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Ion analyses in 20  seconds. 
Let us show you the way.

■

Flow Injection Analysis is the fastest and 
effective method for routine analyses of ichs in 
water, soil, fertilizers and beverages, for ejjcample 
analyses of N 0 2, NO3, PO4A NH4 , S 0 2 a 
c ° 2.

We have led the development of this ij lethod 
and it has resulted in the highly advanced svs- 
tem we have named FIAstar® System.

FIAstar provides for analyses at a very high 
speed, with production of results within 20 se
conds . The consumption of both sample and 
reagents is extremely low and the rapid start-up 
shut-down enable changes of method to be carried 
out very quickly. In addition FIAstar calculates 
the results immediately and shows them on a 
display and a printer/plotter.

Flow Injection Analysis is already wdll 
established in a number of fields, which have 
been thesubject of hundreds of publications. Its 
growth and expansion into new fields is contin

ual, thanks to intensive development of metho
dology in our application laboratorie/and in the 
hands of users all over the world.

Why not allow us to teach you about Flow 
Injection Analysis? We are world leaders in our 
fields and we hold seminars at frequent intervals 
as well as workshops in numbers of cities.

We will be happy to send you more informa
tion about the analytical technique of the future, 
Flow Injection Analysis.
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Talanta provides a forum for the rapid 
publication of original research papers, 
preliminary communications, full reviews 
and mini-reviews. Other features are 
annotations (critical commentaries), 
analytical data (stability constants, etc.) and 
letters to the editor.
In addition to welcoming papers in the 
traditional fields of pure and applied 
analytical chemistry, and in order to 
provide an interface between those doing 
research and those applying the results of 
research in analytical chemistry, the Editors 
wish to encourage submission of reports 
on developments and new techniques in 
fields such as: toxic impurities in biological 
systems; food additives; pharmaceutical 
and drug analysis; pesticides and 
fungicides; clinical chemistry; materials 
science and engineering; geochemistry; 
environmental analysis.
A particular strength of the journal is that it 
is edited, both linguistically and 
scientifically, by analytical chemists active 
in research and teaching, whose expertise 
is at the service of authors and readers 
alike.
The languages of the journal are English, 
French and German.

Subscription Information
Published monthly
Individual rate' (1985) USS 75.00
Institutional rate (1985) US$330.00
Two-year Institutional rate (1985/86) USS627.00
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Organic complexing agents in atomic- 
absorption spectrometry — a review,
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D D SOLETA.
Special Issues
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Gains and losses (errors in trace analysis), 
edited by R A CHALMERS.
Software Survey Section — This new 
section reports developments in 
appropriate specialist software.
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Is Your AOAC Library Complete?
I________  Quality Assurance Principles for Analytical

Laboratories
1984. 224 pp. Softbound. ISBN 0-935584-26-9.
Members: $41.25 in U.S., $44.25 outside U.S.
Nonmembers: $45.50 in U.S., $48.50 outside U.S.
A handbook for initiating or improving a laboratory quality 
assurance program.

________  Statistical Manual of the AOAC
By W. J. Youden and E. H. Steiner. 1975. 96 pp. 
Softbound. Illustrations. ISBN 0-935584-15-3.
Members: $18.55 in U.S., $19.55 outside U.S.
Nonmembers: $20.50 in U.S., $21.50 outside U.S.
A do-it-yourself manual for statistical analysis of 
interlaboratory collaborative tests.
________  FDA Bacteriological Analytical Manual,

6th Ed.
1984. 448 pp. Looseleaf. ISBN 0-935584-29-3.
Members: $44.85 in U.S., $47.85 outside U.S. 
Nonmembers: $49.50 in U.S., $52.50 outside U.S.
Provides regulatory and industry laboratories with methods 
for detection of microorganisms. Includes one C la s s if i c a t io n  
o f  V is ib le  C a n  D e fe c ts  poster, 24" x 36", in color, with 
photographs.

________  Additional V is ib le  C a n  D e fe c ts  posters available.
Minimum order, 1 package of 10 charts, $40.00 + $3.00 
postage; 2nd package of 10, $30.00 + $3.00; each 
additional package, $25.00 + $3.00 postage.

________  Principles of Food Analysis for Filth,
Decomposition, and Foreign Matter— FDA 
Technical Bulletin No. 1

1981. 286 pp. 2nd printing 1985. Illustrated. Softbound. 
Members: $42.60 in U.S., $45.60 outside U.S. 
Nonmembers: $47.00 in U.S., $50.00 outside U.S. 
Comprehensive laboratory manual/text on basic concepts of 
food sanitation analysis.

________  Newburger’s Manual of Cosmetic Analysis
1977. 150 pp. Softbound. ISBN 0-935584-09-9.
Members: $27.20 in U.S., $28.20 outside U.S. 
Nonmembers: $30.00 in U.S., $31.00 outside U.S. 
Chromatographic and spectroscopic techniques with analyses 
for specific cosmetics.

________  Key for Identification of Mandibles of Stored-
Food Insects

1985. vi +166 pages. Illustrated. 125 photographs. 
Softbound. ISBN 0-935584-32-3.
Members: $42.00 in U.S., $43.50 outside U.S. 
Nonmembers: $46.50 in U.S., $48.00 outside U.S.
Enables food sanitation analysts to identify species from all 
major stored-food insect pest groups.

