses. Tables 4 and 5 are presented to show the pattern of consis­
tency of producing extreme, biased values by the same labora­
tories across many of the test samples in a series.

Few cases of multiple analysts from the same laboratory
were present so that each reported value was treated as a sepa­
rate laboratory. The original values from each test sample were
sorted from lowest to highest and were reassigned consecutive
laboratory numbers, with some gaps for the shorter series. The
means (x), standard deviations among laboratories (SR), RSDR,
and HaRRAT values were first calculated from all the data
without outlier removal. Then the most extreme value(s) was
removed, and performance parameters were recalculated from
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Figure 1. Reported data for method-performance study of mercury in distilled water. Values above the hatched
marks, as well as those in the solid circular figures, were removed to provide acceptable HORRAT values. Removal of
values In the filled circular figures is optional. Rectangles Indicate the final mean ±1 final standard deviation.

the new set. Adata point was removed as a single value when it
was isolated, but if several values were of about the same magni­
tude, they were removed together. All outliers were on the high side,
but occasionally the lowest value was removed to verify that this
point made no significant contribution to excessive variability. Data
removal was continued until the calculated statistic converged to the
acceptable region of HORRAT ~1.5-2.

The progressive calculated statistics from spiked distilled
water are presented in Table I; from spiked natural water, in

Table 2; and from the recent performance data studies on re­
agent water, in Table 3. Tables 4 and 5 show the consistency of
the data from outlying laboratories across all test samples for
distilled water and natural waters, respectively. In the last 2 ta­
bles, the original assignment of laboratory numbers was re­
tained to permit laboratories to identify themselves.

The original data ofTables I and 2 exhibited extreme vari­
ability, with RSDR values of 140-290%, an excessive out-of­
control condition. These corresponded to unacceptable HOR-

HG IN NATURAL WATER
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Figure 2. Reported data for method-performance study of mercury in natural water. Values above the hatched
marks, as well as those in the solid circular figures, were removed to provide acceptable HORRAT values. Removal of
values in the broken circular figures is optional. Rectangles indicate the final mean ±1 final standard deviation.
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Figure 3. Reported data for subsequent laboratory-performance studies of mercury in waters. Circled values were

removed to provide acceptable HORRAT values. Rectangles indicate the final mean ±1 final standard deviation.

RAT values of 3.1-9.6. In 4 of 16 test samples, removal of 2­
4 laboratories (2-4%) in a single cycle was sufficient to reduce
extreme RSDR (>200%) and HORRAT (~9) values to accept­
able ranges (ca 40%; <1.5). For the 7 remaining cases, a maxi­
mum of 2 cycles of laboratory removal were required to bring
HORRAT values to the acceptable range of 1.0 ± 0.5, and for
only 5 test samples were 3 cycles needed. Even so, an occa­
sional breach of the limits might be accepted, as in the case of
the HORRAT of 1.8 with the fourth set of the natural waters.

The same few laboratories are producing most of the outly­
ing values. In almost all cases in Tables 4 and 5, where the per­
formance of the laboratories across the 16 test samples is
shown, the most extreme values are consistently produced by
the same laboratories and usually on the high side, often by a
factor of 10, indicating that the method is not in control in these
laboratories. In the more than 1000 values, only a few isolated
single-laboratory outliers appear. Some laboratories are unable
to measure levels below ca 10 Ilg/L. After the most extreme
outliers are excluded, further elimination of values result only
in marginal additional reductions in the variability estimates. In
the figures, values enclosed by a circle or ellipsoid are those
extreme values. The values within the shaded figures are mar­
ginal outliers whose removal would result in further improve­
ment of the HORRAT value but by just a few tenths. Removal
of these values is optional. In almost all cases, means are little
affected because of the large number of acceptable values.

After the method is established and laboratories have had ex­
perience in its performance, the overall performanceofthe method
improves considerably. Ten cwrent examples are presented in Ta­
ble 3, performed almost 2decades after adoption ofmethod 245.1.
Acceptable RSDR values for method performance are obtained
initially in all but 2 test samples. In these cases, one high value (test
sample 27.1) and one low value (test sample 1.33) are off by fac-

tors of 10, suggesting misplaced decimal points rather than an
intrinsic flaw in method performance.

Discussion

It is difficult to understand how some laboratories consis­
tently report outlandish results (laboratories 311 and 457 of the
original data), sometimes a deviation of 2 orders of magnitude.
A few laboratories reported high results only for test samples
containing the lowest levels. The laboratories responsible for
outliers were fairly consistent across the test samples, suggest­
ing an incorrectly prepared standard calibration solution, acon­
sistent calculation error, or an insufficiently sensitive measur­
ing instrument.

Many chemists do not understand that for a method to be
suitable for use, the characteristic among-chemists variability
of the results they obtain on the same test samples must be held
within specified limits. Often, they also do not realize that
much arbitrary judgment enters into the statistical evaluation of
their data or that when they report a value it is merely an esti­
mate of a target value, in this case an added, known quantity.
Measurement of multiple, independent tests (not just repeti­
tious instrument readings of the same solution) results in the
typical, normal distribution of results, with most values near the
central peak but occasional values near the extremes. There­
fore, occasional (e.g., 5%) extreme values not too distant from
the central cluster in large data sets (about I(0) can be tolerated
as being part of the parent distribution. However, strange val­
ues, differing by an order of magnitude or more, show a lack of
control in the laboratories that fail to discover and remove the
aberrations. Such values must be ignored when the objective is
to estimate the characteristic method statistics; it should pro­
voke an investigation within the responsible laboratory(ies)
when the objective is laboratory performance.
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Table 1. Progression of HORRAT values with removal of extreme values: distilled water set

Added.lIgil

Statistic 0.21 0.27 0.51 0.60 3.4 4.1 8.8 9.6

Original No. of labs 91 92 94 93 93 92 90 92

Original mean. lIg/L 0.65 0.81 1.0 1.2 5.1 6.3 13 14

Original RSDR• % 212 237 139 173 244 244 266 280

HaRRAT 4.4 5.1 3.1 3.9 6.9 7.1 8.6 9.2

With labs removed

Lab NO.Nalue removed 93/12.1 37/10.6 91/23

93/14.3 9217.0 52/28 52/30

3617.8 33/15.4 36/120 36/148 36/328 36/328

No. of labs remaining 90 90 92 92 90 90 89 91

Mean.lIgil 0.52 0.55 0.89 1.0 3.4 4.4 9.4 10

RSDR• % 123 134 122 134 38 45 75 69

HaRRAT 2.5 2.7 2.7 3.0 1.0 1.2 2.3 2.2

Additional labs removed

Lab No.lvalue removed 38/3.0 38/6.28 36/8.90 90/10.6

92/3.75 92/5.0 37/5.40 9217.00 92/11.3 92/16.3

95/4.10 95/4.8 95/5.70 52/63.0 52/68.0

No. of labs remaining
(% labs removed) 87 (4.4%) 88 (4.4%) 89 90 89 (4.3%) 88 (4.4%) 88 90

Mean.lIg/L 0.42 0.45 0.72 0.84 3.3 4.2 8.8 9.4

RSDR• % 68 73 84 99 30 33 46 35

HaRRAT 1.3 1.4 1.8 2.1 0.8 0.9 1.4 1.1

Additional labs removed

Lab NO.Nalue removed 95/3.1

52/3.8 52/6.46 94/0.58"

91/3.9 51/4.0 91/36.4"

No. of labs remaining
(% labs removed) 87(74%) 87 (6.4%) 87 (3.3%) 89 (3.3%)

Mean.lIgil 0.65 0.72 8.4 9.5

RSDR• % 48 57 32 33

HaRRAT 1.2 1.2 1.0" 1.0"

• Additional values removed to show effect of eliminating next largest value.

On average, in the examples given here, 5% of the values
were removed by this proposed procedure, coincidental with
arbitrary selection by statisticians of the 5% point as a reason­
able dividing line between acceptable and unacceptable risk of
being wrong. Unfortunately, chemists and many data users tend
to take a reported value as fixed, not making allowances for the
inherent variability of estimates. Astatement that 5% of values
are removed, on the average, means not 5.00% but a reasonable
range of values that may extend from say 2.5 to 10%. Removal
is stopped when a reasonable, acceptable HaRRAT value is
attained, or the HaRRAT values approximate the equivalent
values in a series of similar test samples, or they converge to a
value approximating 1.0. If too many values are removed, the
analytical method should be reconsidered. The process forces
precision estimates to match roughly predicted precision values
but also serves to highlight maverick laboratories.

At the lowest concentration levels, the average value ob­
tained by the successive-removal procedure does not converge

.to the "true value" but to a higher value. Reagent blanks were
not reported; therefore, it cannot be determined if the method

is biased at the lowest levels or if the substrate or reagents con­
tained trace quantities of mercury.

In the tables, we occasionally have removed more values
than necessary to show the effect of the removal of the next
candidate. Elimination of the lower values that may appear to

be outliers usually has little effect on the HaRRAT value be­
cause of asymmetry. In large studies, removal of extreme val­

ues usually has little effect on the mean because ofdilution with
acceptable values.

Once a method has been in operation for a number of years,
outliers become rare. Inept laboratories no longer appear as par­

ticipants in proficiency exercises, through voluntary or forced
attrition. The target HaRRAT value also shifts from the initial
1.0 to a superior 0.5, reflecting improved performance gained

through experience and elimination of poor performers.
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Table 2. Progression of HORRAT values with removal of extreme values: natural water set

Added, ~glL

Statistic 0.21 0.27 0.51 0.60 3.4 4.1 8.8 9.6

Original No. of labs 78 81 83 80 83 80 80 79

Original mean, ~glL 0.54 0.66 1.2 1.1 5.4 6.4 14 15

Original RSDR, % 157 169 204 150 256 266 277 290

HORRAT 3.2 3.5 4.6 3.4 7.3 7.8 9.1 9.6

With labs removed

Lab No./value removed 80/18.48 31/8.70

81/4.75 32/5.75 81/7.50 81/7.50 46/66 46/72

84/4.70 81/5.75 31/8.00 28/10.0 31/12.5 31/153 31/340 31/379

No. of labs remaining 76 79 80 77 82 79 78 77

Mean, ~glL 0.43 0.51 0.74 0.82 3.9 4.6 8.8 9.1

RSDR, % 119 111 103 86 94 63 42 40

HORRAT 2.3 2.2 2.2 1.8 2.6 2.6 1.3 1.2

Additional labs removed

Lab No./value removed 84/3.80 84/4.30

80/3.35 80/2.09 32/4.20 84/4.20 81/21.3 81/26.3

32/2.20 82/2.60 46/4.00 46/3.90 46/30.0 46/33.0 80/28.0

No. of labs remaining
(% labs removed) 74 76 (6.2%) 77 (7.2%) 75 (6.2%) 81 78 76 (5.0%) 76 (3.8%)

Mean, ~glL 0.37 0.42 0.63 0.73 3.6 4.2 8.4 8.9

RSDR, % 88 69 64 62 63 67 32 34

HORRAT 1.7 1.3 1.3 1.3 1.7 1.8 1.0 1.0

Additional labs removed

Lab No./value removed 79/21.0

82/1.8 80/18.86 80/19.0
No. labs remaining

(% labs removed) 73 (6.8%) 80 (3.8%) 76 (5.0%)

Mean, ~glL 0.35 3.4 3.8

RSDR, % 81 44 30

HORRAT 1.5 1.2 0.8

Table 3 also presents results by the robust statistical proce­
dure ("biweight"; 16) used routinely by EPA to examine results
of their interlaboratory studies. This procedure assigns a weight
from 0 to 1.000 to various values, depending upon their dis­
tance from the median. Aweight of0 indicates sufficient devia­
tion to warrant rejection. Although the programming to assign
weights is relatively difficult, it needs to be done once. The
advantages are that a conclusion is obtained in a single pass
through the data and that all values are used. The disadvantage
is that, depending on the amount of outlier data present, final
standard deviations may not be rigorously compared with those
obtained by the classical procedure. When the relative standard
deviations obtained by the biweight procedure are expressed in
terms of HORRAT values, the biweight values are about 2/3 of
those obtained by the classical procedure. EPA believes that
about 7-8% of the data submitted by the water laboratories cur­
rently participating in performance-evaluation studies are out­
lier data, that is, data produced by laboratories operating out­
of-control as determined by followup observations and
comparison with true values prepared by addition of known

quantities of analytes. This value is also supported by the num­
ber ofoutliers that must be removed from method-performance
studies to obtain reasonable analytical estimates, as recently
summarized by Thompson and Lowthian (13). Such a high rate
of outlier data presents a difficult challenge to classical proce­
dures, which can be expected to fail to identify and remove all
outliers present.

Conclusion

An extremely simple technique of successive data removal
is proposed for examining method- and laboratory-perform­
ance studies based on the ratio of the relative standard deviation
to the corresponding value predicted from the Horwitz func­
tion. The procedure is simple and straightforward and can be
accomplished with ordinary spreadsheet or electronic calcula­
tor arithmetic and without statistical tables or difficult compu­
tations. Outliers are removed until the ratio converges to about
1.0 ± 0.5. The EPA cold-vapor method for mercury is used as
an example of the application of the technique. After removal
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Table 4. Relationship of removal of laboratories as outliers across test samples of distilled water (0)8

D 0.21 DO.27 D 0.51 D 0.60 D 3.4 D 4.1 D 8.8 D 9.6

329 (3.0) 329 (6.2)

324 (10.6) 324 (5.4)

532 (3.7) 532 (5.0) 532 (7.0) 532 (7.0) 532 (11) 532 (16)

311 (7.8) 311 (8.9) 311 (120) 311 (148) 311 (328) 311 (382)

457 (3.8) 457 (4.0) 457 (30) 457 (30) 457 (63) 457 (68)

531 (3.9) 531 (23) 531 (36)

533 (12.1) 533 (14.3)
535 (4.8) 535 (5.7) 535 (3.0)

261 (15.4)

467 (6.4) 530 (10)

• Mercury concentrations (~glL) added are listed in the first row. Numbers in parentheses are concentrations (~glL) reported by the numbered
laboratories (original identification number assignment).

Table 5. Relationship of removal of laboratories as outliers across test samples of natural water (N)8

N 021 N 0.27 N 0.51 N 0.60 N3.4 N4.1 N 8.8 N 9.6

533 (2.6)

311 (8.0) 311 (8.7) 311 (125) 311 (153) 311 (340) 311 (379)

324 (2.2) 324 (7.5) 324 (4.2)

457 (4.0) 457 (3.9) 457 (30) 457 (33) 457 (66) 457 (72)

531 (3.3) 531 (2.0) 531 (18.4) 531 (18.86) 531 (19) 531 (28)

532 (4.7) 532 (5.7) 532 (7.5) 532 (7.5) 532 (21.3) 532 (26.3)

535 (4.7) 535 (3.8) 535 (4.3) 535 (4.2)

261 (10.0) 530 (21)

• Mercury concentrations (~glL) added are listed in the first row. Numbers in parentheses are concentrations (~gIL) reported by the numbered
laboratories (original identification number assignment).

of about 5% of the laboratories, the HORRAT ratio converged

to an acceptable value of 1.5 in the initial method-performance

studies. Later laboratory-performance studies showed that the

HORRAT ratio had improved to a value of about 0.4 with a

negligible outlier rate.
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TECHNICAL COMMUNICATIONS

Improvement in the Multiresidue Liquid Chromatographic
Analysis of Residues of Mono- and Dibasic Penicillins in Bovine
Muscle Tissues

JOE O. BOlSON and LILY J.-Y. KENG I

Canadian Food Inspection Agency, Health of Animals Laboratory, Centre For Veterinary Drug Residues, 116 Veterinary Rd,
Saskatoon, Saskatchewan S7N 2R3, Canada

A recently developed multiresidue method using
gradient liquid chromatographic conditions for
analysis of residues of ~-Iactamdrugs in bovine
muscle tissues after precolumn derivatization with
acetic anhydride was modified to permit isocratic
analysis. The modification included replacing the
acylating reagent, acetic anhydride, with benzoic
anhydride and increasing sample size for extrac­
tion from 2 to 3 g. The modifications have reduced
analysis time per sample from >1 h to about 22 min
without loss in detection sensititivities for the ~-Iac­

tams, resulting in a significant increase in the num­
ber of samples that can be analyzed in 1 day from 1
to 8. The modifications make the multiresidue LC
method more suitable than the original method for use
in regulatory programs for routine analysis of these
veterinary drug residues in bovine muscle tissues.

I
n 1991, we developed a sensitive method for determining
penicillin G residues in animal tissues. It was based on for­
mation of stable mercaptide complexes of penicillin G and

penicillin V by reaction with mercuric chloride (I). This
method was suitable for analysis of monobasic penicillins only.
To make it applicable for dibasic penicillins such as amoxicillin
and ampicillin, which are also used very frequently in food ani­
mal production, we used acetic anhydride to preferrentially
convert the free amino groups in the dibasic penicillins into
their corresponding acetamidopenicillin derivatives. Both the
acetylated dibasic penicillins and the monobasic penicillins re­
act to form stable mercaptide derivatives. However, because
the retention characteristics of the derivatized penicillins on an
analytical CI8 column are very different, we had to use gradient
Ijquid chromatographic (LC) techniques to resolve them from
each other and from other endogenous and exogenous compo­
nents in the tissue matrix.

Received June 30, 1997. Accepted by RN June 2. 1998.
I Current address: Centaur Pharmaceuticals, Inc., 484 Oakmead Pkwy.

Sunnyvale. CA 94086.

We recently developed a sensitive multiresidue method
based on this concept for determining residues of 4 penicillins
in bovine muscle tissue at concentrations of interest to regula­
tory agencies (2). The procedure enabled 12 samples, including
4 calibration standards, to be prepared for analyses in 2.5 h.
However, the chromatographic conditions permitted analysis
of only one sample per hour. In addition, retention parameters
were not always repeatable from run to run. Although the
method had sufficient sensitivity for the indicated ~-Iactams at
concentrations of interest to regulatory agencies, we think the
chromatographic conditions were not suitable for routine
analyses. Here, we report a modification to the chemical deri­
vatization reaction that has enabled us to chromatographically
resolve these ~-Iactams under isocratic conditions without loss
of sensitivity. The modification renders the method more suit­
able for routine use in regulatory programs.

METHOD

Materials and Reagents

(a) Derivatization reagent, mobile phase phosphate buffer,
and extractioll solll/iolls.-Preparations of these have been de­
scribed in detail elsewhere (I).

(b) a.2M Benzoic anhydride.-Weigh 4.524 g benzoic an­
hydride (Sigma Chemical Co., SI. Louis, MO) into ca 80 mL
acetonitrile and mix to dissolve. Transfer quantitatively into a
100 mL volumetric flask and dilute to volume with acetonitrile.
Store at room temperature in amber glass vials.

(e) Mobile phase.-Acetonitrile-D.IM phosphate buffer
containing 0.0157M thiosulfate (26 +74, v/v), filtered through
0.45 11m filters and degassed.

(d) Dissolving solution.---{jO% O.IM phosphate buffer
(pH 6.5)--40% acetonitrile (v/v). Weigh 0.497 g dibasic anhy­
drous sodium phosphate and 0.897 g monobasic sodium phos­
phate (monohydrate). Dissolve in 100 mL water. Add 6 mL
phosphate buffer to 4 mL acetonitrile and mix well.

All other reagents and solutions were prepared as detailed

previously (I).
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Figure 1. Liquid chromatogram of a drug-free bovine muscle tissue extract (A), Typical chromatograms of a
drug-free bovine muscle tissue fortified with amoxicillin, penicillin G, ampicillin, and cloxacillin each at a
concentration of 10 (B) or 40 ppb (e). Penicillin V is the internal standard.

Apparatus

(a) Solid-phase extraction (SPE) cartridges.-t-C 1s
500 mg capacity, 3 cc vacuum type, 17% carbon loading; from
Waters Chromatography Ltd., Mississauga, ON, Canada.

(b) Vortex mixers, SPE vacuum manifold, solvent evapora­

tor, and centrifuge.-The same as previously described (1).

(c) LC-UV equipment.-Waters 501 pump, Waters 712
WISP autosampler, Waters 490 programmable wavelength de­
tector set at 325 nm and a sensitivity of 0.003 absorption unit
full scale, and an analog strip chart recorder (0.5 cm/min). The
components in the tissue extracts were separated on a 3.9 x
150 mm Waters CsSymmetry column (5 J,lm) at a mobile phase
flow rate of 1.2 mUmin.
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Figure 2. Suggested mechanism for precolumn
derivatization reaction of benzoic anhydride with dibasic
penicillins (ampicillin and amoxicillin) prior to reaction
with mercuric chloride to form mercaptide derivatives.

Extraction of~-Lactams from Muscle Tissue

Accurately weigh 3 g homogenized control (drug-free)
muscle tissue into each of five SO mL polypropylene centri­
fuge tubes. Fortify with IS, 30, and 75 ~L 2 ppm standard
working solution and IS and 30 ~L 20 ~g/mL standard to
provide calibration standards containing 10,20, SO, 100, and
200 ppb tissue equivalencies of ampicillin, amoxicillin,
penicillin G, and cloxacillin.

Accurately weigh 3 ghomogenized test sample into aSO mL
polypropylene centrifige tube. Add IS mL O.IM NaHZP04

(pH 8.5) and agitate on a Vortex mixer at high speed for I min.
Add 2 mL O.l7M sulfuric acid to the centrifuge tube, hand
shake contents for ca 10-20 s, and centrifuge at 2500 x g for
10 min. Transfer supernatant into a clean SO mL polypropylene
centrifuge tube. Repeat extraction with 10 mL O.IM NaHZP04

(pH 8.5) by agitating on a Vortex mixer at high speed for I min
followed by centrifugation at 2500 x g for 10 min. Combine
supernatant from the second extraction with that from the previous
extraction, add 180~ SM NaOH to the combined extract, and
centrifuge at 2500 x g for 10 min. Note: To minimize analyte
losses and eliminate clogging ofSep-Pak cartridges, the pH of the
combined extract must be between 8.3 and 8.5 at this point.

Cleanup of Tissue Extracts on t-C18 Sep-Pak
Cartridges

Condition a t-C 18 Sep-Pak cartridge equipped with a 20 mL
solvent reservoir with 20 mL methanol followed by 20 mL
water, 10 mL 2% sodium chloride, and 10 mL 0.1 M NaHzP04

(pH 8.5) buffer. Load extract onto Sep-Pak cartridge. Rinse the
centrifuge tube with 5 mLO.IM phosphate (pH 8.5) buffer and
add the rinse to the t-C 18 cartridge. Continue evacuation of car­
tridge for another 2 min. Remove solvent reservoir and adaptor
and elute retained ~-Iactams with 2 mL acetonitrile into a la­
beled Kimax 12 x 75 rom borosilicate glass tube. Evaporate
acetonitrile in the eluate to dryness at 50°C with prepurified
nitrogen and a Zymark Turbo LV evaporator unit. Note: To pre­
vent analyte losses and degradation ofpenicillins, do not substitute
other evaporators for this stage of the procedure. Add 200~ dis­
solving solution to the residue, ultrasonicate sample for 2 min, and
agitate on a Vortex mixer at high speed for 10-20 s.

Derivatization of~-Lactams in Cleaned-Up Sample
Extract

Add 115 ~ 0.2M benzoic anhydride reagent to each sam­
ple, agitate on a Vortex mixer at high speed for 10-20 sand
allow samples to react for 5 min in a 50°C water bath. Add
500 ~L derivatizing reagent to each sample, agitate on a Vortex
mixer at high speed for 10-20 s, and incubate in a 65°C water
bath for 30 min. Cool reaction mixture at 4°C (refrigerator) for
10 min, filter through 0.45 ~m polyvinyledene difloride
(PVDF) Acro disc filter, and inject 20-50 ~L of each sample
into the LC system. Note: Mercuric chloride in the derivatizing
reagent is highly toxic. Avoid all contact. Consult Material
Safety Data Sheets for mercuric chloride for its handling and
disposal.

LCAnalysis

Measure the peak height of the peak responses ofcalibration
and test samples. Using regression analysis, construct acalibra­
tion curve of peak height vs concentration of each penicillin
added to blank muscle tissue. Using the measured peak re­
sponse of each penicillin in the test sample, calculate the con­
centration of the penicillin in the test sample from the calibra­
tion curve.
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Table 1. Intra-assay (within-day) precision

Concentration added to Mean concentration
~-Lactam tissue, ppb found" (n = 4), ppb Standard deviation Coefficient of variation, % Accuracy, %b

Amoxicillin 15.0 15.6 1.2 7.7 4

50.0 50.5 3.5 6.9 1
180.0 180.6 6.0 3.3 0

Ampicillin 15.0 13.3 0.6 4.5 11

50.0 49.4 3.4 6.9 1
180.0 182.3 7.8 4.3 1

Penicillin G 15.0 15.1 0.9 5.9 1

50.0 51.0 4.2 8.2 2

180.0 180.1 5.9 3.3 0
Cloxacillin 15.0 15.0 0.9 5.7 0

50.0 50.3 3.6 7.2 1
180.0 183.0 4.6 2.5 2

, Concentrations in blind-fortified samples were estimated by interpolation from tissue calibration curves plotted over the concentration range
10-200 ppb, prepared under similar conditions.

, Accuracy is defined as the percentage deviation from the added concentration.

Validation ofAnalytical Method with Fortified Tissue
Samples

Interassay (between-day) precision was determined by du­
plicate assays on 4 successive days of blank (drug-free) muscle
tissue samples fortified with each drug at 15 and 180 ppb. In­
tra-assay (within-day) precision was determined by replicate
analyses (n =4) of blank (drug-free) tissue samples fortified
with each ~-lactam at 15, 50, and 180 ppb. Method accuracy
was determined by calculating from the calibration curve the
amounts of each analyte found in the fortified samples. Recov­
eries were calculated by comparing the UV detector responses
obtained for each analyte in the fortified samples with those of
equivalent external standards. Because the chemical standards
have limited stability in the dissolving solution (1-2 h) in the
absence of a tissue matrix, quantitative analyses must be based
on calibration curves generated from drug-free tissue samples
fortified with chemical standards.

The validated method was used to determine the concentra­
tions of ~-Iactam residues in 2 sets of unknown samples, one
consisting of 5 muscle tissue samples prepared and coded by

our quality assurance and quality control officer and the other
consisting of9 presumptive positive bovine muscle tissues pre­
viously screened with an immunoassay test kit (LacTek ~-Iac­

tam enzyme-linked immunosorbent assay, Idexx Laboratories,
Westbrook, ME). These are real samples collected from slaugh­
ter animals from Canadian federally-inspected abattoirs as par1
of the Canadian Veterinary Drug Residue Surveillance and
Monitoring Programs. These 9 samples were also analyzed in­
dependently with our previously published method for deter­
mining penicillin G residues in animal tissues (I).

Results and Discussion

Figure IA shows a typical chromatogram of acontrol (drug­
free) muscle tissue extract obtained by the modified procedure.
Figures IB and IC show chromatograms ofcontrol (drug-free)
muscle tissue extracts fortified with amoxicillin, ampicillin,
penicillin G, penicillin V, and cloxacillin at 10 and 40 ppb, re­
spectively. All the ~-Iactams were separated from one another
and from other components of the tissue extracts. Because all
the penicillins eluted from the LC column in less than 25 min,

Table 2. Interassay (between-day) precision and accuracy

Concentration of drug found" on indicated day, ppb
Accuracy,

~-Lactam Concn added, ppb Day 1 Day 2 Day 3 Day 4 Mean concn found, ppb CV,% %

Amoxicillin 15.0 15.7 15.8 15.9 14.8 15.6 3.2 4
180.0 181 177 182 183 181 2 1

Ampicillin 15.0 13.8 13.2 13.9 15.0 14.0 5.4 7
180.0 188 175 182 183 182 3 1

Penicillin G 15.0 14.4 16.3 15.2 15.7 15.4 5.2 3
180.0 183 174 184 190 183 4 2

Cloxacillin 15.0 13.9 15.1 13.4 15.3 14.4 6.4 4
180.0 189 182 185 189 186 2 3

, These concentrations were interpolated from tissue calibration curves prepared on each day of analysis.
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Table 3. Verification of method accuracyB

Concentration of identified analyte found in indicated coded unknown bovine muscle tissue sample, ppb

~-Lactam drug detected 600 601 602 603 604

Ampicillin 198 (200) O(NO~ 43 (40) NO (0) 203 (200)

Amoxicillin 187 (200) 68 (60) NO (0) 71 (60) 199 (200)

Penicillin G 186 (2oo) 65 (60) NO(O} 64 (60) 201 (200)

Cloxacillin 188 (2oo) NO (0) 41 (40) NO (0) 204 (200)

• Samples were prepared by our quality assurance chemist, coded, and given to us for analysis. Values in parentheses represent the level at
which samples were fortified.

• NO, not detected.

at least 12 samples, plus 4 calibration standards, could be ana­
lyzed in I day. By contrast, the original gradient method per­
mitted analysis of only I sample and 4 calibration standards in
1day. For a multi residue analysis, the modified method offers
speed in deciding identities and concentrations of penicillins
confirmed in presumptive positive tissue samples from car­
casses being held in the abattoirs, pending confirmation of re­
sults of rapid test kits.

The hear1 of the original method for multiresidue analyses
of monobasic and dibasic penicillins is the reaction with acetic

anhydride to deactivate the amino groups in the dibasic penicil­
lins, amoxicillin and ampicillin (3). In the modified method, the
amino-group-protecting agent for aminopenicillins is benzoic
anhydride rather than acetic anhydride. Figure 2 shows the
mechanism we suggest for the formation of the benzoylamido
mercaptide derivatives of aminopenicillins. Once the activity
of the amino side chain in these dibasic penicillins has been
removed by acetylation or benzoylation, the penicillins are able
to form stable mercaptide derivatives, just like the monobasic
penicillins.

Table 4. Comparison of the test responses obtained with original penicillin method (1) and with improved
multiresidue method on presumptive positive (LacTek ~·Iactam test kit) bovine muscle tissue samplesB

Concentration of ~-Iaetam drug residues detected in presumptive positive tissues, ppb

Sample No. Amoxicillin Ampicillin Penicillin Gb Cloxacillin

L118-3560 NOc NO 353 (350) NO

L1507-3999 NO NO 397 (399) NO
L1626-4131 NO NO 5.1 (6.2) NO
L529-2774 NO NO 78 (81) NO

L990-3427 NO NO 25 (29) NO

L1993-4523 NO NO 638 (650) NO
L575-2844 NO NO 448 (459) NO
L990-3429 NO NO 1673 (1720) NO
L2030-4565 NO NO 65 (72) NO

• Samples were taken from beef cows slaughtered in Canadian federally-inspected abattoirs and tested for the presence of veterinary drug
residues with a screening test as part of the Canadian Surveillance and Monitoring Program for Residue Avoidance.

• Values in parentheses are concentrations determined by the original method (1).
C NO, not detected.

Table 5. Comparison of operational parameters of 3 methods for determining penicillin residues in bovine muscle
tissues

Sample No. of samples Suitability for
Method and derivatization Limit of detection for preparation analyzed per routine LC
condition applicable analytes, ppb8 LC conditions time, h hour analysis Reference

Method 1, mercuric chloride Pen G, 2; Pen V Isocratic 2.5 5 Yes 1

Method 2, acetic anhydride, Pen G, 2; Pen V; Ampi, 5; Gradient 2.5 1 No Unpublished
mercuric chloride Amox, 2; Clox, 5 data

Method 3, benzoic anhydride, Pen G, 2; Pen V; Ampi, 5; Isocratic 2.5 3 Yes This study
mercuric chloride Amox, 2; Clox, 5

8 Pen G, penicillin G; Pen V, penicillin V; Ampi, ampicillin; Amox, amoxicillin; clox, cloxacillin.
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Table 6. Detection limit of multiresidue method and maximum residue limits (MRLs) for 4 penicillins in bovine
muscle tissues

Maximum residue limit, ppb

Penicillin Detection limit, ppb Canada· United States· European Unionb Codex Alimentariusc

Amoxicillin
Ampicillin

Penicillin G

Cloxacillin

2

5

2

5

10

50

10

10

50

10

50

50

50

300
50

• Reference 3; -, no MRLs have been assigned to these compounds.
• Reference 4.
c Reference 5; -, no MRLs have been assigned to these compounds.

When dibasic penicillins are acetylated prior to fonnation of
mercaptide derivatives, the acetylarnido penicillins still have
significantly different elution characteristics on a reversed­
phase column compared with the monobasic analogues. Thus,
it was necessary to use gradient elution conditions to resolve
them from one another and from other components of the tissue
extract. Under such conditions, the order of elution of mercap­
tide derivatives is amoxicillin, ampicillin, penicillin G, penicil­
lin Y, and cloxacillin.

The benzoylarnido mercaptide derivatives, however, have
similar elution characteristics, thus permitting use of isocratic
elution conditions to analyze all the penicillins within a very
short period. Under these conditions, the elution order for the
penicillins is amoxicillin, penicillin G, penicillin Y, ampicillin,
and cloxacillin.

Tables I and 2 indicate that the modified method is sensi­
tive, accurate, and precise. Tables 3 and 4 demonstrate that the
modified method can be used to determine accurately the con­
centrations of ~-lactams in bovine muscle tissue samples con­
taining physiologically induced penicillins, that is, penicillins
that have been physically added to drug-free muscle tissue. Ta­
ble 5 shows that the method is relatively easy to perfonn and
requires no extensive sample preparation procedures or instru­
mentation. Like the original multiresidue method, the modified
method requires about 2.5 h to complete extraction, cleanup,
and derivatization.

Table 6 shows that with detection sensitivities of2, 5, 2, and
5 ppb respectively, for amoxicillin, ampicillin, penicillin G,
and cloxacillin in bovine muscle tissues, the method can be
used in regulatory programs for analyses of these veterinary
drug residues in tissue samples. Table 6 also lists the Canadian
and international maximum residue limits for 4 of the 5 peni-

cillins under study in this project (4-6); penicillin V is not ap­
proved for use in food animals in North America.

Conclusion

By modifying the precolumn derivatization reaction, we im­
proved our previous multiresidue LC method for simultaneous
determination of monobasic and dibasic penicillins in bovine
muscle tissues. With this modification, chromatographic analy­
ses of the isolated penicillins can be conducted under isocratic
instead of gradient conditions without loss in sensitivity, thus
making the method more suitable for routine analyses.
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TECHNICAL COMMUNICATIONS

Determination of Small Amounts of Niacin in Vinegar:
Comparison of Liquid Chromatographic Method with
Microbiological Methods

SHUJI HIRAYAMA

Q. P. Corporation Research Institute, No. 13-1, 5-Chome, Sumiyoshi-Cho, Fuchu-Shi, Tokyo 183, Japan

An LC method using a new cleanup technique was
compared with 2 microbiological methods for deter­
mining small amounts of niacin in vinegar. Coeffi­
cients of variation for grain Vinegar and rice vine­
gar were 8.33 and 5.3%, respectively, with the LC
method, 5.26 and 2.0% with the titrimetric method,
and 5.55 and 7.11% with the turbidimetric method.
Among the 3 methods, titrimetry was the most pre­
cise. The turbidimetric method tended to yield
greater positive error than the titrimetric method.
On the other hand, the titrimetric method requires a
longer incubation period (72 h) than the turbidimet­
ric method. The LC method using the new cleanup
procedure may be useful for routine analysis of
small amounts of niacin in vinegars.