Macroanalytical Procedures Manual— FDA 
Technical Bulletin No. 5

1984. 176 pp. Three hole drill with binder.
ISBN 0-935534-28-5.
Members: $26.25 in U.S., $27.75 outside U.S. 
Nonmembers: $29.00 in U.S., $30.50 outside U.S.
Manual for inexpensive and speedy identification of defects, 
filth, decomposition, and foreign matter in large quantities 
of food.

________  FDA Training Manual for Analytical
Entomology in the Food Industry

1978. 184 pp. Looseleaf. ISBN 0-935584-11-0.
Members: $26.75 in U.S., $27.75 outside U.S. 
Nonmembers: $29.50 in U.S., $30.50 outside U.S.
With the aid of this text, organizations can set up their own 
in-house training.

Test Protocols for the Environmental Fate and 
Movement of Toxicants

1981. 336 pp. Softbound. ISBN 0-935584-20-X.
Members: $27.30 in U.S., $30.30 outside U.S. 
Nonmembers: $30.00 in U.S., $33.00 outside U.S. 
Chemical and biological tests plus methods for interpreting 
or predicting results through mathematical models.

EPA Manual of Chemical Methods for 
Pesticides and Devices

1983. 1363 pp. With spectra. Includes three supplements 
and binder. ISBN 0-935584-23-4.
Members: $61.95 in U.S., $64.95 outside U.S. 
Nonmembers: $68.50 in U.S., $71.50 outside U.S.
EPA and State laboratory compilation of over 300 currently 
used methods for analyzing pesticide formulations.

To order, please note quantity desired on the line beside 
each title; then complete and mail this order form and 
payment to:

AOAC
1111 North 19th St., Suite 210-J

PLEASE PRINT 

Send to
Attention
Street Address

Arlington, Virginia 22209 USA Citv State (Countrv) 7TP
Total Amount of Order: $ *Member No. VM-
U.S. Funds Only for member price, include Member Number with order.)
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INSTRUCTIONS TO AUTHORS

Scope of Articles
The Journal of the AOAC will publish articles that present, within 

the fields of interest of the Association (a) unpublished original research; 
(b) new methods; (c) further studies of previously published methods; 
(d) background work leading to development of methods; (e) com
pilations of authentic data; (f) technical communications, cautionary 
notes, and comments on techniques, apparatus, and reagents; (g) 
invited reviews of methodology in special fields. The scope broadly 
encompasses the development and validation of analytical proce
dures pertaining to both the physical and biological sciences related 
to agriculture, public health and safety, consumer protection, and 
quality of the environment. Emphasis is focused on research and 
development to test and adopt precise, accurate, and sensitive meth
ods for the analysis of foods, food additives, supplements and con
taminants, cosmetics, drugs, toxins, hazardous substances, pesti
cides, feeds, fertilizers, and the environment. Compilations of authentic 
data include monitoring data of pesticide, metal, and industrial chem
ical residues in food, tissues, and the environment. All articles are 
reviewed for scientific content and appropriateness.

Preparation of Manuscript
Authors must submit 3 copies of the complete manuscript, includ

ing tables and illustrations, to AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209. The manuscript is to be typewritten on one 
side of white bond paper, 8Vi x 11 inches, with page margins of 1 
inch, and double-spaced throughout (i.e., title, authors’ names and 
addresses, footnotes, tables, references, captions for illustrations, 
and the text itself). Tables are to be typed on separate sheets, not 
interspersed through the manuscript. Drawings and photographs should 
be mounted apart from the text or submitted as separate items.

Style and Format
The text should be written in clear, concise, grammatical English. 

Unusual abbreviations should be employed as little as possible and 
must always be defined the first time they appear. Titles of articles 
should be specific and descriptive. Full first names, middle initial (if 
any), and last names of authors should be given. The address of the 
institution (including zip code) from which the paper is submitted 
should be given and should be in a form to which inquiries, proofs, 
and requests for reprints can be sent. Information supplementing the 
title and names and addresses should be given as footnotes.

Methods, Results and/or Discussion, Acknowledgments, and Rec
ommendations (applicable to reports of General and Associate Ref
erees) should be placed in sections under appropriate headings.

Abstracts: Each manuscript should be accompanied by a concise 
abstract (not more than 200 words). The abstract should provide 
specific information rather than generalized statements.

Introduction: Each article should include a statement on why the 
work was done, the previous work done, and the use of the compound 
being studied.

Methods: Methods should be written in imperative style, i.e., 
“ Add 10 mL . . . Heat to boiling . . . Read in spectrophotometer.” 
Special reagents and apparatus should be separated from the details 
of the procedure and placed in sections with appropriate headings; 
however, common reagents and apparatus or those which require no 
special preparation or assembly, need not be fisted separately. Reagents 
and apparatus fisted should be described in generic terms and in 
terms of performance; use of brand names should be avoided. Haz
ardous and/or carcinogenic chemicals should be noted. Any very 
long, detailed operation can be given in a separate section with an 
appropriate heading (e.g., Preparation of Sample; Extraction and 
Cleanup; Preparation of Standard Curve). Any necessary calcula
tions should be included; number of significant figures must reflect 
the accuracy of the method. Wherever possible, metric units should 
be used for measurements or quantities.