N
iacin in foodstuffs generally has been determined by
colorimetric or microbiological methods (I). The col­
orimetric method requires cyanogen bromide (2-4),

which is difficult to separate from interferences. Thus the
method generally is not preferred by analysts (5). For this rea­
son, microbiological methods have become accepted as official
methods for determining niacin in foodstuffs.

The 2 AOAC microbiological methods are the titrimetric
method and the turbidimetric method. The titrimetric method is
more precise, but it requires an incubation period of 72 h com­
pared with 16-22 h for the turbidimetric method. Loy et aI. (6)
reported that when certain laboratory precautions are observed, the
turbidimetric method may replace the more time-consuming
titrimetric method for determining various standard vitamins.

Recently, liquid chromatographic (LC) methods have been
reported for determination of niacin in foodstuffs as alterna­
tives to the more cumbersome microbiological methods. Most
apply to determinations of high concentrations of niacin in food
additives and strengtheners (5,7), grains (5,8,9), and meats
(10). Hirayama and Maruyama (II) reported determination of
a small amount of niacin (0.01 mg/IOO g) in vinegars and jams,
cleaned up by using an anion-exchange column and a cation­
exchange cartridge and separated from interferences on an

Received March 19. 1997. Accepled by iLlune 29,1998.

amino phase column. Tyler and Genzale (12) used an LC
method to analyze low to high levels of total niacin in unforti­
fied foods, cleaned up by using a C18 cartridge column and
analyzed with a CI8 analytical column. These researchers re­
ported that LC methods may yield recoveries higher than those
obtained by the microbiological method for certain foods and
may not be appropriate as a general method for foods. The pur­
pose of the present study was to compare the LC method of
Hirayama and Maruyama (II) with the AOAC (I) turbidimet­
ric and titrimetric microbiological methods for determining
small amounts of niacin in vinegar.

METHOD

LCSystem

(a) Pump.-Waters Model 590 pump with U6K injector
(Waters Associates, Milford, MA).

(b) Detector.-Waters Model 490 UV/visible detector and
Model 840 data system.

(c) LC column.-5 mm Asahipak NH2P-50,4.6x 250 rnm;
guard column NH2P, 4.6 x 50 rnm (Asahi Kasei Industries, To­
kyo, Japan).

(d) Glass column.-27 x 150 rnm (Nikkyo Co., Tokyo, Ja­
pan), equipped with a stopcock.

(e) Analytical workstation.-HP 79994A workstation
equipped with Model 1090 pump and autoinjector with diode-ar­
ray detector (Hewlett-Packard GmbH, Waldbronn, Germany).

Reagents

(a) Solvents.-Acetonitrile was LC grade (Kanto Chemical
Co., Inc., Tokyo, Japan). Methanol and ethanol were reagent
grade (Kanto).

(b) LC elution solvent.-Acetonitrile-water (60 + 40, v/v)
containing 0.075M sodium acetate; filtered through 0.45~ filter.

(c) Standard niacin.-Purchased from Wako Pure Chemi­
cal Industries (Tokyo, Japan).

(d) Niacin stock solution.-Weigh 10.0 mg niacin in
100 mL volumetric flask, dilute with 25% aqueous ethanol, and
store in a refrigerator.

(e) LC standard solution.-Prepare a I ~g/mL standard so­
lution fresh for each analysis by taking I mL niacin stock solu­
tion and diluting with water in 100 mL volumetric flask.
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(f) Microbiological standard solutions.-Prepare 2 Ilg/mL
standard fresh daily in 100 mL volumetric flask from stock so­
lution; prepare 20 ng/mL standard by diluting 2 Ilg/mL stand­
ard in 100 mL volumetric flask.

(g) Sodium hydroxide, sodium acetate, and hydrochloric
acid.-Reagent grade (Kanto).

(h) Niacin assay medium.-Nissui Pharmaceutical Co.,
Ltd., Tokyo, Japan.

(i) Anion-exchange resin.-AGI-X8, acetate form, 100­
200 mesh (Bio-Rad Laboratories, Hercules, CA).

(j) Cation-exchange resin.-Toyopak IC-SP M (Toso Co.,
Tokyo, Japan).

Figure 1. Chromatogram of standard niacin.

2510 15 20
Tim e (min)

Figure 2. Chromatogram of niacin extracted from

grain vinegar.
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niacin
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LCMethod

(a) Extraction.-Accurately weigh 10 g sample into
100 mL beaker, add 4 mL 40% aqueous NaOH, heat on steam
bath for 20 min, and cover with watchglass. After mixture has
cooled to room temperature, adjust to ca pH 7 with 25% HCI
and add the same volume of methanol. Filter through Toyo
No.5 ftIter paper into 100 mL volumetric flask. Rinse residue
with 50% methanol-water and make up volume to 100 mL
with 50% methanol. Transfer 30 mL of this solution into
200 mL flask and add 50 mL methanol. Dry solution by rotary
evaporation at 45°C. Add ca 20 mL water to residue.

(b) Cleanup.-(l) Anion-exchange column.-Pack 9 g
anion exchange resin in column and wash with 50 mL pure
water. Add 20 mL sample solution at I rnUmin. Rinse with
50 mL water at the same rate and then elute niacin with 50 mL
13% aqueous acetic acid into 50 mL volumetric flask. Evapo­
rate 30 mL of fractionated solution to dryness by rotary evapo­
ration at 45°C. Take up residue in 5 mL water. (2) Cation-ex­
change cartridge.-Condition Toyopak cation-exchange
cartridge with 4 mL IN HCI and rinse with 10 mL water. Pass
5 mL sample solution through and then elute from cartridge
with 15 mL IN HCI. Add 50 mL methanol to fraction and dry
this fraction by rotary evaporation at 50°C until free from HCI
odor. Accurately take up residues in exactly 2 mL water. Pass
sample solution through a 0.45 11m filter and inject 5-25 ilL
into LC system.

(c) Anolysis.-The LC mobile phase consisted of acetoni­
trile-water (60 + 40, v/v) containing 0.075M sodium acetate.
Assay conditions were as follows: temperature, ambient; flow
rate, 0.5 rnUmin; UV detection wavelength, 261 nm. The

standard curve was prepared by injecting between 10 and
100 ilL LC standard solution.

(d) Recovery test.-Weigh 600 mg niacin in 20 mL volu­
metric flask and make up to volume with O.5N NaOH. Dilute
I mL of this niacin solution (30 mg/mL) with water in 10 mL
volumetric flask to yield a 3 mg/mL solution. Make further di­
lutions to yield solutions containing 300 Ilg/mL and 30 Ilg/mL.
Take I mL of each of these niacin solutions and add to 109
grain vinegar. Analyze solution as described previously.

Microbiological Assay

Weigh 10 g sample into 100 mL beaker, add 4 mL 40%
NaOH and 10 mL water, and cover with watchglass. Hydrolyze
mixture on a steam bath for 20 min. After mixture has cooled
to room temperature, adjust to ca pH 8-9 with 25% HCI and
then adjust accurately to pH 6.8 ± 0.1 with 10% phosphoric
acid. Make up volume to 100 mL with water. Estimate biologi­
cal activity according to AOAC Methods 960.46 and 944.13
(12), using Lactobacillus plantarum (ATCC 8014).

(1) 7i'rbidimetric method.-Prepare duplicate tubes con­
taining 0, 10, 25, 50, 75, and 100 ng niacin by adding 0, 0.5,
1.25,2.5, 3.75, and 5 mL working standard to the appropriate
tube. Prepare 3 levels of each sample such that each contains
between 10-100 ng niacin.

To each tube of standard solution and sample solution add
water to make up the volume to 5.0 mL. Next, add 5 mL of
appropriate basal medium stock solution. Cover tubes with sili­
con plugs to prevent bacterial contamination, autoclave at
121°-123°C for 5 min, and cool.
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Table 1. Niacin found (mg/100 g) in grain vinegar Table 2. Niacin found (mg/100 g) in rice vinegar

Experiment No. Turbidimetry TItrimetry LC Experiment No. Turbidimetry TItrimetry LC

1 0.058 0.036 0.040 1 0.42 0.30 0.29

2 0.055 0.037 0.037 2 0.36 0.29 0.29

3 0.052 0.039 0.037 3 0.38 0.30 0.30

4 0.056 0.040 0.035 4 0.38 0.29 0.30

5 0.050 0.038 0.033 5 0.35 0.30 0.33

Mean 0.054 0.038 0.036 Mean 0.38 0.30 0.30

SO 0.003 0.002 0.003 SO 0.03 0.01 0.02

CV,% 5.55 5.26 8.33 CV,% 7.11 2.00 5.30

Inoculate each tube with I drop ofappropriate inoculum and
incubate for 16-22 h at 37°C.

(2) Titrimetric method.-Procedures for preparing calibra­
tion curve and sample solutions are similar to those for the turoidi­
metric method. Incubate at 37°C for 72 h. Titrate contents of each
tube with 0.05N NaOH, using phenolphthalein indicator.

Results and Discussion

Figure I shows a standard chromatogram for 40 ng niacin,
and Figure 2 shows the chromatogram for niacin extracted
from grain vinegar. The peak purity of niacin in grain vinegar
(Figure 2) was 90%, determined by using the Hewlett-Packard
HPLC ChemStation system. Results of determinations of nia­
cin in grain vinegar and rice vinegar are shown in Tables I and
2, respectively.

The titrimetric method was the more precise of the 3 meth­
ods. Coefficients of variation obtained by titrimetry were not
more than 5% for either grain vinegar or rice vinegar. The co­
efficient of variation for the LC method was 8.33% for the
lower niacin content of grain vinegar but decreased to 5.3% for
the higher niacin content of rice vinegar. In determining lower
niacin contents, the coefficient of variation is likely to be high
because niacin tends to be adsorbed on the preparative column.

The coefficient of variations for the turbidimetric method
were 6.2% for grain vinegar and 7.11 %for rice vinegar. Niacin
contents determined by the turbidimetric method were higher
than those obtained by the 2 other methods. Calibration curves

for the range 10-100 ng were linear and passed through the
origin for the titrimetric and LC methods. The turbidimetric
method produced only approximately linear calibration curves
for the same range and failed to pass through the origin.

Recoveries were determined by spiking grain vinegar sam­
ples with niacin at 3 llg/IO g. The titrimetric method was the
most accurate of the 3 methods, achieving a mean recovery of
about 99% (Table 3). In addition, the quantity of niacin corre­
lated well with the lactic acid made from cultures (r =0.998).
Recovery by the LC method was about 90%. By contrast, re­
coveries by the turbidimetric method were consistently greater
than 100%.

Kamei et al. (13) obtained high recoveries of vitamin B[2 by
turbidimetry but suggested the method may lack reproducibil­
ity because of the short incubation time, initial cell concentra­
tion of test culture, and the different growth rates from the pre­
incubation time. Loy et al. (6) suggested that the incubation
period for the turbidimetric method should be 18-24 h, because
maximum turbidity is obtained after 16 h.

The high recovery of niacin from grain vinegar by the tur­
bidimetric method suggests that the growth of reference stand­
ard may be too slow for the potency of the material. It may be
necessary to extend the incubation period beyond 24 h.

Numerous researchers have improved LC methods so these
can replace the more time-consuming microbiological meth­
ods. Until now, most LC methods have been successful only at
detecting high contents of niacin in foodstuffs. Tyler and Gen­
zale (12) used an LC method to determine niacin levels at about

Table 3. Recovery of niacin from grain vinegar spiked with 3119 niacin/10 g

ntrimetry TUrbidimetry LC

Experiment No. Amount, ~g Recovery, % Amount, ~g Recovery, % Amount, ~g Recovery, %

1 2.93 97.7 3.74 124.7 2.61 87.0

2 2.95 98.8 4.14 138.0 2.70 90.0

3 3.00 100.0 4.24 141.3 2.86 95.3

4 2.85 95.0 4.24 141.3 2.79 93.0

5 3.10 103.3 3.79 126.3 2.54 84.6

Mean 2.96 98.9 4.03 134.3 2.70 90.0

SO 0.09 0.25 0.13

CV,% 3.11 6.20 4.81
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Table 4. Recovery of niacin spiked at 4 levels from grain vinegar by LC method

30 I'g spike 300 I'g spike 3 mg spike 30 mg spike
Experiment
No. Amount,l'g Recovery, % Amount,l'g Recovery, % Amount, mg Recovery, % Amount, mg Recovery, %

1 29.7 99.0 303 101.0 2.80 93.6 28.8 96.0
2 27.3 91.1 300 100.0 2.98 99.3 27.8 92.7
3 29.0 96.7 289 96.4 2.92 97.4 28.3 94.3
4 29.0 96.7 289 96.6 2.81 93.8 29.0 96.0
5 29.0 96.7 296 98.8 2.79 93.1 28.0 93.3

Mean 28.8 96.0 295 98.6 2.86 95.4 28.4 94.5
SD 0.9 6 0.09 0.5

0.1 mg/lOO g in unfortified foods. However, with foods con­
taining lower contents of niacin, the coefficient of variation of
their method rose to 10%. With the present LC method with
ion-exchange resins for cleanup and an amino column for sepa­
ration, it was possible to analyze niacin with the same sensitiv­
ity as microbiological methods. Table 4 shows recoveries of
4 levels offortification in grain vinegar. Recoveries at all levels
were >90%.

The LC method has several advantages. Niacin is analyzed
directly and in a short time. The method does not require stock
cultures of test organisms and their transfer into new media. It
may be used efficiently and reliably for foods with a wide range
of niacin contents and may be adopted as a routine method for
determining niacin in foodstuffs.
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TECHNICAL COMMUNICATIONS

Comparison of Microwave Oven and Convection Oven for Acid
Hydrolysis of Dietary Fiber Polysaccharides

BETIYW. LI
u.s. Department of Agriculture. Agricultural Research Service. Beltsville Human Nutrition Research Center. Food
Composition Laboratory. Beltsville, MD 20705

Hydrolysis of dietary fiber polysaccharides (DFP) is
an integral part of any enzymatic-chemical method
for dietary fiber analysis. Residues obtained after
enzyme treatments of fiber-containing foods are
usually suspended in 12M sulfuric acid and kept at
or slightly above ambient temperature for at least
1 h, and then the mixtures are diluted with deion­
ized water to a final concentration of 1M or 2M acid,
followed by heating at 100°C in a water bath or con­
vection oven for 1 or 2 h. Under these hydrolytic
conditions, some degradation of the released
monosaccharides generally takes place over the
duration of hydrolysis. We investigated the feasibil­
ity of using microwave energy as a heat source to
reduce time and minimize degradation. Preliminary
tests were done on the well-characterized soy poly­
saccharide Fibrim. With a microwave digestion sys­
tem equipped with temperature and pressure moni­
tors and control lines, optimum settings of power
(5%,75%), time (up to 3 min and 30 s), temperature
(35°-55°C), and pressure (45-65 psi) were deter­
mined for different foods depending on the residue
weight and volume of acid. Results were compara­
ble for microwave oven and convection oven hy­
drolysis of DFP from 5 foods with good correla­
tions for neutral sugar values; ~ =0.997 for
arabinose, 0.925 for galactose, 0.981 for glucose,
0.969 for mannose, and 0.990 for xylose.

D
ietary fiber methods that have been developed or
modified during the past 20 years and that have been
given official status by AOAC INTERNATIONAL

generally fall into 2 major classes: enzymatic-gravimetric
methods as represented by Official Methods 985.29 and
991.43 and the enzymatic--<:hemical method as represented by
Official Method 994.13. The main difference between these

Received April 13. 1998. Accepted by JLJune 25.1998.
Mention of trade names or commercial products is solely for !he

purpose of providing specific information and does nol imply
recommendation or endorsement by !he U.S. Department of Agriculture.

2 classes is in further characterization of fiber residues iso­
lated after various enzyme treatments.

Compositional analysis of nonstarch or dietary fiber poly­
saccharides (DFP) usually requires acid hydrolysis to release
constituent monosaccharides as neutral sugars. which can then
be determined quantitatively by gas-liquid chromatography
(GLC; I, 2) or high performance liquid chromatography (3. 4).
Acid hydrolysis typically is performed in 2 stages involving
different concentrations of H2S04, The original conditions de­
scribed by Saeman et al. (5) have been modified by many ana­
lysts (1-4,6-8) intending to maximize hydrolysis and mini­
mize degradation of neutral sugars. Regardless of the
temperature and the concentration ofacid used, all methods call
for reaction times of at least I h at or slightly above ambient
temperature for the first stage and 1-2 h at 100°C in water bath
or oven or 125°C in an autoclave for the second stage. One
laboratory has estimated the loss of sugars during the second
stage of hydrolysis to be 5-10% (I). Another laboratory has
reported losses ranging from 25% for mannose to 38% for xy­
lose, based on heating standard monosaccharides (3).

To reduce hydrolysis time and loss ofreleased monosaccha­
rides, we investigated the use of microwave energy as a heat
source. Microwave technology has been used for rapid mois­
ture determination, acid digestion for inorganic analyses, sam­
ple extraction, hydrolysis of protein and peptides, dry ashing,
and organic syntheses among others. However, only a few re­
ports have been published on the use of microwave energy for
acid hydrolysis of organic and biological samples other than
proteins (9, 10).

Experimental

Materials

A collection of freeze-dried samples of selected high-con­
sumption foods, identified by the Nutrient Data Laboratory at
the Agricultural Research Service of the U.S. Department of
Agriculture, has been kept at -20°C in our laboratory since late
1993. We chose one from each of5classes offoods and isolated
their respective dietary fiber residues according to an enzy­
matic-gravimetric method described earlier (II). The frozen
samples were thawed and dried in a vacuum oven at 40°C be­
fore use. Fibrirn 1450 (Protein Technologies International, St.
Louis, MO), a soy fiber isolated from dehulled and defatted
soybean cotyledon with well-characterized physicochemical
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Table 1. Comparison of microwave oven and convection oven for acid hydrolysis of Fibrim

Sugar, gl100 g dry weight

Total neutral
Sample Rhamnose Fucose Arabinose Xylose Mannose Galactose Glucose sugars

Microwave oven

1 1.70 1.87 13.70 5.35 1.12 24.37 12.95 54.35
2 1.54 2.24 14.12 5.06 1.26 27.15 12.43 56.78

3 1.92 1.94 12.39 4.32 1.16 25.93 12.77 53.79
4 1.60 1.98 12.92 4.48 1.24 25.93 12.68 54.13
5 1.79 2.24 13.04 5.00 1.04 25.98 11.95 54.33

Mean ±SD 1.71 ±0.16 2.05 ± 0.17 13.24 ± 0.68 4.84 ± 0.43 1.16 ± 0.09 25.87 ± 0.99 12.56 ± 0.39 54.68 ± 1.20

Convection oven

A 1.75 2.13 13.44 4.86 1.28 26.57 13.61 56.63
B 1.74 2.11 13.15 4.73 1.29 26.39 13.56 56.04

C 1.08 2.05 13.40 4.69 1.26 26.00 12.60 54.35
D 1.03 2.06 13.76 4.85 1.22 26.07 12.63 54.84

E 1.04 2.07 13.83 4.91 1.22 26.21 12.71 55.17

Mean ±SD 1.33 ± 0.38 2.08 ± 0.03 13.52 ± 0.28 4.81 ± 0.10 1.25 ± 0.03 26.25 ±0.23 13.02 ± 0.52 55.41 ± 0.92

properties, as described by La (12) was used as an in-house
reference material for all our earlier acid hydrolysis studies us­
ing a convection oven and for subsequent derivatization and
chromatographic determination of neutral sugars as their aldi­
tol acetates. For the present study, Fibrim was the control sam­
ple for determining optimum microwave hydrolysis conditions
before they were tested on the food samples.

Apparatus

A microwave digestion system (Model MDS 2100; CEM
Corporation, Matthews, NC) equipped with temperature and
pressure monitors from control lines placed inside one of the
advanced composite vessels and a digital computer program­
mable for 30 multistep programs was used.

Reaction vessels consist of the outer body and the cap made
of microwave-transparent polyetherimide and the inner liner,
the liner cover, and the safety rupture membrane made of per­
fluoroalkoxy Teflon. The system delivers ca 950 watts of mi­
crowave energy at a frequency of 2450 MHz at full power. The
power is programmable in I% increments of duty cycle. The
fluoropolymer-coated microwave cavity is equipped with an
exhaust fan with programmable speed in 10% increments, a
direct-drive alternating turntable, and 3 door-safety interlocks.
Domestic microwave ovens should never be used for the acid
hydrolysis reactions described in this study.

Hydrolysis

Fibrim or dietary fiber residue (100-250 mg) was sus­
pended in 2.5 or 3.5 mL 12M H2S04 (72%) depending on the
weight of the residues, in advanced composite vessels. Samples
were heated at 5% power so that final temperatures ranging
from 35° to 55°C are reached within 40 s to 2 min and 20 s.
After samples had been cooled to room temperature, 5 volumes

of deionized water was added, and the mixture was heated at
75% power for 2 min and 30 s to 3 min and 30 s until final
pressure reached 45-65 psi, resulting in final temperatures
ranging from 90° to 155°C. Different settings were required
depending on residue weight and volume of acid used. For hy­
drolysis with a convection oven, samples and acid mixtures
similar to those used for microwave digestion were suspended
in glass tubes (18 x 150 mrn) with Teflon-lined screw caps and
kept at 35°C for I h. After dilution with water, they were heated
at 100°C for 2 h.

Determination of Neutral Sugars

Portions containing neutral sugars from either microwave
oven or convection oven hydrolysis were neutralized with am-

. monium hydroxide, and the neutral sugars derivatized to alditol
acetates and quantitated by GLC according to a procedure de­
scribed by Blakeney (13), as modified by Englyst (4), and
adapted for our analyses (14). Total neutral sugars were calcu­
lated as the sum of individual neutral sugars multiplied by 0.89.

Statistical Analysis

Arithmetic mean and standard deviation for each set of trip­
licate analyses of microwave hydrolyzates and linear correla­
tion between microwave oven and convection oven hydrolysis
for each individual sugar and total neutral sugars were calcu­
lated by using a computer spreadsheet program (Microsoft Ex­
ce� version 4.0) on a Power Macintosh.

Results and Discussion

Our microwave acid hydrolysis studies began several years
ago with a CEM MDS-8l microwave digestion system and
with Fibrim as test sample. By varying the power setting and
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Table 2. Microwave digestion system settings for acid hydrolysis of dietary fiber polysaccharides

First stage" Second stageb

Total neutral TIme, TIme, Pressure,
Sample sugars, gl100 g Power, % Temp., 'C min:s Power, % min:s psi Temp., 'C

Bread, white, reduced calorie, firm crumb 12.23 5 48 2:20 75 2:30 45 118

11.71 5 45 2:15 75 2:30 45 127

12.02 5 48 1:50 75 2:30 45 117

Oatmeal, instant, cooked 8.46 5 55 1:55 75 3:15 56 150

8.32 5 55 2:02 75 3:05 54 155

7.79 5 55 2:10 75 3:00 65 150

Pears, raw, ripe 8.21 5 45 1:55 75 2:30 45 110

8.53 5 45 1:10 75 2:30 50 128

8.69 5 43 1:40 75 2:30 50 113
Peas, green, frozen, microwaved 14.40 5 50 2:30 75 3:30 55 110

14.37 5 50 2:30 75 3:30 55 110

13.17 5 50 1:49 75 3:30 50 90
Red kidney beans, canned, drained 16.95 5 50 2:10 75 3:30 55 125

19.39 5 50 1:50 75 3:30 55 110

19.03 5 50 1:28 75 3:30 55 110
Fibrim (200 mg, 3.5 mL acid) 54.35 5 50 1:22 75 3:30 50 120
Fibrim (150 mg, 2.5 mL acid) 56.78 5 45 0:50 75 2:30 45 125

Fibrim (150 mg, 2.5 mL acid) 53.79 5 40 0:55 75 2:30 55 135
Fibrim (150 mg, 2.5 mL acid) 54.13 5 35 0:50 75 2:30 50 120
Fibrim (150 mg, 2.5 mL acid) 54.33 5 35 0:40 75 2:30 55 125

• Power and final temperature were preset, and resulting time was recorded.
b Power time and final pressure were preset, and final temperature was recorded.

the time of heating, our analysis of neutral sugar composition
of this soy polysaccharide gave results similar to those from
convection oven hydrolysis, which has been optimized in both
our laboratory and others. However, poor precision and uncer­
tainty of the final temperature and pressure prevented us from
continuing the studies. For example, when we used 10% power
for 2 min 30 s for first-stage heating and 80% power for 2 min
for the second stage, total neutral sugar contents varied between
48 and 57% on different trials.

Recently, we purchased the later model and better equipped
CEM MDS-21 00. This digestion system enabled us to monitor
the temperature and pressure of the reaction mixture during hy­
drolysis. It also allowed us to optimize hydrolysis conditions
more systematically than we could with the earlier model. After
a series of preliminary runs, we finally narrowed the power
settings to 5% for the first stage of hydrolysis with 12M H2S04

and 75% for the second stage with 2M H2S04, The newer sys­
tem delivers higher microwave energy (950 versus 590 watts).
Asetting of 10% power for the first stage led to charring of the
samples, and hence the power was lowered to 5 or 6%. For
different combinations of time and final temperature for the
first stage and time ramp to pressure for the second stage, val­
ues for individual neutral sugars were quite repeatable, as
shown in Table I. For many years, we always included Fibrim
as a control with any set of test samples to be hydrolyzed and
derivatized to alditol acetates. Consequently, we have an exten­
sive collection of neutral sugar composition data on this mate­
rial. Those listed in Table I under the heading "Convection"

represent typical results from the past year. Results from the
2 hydrolysis methods gave a regression coefficient of 0.98.

Once we found the proper conditions for microwave hy­
drolysis of Fibrim, we were ready to test them on some foods.
From a collection of freeze-dried high-consumption (or fre­
quently consumed) foods, we chose 5: reduced-calorie white
bread, cooked instant oatmeal, raw pears, microwave-cooked
frozen green peas, and canned red kidney beans. Four samples
of dietary fiber residues were isolated from each food. One
sample was hydrolyzed with aconvection oven and the remain­
ing 3 samples were hydrolyzed in a microwave digestion sys­
tem according to conditions given in Table 2. Overall, good re­
peatability was found for total neutral sugars from triplicate
analyses using microwave hydrolysis, and values were compa­
rable within the range of various settings. With the power con­
stant at 5% for the first stage, the temperature setting was varied
depending on the weight of residue and the volume of acid.
Power was set at 75% for the second stage, and the time for
ramping to the required pressure varied between 2 min 30 s and
3 min 30 s. Final pressures were between 45 and 65 psi, and
resulting temperatures were in the range 90°-155°C. Samples
were hydrolyzed individually. A second advance composite
vessel containing 15 mL deionized water was placed on the
carousel for balance. Table 3 gives the means and standard de­
viations for individual neutral sugars and their sum as total neu­
tral sugars for each food as obtained from microwave hydroly­
sis, along with the value for a single determination using a
convection oven. The 2sets of data show good correlation: r =
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Table 3. Neutral sugar contents of dietary fiber polysaccharides of selected foods as determined by microwave acid
hydrolysisB

Sugar, gil 00 g dry weight

Total neutral
Sample Rhamnose Fucose Arabinose Xylose Mannose Galactose Glucose sugars

Bread, white, reduced NOb NO 0.59 ± 0.05 1.04 ± 0.02 0.38 ± 0.02 0.18 ± 0.05 11.28 ± 0.22 11.99 ± 0.26

calorie, firm crumb [NO)" [NO] [0.68] [0.97] [0.47] [0.41] [13.02] [13.85]

Oatmeal, instant, cooked NO NO 0.87 ± 0.06 0.94 ± 0.02 0.59 ±0.04 0.48 ± 0.05 6.32 ± 0.54 8.19 ± 0.35
[NO] [NO] [1.00] [1.16] [0.63] [O.48J [6.21] [8.45]

Pears, raw, ripe 0.11 ±0.01 <0.10 2.39 ± 0.09 2.43± 0.05 0.21 ± 0.01 0.77 ± 0.01 3.59 ± 0.24 8.48 ± 0.24

[0.25] [NO] [2.72] [2.82] [0.27] [0.96) [5.19] [10.86J

Peas, green, frozen, NO NO 2.24 ± 0.45 0.70 ± 0.08 0.18 ± 0.02 0.52 ± 0.03 12.07 ± 1.37 13.98 ± 0.70

microwaved [0.30] [NO] [2.70] [0.69] [0.28] [0.57] [12.18J [14.88]

Red kidney beans, <0.10 0.19 ± 0.02 2.44 ± 0.24 1.39 ±0.11 0.54 ± 0.13 0.76 ± 0.08 15.35 ± 2.16 18.45 ± 1.32

canned, drained [0.20] [0.20] [2.74] [1.46] [0.71] [0.91J [15.24J [19.11]

8 Values are means ± SO of triplicate analyses.
b NO = not detectable.
, Values in brackets are those from acid hydrolysis using a convection oven.

0.997 for arabinose, 0.925 for galactose, 0.98 I for glucose,
0.969 for mannose, 0.990 for xylose, and 0.995 for total neutral
sugars. Rhamnose and fucose were present in insignificant
amounts and were not detectable in some of the foods tested.

The primary objective of this study was to compare the ex­
tent of acid hydrolysis of DFPs in either a microwave oven or
a convection oven by monitoring the individual neutral sugar
constituents of DFP by GLC. Preliminary results indicate that
hydrolyzates from these 2 methods of heating give similar re­
sults for uronic acids (part of DFP in most fruits and vegeta­
bles). Thus, uronic acids subjected to microwave heating under
the conditions described here do not behave differently from
those heated in a convection oven.

Conclusion

Acid hydrolysis of DFPs can be accomplished in a much
shorter time-about 6 min versus 3 h-by using the equipment
and conditions specified in this paper. Further studies will be
conducted to hydrolyze multiple samples simultaneously and
to show actual reduction in the loss of monosaccharides during
microwave hydrolysis. Note: Any attempt to reproduce our re­
sults should begin with preliminary tests on a control sample
(such as Fibrim) to determine the heating characteristics of a
particular microwave digestion system and the appropriate set­
tings for optimum results.
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mono- and dibasic penicillins,
multiresidue LC method, 1113

fluoride in bovine urine, selective ion
electrode method, 839

liver and muscle tissue, ivermectin
quantitation with an abamectin
internal standard, LC method,
477

liver tissue, ivermectin in, solitl­
phase extraction cleanup, 484

occurrence of l32-adrenergic agonist
residues in urine of animal meat
producers in Portugal, 544

pentachlorophenol in environmental
samples, sensitive spectro-
photometric method, 803

selenium in human milk and whole
blood, flow injection hydride
AAS method, 457
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swine kidney tissue, apramycin in,
LC method with fluorescence
detection, 1141

thiazide-based diuretics in equine
urine, LCIMS method, 948

Bitertanol
residues in strawberries, LC with

fluorescence detection and
GCIMS confirmation, 1252

Books in Brief, 50A, 89A, 100A

Boron trichloridt12-ch.loroethanol deri­
vatization
2,4-dichlorophenoxyacetic acid in

fresh produce, GC method, 93

Botanicals and other supplements
Methods Committee report, 223
referee report, 152
ephedrine alkaloids in herbal products,

solid-phase extraction cleanup,
LC with UV detection, 1121

examining the origin of melatonin
from a "natural" source, isotope
ratio MS with LC introduction,
40

malathion residues in some medici­
nal plants, LC with GCIMS con­
firmation, 1023

methylxanthines and catechins in
herbal preparations containing
guarana, LC method, 691

salicin and related compounds in, LC
with fluorescence detection, 757

validation of sample preparation pro­
cedures for botanical analysis,
1005

Butylcarbityl6-propylpiperonyl ether
in technical materials, concentrates,

and finished products, capillary
GC method: collaborative study,
503

Cacao beans, see Chocolate and cacao
products

Calcium
in calcium supplements, induc­

tively coupled plasma-AES,
microwave dissolution or dry­
ash digestion: method trial,
1233

in foods, microwave digestion, AAS
method: NMKL collaborative
study, 1202

Capillary electrophoresis
maleic hydrazide in pesticide formu­

lations, 1109

Carbinoxamine maleate
in combination drug formulation, LC

method,958

Carbon-13
contents of sugars, malic acid, and cit­

ric acid as authenticity probes of
citrus juices and concentrates, 604

Carbon dioxide evolution rates
simple system for rapid determina­

tion of, 652

Carboxylic acids
monobasic, expert system for cata­

lytic titrimetry-part 2, 1077

CarboxymethylceUulose gum
methods for recovery of Salmonella

spp.,721

Casein
content of milk, indirect and direct de­

tennination by Kjeldahl nitrogen
analysis: collaborative study, 763

Catalytic titrimetry
expert system-part 2: determination

of monobasic carboxylic acids,
1077

Catechins
in herbal preparations contammg

guarana, LC method, 691

CatfISh
flumequine, nalidixic acid, oxolinic

acid, and piromidic acid residue
in, LC method, 825

fluoroquinolones in, electrospray
LCIMS method, 554

Caviezel method
total fat in foods and feeds, based on

a GC technique, 907

Cefadroxil
in pharmaceuticals, alkaline hydroly­

sis method, 528
in solution, LC method, 381

Cefazolin
in solution, LC method, 381

Ceftiofur
in animal tissues, determination of

free metabolites, automated LC
cleanup, 709

in bovine milk, LC with UV detec­
tion,973

Cephalexin
in solution, LC method, 381

Cephalosporins
analysis of the ~-lactam antibiotics

cefazolin, cefadroxil, cephal­
exin, ampicillin, and cephradine
in solution, LC method, 381

stability-indicating spectrophotomet­
ric and densitometric methods
for determination, 386

Cephapirin
in bovine milk, LC with UV detec­

tion,973

Cephradine
in solution, LC method, 381

Cereals and cereal products
Changes in Methods, 325
Methods Committee report, 225
referee report, 162