Tables: All tables must be cited in the text consecutively. Tables 
are numbered by arabic numbers, and every table must have a

descriptive title, sufficient so that the table can stand by itself without 
reference to the text. Every vertical column in the table should have 
a heading; abbreviations may be used freely in the headings to save 
space, but should be self-evident or must be explained in footnotes. 
Footnotes to both the headings and the body of the table are indicated 
by lower case letters in alphabetical order; these letters should be 
underscored and raised above the fine of type. Horizontal rules 
should be used sparingly; however, they are used to bound the table 
at top and bottom and to divide the heads from the columns. Authors 
should refer to recent issues of the Journal for acceptable format of 
tables.

Illustrations: Illustrations, or figures, may be submitted as original 
drawings or photographs; photocopies are acceptable for the two 
review copies but not for the printer’s copy. All figures must be cited 
in the text consecutively. Figures are numbered by arabic numbers, 
and all figures must be accompanied by descriptive captions, typed 
on one (or more) separate sheets, not on the figure itself. The figure 
should be identified by number on the back by a soft pencil or 
(preferably) a gummed label.

Drawings should be submitted either as the original drawing or a 
good glossy photograph; photocopies, multiliths, Verifax copies, 
Xerox copies, etc. are not acceptable. Drawings should be done in 
black India ink (ordinary blue or blue-black ink is not acceptable) or 
with drafting tape on white tracing paper or tracing cloth or on ‘ ‘fade- 
out’ ’ graph paper (ordinary graph paper ruled with green or dark blue 
ink is not acceptable). Lettering should be done with a Leroy lettering 
set, press-on lettering, or a similar device; freehand or typewritten 
lettering is not acceptable. Values for ordinate and abscissa should 
be given, with proper identification conforming to Journal style 
(example: wavelength, nm), at the sides and bottom of the figure. 
Lettering or numbering on the face of the figure itself should be kept 
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caption. Several curves on the same figure should be identified by 
simple symbols, such as letters or numbers, and the proper identifi
cation or explanation given in the caption. Letters and numbers 
should be large enough to allow reduction to journal page or column 
size. The Journal does not publish straight line calibration curves; 
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NEW PRODUCTS

C02 Incubators
Precision® automatic C 02 incuba
tors, which are available either as sin
gle-chamber models or stacked, dou
ble-chamber units, feature solid-state 
digital controls, test condition dis
plays, all stainless steel construction, 
audible and visual C 02 and tempera
ture alarms, water-jacketed chamber, 
and automatic C 02 control. Contact: 
Kevin G. Rudden, GCA/Instruments 
and Equipm ent Group, 3737 W 
Courtland St, Chicago, IL 60647; 312/ 
227-2660.
Circle No. 461

Sulfide Standards
Orion Research, Inc. introduces con
venient ampules of sulfide standards 
for use with sulfide electrodes as a 
calibrating solution. Each pack of 
ready-to-use standard contains 10 
sealed glass ampules, with 50 mL of 
100 ppm sulfide standard. Price: $45.00 
per pack. Contact: Mark Zimmer

man, Orion Research, Inc ., 840 
Memorial Dr, Cambridge, MA 02139; 
800/225-1480.
Circle No. 462

pH Calibration Buffers
Three new pH calibration buffers 
under the REFEREE® brand have 3- 
decimal accuracy. The buffers are 
prepared according to established 
procedures in 3 different levels, 
including pH 4.000 ± 0.002; 7.000 ± 
0.002; and 10.000 ± 0.005. These 
buffers can be used in place of simi
larly priced buffers of lower accu
racy. All buffers are referenced to NBS 
Standard Reference Materials. Con
tact: Ronald B. Smernoff, Analytical 
Products, Inc., PO Box 845, Bel
mont, CA 94002; 415/592-1400.
Circle No. 463

Spectroscopy Accessory
Collector II, an advanced accessory 
for diffuse reflectance infrared Four

ier transform (DRIFT) spectroscopy, 
features blockers that greatly reduce 
or eliminate the specular reflectance, 
thus resulting in better interpretation 
of spectra. Other features include slide- 
out sample holder which speeds up 
sample changing, and micrometer 
which adjusts sample height to pro
vide maximum throughput of energy. 
Contact: Bob Sebes, Spectra-Tech, 
Inc., 652 Glenbrook Rd, Stamford, 
CT 06906; 800/243-9186, or in CT 203/ 
357-7055.
Circle No. 464

TLC Rotors
Thin layer chromatographic rotors 
have been developed for use on Har
rison Research Co.’s “ Chromato- 
tron,” a preparative radial chroma
tograph. In addition to saving time, 
effort, and mess involved in making 
rotors by hand, these precast rotors 
provide more uniform and more 
reproducible separations. The glass-

Since 1978, Northwest Analytical, Inc. (NWA) has produced professional software tools for data 
analysis. NWA software Is used in thousands of locations worldw ide as an effective alternative to 
tim e-share analytical systems. NWA products have the power to handle major projects, and the 
well designed user interface to let first tim e users quickly learn the system.