Chemical contaminants monitoring
cyclopiazonic acid in corn, immu­

noatfmity column cleanup, di­
rect competitive ELISA, 1155

deoxynivalenol in grains, one-step
solid-phase extraction cleanup
and fluorometric analysis, 448

diarrheic shellfish toxins in mussels,
microliquid chromatography­
tandem MS method, 441

estimating aflatoxin in farmers' stock
peanut lots by measuring afla­
toxin in various peanut-grade
components, 61

evaluation of fish decomposition, LC
assay of ATP degradation prod­
ucts, 571

fumonisin BI and its hydrolysis prod­
uct in tortillas, reversed-phase
LC method, 737

fumonisins and Alternaria altemata
toxin, LC-ELISA method, 749

Fusarium mycotoxins in whole
wheat flour, LC with diode array
detection and GC with electron
capture, 741

histamine in fish, sauerkraut, and
wine, LC method: interlabora­
tory study, 991

identification of the source of reagent
variability in the xanthy­
drollurea method, 1162
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major secondary metabolites produced
by Aspergillus species from sec­
tion Flavi, LC method, 57

monilifonnin in com, HPLC method,
999

variability associated with testing
shelled com for fumonisin, 1169

Chemiluminescence detection
detennining potential nitrosating

agents in cosmetic products, 368

Chloramphenicol
residues in milk, OC method with

electron capture detection, 714

Chlorinated compounds
in animal feed and crops, cleanup

procedure for monitoring,S 13

Chlorinated solvents
evaluation of passive samplers for

analysis, 1027

Chlorophacinone
in steam-rolled oat baits and steam­

rolled oat/wax baits, reversed­
phase ion-pair LC method, 349

Chlorpheniramine maleate
simultaneous detennination with

naphazoline hydrochloride, de­
rivative spectrophotometry and
densitometry, 1128

Chocolate and cacao products
Changes in Methods, no changes
Methods Committee report, 225
referee report, 163

Cholesterol
in eggs, simultaneous detennination

with a-tocopherol, rapid OC
method, 1177

Chromatography
florisil chromatography, organo­

chlorine pesticides in eggs, OC
method, 1033

gel permeation chromatography, or­
ganochlorine pesticides in eggs,
OC method, 1033

gel permeation chromatography and
florisil cartridge cleanup, pheny­
lurea herbicide residues in vege­
tables, LC method, 1048

ion chromatography, phosphine resi­
dues in whole grains and soy­
beans, via conversion to phos­
phate, 1190

ion chromatography with double-cell
bulk acoustic wave detection,
ammonia and aliphatic amines in
food, 1099

microliquid chromatography-tandem
MS, diarrheic shellfish toxins in
mussels, 441

see also Oas chromatography; Liquid
chromatography; Thin layer
chromatography

Chromium
in wine and other alcoholic beverages

consumed in Spain, electrother­
mal AAS, 1043

Ciguatoxin
and natural reef fishes, simple mem­

brane immunobead assay, 727
and related polyethers from human

ciguatera intoxication, 727

CIPAC studies
Methods Committee report, 217
referee report, 115
thiodicarb in technical products and

formulations, LC method, 341

Cipronoxacin
in bovine milk, optical immuno­

biosensor assay, 394

Citric acid
measurement of 13C/12C ratios as

authenticity probes of citrus
juices and concentrates, 604

Cleanup procedures
automated LC cleanup, determina­

, tion of free metabolites of ceftio­
fur in animal tissues, 709

florisil cartridge, phenylurea herbi­
cide residues in vegetables, gel
permeation chromatography, LC
method, 1048

gel permeation and florisil chroma­
tographic cleanup, organo­
chlorine pesticides in eggs, OC
method, 1033

immunoaffinity column, direct com­
petitive ELISA of cyclopiazonic
acid in com, peanuts, and mixed
feed, 1155

for monitoring chlorinated com­
pounds in animal feed and crops,
513

one-step solid-phase extraction
cleanup and fluorometric analy-

sis of deoxynivalenol in grains,
448

solid-phase extraction cleanup, iver­
mectin in liver tissue, 484

Clenbuterol
occurrence of residues in urine ofani­

mal meat producers in Portugal,
544

Cloxacillin
in milk, Delvotest SP test: IDF inter­

laboratory study, 978

Coffee and tea
Changes in Methods, no changes

Collaborative studies
casein content of milk, indirect and

direct determination by Kjeldahl
nitrogen analysis, 763

E. coli 0157:H7 in food, 24 h pre­
sumptive enumeration, hydro­
phobic grid membrane filter, se­
rological confumation, 403

imidacloprid in liquid and solid for­
mulations, reversed-phase LC
method,344

magnesium and calcium in foods, mi­
crowave digestion, AAS method,
1202

N-octyl bicycloheptene dicarboxi­
mide, pyrethrins, and butylcar­
bityl 6-propylpiperonyl ether,
capillary OC method, 503

protein content of wheat, near-IR
spectroscopy of whole grain,
587

repeatability and reproducibility esti­
mates from collaborative studies
based on total concentration of
trace analytes, 795

reserpine and rescinnamine in Rau­
wolfia serpentina powders and
tablets, 373

Salmonella in food, LOCATE ELISA
method,419

thiodicarb in technical products
and formulations, LC method,
341

Color additives
Changes in Methods, no changes
Methods Committee report, 219
referee report, 124
manganese in FD&C Blue No. I,

X-ray fluorescence method, 89
see also Food additives
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Cooperative studies
Methods Committee report, 236
referee report, 215

Copper
in beer, merging zones standard addi­

tion technique, flow injection
AAS method, 645

Corn
cyclopiazonic acid in, immunoaf­

tinity column cleanup, direct
competitive ELISA, 1169

fumonisin BI and its hydrolysis prod­
uct in tortillas, reversed-phase
LC method, 737

fumonisins and Alternaria alternata
toxin, LC-ELISA method, 749

moniliformin in, HPLC method, 999
variability associated with testing

shelled corn for fumonisin, I162

Cosmetic microbiology
Methods Committee report, 230
referee report, 186
automated screening method for de­

termining optimum preservative
systems for personal and home
care products, 534

Cosmetics
Changes in Methods, no changes
Methods Committee report, 218
referee report, 120
diethanolamine and N-nitrosodiethano­

lamine in fatty acid diethano­
larnides, GC method, 943

potential nitrosating agents in cos­
metic products, chemilumines­
cence detection of nitric oxide,
368

Crabmeat
4-hexylresorcinol in, solid-phase ex­

traction, reversed-phase LC
method,488

Cyclopiazonic acid
in corn, immunoaffinity column

cleanup, direct competitive
ELlSA,II69

Dairy chemistry
Methods Committee report, 225
referee report, 163

Dairy products
Changes in Methods, no changes

protein analysis, Kjeldahl and Dumas
methods: review and interlabo­
ratory study, 620

see also Milk and milk products

Data processing
for analytical method validation,

1065

Delvotest SP test
cloxacillin and sulfamethoxazole in

milk: IDF interlaboratory study,
978

Densitometry
determination of naphazoline hydro­

chloride and chlorpheniramine
maleate, 1128

stability-indicating methods for de­
termination of some cepha­
losporins, 386

Deoxynivalenol
in grains, one-step solid-phase ex­

traction cleanup and fluoromet­
ric analysis, 448

in white flour, whole wheat flour, and
bran, solid-phase extractionILC
method: interlaboratory study,
880

in whole wheat flour, LC with diode
array detection and GC with
electron capture detection, 741

Derivative spectrophotometry
determination of naphazoline hydro­

chloride and chlorpheniramine
maleate, 1128

stability-indicating methods for de­
termination of some cepha­
losporins, 386

Detection limits
comparison of statistical and empiri­

cal detection limits, 105

Diagnostics and test kits
Methods Committee report, 218
referee report, 120

Diarrheic sheUflSh toxins
in mussels, microliquid chromatogra­

phy-tandem MS method, 441

2,4-dichlorophenoxyacetic acid
in fresh produce, GC method with b0­

ron trichloridel2-chloroethanol
derivatization, 93

Dietary tiber
Methods Committee report, 223

referee report, 152
comparison of microwave oven and

convection oven for acid hy­
drolysis, 1277

Diethanolamine
in fatty acid diethanolamides, GC

method,943

Diethylene glycol
contamination of glycerin and glyc­

erin-based raw materials, sim­
ple, at-site detection, TLC
method,44

Dimethomorph
residues in soil, microwave-assisted

extraction with GC, nitrogen­
phosphorus detection or ECNCI
MS,I054

Diode array detection
Fusarium mycotoxins in whole

wheat flour, 741

Diphacinone
in steam-rolled oat baits and steam­

rolled oat/wax baits, reversed­
phase ion-pair LC method, 349

Diphenylamine
in apples and pears, GC method:

method validation and results of
Spanish Official Residue Moni­
toring Program, 648

Disinfectant formulations
Changes in Methods, no changes
Methods Committee report, 217
referee report, 119

Disinfectants, microbiological effi·
cacy testing
Methods Committee report, 232
referee report, 20 I

Distilled liquors
Changes in Methods, 325
see also Alcoholic beverages

Dog food
pentobarbital residues, GCIMS

method,359

Double-cell bulk acoustic wave detec·
tion
ammonia and aliphatic amines in

food, ion chromatography, 1099

Drug· and device-related microbi·
ology
Methods Committee report, 230
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referee report, 188

Drug formulations
analysis of the ~-lactam antibiotics

cefazolin, cefadroxil, cephal­
exin, ampicillin, and cephradine
in solution, LC method, 381

calcium and lead in calcium supple­
ments, inductively coupled
plasma-AES, and graphite fur­
nace AAS: method trial, 1233

cephalosporins, stability-indicating
spectrophotometric and densi­
tometric methods for determina­
tion,386

contemporary TLC in pharmaceuti­
cal quality control, 333

determination of cefadroxil in phar­
maceuticals, alkaline hydrolysis
method,528

determination of naphazoline hydro­
chloride and chlorpheniramine
maleate, derivative spectro­
photometry and densitometry,
1128

diethylene glycol/ethylene glycol
contamination of glycerin and
glycerin-based raw materials,
simple, TLC method, 44

pseudoephedrine hydrochloride and
carbinoxamine maleate in com­
bination drug formulation, LC
method, 958

reserpine and rescinnamine in Rau­
wolfia serpentina powders and
tablets: collaborative study, 373

Drugs and feed additives in animal
tissues
Changes in Methods, no changes
Methods Committee report, 218
referee report, 121
amoxicillin residues in catfish mus­

cle, LC and microbial inhibition
assay methods, 33

antibiotic residues in meat samples
from retail outlets, European
four-plate test method, 51

antimicrobial veterinary drug resi­
dues in slaughtered animals,
bacterial inhibition tests, 21

apramycin in swine kidney tissue, LC
method with fluorescence detec­
tion, 1141

ceftiofur in animal tissues, determi­
nation of free metabolites, auto­
mated LC cleanup, 709

cephapirin and ceftiofur residues in
bovine milk, LC with UV detec­
tion,973

cWoramphenicol, florfenicol, and
thiamphenicol in milk, OC
method with electron capture de­
tection,714

enrofloxacin and ciprofloxacin in bo­
vine milk, optical immuno­
biosensor assay, 394

flumequine, nalidixic acid, oxolinic
acid, and piromidic acid residues
in catfish, LC method, 825

flumequine and 7-hydroxyflumequine
in edible sheep tissues, LC with
fluorimetric and UV detection,
519

fluoroquinolones in catfish muscle,
electrospray LCIMS method,
554

identification of ~-Iactam antibiotics
in tissue samples containing un­
known microbial inhibitors,
1135

ivermectin in liver tissue, solid-phase
extraction cleanup, 484

ivermectin in salmon muscle tissue,
LC method with fluorescence
detection, 549

ivermectin quantitation with an
abamectin internal standard, LC
method,477

occurrence of ~radrenergic agonist
residues in urine of animal meat
producers in Portugal, 544

oxytetracycline in edible fish fillets
from six species of fish, LC
method,702

residues of mono- and dibasic peni­
cillins in bovine muscle tissues,
multiresidue LC method, 1113

screening method for !3-lactams in tis­
sues hydrolyzed with penicilli­
nase 1and lactamase IT, 963

Drugs in feeds
Changes in Methods, 323
Methods Committee report, 234
referee report, 204
frenolicin-B in poultry feed, auto­

mated sample preparation proce­
dure, 931

monensin, integration and calcula­
tion improvements in LC
method, 1096

monensin in feeds, TLC: screening
method,844

oxytetracycline in animal feeds, LC
method with fluorescence detec­
tion, 919

pentobarbital residues in dog food,
OCIMS method, 359

see also Antibiotics in feeds

Drugs I
Changes in Methods, no changes
Methods Committee report, 218
referee report, 120

DrugsD
Changes in Methods, no changes
Methods Committee report, 218
referee report, 121

DrugsDI
Changes in Methods, 324

Drugs IV
Changes in Methods, no changes

Drugs V
Changes in Methods, no changes

Dry-ash digestion
calcium and lead in calcium supple­

ments, inductively coupled
plasma-AES and graphite fur­
nace AAS: method trial, 1233

Dumas method
protein analysis of dairy products: re­

view and interlaboratory study, 620

Eggs and egg products
Changes in Methods, no changes
Methods Committee report, 226
referee report, 164
organochlorine pesticides in eggs, gel

permeation and florisil chroma­
tographic cleanup and OC
method, 1033

simultaneous determination of cho­
lesterol and a-tocopherol in
eggs, rapid OC method, 1177

Electron capture detection
chloramphenicol, florfenicol, and

thiamphenicol residues in milk,
OC method, 714

Fusarium mycotoxins in whole
wheat flour, 741

Electrophoretic methods
capillary electrophoresis, maleic hy­

drazide in pesticide formula­
tions, 1109



SUBJECf INDEX: JOURNAL OF AOAC INTERNATIONAL VOL. 81, No.6, 1998 1295

Elements, see Metals and other ele­
ments

EnroOoxacin
in bovine milk, optical immuno­

biosensor assay, 394

EnterobtU:teriaceae
comparison of the VITEK Gram­

Negative Identification Card and
an enhanced version: method
modification, 438

ENVI-Carb
cleanup procedure for monitoring

chlorinated compounds in ani­
mal feed and crops, 513

Environmental quality
Methods Committee report, 236
pentachlorophenol in environmental

samples, sensitive spectro-
photometric method, 803

see also Air; Soils and sediments;
Water

Environmental sanitation microbiol­
ogy
Methods Committee report, 230
referee report, 190

Ephedrine alkaloids
in herbal products, solid-phase ex­

traction cleanup, LC with UV
detection, 1121

Escherichia coli
comparison of the VITEK Gram­

Negative Identification Card and
an enhanced version: method
modification, 438

E. coli 0157:H7 in food, 24 h pre­
sumptive enumeration, hydro­
phobic grid membrane filter and
serological confmnation, 403

17-~-Estradiol

and its metabolites in sewage efflu­
ent, solid-phase extraction and
GCIMS, 1209

Ethylene glycol
contamination of glycerin and glyc­

erin-based raw materials, sim­
ple, at-site detection, TLC
method, 44

External calibration
selenium in plant tissue, double cali­

bration, hydride generation in-

ductively coupled plasma MS
method, 1060

Extraction methods
analytical supercritical fluid tech­

niques and methodology: con­
ceptualization and reduction to
practice, 9

microwave-assisted extraction, sta­
bility of organic pollutants from
solid matrixes, 462

microwave-assisted extraction, sta­
bility of organochlorine and or­
ganophosphorus pesticides ex­
tracted from solid matrixes,
1224

microwave-assisted extraction with
GC, dimethomorph residues in
soil, 1054

modifications of a method for deter­
mining multifumigant residues,
638

validation of sample preparation pro­
cedures for botanical analysis,
1005

see also Solid-phase extraction

Extraneous materials in foods and
drugs
Changes in Methods, 324
Methods Committee report, 230
referee report, 190
diethylene glycol/ethylene glycol

contamination of glycerin and
glycerin-based raw materials by
TLC,44

see also Filth

Fat-soluble vitamins, see Vitamins and
other nutrients

Fats, see Oils and fats

Feeds
Changes in Methods, 323
Methods Committee report, 235
referee report, 207
cleanup procedure for monitoring

chlorinated compounds in ani­
mal feed and crops, 513

cyclopiazonic acid in, immunoaf-
finity column cleanup, direct
competitive ELISA, 1155

micronutrients in feed products, in­
ductively coupled plasma MS,
923

total fat in foods and feeds, Caviezel
method, based on a GC tech­
nique,907

water in, Karl Fischer titration
method, 25

see also Antibiotics in feeds; Drugs in
feeds

Fertilizers and agricultural liming
materials
Changes in Methods, 323
Methods Committee report, 235
referee report, 211
improved parameterization of fertil­

izer particle size distribution,
935

performance of fertilizer methods,
Magruder check sample pro­
gram, 493

Filth
Methods Committee report, 230
referee report, 190
see also Extraneous materials in

foods and drugs

Fish and other marine products
Changes in Methods, 325
catfish (lctalurus punctatus),

flumequine, nalidixic acid,
oxolinic acid, and piromidic acid
residue by LC, 825

catfish muscle, amoxicillin residues,
LC and microbial inhibition as­
say methods, 33

catfish muscle, fluoroquinolones in,
electrospray LCIMS method,
554

ciguatoxin detection, from human
ciguatera intoxication and natu­
ral reef fishes, membrane im­
munobead assay, 727

crab meat, 4-hexylresorcinol in,
solid-phase extraction, reversed­
phase LC method, 488

edible fish fillets from six species of
fish, oxytetracycline in, LC
method, 702

evaluation of fish decomposition, LC
assay of ATP degradation prod­
ucts,571

histamine in, LC method: interlabo­
ratory study, 991

ivermectin in salmon muscle tissue,
LC method with fluorescence
detection, 549
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mussels, diarrheic shellfish toxins,
microliquid chromatography­
tandem MS method, 441

volatile bases in fish, rapid determi­
nation, ammonia ion-selective
electrode, 1011

weight determination methods for
quick frozen shrimp, precollabo­
rative study, 69

see also Seafoods and seafood prod­
ucts

Flavi
major secondary metabolites pro­

duced by Aspergillus species,
LC method, 57

Flavors
Changes in Methods, no changes
Methods Committee report, 219
referee report, 124

Florfenicol
residues in milk, GC method with

electron capture detection, 714

Florisil cleanup
organochlorine pesticides in eggs,

GC method, 1033
phenylurea herbicide residues in

vegetables, gel permeation chro­
matography, LC method, 1048

Flour
deoxynivalenol in white flour, whole

wheat flour, and bran, solid­
phase extractionILC method: in­
terlaboratory study, 880

Fusarium mycotoxins in whole
wheat flour, LC with diode array
detection and GC with electron
capture detection, 741

vitamin A in flour consumed by one­
to four-year-old children in Cote
d'Ivoire, reversed-phase LC
method, III

Fluazinam
in grapes, must, and wine, GC

method, 1185

Flumequine
in catfish (lctalurus punctatus), LC

method,825
in edible sheep tissues, LC with

fluorimetric and UV detection, 519

Fluorescence detection
apramycin in swine kidney tissue, LC

method, 1141

bitertanol residues in strawberries,
LC method, GCIMS confirma­
tion, 1252

ivermectin in salmon muscle tissue,
LC method, 549

manganese in FD&C Blue No. I,
X-ray fluorescence method, 89

oxytetracycline in animal feeds, LC
method,919

salicin and related compounds in bo­
tanical dietary supplements, LC
method,757

Fluoride
in bovine urine, selective ion elec­

trode method, 839

Fluorimetric methods
flumequine and 7-hydroxyflumequine

in edible sheep tissues, LC
method,519

Fluorometric methods
acid phosphatase in cooked, bone­

less, nonbreaded broiler breast
and thigh meat, 887

one-step solid-phase extraction cleanup
and fluorometric analysis of de­
oxynivalenol in grains, 448

Fluoroquinolones
in catfish muscle, electrospray LCIMS

method,554

Food additives
Changes in Methods, 326
Methods Committee report, 219
referee report, 126
carboxymethylcellulose gum, gum

ghatti, and gelatin, methods for
recovery of Salmonella spp.,
721

hemal preparations containing guarana,
methylxanthines and catechins
in, LC method, 691

4-hexylresorcinol in crab meat, solid­
phase extraction, reversed-phase
LC method, 488

see also Color additives

Food adulteration
citrus juices and concentrates,

authenticity probes, l3C/
12C ra­

tios of sugars, malic acid, and
citric acid, 604

honey, stable carbon isotope ratio
analysis: validation of internal
standard procedure for world­
wide application, 610

Food composition
all-rac-a-tocopheryl acetate and ret­

inyl palmitate in milk-based in­
fant formula, matrix solid-phase
dispersion, LC method, 582

all-rac-a-tocopheryl acetate and ret­
inyl palmitate in soy-based in­
fant formula, zero-control refer­
ence material, LC method, 577

casein content of milk, indirect and
direct determination by Kjeldahl
nitrogen analysis: collaborative
study, 763

infant formula methods develop­
ment, zero control reference ma­
terials, 453

protein analysis of dairy products,
Kjeldahl and Dumas methods:
review and interlaboratory study,
620

protein content of wheat, near-IR
spectroscopy of whole grain:
collaborative study, 587

salicin and related compounds in bo­
tanical dietary supplements, LC
with fluorescence detection, 757

simultaneous determination of cho­
lesterol and a-tocopherol in
eggs, rapid GC method, 1177

validation of sample preparation pro-
cedures for botanical analysis,
1005

volatile bases in fish, rapid determi­
nation, ammonia ion-selective
electrode, 10II

weight determination methods for
quick frozen shrimp, precollabo­
rative study, 69

Food microbiology
looking backward and forward, I

Food microbiology-dairy
Methods Committee report, 231
referee report, 191
see also Microbiological methods

Food microbiology-nondairy
Methods Committee report, 231
referee report, 192
see also Microbiological methods

For Your Information, 9A, 23A, 39A,
63A, 85A, 103A

Forensic sciences
Changes in Methods, no changes
Methods Committee report, 218
referee report, 122
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examining the origin of melatonin
from a "natural" source, isotope
ratio MS with LC introduction,
40

Four-plate test
antibiotic residues in meat samples

from retail outlets, 51

Frenolicin-B
In poultry feed, automated sample

preparation procedure, 931

Fruit and fruit products
Changes in Methods, 325
Methods Committee report, 226
referee report, 165
azoxystrobin, fluazinam, kresoxim­

methyl, mepanipyrim, and tetra­
conazole in, GC method, 1185

benzoylurea insecticides (5) in fruit,
LC method, 1037

bitertanol residues in strawberries,
LC with fluorescence detection
and GCIMS confmnation, 1252

citrus juices and concentrates, meas­
urement of 13CPC ratios of sug­
ars, malic acid, and citric acid,
604

2,4-dichlorophenoxyacetic acid in
fresh produce, GC method with
boron trichloridel2-chloroethanol
derivatization,93

diphenylamine in apples and pears,
GC method, 648

Fumonisins
in com, LC-ELISA method, 749
fumonisin Bland its hydrolysis prod­

uct in tortillas, reversed-phase
LC method, 737

variability associated with testing
shelled com, 1162

Fusarium
mycotoxins in whole wheat flour, LC

with diode array detection and
GC with electron capture detec­
tion, 741

Gas chromatography
~radrenergic agonist residues in

urine of animal meat producers
in Portugal, 544

azoxystrobin, fluazinam, kresoxim­
methyl, mepanipyrim, and tetra­
conazole in grapes, must, and
wine, 1185

capillary, determination of fat in oles­
tra-containing savory snack
products, 848

capillary, N-octyl bicycloheptene di­
carboximide, pyrethrins, and
butylcarbityl 6-propylpiperonyl
ether determination, 503

chloramphenicol, florfenicol, and
thiamphenicol residues in milk,
electron capture detection, 714

2,4-dichlorophenoxyacetic acid in
fresh produce, boron trichlo­
ridel2-chloroethanol derivatiza­
tion,93

diethanolarnine and N-nitrosodiethano­
lamine in fatty acid diethano­
lamides, 943

dimethomorph residues in soil, mi­
crowave-assisted extraction, ni­
trogen-phosphorus detection,
1054

diphenylamine in apples and pears:
method validation and results of
Spanish Official Residue Moni­
toring Program, 648

enantioselective GC, (+/-) elution or­
ders of chiral organochlorines,
1245

Fusarium mycotoxins in whole
wheat flour, 741

methylmercury in food commodities,
atomic emission detection, 808

organochlorine pesticides in eggs, gel
permeation and florisiJ chroma­
tographic cleanup, 1033

phosphine residues in wheat, com­
parison of six methods, 633

rapid GC method, simultaneous de­
termination of cholesterol and
a-tocopherol in eggs, 1177

total fat in foods and feeds, Caviezel
method, based on a GC tech­
nique, 907

Gas chromatography/mass spectrome­
try
bitertanol residues in strawberries,

LC method with fluorescence
detection, GCIMS confmnation,
1252

compound-specific, polycyclic aro­
matic hydrocarbons in waters,
sediments, and aquatic organ­
isms, 657

17-~-estradiol and its metabolites in
sewage effluent, solid-phase ex­
traction, 1209

malathion in some medicinal plants,
LC method, 1023

pentobarbital residues in dog food,
359

Gel permeation chromatography
organochlorine pesticides in eggs,

GC method, 1033
phenylurea herbicide residues in

vegetables, florisil cartridge
cleanup, LC method, 1048

Gelatins, dessert preparations, and
mixes
Changes in Methods, no changes
Methods Committee report, 220
referee report, 124
methods for recovery of Salmonella

spp.,721

Glycerin
diethylene glycol/ethylene glycol

contamination, simple, at-site
detection, TLC method, 44

Grains
deoxynivalenol in, one-step solid­

phase extraction cleanup and
fluorometric analysis, 448

modifications of a method for deter­
mining multifurnigant residues,
638

phosphine residues in wheat, com­
parison of six methods, 633

phosphine residues in whole grains,
ion chromatography via conver­
sion to phosphate, 1190

protein content of wheat, near-IR
spectroscopy of whole grain:
collaborative study, 587

release of fumigant residues by mi­
crowave irradiation, 673

Grapes
azoxystrobin, fluazinam, kresoxim­

methyl, mepanipyrim, and tetra­
conazole in, GC method, 1185

Guarana
methylxanthines and catechins in

herbal preparations containing,
LC method, 691

Gumghatti
methods for recovery of Salmonella

spp.,721

Hazardous substances
Changes in Methods, no changes
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Herbs, see Botanicals and other supple­
ments

4-Hexylresorcinol
in crab meat, solid-phase extraction,

reversed-phase LC method, 488

Histamine
in fish, sauerkraut, and wine, LC

method: interlaboratory study,
991

Honey
stable carbon isotope ratio analysis:

validation of internal standard
procedure for worldwide appli­
cation, 610

Hydrophobic grid membrane filter
E. coli 0157:H7 in foods, direct 24 h

presumptive enumeration, sero­
logical confmnation, 403

7-Hydroxytlumequine
in edible sheep tissues, LC with

fluorimetric and UV detection,
519

Imidacloprid
in liquid and solid formulations, re­

versed-phase LC method: col­
laborative study, 344

Immunoassays
direct competitive ELISA of cy­

c1opiazonic acid in com, pea­
nuts, and mixed feed, irnmu­
noaffinity column cleanup, 1155

ELISA, ~z-adrenergic agonist resi­
dues in urine ofanimal meat pro­
ducers in Portugal, 544

ELISA, fumonisins and Alternaria
altemata toxin in com, 749

LOCATE ELISA for detection of
Salmonella in food: collabora­
tive study, 419

Industrial chemical residues
Changes in Methods, 324

Infant formulas
Changes in Methods, 326
Methods Committee report, 223
referee report, 157
milk-based, all-rac-a-tocopheryl ace­

tate and retinyl palmitate in, ma­
trix solid-phase dispersion, LC
method, 582

soy-based, all-rac-a-tocopheryl ace­
tate and retinyl palmitate in,
zero-control reference material,
LC method, 577

zero control reference materials, 453

Inorganic methods
Methods Committee report, 236
referee report, 215

Instructions to Authors, 38A, 62A,
84A, 102A, 327,492

Interlaboratory studies
cloxacillin and sulfamethoxazole in

milk, Delvotest SP test, 978
deoxynivalenol in white flour, whole

wheat flour, and bran, solid-phase
extractionILC method, 880

histamine in fish, sauerkraut, and
wine, LC method, 991

protein analysis of dairy products,
Kjeldahl and Dumas methods, 620

a simple method for evaluating data,
1257

Ion chromatography
ammonia and aliphatic amines in

food, double-cell bulk acoustic
wave detection, 1099

phosphine residues in whole grains
and soybeans, via conversion to
phosphate, 1190

Ion-selective electrode
for ammonia values, rapid determina­

tion of volatile bases in fish, 1011

Isotope ratio mass spectrometry
examining the origin of melatonin

from a "natural'·' source, LC in­
troduction,40

Ivermectin
in feed, LC method, 869
in liver tissue, solid-phase extraction

cleanup, 484
in salmon muscle tissue, LC method

with fluorescence detection, 549
quantitation with an abamectin inter­

nal standard, LC method, 477

Karl Fischer titration
water in forages and animal feeds, 25

Kjeldahl method
casein content of milk, indirect and

direct determination: collabora­
tive study, 763

protein analysis of dairy products: re­
view and interlaboratory study,
620

Kresoxim-methyl
in grapes, must, and wine, GC

method, 1185

Lactamase II
hydrolysis of ~-lactarns in tissues,

screening method, 963

Lead
in calcium supplements, graphite fur­

nace AAS, microwave dissolu­
tion or dry-ash digestion: method
trial, 1233

Letter to the Editor, 53A

Lipids, see Oils and fats

Liquid chromatography
~z-adrenergic agonist residues in

urine of animal meat producers
in Portugal, 544

all-rac-a-tocopheryl acetate and ret­
inyl palmitate in milk-based in­
fant formula, matrix solid-phase
dispersion, 582

all-rac-a-tocopheryl acetate and ret­
inyl palmitate in soy-based in­
fant formula using a zero-control
reference material, 577

amoxicillin residues in catfish mus­
c1e,33

analysis of the ~-Iactarn antibiotics
cefazolin, cefadroxil, cephal­
exin, ampicillin, and cephradine
in solution, 381

apramycin in swine kidney tissue,
fluorescence detection, 1141

benzoylurea insecticides (5) in fruit
and vegetables, 1037

bitertanol residues in strawberries,
fluorescence detection and
GCIMS confirmation, 1252

cephapirin and ceftiofur residues in
bovine milk, UV detection, 973

with chiral detector, (+/-) elution or­
ders of chiral organochlorines,
1245

deoxynivalenol in white flour, whole
wheat flour, and bran, solid­
phase extraction: interlaboratory
study, 880
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ephedrine alkaloids in herbal prod­
ucts, solid-phase extraction
cleanup, UV detection, 1121

evaluation of fish decomposition, as­
say of ATP degradation prod­
ucts, 571

examining the origin of melatonin
from a "natural" source, 40

flumequine, nalidixic acid, oxolinic
acid, and piromidic acid residues
in catfish (lctalurus punctatus),
825

flumequine and 7-hydroxyflumequine
in edible sheep tissues, fluorimet­
ric and UV detection, 519

fumonisins and Alternaria alternata
toxin in corn, 749

Fusarium mycotoxins in whole
wheat flour, 741

histamine in fish, sauerkraut, and
wine: interlaboratory study, 991

HPLC method, moniliformin in corn,
999

integration and calculation improve­
ments in method for monensin,
1096

ivermectin in feed, 869
ivermectin in salmon muscle tissue,

fluorescence detection, 549
ivermectin quantitation with an

abamectin internal standard, 477
major secondary metabolites pro­

duced by Aspergillus species
from section Flavi, 57

malathion in some medicinal plants,
GCIMS confirmation, 1023

methylxanthines and catechins in
herbal preparations containing
guarana, 691

niacin in vinegar, determination of
small amounts: comparison of
LC method with microbiologi­
cal methods, 1273

oxytetracycline in animal feeds, fluo­
rescence detection, 919

oxytetracycline in edible fish fillets
from six species of fish, 702

phenylurea herbicide residues in
vegetables, gel permeation chro­
matography and florisil car­
tridge cleanup, 1048

pseudoephedrine hydrocWoride and
carbinoxamine maleate in com­
bination drug formulation, 958

residues of mono- and dibasic peni­
cillins in bovine muscle tissues,

improvement in the multiresidue
method, 1267

residues of mono- and dibasic peni­
cillins in bovine muscle tissues,
multiresidue method, 1113

reversed-phase, I3CPC ratios of sug­
ars, malic acid, and citric acid in
citrus juices and concentrates, 604

reversed-phase, fumonisin Bland its
hydrolysis product in tortillas,
737

reversed-phase, imidacloprid in liq­
uid and solid formulations: col­
laborative study, 344

reversed-phase, in vitro study of
nicotine release from smokeless
tobacco, 540

reversed-phase, solid-phase extrac­
tion, 4-hexylresorcinol in crab
meat,488

reversed-phase, vitamin A in milk
and flour consumed by one-to
four-year-old children in Cote
d'ivoire, III

reversed-phase ion-pair, cWorophaci­
none and diphacinone in steam­
rolled oat baits and steam-rolled
oat/wax baits, 344

salicin and related compounds in bo­
tanical dietary supplements, 757

simplification of analytical methods
in pesticide residue analysis, 685

thiodicarb in technical products and
formulations: CIPAC collabora­
tive study, 341

Liquid chromatography/mass spec­
trometry
fluoroquinolones in catfish muscle,

confirmation method, 554
thiazide-based diuretics in equine

urine, 948

Listeriil
L monocytogenes, BAX polymerase

chain reaction system for detec­
tion,817

Magnesium
in foods, microwave digestion, AAS

method: NMKL collaborative
study, 1202

Magruder check sample program
performance of fertilizer methods,

493

Malathion
residues in some medicinal plants,

LC with GCIMS confirmation,
1023

Maleic hydrazide
in pesticide formulations, capillary

electrophoresis method, 1109

Malic acid
measurement of I3C/12C ratios as

authenticity probes of citrus
juices and concentrates, 604

Malt beverages and brewing materials
Changes in Methods, no changes
copper in beer, merging zones stand­

ard addition technique, flow in­
jection AAS method, 645

see also Alcoholic beverages

Manganese
in FD&C Blue No. I, X-ray fluores­

cence method, 89

Mass spectrometry
electron capture negative chemical

ionization MS, dimethomorph
residues in soil, microwave-as­
sisted extraction, 1054

electrospray ionization and tandem,
simplification of analytical meth­
ods in pesticide residue analysis,
685

electrospray negative ionization MS
followed by confirmatory tan­
dem MS, sulfonylurea herbi­
cides in soil water, 775

hydride generation inductively cou­
pled plasma MS, double calibra­
tion for determining selenium in
plant tissue, 1060

inductively coupled plasma MS, de­
termination of micronutrients in
feed products, 923

isotope ratio MS with LC introduc­
tion, examining the origin of
melatonin from a "natural"
source, 40

microliquid chromatography-tandem
MS, diarrheic shellfish toxins in
mussels, 441

see also Liquid chromatogra­
phy/mass spectrometry

Matrix solid-phase dispersion
all-rac-a-tocopheryl acetate and ret­

inyl palmitate in milk-based in­
fant formula, LC method, 582
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Meat and meat products
Changes in Methods, no changes
Methods Committee report, 226
referee report, 168
antibiotic residues in meat samples

from retail outlets, European
four-plate test method, 51

cooked, boneless, nonbreaded broiler
breast and thigh meat, acid phos­
phatase in, fluorometric method,
887

edible sheep tissues, flumequine and
7-hydroxyflumequine in, LC
with fluorimetric and UV detec­
tion, 519