NWA QUALITY ANALYST
Quality Control Charting and Analysis
• Process capability studies
• Variable and A ttribute Control Charts
• Powerful data m anagem ent and 

analytical tools
• $495 single copy

NWA STATPAK
Multi-function Statistics Library
• Stream lined setup and workflow
• Powerful statistical analysis routines
• Versatile data transformation and 

m anagem ent capabilities
• $495 single copy, $395 Macintosh version

Both NWA QUALITY ANALYST and NWA STATPAK offer
Logical work patterns 

1 On-line choice of menu or com m and 
operation
Data interchange w ith other software 

■ Excellent user support

MS-BASIC or Personal BASIC source code 
Versions available for:
CP/M -80, -86; CTOS(BTOS); 
M S-DO S(PC-DOS); Macintosh 
Volume, Academ ic, and Site Licenses

Northwest Analytical, Inc.
520 N.W. Davis S treet • Portland, O regon 97209 
503-224-7727 • RCA Telex 296565 NWA STAT

Trademarks: NWA, NWA STATPAK, NWA QUALITY ANALYST, NWA 
ANALYTICAL SOFTWARE —  Northwest Analytical, Inc. • CP/M, 
Personal Basic —  Digital Research, Inc. • MS-DOS, MS-BASIC —  
Microsoft Corporation • PC-DOS —  IBM Corporation • CTOS —  
Convergent Technologies • BTOS —  Burroughs Corporation • 
Macintosh —  Apple Computers, Inc.
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NEW PRODUCTS

backed rotors are adsorbent coated 
with a uniform layer of fluorescent 
silica gel and are available in various 
layer thicknesses ready for scraping 
to 1000, 2000, or 4000 pm. Prices range 
from $40.00 to $60.00 per rotor. Con
tact: Analtech, Inc., 75 Blue Hen Dr, 
PO Box 7558, Newark, DE 19714; 800/ 
441-7540, in DE 302/737-6960.
Circle No. 465

Solvent Delivery System
Model 9600. a programmable solvent 
delivery system, is designed for appli
cations ranging from microbore LC 
separations to high-resolution prepa
rative column scale purification. The 
Model 9600 does not require pro
gramming skills, generates ternary 
gradients with pulse-free solvent 
delivery, and features input and out
put ports for interfacing with other 
chromatography peripherals. Con
tact: Charles O. Meier, Eldex Labo
ratories, Inc., 831 Bransten Rd, San 
Carlos, CA 94070; 415/592-9270. 
Circle No. 466

pH Meters
Meters SA 210 and SA 230 measure 
pH, DO/BOD, and redox potentials 
with measuring ranges of 0-14 pH and 
-  1999 mV. The SA 230 is a pH/tem- 
perature/mV meter with ATC probe 
for automatic temperature compen
sation. The SA 210 is a pH/mV meter. 
Both light-weight meters have all the 
essentials needed for pH measuring, 
a special electrode holder attachment 
that allows the meter to remain in the 
case during measurements, corrosion 
resistant housing, and a battery life of 
about 100-150 hours (continuous use). 
Contact: Mark Zimmerman, Orion 
Research Inc., 840 Memorial Dr, 
Cambridge, MA 02139; 800/225-1480. 
Circle No. 467

Preparative-Scale LC Systems 
Varex PSLC-100 automated systems 
include full gradient, precolumn, and 
sample recycle capabilities to further 
enhance separations and optimize 
sample throughput. Also included is 
a microcomputer that controls oper
ating parameters during prolonged 
periods of unattended operation. For 
further information, contact Varex 
Corp., 12221 Parklawn Dr, Rockville, 
MD 20852; 301/984-7760.
Circle No. 468

Low Ash Filter for Silica Analysis
Model GLA-5000 is a 37 mm disc 
membrane of polyvinyl chloride 
designed for cost-effective measure
ment of silica and dust by using air 
monitoring filter cassette blanks. Its 
low moisture pickup and light tare 
weight make it well suited for gravi
metric analysis of particles collected 
in atmospheric air sampling. The filter 
is available in packages of 50, which 
include 50 support pads. Its 5 pm pore 
size meets NIOSH, OSHA, and 
MSHA requirements for silica and 
dust. Contact: SKC Inc., RD 1, 395 
Valley View Rd, Eighty Four, PA 
15330; 412/941-9701.
Circle No. 469

Shaking Water Bath
Tecator’s shaking water bath is an 
electronically controlled thermo
static bath with a mechanically driven 
shaking trolley and a transparent lid 
to ensure temperature stability within 
±0.1°C up to 80°C and to prevent 
evaporation loss. Temperature can be 
controlled either automatically or 
manually. Water temperature is digi
tally displayed and a cut-off prevents 
overheating. Shaking speed is contin
uously adjustable within the range 10- 
150 stroke/min and stroke length can 
be varied up to 50 mm. Contact: 
Tecator AB, Sporthallsvagen 4, Box 
70, S-263 01 Hoganas, Sweden; 042- 
423 30.
Circle No. 470

Chromatography Workstation
The Maxima Integrated Chromato
graphy Workstation for the IBM PC, 
XT, and AT is an advanced hardware/ 
software system that acquires data, 
performs calculations, and provides 
control of pump gradients, valves, and 
other devices for up to 4 chromato
graphs. This system can be learned in 
less than 1 hour. Features included 
are zoom-windowing, pull-down 
menus, dialog boxes, simulated 
instrument controls, and simple 
mouse-driven point-and-select actions 
are incorporated with the analysis and 
control software required for most 
demanding LC, GC, IC, and TLC 
applications. The maxima also sup
plies several powerful chromatogram 
manipulations, such as addition, sub
traction, ratioing, derivatives, linear 
offset, retention time adjustment, and

smoothing for noise reduction. Con
tact: Loring Kutchins, Dynamic 
Solutions Corp., 2355 Portola Rd, 
Suite B, Ventura, CA 93003; 805/658- 
6612.
Circle No. 471