Medical diets
Changes in Methods, 326
Methods Committee report, 223
referee report, 157

Melatonin
from a "natural" source, isotope ratio

MS with LC introduction, 40

Membrane immunobead assay
ciguatoxin and related polyethers

from human ciguatera intoxica­
tion and natural reef fishes, 727

Mepanipyrim
in grapes, must, and wine, GC

method, 1185

Metals and other elements
Changes in Methods, 323
Methods Committee report, 228
referee report, 177
calcium and lead in calcium supple­

ments, inductively coupled
plasma-AES, and graphite fur­
nace AAS: method trial, 1233

characterization of balsamic vinegar,
multivariate statistical analysis
of trace element content, 1087

chromium in wine and other alco­
holic beverages consumed in
Spain, electrothermal AAS,
1043

copper in beer, merging zones stand­
ard addition technique, flow in­
jection AAS method, 645

evaluation of passive samplers for
analysis of chlorinated solvents,
1027

fluoride in bovine urine, selective ion
electrode method, 839

magnesium and calcium in foods, mi-
crowave digestion, AAS

method: NMKL collaborative
study, 1202

manganese in FD&C Blue No. I,
X-ray fluorescence method, 89

methylmercury in food commodities,
GLC with atomic emission de­
tection, 808

polycyclic aromatic hydrocarbons, in
waters, sediments, and aquatic
organisms, compound-specific
GC/MS method, 657

selenium in human milk and whole
blood, flow injection hydride
AAS method, 457

selenium in plant tissue, double cali­
bration, hydride generation in­
ductively coupled plasma MS
method, 1060

Method performance
acid phosphatase in cooked, bone­

less, nonbreaded broiler breast
and thigh meat, fluorometric
method,887

acid value of vegetable oils, pH-met­
ric determination without titra­
tion,873

BAX screening/Salmonella, per­
formance tested method certifi­
cation: a case study, 1147

calcium and lead in calcium supple­
ments, inductively coupled
plasma-AES, and graphite fur­
nace AAS: method trial, 1233

comparison of monolayer and bilayer
plates used in antibiotic assay,
398

comparison of SimPlateTM Total Plate
Count test and plate count agar
method, bacteria in food, 563

comparison of the VITEK Gram­
Negative Identification Card and
an enhanced version: method
modification, 438

contemporary TLC in pharmaceuti­
cal quality control, 333

deoxynivalenol in white flour, whole
wheat flour, and bran, solid­
phase extractionILC method: in­
terlaboratory study, 880

European four-plate test, antibiotic
residues in meat samples from
retail outlets, 51

fat in olestra-containing savory snack
products, capillary GC method,
848

flumequine, nalidixic acid, oxolinic
acid, and piromidic acid residues
in catfish (lctalurus punctatus),
LC method, 825

fluoride in bovine urine, selective ion
electrode method, 839

hydrophobic grid membrane filter,
serological confirmation for 24 h
presumptive enumeration of E.
coli 0157:H7 in food, 403

hyphenated techniques in TLC, 329
ivermectin in feed, LC method, 869
Kjeldahl and Dumas methods, pro-

tein analysis of dairy products:
review and interlaboratory
study, 620

monensin in feeds, TLC: screening
method, 844

stability-indicating spectrophotomet­
ric and densitometric methods
for determination of some
cephalosporins, 386

total fat in foods and feeds, Caviezel
method, based on a GC tech­
nique, 907

use of AOAC INTERNATIONAL
method performance statistics in
the laboratory, 679

weight determination methods for
quick frozen shrimp, precollabo­
rative study, 69

Method validation
data processing and software require­

ment, 1065
diphenylamine in apples and pears, GC

method: method validation and
results of Spanish Official Resi­
due Monitoring Program, 648

stable carbon isotope ratio analysis
for honey: validation of internal
standard procedure for world­
wide application, 610

validation of sample preparation pro­
cedures for botanical analysis,
1005

Methyl bromide
modifications of a method for deter­

mining multifumigant residues,
638

Methylmercury
in food commodities, GLC with

atomic emission detection, 808

Methylxanthines
in herbal preparations containing

guarana, LC method, 691
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Microbiological efficacy testing-disin­
fectants
Methods Committee report, 232
referee report, 20 I

Microbiological methods
Changes in Methods, 324
amoxicillin residues in catfish muscle,

bridging study between LC and
microbial inhibition assay, 33

bacterial inhibition tests used to
screen for antimicrobial veteri­
nary drug residues in slaugh­
tered animals, 21

BAX polymerase chain reaction sys­
tem for detection of L. monocy­
togenes, 817

BAX screening/Salmonella, per­
formance tested method certifi­
cation: a case study, 1147

comparison of monolayer and bilayer
plates used in antibiotic assay,
398

comparison of SimPlate™ Total
Plate Count test and plate count
agar method, bacteria in food,
563

comparison of the VITEK Gram­
Negative Identification Card and
an enhanced version: method
modification, 438

Delvotest SP test, cloxacillin and sul­
famethoxazole in milk: IDF in­
terlaboratory study, 978

European four-plate test, antibiotic
residues in meat samples from
retail outlets, 51

hydrophobic grid membrane filter,
serological confumation for pre­
sumptive enumeration of E. coli
0157:H7 in food, 403

LOCATE ELISA for detection of
Salmonella in food: collabora­
tive study, 419

niacin in vinegar, determination of
small amounts: comparison of
LC method with microbiologi­
cal methods, 1273

recovery of Salmonella spp. from
carboxymethylcellulose gum,
gum ghatti, and gelatin, 721

Microchemical methods
Changes in Methods, no changes

Microwave energy
calcium and lead in calcium supple­

ments, inductively coupled

plasma-AES and graphite fur­
nace AAS: method trial, 1233

comparison of microwave oven and
convection oven for acid hy­
drolysis of dietary fiber polysac­
charides, 1277

magnesium and calcium in foods,
AAS method: NMKL collabora­
tive study, 1202

release of fumigant residues from
grain, 673

stability of organic pollutants from
solid matrixes, 462

stability oforganocWorine and organo­
phosphorus pesticides extracted
from solid matrixes, 1224

Milk and milk products
casein content of milk, indirect and

direct determination by Kjeldahl
nitrogen analysis: collaborative
study, 763

cephapirin and ceftiofur residues in
bovine milk, LC with UV detec­
tion, 973

chloramphenicol, florfenicol, and
thiamphenicol residues in milk,
GC method with electron cap­
ture detection, 714

cloxacillin and sulfamethoxazole in
milk, Delvotest SP test: IDF in­
terlaboratory study, 978

enrofloxacin and ciprofloxacin in bo­
vine milk, optical immuno­
biosensor assay, 394

selenium in human milk, flow injec­
tion hydride AAS method, 457

vitamin A in milk consumed by one­
to four-year-old children in Cote
d'Ivoire, reversed-phase LC
method, III

see also Dairy chemistry; Dairy prod­
ucts

Minerals
Methods Committee report, 224
referee report, 158
see also Metals and other elements

Minimum preservative levels
automated screening method for de­

termining optimum preservative
systems for personal and home
care products, 534

Moisture, see Water

Monensin
in feeds, TLC: screening method, 844

integration and calculation improve­
ments in LC method, 1096

Moniliformin
in corn, HPLC method, 999

Monolayer plates
comparison of monolayer and bilayer

plates used in antibiotic assay,
398

Multiresidue methods
Methods Committee report, 228
referee report, 179
modifications of a method for deter­

mining multifumigant residues,
638

residues of mono- and dibasic peni­
cillins in bovine muscle tissues,
improvement in the multiresidue
LC method, 1267

residues of mono- and dibasic peni­
cillins in bovine muscle tissues,
multiresidue LC method, 1113

Mussels
diarrheic shellfish toxins, mi­

croliquid chromatography-tan­
dem MS method, 441

Mycotoxins
Methods Committee report, 221
referee report, 128
fumonisin BI and its hydrolysis prod­

uct in tortillas, reversed-phase
LC method, 737

fumonisins and Alternaria alternata
toxin, LC-ELISA method, 749

Fusarium mycotoxins in whole
wheat flour, LC with diode array
detection and GC with electron
capture detection, 741

major secondary metabolites pro­
duced by Aspergillus species
from section Flavi, LC method,
57

variability associated with testing
shelled corn for fumonisin, 1169

Nalidixic acid
in catfish (lctalurus punctatus), LC

method,825

Naphazoline hydrochloride
simultaneous determination with

cWorpheniramine maleate, de­
rivative spectrophotometry and
densitometry, 1128
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Natural toxins
Changes in Methods, 326
Methods Commiuee report, 221
ciguatoxin and related polyethers

from human ciguatera intoxica­
tion and natural reef fishes, sim­
ple membrane immunobead as­
say, 727

moniliformin in corn, HPLC method,
999

see also Aflatoxins; Mycotoxins;
Phycotoxins; Plant toxins

New Products, l3A, 29A, 51A, 75A,
9lA, lilA

Nicotine
release from smokeless tobacco, in

vitro study, reversed-phase LC
method,540

Nitric oxide
chemiluminescence detection, deter­

mining potential nitrosating
agents in cosmetic products, 368

Nitrosating agents
in cosmetic products, chemilumines­

cence detection of
nitric oxide, 368

N-Nitrosodiethanolarnine
in fatty acid diethanolamides, GC

method, 943

Nivalenol
in whole wheat flour, LC with diode

array detection and GC with
electron capture detection, 741

Nonalcoholic beverages
Changes in Methods, no changes
Methods Committee report, 220
referee report, 125

Nutrients, see Vitamins and other nutri­
ents

Nutrients in soils
Methods Committee report, 235
referee report, 212
see also Soils and sediments

Nuts and nut products
Changes in Methods, no changes
Methods Committee report, 227
referee report, 176
cyclopiazonic acid in, immunoaf­

finity column cleanup, direct
competitive ELISA, 1169

estimating aflatoxin in farmers' stock
peanut lots by measuring afla­
toxin in various peanut-grade
components, 61

Oat baits
chlorophacinone and diphacinone in

steam-rolled oat baits and steam­
rolled oa1Jwax baits, reversed­
phase ion-pair LC, 349

N-Octyl bicycloheptene dicarboxi­
mide
in technical materials, concentrates,

and finished products, capillary
GC method, 503

Oils and fats
Changes in Methods, no changes
Methods Committee report, 223
referee report, 154
acid value of vegetable oils, pH-met­

ric determination without titra­
tion,873

fat in olestra-containing savory snack
products, capillary GC method,
848

total fat in foods and feeds, Caviezel
method, based on a GC tech­
nique, 907

Olestra
fat in olestra-containing savory snack

products, capillary GC method, 848

Optical immunobiosensor assay
enrofloxacin and ciprofloxacin in bo­

vine mi lk, 394

Organic methods
Methods Committee report, 236
referee report, 215

Organic pollutants
stability during microwave-assisted ex­

traction from solid matrixes, 462

Organohalogen residues and fumi­
gants
Methods Committee report, 228
referee report, 182

Organonitrogen pesticides
Methods Committee report, 228
referee report, 183

Oxolinic acid
in catfish (lctalurus punctatus), LC

method,825

Oxytetracycline
in animal feeds, LC method with

fluorescence detection, 919
in edible fish fillets from six species

of fish, LC method, 702

Passive samplers
evaluation of passive samplers for

analysis of chlorinated solvents,
1027

Peanuts, see Nuts and nut products

Pears
diphenylamine in, GC method:

method validation and results of
Spanish Official Residue Moni­
toring Program, 648

Peer-verified methods
acid phosphatase in cooked, bone­

less, nonbreaded broiler breast
and thigh meat, fluorometric
method, 887

acid value of vegetable oils, pH-met­
ric determination without titra­
tion,873

deoxynivalenol in white flour, whole
wheat flour, and bran, solid­
phase extraction/LC method: in­
terlaboratory study, 880

fat in olestra-containing savory snack
products, capillary GC method,
848

flumequine, nalidixic acid, oxolinic
acid, and piromidic acid residues
in catfish (lctalurus punctatus),
LC method, 825

fluoride in bovine urine, selective ion
electrode method, 839

ivermectin in feed, LC method, 869
monensin in feeds, TLC: screening

method, 844
program overview, 823
total fat in foods and feeds, Caviezel

method, based on a GC tech­
nique, 907

Penicillinase I
hydrolysis of ~-Iactams in tissues,

screening method, 963

Penicillins
residues of mono- and dibasic peni­

cillins in bovine muscle tissues,
improvement in the multiresidue
LC method, 1267
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residues of mono- and dibasic peni­
cillins in bovine muscle tissues,
multiresidue LC method, 1113

Pentachlorophenol
in environmental samples, sensitive

spectrophotometric method, 803

Pentobarbital
residues in dog food, GC/MS

method,359

Personal and home care products
automated screening method for de­

tennining optimum preservative
systems, 534

Pesticide fonnulations
Changes in Methods, 323
imidacloprid in liquid and solid for­

mulations, reversed-phase LC
method: collaborative study, 344

maleic hydrazide determination, cap-
illary electrophoresis method,
1109

N-octyl bicycloheptene dicarboxi­
mide, pyrethrins, and butylcar­
bityl 6-propylpiperonyl ether,
capillary GC method, 503

thiodicarb in technical products and
formulations, LC method, 341

Pesticide fonnulations: CIPAC stud­
ies
Methods Committee report, 217
referee report, 115
thiodicarb in technical products and

formulations, LC method: CI­
PAC collaborative study, 341

Pesticide fonnulations: fungicides
and rodenticides
Methods Committee report, 217
referee report, 118

Pesticide fonnulations: herbicides
Methods Committee report, 217
referee report, 118

Pesticide fonnulations: insecticides,
synergists, and repeUents
Methods Committee report, 217
referee report, 118

Pesticide residues
Changes in Methods, 324
in animal feed and crops, cleanup

procedure for monitoring, 513
benomyl and thiabendazole in table­

ready foods, automated method

for cleanup and detennination,
1217

benzoylurea insecticides (5) in fruit
and vegetables, LC method,
1037

bitertanol residues in strawberries,
LC with fluorescence detection
and GC/MS confirmation, 1252

chiral organochlorines, (+/-) elution
orders, LC with chiral detector
and enantioselective GC
method, 1245

cWorophacinone and diphacinone in
steam-rolled oat baits and steam­
rolled oat/wax baits, reversed­
phase ion-pair LC, 349

2,4-dichlorophenoxyacetic acid in
fresh produce, GC method with
boron tricWoridel2-cWoroethanol
derivatization,93

dimethomorph residues in soil, mi­
crowave-assisted extraction with
GC, nitrogen-phosphorus detec­
tion or ECNCI MS, 1054

diphenylamine in apples and pears,
GC method: method validation
and results of Spanish Official
Residue Monitoring Program,
648

17-~-estradiol and its metabolites in
sewage effluent, solid-phase ex­
traction and GC/MS, 1209

malathion residues in some medici­
nal plants, LC with GC/MS con­
firmation, 1023

modifications of a method for deter­
mining multifumigant residues,
638

monitoring cWorinated pesticides
and toxic elements in tissues of
food-producing animals in Yu­
goslavia, 1240

organochlorine pesticides in eggs, gel
permeation and florisil chroma­
tographic cleanup and GC
method, 1033

pentacWorophenol in environmental
samples, sensitive spectro­
photometric method, 803

phenylurea herbicide residues in
vegetables, LC after gel permea­
tion chromatography and florisil
cartridge cleanup, 1048

phosphine residues in wheat, com­
parison of six methods, 633

phosphine residues in whole grains
and soybeans, ion chromatogra-

phy via conversion to phosphate,
1190

rapid determination of carbon diox­
ide evolution rates, 652

release of fumigant residues from
grain by microwave irradiation,
673

simplification of analytical methods,
LC/electrospray ionization MS
and tandem MS, 685

stability of organic pollutants from
solid matrixes, microwave-as­
sisted extraction, 462

stability of organocWorine and or­
ganophosphorus pesticides ex­
tracted from solid matrixes with
microwave energy, 1224

sulfonylurea herbicides, preparation
ofenvironmental samples, solid­
phase extraction using a poly­
meric sorbent, 99

sulfonylurea herbicides in soil water,
electrospray negative ionization
MS followed by confirmatory
tandem MS, 775

pH-metric method
detennination of acid value of vege­

table oils without titration, 873

Phosphine
modifications of a method for deter­

mining multifumigant residues,
638

residues in wheat, comparison of six
methods, 633

residues in whole grains and soy­
beans, ion chromatography via
conversion to phosphate, 1190

Phycotoxins
Methods Committee report, 221
referee report, 142
diarrheic shellfish toxins in mussels,

microliquid chromatography­
tandem MS method, 441

Piromidic acid
in catfish (Ictalurus punctatus), LC

method,825

Plant toxins
Methods Committee report, 221
referee report, 137

Plants
Changes in Methods, 323
selenium in plant tissue, double cali­

bration, hydride generation in-
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ductively coupled plasma MS,
1060

Polychlorinated biphenyls
in animal feed and crops, cleanup

procedure for monitoring, 513

Polycyclic aromatic hydrocarbons
a1kylated and parent, in waters, sedi­

ments, and aquatic organisms,
compound-specific GCIMS
method,657

Polymerase chain reaction
BAX system for detection of L.