LITERATURE

Color-Detector Tubes Catalog
Bulletin 852 describes color-detector 
tubes for sampling and analysis of 
chemicals in air and gases. A direct- 
reading system enables short-term 
analysis to determine quickly and 
precisely the concentration of more 
than 120 specific gas and chemical 
vapors at a work site. The catalog 
contains a selection chart which spec
ifies each tube according to the chem
ical hazard to be tested and the mea
suring range. Contact: SKC Inc., RD 
1, 395 Valley View Rd, Eighty Four, 
PA 15330; 412/941-9701.
Circle No. 472

Cryogenic Catalog
The Cryogenic Master Catalog is a 32- 
page publication which gives in-depth 
descriptions on a wide variety of cry
ogenic equipment including contain
ers and instrumentation for liquid 
nitrogen. Most item descriptions are 
accompanied by a photograph of the 
product in question. To order, con
tact Andonian Cryogenics, 26 Far- 
well St, Newtonville, MA 02160; 617/ 
969-8010.
Circle No. 473

Short-Form Analysis Catalog
This Products Brief describes the lat
est in Dohrmann’s line of carbon, 
organic halide, nitrogen, sulfur, and 
chlorine analyzers. Publication 
includes photographs and specifica
tions. Instrument applications include: 
analysis of high-purity, process, waste- 
water; pollution monitoring; detec
tion of corrosive and polluting ele
ments in crude and refined petroleum; 
and analysis of coal for sulfur. Con
tact: Dohrmann Division, Xertex 
Corp., Marketing Dept, 3240 Scott 
Blvd, PO Box 58007, Santa Clara, CA 
95052-8007; 800/538-7708.
Circle No. 474
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BOOKS IN BRIEF

Analytical Solution Calorimetry. E d ited  
b y  J. K . G rim e. P u b lish e d  b y  Joh n  
W ile y  and S o n s ,  I n c . ,  O n e  W ile y  D r , 
S o m e r se t ,  N J  0 8 8 7 3 , 1985. 401 pp . 
P rice: $ 6 0 .0 0 . I S B N  0 -4 7 1 -8 6 9 4 2 -2 .

T h is v o lu m e  p r o v id e s  a  c o m p r e h e n 
s iv e  g u id e  fo r  th e  a p p lic a tio n  o f  c a lo r i
m e tr y  to  a n a ly t ic a l c h e m is tr y  an d  the  
d e t e r m i n a t i o n  o f  t h e r m o d y n a m i c  
p a r a m e te r s . T h is  p u b lica tio n  in c lu d e s  
in fo r m a tio n  n e c e s s a r y  fo r  r ea d er s  to  
u n d e rsta n d  th e  p r in c ip le s  o f  th e  te c h 
n iq u e , to  d e c id e  o n  th e  in str u m e n ta l  
v a r ia tio n  b e s t  su ite d  to  a  p articu lar  
a p p lic a t io n , an d  f in a lly  to  in terp ret and  
trea t th e  d a ta . A c c o r d in g ly , th e  e s s e n 
tia l fe a tu r e s  o f  3 m ajor  in stru m en ta l 
a p p r o a c h e s— iso p e r ib o l,  h e a t c o n d u c 
t io n , an d  iso th e r m a l (h e a t c o m p e n s a 
tio n ) c a lo r im e tr y — are d is c u s s e d . A ls o  
in c lu d e d  is a  s e c t io n  o n  flo w  en th a lp i-  
m e tr y  a n d  a  c o m p r e h e n s iv e  r e v ie w  o f  
a p p lic a t io n s  o f  m a n y  f ie ld s  o f  c h e m is 
try . T h e  final c h a p te r  fo c u s e s  o n  th e  
la r g e st  s in g le  g r o w th  a rea  fo r  c a lo r i
m e tr y  in th e  la s t  d e c a d e — b io c h e m ic a l  
an d  c lin ic a l a n a ly se s .

Molecular Luminescence Spectroscopy: 
Methods and Applications: Part 1.
E d ite d  b y  S . G . S c h u lm a n . P u b lish ed  
b y  J o h n  W ile y  an d  S o n s ,  I n c . ,  O n e  
W ile y  D r , S o m e r s e t ,  N J  0 8 8 7 3 , 1985. 
8 2 6  p p . P rice: $ 8 5 .0 0 . I S B N  0 -471-  
86 8 4 8 -5 .