monocytogenes, 817

Polymeric sorbents
solid-phase extraction, preparation of

environmental samples for de­
termination of sulfonylurea her­
bicides,99

Poultry
cooked, boneless, nonbreaded broiler

breast and thigh meat, acid phos­
phatase in, fluorometric method,
887

Preservative systems
automated screening method for de­

termining optimum levels for
personal and home care prod­
ucts, 534

Proteins
analysis of dairy products, Kjeldahl

and Dumas methods: review and
interlaboratory study, 620

content of wheat, near-IR spectros­
copy of whole grain: collabora­
tive study, 587

Pseudoephedrine hydrochloride
in combination drug formulation, LC

method,958

Pyrethrins
in technical materials, concentrates,

and finished products, capillary
GC method: collaborative study,
503

Quality assurance
data processing and software require­

ment for analytical method vali­
dation, 1065

Radioactivity
Changes in Methods, no changes
Methods Committee report, 228
referee report, 184

Rauwolfia serpentina
reserpine and rescinnamine in pow­

ders and tablets: collaborative
study, 373

Rescinnamine
in Rauwolfia serpentina powders and

tablets: collaborative study, 373

Reserpine
in Rauwolfia serpentina powders and

tablets: collaborative study, 373

Retinyl palmitate
in milk-based infant formula, matrix

solid-phase dispersion, LC
method,582

in soy-based infant formula, zero­
control reference material, LC
method,577

Salicin
in botanical dietary supplements, LC

with fluorescence detection, 757

Salmon
ivermectin in muscle tissue, LC

method with fluorescence detec­
tion, 549

Salmonella
BAX screening/Salmonella, per­

formance tested method certifi­
cation: a case study, 1147

comparison of the VITEK Gram­
Negative Identification Card and
an enhanced version: method
modification, 438

in food, LOCATE ELISA method:
collaborative study, 419

methods for recovery from car­
boxymethylcellulose gum, gum
ghatti, and gelatin, 721

Salt
Changes in Methods, 324

Sample preparation
environmental samples for determi­

nation of sulfonylurea herbi­
cides, solid-phase extraction us­
ing a polymeric sorbent, 99

frenolicin-B in poUltry feed, auto­
mated procedure, 931

validation of procedures for botanical
analysis, 1005

Sauerkraut
histamine in, LC method: interlabo­

ratory study, 991

Seafoods and seafood products
Methods Committee report, 226
referee report, 172
see also Fish and other marine prod­

ucts

Selective ion electrode
fluoride in bovine urine, 839

Selenium
in human milk and whole blood, flow

injection hydride AAS method,
457

in plant tissue, double calibration, hy­
dride generation inductively
coupled plasma MS method,
1060

Sewage effiuent
17-~-estradiol and its metabolites in,

solid-phase extraction and
GCIMS, 1209

Shrimp
quick frozen, weight determination

methods for, precollaborative
study, 69

SimPlate Total Plate Count test
comparison with plate count agar

method, detection and quantita­
tion of bacteria in food, 563

Snack products
fat in olestra-containing savory snack

products, capillary GC method,
848

Soils and sediments
alkylated and parent polycyclic aro­

matic hydrocarbons in, com­
pound-specific GCIMS method,
657

dimethomorph residues in soil, mi­
crowave-assisted extraction with
GC, nitrogen-phosphorus detec­
tion or ECNCI MS, 1054

sulfonylurea herbicides in, prepara­
tion of samples, solid-phase ex­
traction using a polymeric sor­
bent, 99
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sulfonylurea herbicides in soil water,
electrospray negative ionization
MS followed by confirmatory
tandem MS, 775

see also Nutrients in soils

Solid-phase extraction
deoxynivalenol in white flour, whole

wheat flour, and bran, LC method:
interlaboratory study, 880

ephedrine alkaloids in herbal products,
LC with UV detection, 1121

17-~-estradiol and its metabolites in
sewage effluent, GCIMS method,
1209

4-hexylresorcinol in crab meat, re­
versed-phase LC method, 488

ivermectin in liver tissue, 484
one-step cleanup method and

fluorometric analysis of de­
oxynivalenol in grains, 448

preparation of environmental sam-
ples for determination of sul­
fonylurea herbicides, 99

Soybeans
phosphine residues in, ion chroma­

tography via conversion to phos­
phate,119O

Spanish Official Residue Monitoring
Program
diphenylamine in apples and pears,

GC method, 648

Spectrometry
atomic absorption spectrometry, mag­

nesium and calcium in foods, mi­
crowave digestion: NMKL col­
laborative study, 1202

electrothermal AAS, chromium in
wine and other alcoholic bever­
ages consumed in Spain, 1043

flow injection hydride AAS, sele­
nium in human milk: and whole
blood, 457

graphite furnace AAS, lead in cal­
cium supplements, microwave
dissolution or dry-ash digestion:
method trial, 1233

inductively coupled plasma-AES,
calcium in calcium supplements,
microwave dissolution or dry­
ash digestion, 1233

Spectrophotometry
derivative, determination of napha­

zoline hydrochloride and chlor­
phenirarnine maleate, 1128

flow injection method AAS, copper
in beer, merging zones standard
addition technique, 645

kinetic approach for determination
of cefadroxil in pharmaceuti­
cals, alkaline hydrolysis
method,528

pentachlorophenol in environmental
samples, 803

stability-indicating methods for de­
termination of some cepha­
losporins, 386

Spectroscopy
near-JR, protein content of wheat:

collaborative study, 587

Spices and other condiments
Changes in Methods, no changes
Methods Committee report, 220
referee report, 126

Stable carbon isotope ratio analysis
ofhoney: validation ofinternal stand­

ard procedure for worldwide ap­
plication, 610

Stable isotope dilution calibration
selenium in plant tissue, double cali­

bration, hydride generation in­
ductively coupled plasma MS
method,I060

Standard addition methods
copper in beer, flow injection AAS

method,645

Statistical methods
characterization of balsamic vine­

gar, multivariate statistical
analysis of trace element con­
tent, 1087

comparison of statistical and empiri­
cal detection limits, 105

data processing and software require­
ment for analytical method vali­
dation, 1065

repeatability and reproducibility esti­
mates from collaborative studies
based on total concentration of
trace analytes, 795

a simple method for evaluating data
from an interlaboratory study,
1257

uncertainty in analytical chemistry,
785

use of AOAC INTERNATIONAL
method performance statistics in
the laboratory, 679

Strawberries
bitertanol residues in, LC with fluo­

rescence detection and GCIMS
confmnation, 1252

Sugars and sugar products
Changes in Methods, 326
Methods Committee report, 224
referee report, 158
honey, stable carbon isotope ratio

analysis: validation of internal
standard procedure for world­
wide application, 610

measurement of 13C/12C ratios as
authenticity probes of citrus
juices and concentrates, 604

Sulfamethoxazole
in milk:, Delvotest SP test: IDF inter­

laboratory study, 978

Sulfonylurea herbicides
preparation of environmental sam­

ples, solid-phase extraction us­
ing a polymeric sorbent, 99

in soil water, electrospray negative
ionization MS followed by con­
fmnatory tandem MS, 775

Supercritical fluid extraction
conceptualization and reduction to

practice, 9

Supplements, see Botanicals and other
supplements

Tea, see Coffee and tea

Tetraconazole
in grapes, must, and wine, GC

method, 1185

Thiabendazole
in table-ready foods, automated

method for cleanup and determi­
nation, 1217

Thiamphenicol
residues in milk:, GC method with

electron capture detection, 714

Thiazidic diuretics
in equine urine, LCIMS method, 948

Thin layer chromatography
diethylene glycoVethylene glycol

contamination of glycerin and
glycerin-based raw materials, 44

hyphenated techniques, 329
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monensin in feeds: screening
method,844

in phsrrnaceutical quality control,
333

structure-retention relationships and
physicochemical characterization
of solutes, 11 05

Thiodicarb
in technical products and formula­

tions, LC method: CWAC col­
laborative study, 341

Tobacco
Methods Committee report, 235
referee report, 212
nicotine release from smokeless to­

bacco, in vitro study, reversed­
phase LC method, 540

a-Tocopherol
in eggs, simultaneous determination

with cholesterol, rapid OC
method, 1177

Tortillas
fumonisin Bland its hydrolysis prod­

uct in, reversed-phase LC
method,737

Trace elements, see Metals and other
elements

Ultraviolet detection
cephapirin and ceftiofur residues

in bovine milk, LC method,
973

ephedrine alkaloids in herbal prod­
ucts, solid-phase extraction
cleanup, LC method, 1121

flumequine and 7-hydroxyflumequine
in edible sheep tissues, LC
method,519

Uncertainty approaches
in analytical chemistry, 785

Vegetable products: processed
Changes in Methods, no changes
Methods Committee report, 226
referee report, 172
histamine in sauerkraut, LC method:

interlaboratory study, 991

Vegetables
benzoylurea insecticides (5) in, LC

method, 1037

cyclopiazonic acid in corn, immu­
noaffinity column cleanup,
direct competitive ELISA,
1155

2,4-dichlorophenoxyacetic acid in
fresh produce, OC method with
boron tricWoridel2-cWoroethanol
derivatization,93

fumonisins and Alternaria altemata
toxin in corn, LC-ELISA
method,749

moniliformin in corn, HPLC method,
999

phenylurea herbicide residues, LC af­
ter gel permeation chromatogra­
phy and florisil cartridge
cleanup, 1048

variability associated with testing
shelled corn for fumonisin,
1169

Veterinary analytical toxicology
Changes in Methods, 324
Methods Committee report, 235
referee report, 213

Vinegar
characterization of balsamic vine­

gar, multivariate statistical
analysis of trace element con­
tent, 1087

niacin in, determination of small
amounts: comparison of LC
method with microbiological
methods, 1273

Vitamins and other nutrients
Changes in Methods, 326
Methods Committee report, 224
referee report, 160
all-rac-a-tocopheryl acetate and

retinyl palmitate in milk-based
infant formula, LC method,
582

all-rac-a-tocopheryl acetate and
retinyl palmitate in soy-based
infant formula, LC method,
577

micronutrients in feed products, in­
ductively coupled plasma MS,
923

niacin in vinegar, determination of
small amounts: comparison of
LC method with microbiologi­
cal methods, 1273

vitamin Ain milk and flour consumed
by one- to four-year-old children

in Cote d'Ivoire, reversed-phase
LC method, III

Volatile bases
in fish, rapid determination, ammo­

nia ion-selective electrode, 10II

Volatile organic compounds
evaluation of passive samplers for

analysis of chlorinated solvents,
1027

Water
Changes in Methods, 324
alkylated and parent polycyclic aro­

matic hydrocarbons in, com­
pound-specific OCIMS method,
657

in forages and animal feeds, Karl Fis­
cher titration method, 25

pentachlorophenol in environmental
samples, sensitive spectro­
photometric method, 803

sulfonylurea herbicides in, prepara­
tion of samples, solid-phase ex­
traction using a polymeric sor­
bent, 99

sulfonylurea herbicides in soil water,
electrospray negative ionization
MS followed by confirmatory
tandem MS, 775

Water microbiology
Methods Committee report, 233
referee report, 202

Water-soluble vitamins, see Vitamins
and other nutrients

Wheat
phosphine residues, comparison of

six methods, 633
protein content, near-IR spectroscopy

of whole grain: collaborative
study, 587

Wines
Changes in Methods, 325
azoxystrobin, fluazinam, kresoxim­

methyl, mepanipyrim, and
tetraconazole in, OC method,
1185

chromium in wine and other alco­
holic beverages consumed in
Spain, electrothermal AAS,
1043

histamine in, LC method: interlabo­
ratory study, 991



Xanthydrol/urea method
identification of the source of reagent

variability, 1155

Zero-control reference materials
all-rac-a-tocopheryl acetate and ret­

inyl palmitate in soy-based in­
fant formula, LC method, 577
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AOAC MEMBERS SUBTRACT 10% DISCOUNT!

FDA Bacteriological Analytical Manual (BAM)
8th Edition, Revision A
For use in regulatory, academic, or industry laboratories, this recently updated manual
contains the methodology currently in use in U.S. Food and Drug Administration (FDA)
laboratories for the detection of microorganisms and certain of their metabolic products
in foods, beverages, and cosmetics. 614 pages. 8th Edition, Revision A. 1998. J//ustra­
tions. Looseleafwith binder. ISBN 0-935584-59-5. $129, plus shipping. Stock No. 1800.

/fyou already OWII the 8th editioll ofBAM, purchase Revision A (314 pages) and keep
your copy of BAM up-to-date! Only $39, plus shipping. Stock No. 1810.

Dietary Fiber Analysis and Applications
Sungsoo Cho, Jonathan W. Devries, and Leon Prosky
Provides up-to-date information on reliable analytical methodology and the chemical
properties of dietarY fiber. Will help analytical chemists select and use the most appro­
priate methods and techniques in analyzing food samples. It will also help nutritionists,
food scientists, and health professionals interpret dietary fiber data from such analysis.
202 pages. 1997. Softbound ISBN 0-935584-62-5. $79, plus shipping. Stock No. 6050.

Methods for the Microbiological Analysis ofSelected Nutrients
Gerald Angyal, Editor
Provides analysts with standard operating procedures describing methods used by the
FDA in analysis for many water-soluble vitamins and other nutrients. 86 pages. July
1996. Softbound ISBN 0-935584-61-7. $39, plus shipping. Stock No. 6075.

Pesticides Laboratory Training Manual
c. E. Meloan, Editor
Covers the basic techniques and methods needed by a pesticide laboratory to conduct
general residue analysis up to the parts-per-billion range. It also provides comprehensive
coverage of the process of documentation. Each chapter offers examples, review
questions and answers, references, and appendixes. xviii+484 pages. July 1996.
J//ustrations and tables. Source Guide, Glossary, Index. Softbound ISBN 0-935584-60-9.
$79, plus shipping. Stock No. 2075.

Official Methods ofAnalysis ofAOAC INTERNATIONAL,
16th Edition, 4th Revision-Volumes I & II, 1998
Dr. Patricia A. Cunniff, Editor
Referred to as the methods "bible" by its users, it contains over 2,400 collaboratively
tested, internationally recognized methods and is available in print and CD-ROM for­
mats. By subscribing to the annual Revisions containing new and revised methods, you
can keep this methods source current and complete. The CD-ROM is fast and full-text
searchable, allowing you to find the chemical or microbiological method you need
in less than one minute!

2 volume book: 2,100+ pages. March 1998. Looseleaf 237 illustrations. Indexes.
ISBN 0-935584-54-4. $399, plus shipping. Stock No. JOOO.

CD-ROM: One user, $399, plus shipping. Stock No. 1020. For rates for additonal
users, contact AOAC.

For more information or to order, contact AOAC INTERNATIONAL
481 North Frederick Avenue, Suite 500, Gaithersburg, MD 20877-2417 USA

Phone: +1-301-924-7077; Fax: +1-301-924-7089; E-Mail: pubsales@aoac.org.



SCHAEFER TECHNOLOGIES HAS THE EQUIPMENT
TO MEET YOUR LABORATORY NEEDS

Clinical trials have demonstrated precision to be withir.
2-3%. Speed and repeatability significantly exceeds th:lt
achieved by most proven manual method currently in liS'

Accuracy

The Reader Module-a spectrophotometer displaying a digital indication of l
of the killed suspension in each sample.

The Diluter Module- automatically prepares required dilutions of the salT
the standard reference substances with an inoculated liquid growth mediu:

The Autoturb Systems are designed to analyze the potency of antibiotics, VIW
and related substances. This system can be used to assay virtually all know'
antibiotics. The Autoturbs can also assay for the following vitamins. B12, F,
Niacinamide, Pyridoxine (B6), Pantothenic Acid and Panthenol. The compler.
system consists of the following:

MICROBIOLOGICAL ASSAY SYSTEMS
AUTOTURB II AND AUTOTURB3

If counter space is at a premium in your lab, you may be
interested in the Autoturb' The Reader and Diluter Modules
are combined on the same chassis: same price, same high
performance, utilizing less counter space.

User Friendly Test status and error messages are communicated tl-'
operator promptly.

Data Display Transmittance or absorbance data is indicated on the
spectophotometer digital display with a hard copy prine
of the assay results.

Data Validation Results reliability easily confirmed by blue dye test.

Data Output An RS232-C Serial port is provided to allow transfer of
results data to a host computer or database.

Low Maintenance The micro-processor controlled circuitry and solid sta
sensor technology, combined with the built-in self
diagnostic routine, minimizes machine downtime and
maintenance costs.

MOBILE ISOLATION CHAMBERS
THE CLEAN ROOM ALTERNATIVE

QUALITY
• Removes personnel from critical zone
• Reduces procedural dependence
• Class 100 environment
• Advanced aseptic processing
• Stainless steel construction

SAFETY
• Personnel
• No disruption of air flow
• No glove exchange exposure
• Quieter than most hoods

PRODUCT
• No cross contamination
• Product security
• Cleanable surfaces

FLEXIBILITY
• No location restrictions
• No gowning
• Portable through standard doorways
• No renovation disruption

ECONOMY
• Reduced operating costs
• Reduced renovation costs
• Less space required

This state of the art mobile Isolation chamber IS speCially deSigned to pI
manual or automated testing of product sterility. The 5T5-6 is construe'
316 stamless steel WJth crystal clear polycarbonate Windows. The SUltf

designed for manual or VHP sterclizatlon.

~3
4251 N. Shadeland Ave.
Indianapolis, IN 46226

SCHAEFER
TECHNOLOGIES, INC.

[800J 43:':
(317) 56E
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