T h is  v o lu m e  p r e se n ts  se v e r a l a p p li
c a t io n s  o f  lu m in e sc e n c e  s p e c tr o s c o p y .  
S o m e  o f  th e s e  m e th o d s  w o u ld  n o t h a v e  
b e e n  p o s s ib le  a d e c a d e  a g o  and so m e  
are r e c e n t  d e v e lo p m e n ts  in lo n g -e x is t 
in g  m e th o d s . T h e  c h a p te r s  o f  th is  w o rk  
h a v e  b e e n  w r itten  b y  a u th o rs  w h o  are  
a c t iv e  in v e s t ig a to r s  in  th e ir  a rea  o f  c o n 
tr ib u tio n . T h e s e  c h a p te r s  are (1) L u m i
n e s c e n c e  S p e c tr o sc o p y :  A n  O v e r v ie w ,  
(2) F lu o r e s c e n c e  an d  P h o sp h o r e s c e n c e  
o f  P h a r m a c e u tic a ls , (3) F lu o r e s c e n c e  o f  
O rgan ic  N a tu ra l P r o d u c ts , (4) D e te r 
m in a tio n s  o f  In o rg a n ic  S u b s ta n c e s  b y  
L u m in e s c e n c e  M e th o d s , (5) B io in o r 
g a n ic  L u m in e s c e n c e  S p e c tr o s c o p y , (6) 
E x c ite d -S ta te  O p tica l A c t iv ity ,  (7) F lu 
o r e s c e n c e  D e t e c t i o n  in  C h r o m a t o 
g r a p h y , an d  (8) L u m in e s c e n c e  Im m u 
n o a s sa y .

Bioluminescence and Chemilumines
cence: Instruments and Applications.
E d ite d  b y  K . V a n  D y k e . P u b lish e d  
b y  C R C  P r e s s ,  I n c . ,  200 0  C orp o ra te

B lv d , N W , B o c a  R a to n , F L  3 3431 , 
1985. V o l I: 256  pp . P rice: $ 8 3 .0 0  
(U .S .) /$ 9 5 .0 0  (e ls e w h e r e ) .  I S B N  0- 
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T h e se  v o lu m e s  p r e se n t  s ta te -o f-th e -  
art a p p lic a t io n s  o f  c h e m ilu m in e sc e n c e  
an d  b io lu m in e s c e n c e  in m e a su r e m e n ts  
o f  so lid  p h a se  im m u n o a ssa y  fo r  a n ti
g e n s ,  h o r m o n e s , an d  o th e r  b io c h e m i
c a ls .  V o lu m e  I c o n c e n tr a te s  o n  th e  fu n 
d a m e n ta ls  o f  c h e m is tr y  and m e a su r e 
m en t o f  lig h t r e a c t io n s , in c lu d in g  an 
e x p la n a tio n  o f  a v a ila b le  in str u m e n ta 
tio n  a n d  im m u n o a s sa y , w h ile  v o lu m e  II 
is  d e d ic a te d  to  th e  a p p lic a t io n s .
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b y  an  a n a ly s is  o f  th e  im p a c t o f  lo w  te m 
p e r a tu r es  o n  b o th  fo o d s tu ffs  and c o n 
ta m in a tin g  m ic r o o r g a n ism s. A d d itio n a l  
c h a p te r s  d e a l w ith  th e  sp e c if ic  c h a r a c 
te r is t ic s  o f  m e a t, fish , an d  d airy  p r o d 
u c ts  in r e la tio n  to  c o ld  sto r a g e , a lo n g  
w ith  m e th o d s  fo r  th e  m ic r o b io lo g ic a l  
e x a m in a tio n  o f  fr o z e n  fo o d s .

CRC Handbook of Chromatography: 
Polymers. E d ite d  b y  G . C . S m ith , N .  
E . S k e l ly ,  R . A . S o lo m o n , and C . D . 
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T h is  r e fe r e n c e  p r o v id e s  im p ortan t  
d a ta , su ch  a s  c o lu m n  p a c k in g , te m p e r 
a tu r e , f lo w  r a te s , c o lu m n  le n g th , r e te n 
tio n  t im e , an d  d e te c t io n ,  o n  4 c h r o 
m a to g ra p h ic  m e th o d s  (g a s , p y r o ly s is -  
g a s , liq u id  c o lu m n , and th in  la y er ) in  
a c c e s s ib le ,  ta b u la r  fo r m a t. E a c h  ta b le  
c o n c e n tr a te s  o n  a  p o ly m e r  or  c la s s  o f  
c o m p o u n d  and is  in tr o d u c e d  b y  “ c o o k 
b o o k ”  in s tr u c t io n s  fo r  th e  p r o c ed u r e .

Modern Practice of Gas Chromato
graphy, 2nd Ed. E d ited  b y  R . L . G rab. 
P u b lish ed  b y  Joh n  W iley  &  S o n s , I n c . , 
O n e  W ile y  D r , S o m e r se t ,  N J  0 8 8 7 3 ,

1985. 8 9 7  p p . P rice: $ 6 5 .0 0 . IS B N  0-
4 7 1 -8 7 1 5 7 -5 .

T h e  c h a p te r s  in th is  b o o k  h a v e  b een  
p r e p a red  b y  m e m b e r -e x p e r ts  fro m  the  
C h ro m a to g r a p h y  F o ru m  o f  th e  D e la 
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o f  a  p o p u la r  g a s  c h r o m a to g r a p h y  (G C ) 
c o u r se  s p o n s o r e d  b y  th e  F o ru m . T h e  
b o o k  is d iv id e d  in to  3 parts: th e o r y  and  
b a s ic s ; t e c h n iq u e s  a n d  in s tr u m e n ta t io n ; 
an d  a p p lic a t io n s . In  th is  2n d  e d it io n , th e  
d i s c u s s i o n  o n  c o l u m n s  h a s  b e e n  
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la tter  2 h a v e  b e c o m e  v e r y  im p ortan t  
s in c e  th e  p u b lic a t io n  o f  th e  first e d itio n .  
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m ia  an d  in d u str y  in  o r d e r  to  c o v e r  a 
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Analysis of Drugs in Biological Fluids.
B y  J. C h am b erla in . P u b lish ed  b y  CR C  
P re ss , I n c . , 2000 C orp orate  B lv d , N W ,  
B o c a  R a to n , F L  3 3 4 3 1 , 1985. 320  pp. 
P rice: (p rep u b .) $ 9 2 .0 0  (U .S .) /$ 1 0 6 .0 0  
(e ls e w h e r e ) .  I S B N  0 -8 4 9 3 -5 1 4 4 -8 .

T h is  b o o k  c o v e r s  a v a ila b le  m e th o d 
o lo g y  a n d  e q u ip m e n t fo r  drug a n a ly s is .  
T h e  a u th o r  g u id e s  r ea d er s  in  c h o o s in g  
a p p ro p ria te  m e th o d s  b y  r e v ie w in g  rea 
so n s  fo r  m e a su r in g  d ru gs in b io lo g ic a l
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BO O KS IN BRIEF

f lu id s , a n d  th e  a p p lic a b ility  lim ita tio n s ,  
a d v a n ta g e s , an d  d isa d v a n ta g e s  o f  v a r 
io u s  te c h n iq u e s . In  a d d itio n , th is  b o o k  
p r o v id e s  p r in c ip le s  fo r  q u a lity  co n tr o l  
a n d  la b o r a to ry  m a n a g e m e n t, in c lu d in g  
g u id e lin e s  fro m  th e  F D A  G o o d  L a b o 
ra to ry  P r a c t ic e  R e g u la t io n s  and B io -  
p h a r m a c e u t i c a l  A n a ly t i c a l  T e s t in g  
C o m p lia n c e  P rogram .

Spectral Atlas of Polycyclic Aromatic 
Compounds. E d ite d  b y  W . K a rch er  e t  
al. P u b lish e d  b y  D . R e id e l P u b lish in g  
C o .,  m e m b e r  o f  K lu w e r  A c a d e m ic  
P u b lish e r s  G ro u p , PO  B o x  32 2 , 3300  
A H  D o r d rech t, H o lla n d , 1985. 824 pp. 
Price: D fl. 2 8 0 ,- /£ 7 7 .7 5 . IS B N  90-277- 
1652-8 .

T h is  r e fe r e n c e  so u r c e  fa c ilita te s  id e n 
t if ic a tio n  and a n a ly s is  o f  p o ly c y c l ic  a r o 
m a t ic  c o m p o u n d s .  Q u a l i t a t iv e  a n d  
q u a n tita tiv e  a n a ly se s  o f  p o ly c y c l ic  a ro 
m a tic  h y d r o c a r b o n s  (P A H ) and h e te r 
o c y c l ic  d e r iv a t iv e s  are c o m p lic a te d  b y  
th e  g rea t n u m b e rs  o f  s p e c ie s — o ften  
iso m e r ic  in c o m p o s it io n — w h ic h  h a v e  
to  b e  id e n tif ie d  an d  d e te rm in e d ; th e r e 
fo r e ,  th e  s y s te m a t ic  d e te rm in a tio n  and  
c o lle c t io n  o f  th e  m o lecu la r  sp ec tra  under  
sta n d a rd  c o n d it io n s  o f  a  s e le c te d  se t  o f  
P A H  an d  h e te r o c y c l ic  c o m p o u n d s , as  
p r e se n te d  in th is  v o lu m e , sh o u ld  b e  o f  
g rea t h e lp  to  s c ie n t is t s .  In  a d d itio n  to  
U V - , IR -, m a ss - ,  N M R -, and f lu o r e s 
c e n c e  sp e c tr a , th is  a tla s a lso  c o n ta in s  
in fo r m a tio n  o n  th e  o c c u r r e n c e  and  
m u ta g e n ic /c a r c in o g e n ic  a c t iv it ie s  o f  the  
c o m p o u n d s  co n sid e r ed . A ll sp ec tra  have  
b e e n  ta k e n  o f  m a ter ia l o f  th e  sa m e  orig in  
at k n o w n  p u rity  as a  r esu lt o f  a round  
rob in  e x e r c is e .  P u r ity  in all c a s e s  is  b e t 
ter  th a n  99%  a n d , in m o st  c a s e s ,  b e tter  
th an  99.5%.

STP 863/Advances in Luminescence 
Spectroscopy. E d ite d  b y  L . J. C . L o v e  
a n d  D .  E a s t w o o d .  P u b l i s h e d  b y  
A S T M , 1916 R a c e  S t, P h ila d e lp h ia , 
P A  19103 , 1985. 129 pp . P rice: $ 2 0 .8 0  
(m em b er)/$ 2 6 .0 0  (n on m em b er). IS B N  
0 -8 0 3 1 -0 4 1 2 -X .

In th is  p u b lic a t io n  lea d in g  e x p e r ts  
d is c u s s  n e w , d iv e r se  a p p lic a tio n s  and

u s e s  o f  lu m in e sc e n c e  sp e c tr o sc o p y , n ew  
in stru m en ta tio n , and th e  la test a d v a n ces  
in  a n a ly t ic a l, p h y s ic a l and b io c h e m is tr y  
r e la t in g  to  f lu o r e s c e n c e /p h o s p h o r e s -  
c e n c e .  T h e  8 p a p ers  in th is  w o r k  c o v e r  
th r e e  b a s ic  to p ic s :  m icr o en v ir o n m e n ta l  
e f fe c t s  o n  lu m in e sc e n c e  p r o p er tie s;  
in d ir ec t  p r o b e s  o f  lu m in e sc e n c e  u s in g  
p h o to a c o u s t ic  s p e c tr o s c o p y  an d  im m u -  
n o b iliz e d  f lu o r e sc e n t  lig a n d s; an d  tra n s
fo r m a tio n  o f  h a z a r d o u s  c h e m ic a l lu m i
n e s c e n c e  sp e c tr a l d a ta  b y  sy n c h r o n o u s  
e x c ita t io n  f lu o r e s c e n c e  and p attern  r e c 
o g n it io n .

Microbiology of Fermented Foods, Vols 
1 and 2. E d ite d  b y  B . J. B . W o o d . 
P u b lish e d  b y  E ls e v ie r  S c ie n c e  P u b 
lish in g  C o .,  I n c . ,  52 V a n d erb ilt  A v e ,  
N e w  Y o r k , N Y  10017, 1985. V o l. 1: 
368 pp . P rice: $ 8 1 .0 0 . I S B N  0 -85334-  
332-2; V o l.  2: 304 p p . P rice: $ 6 3 .0 0 . 
I S B N  0 -8 5 3 3 4 -3 3 3 -0 .

T h e se  2 v o lu m e s  p r o v id e  a c o m p r e 
h e n s iv e  o v e r v ie w  o f  m ic r o b io lo g y  o f  
fe r m e n te d  fo o d s ,  d is c u s s in g  th e  m ajor  
g r o u p s  o f  fo o d s tu ffs  p rep a red  b y  m e a n s  
o f  fe r m e n ta t io n , in c lu d in g  c h e e s e  and  
o th e r  m ilk  p r o d u c ts , v e g e ta b le s ,  v in e 
g ar , b r e a d , sa u sa g e , and b e v e r a g e s .  
S e v e r a l c h a p te r s  d ea l w ith  a sp e c ts  p ar
t i c u l a r l y  r e l e v a n t  to  d e v e l o p i n g  
c o u n tr ie s .  T w o  c h a p te r s  on  a n im a l p r o 
d u c t io n  b y  e n s ilin g  an d  r e la ted  p r o 
c e s s e s  illu s tra te  th e  m ic r o b io lo g ic a l and  
b io -rela ted  c h e m ic a l s im ilarities b e tw e en  
th e  2 se e m in g ly  d iffe re n t a r ea s  o f  hu m an  
fo o d  fe r m e n ta t io n  an d  an im al f e e d  p r o 
d u c t io n . F in a lly  th e  p o te n tia l c o n tr ib u 
tio n  o f  g e n e t ic  e n g in e e r in g  to  th e  fu tu re  
d e v e lo p m e n t  o f  th e  fe r m e n te d  fo o d  
in d u str ie s  is  d is c u s s e d , w ith  sp e c ia l  
a tte n t io n  to  sta in  m a in te n a n c e  and  
im p r o v e m e n t.

An Evaluation of the Role of Microbiol
ogical Criteria for Foods and Food 
Ingredients. R e p o r t o f  th e  S u b c o m 
m ittee  o n  M ic r o b io lo g ic a l C riter ia , 
C o m m i t t e e  o n  F o o d  P r o t e c t i o n ,  
N a t i o n a l  R e s e a r c h  C o u n c i l .  P u b 
lish e d  b y  N a t io n a l A c a d e m y  P r e ss ,  
2101 C o n st itu t io n  A v e ,  N W , W a sh 
in g to n , D C  2 0 4 1 8 ,1 9 8 5 . 4 5 6 p p . P rice: 
$ 3 2 .5 0 . I S B N  0 -3 0 9 -0 3 4 9 7 -3 .

T h is  r ep o rt e x a m in e s  th e  r o le  an d  the  
v a lu e  o f  m ic r o b io lo g ic a l  cr iter ia  in the  
c o n tr o l o f  fo o d  q u a lity  an d  sa fe ty ;  fo r 
m u la te s  g e n e r a l p r in c ip le s  fo r  th e  c o n 
s id e r a tio n  and a p p lic a t io n  o f  m ic r o b io l
o g ic a l cr iter ia  fo r  fo o d s  an d  fo o d  in g r e 
d ie n ts ;  p r o v id e s  r e c o m m e n d a t io n s  fo r  a 
u n i f i e d ,  c o o r d i n a t e d  a p p r o a c h  f o r  
im p le m e n tin g  th e  cr iter ia ; an d  p u ts  in to  
p e r sp e c t iv e  th e  u s e s  o f  m ic r o b io lo g ic a l  
cr iter ia  in a p ro g ra m  fo r  m ic r o b io lo g ic a l  
c o n tr o l o f  fo o d  in  th e  U  n ite d  S t a t e s . T h e  
rep o rt r e c o m m e n d s  g e n e ra l a d o p tio n  in  
th e  fo o d  in d u stry  o f  th e  H a za r d  A n a ly 
s is  C ritica l C o n tro l P o in t (H A C C P ) s y s 
te m , a  str u c tu r ed  a p p ro a c h  to  th e  
m ic r o b io lo g ic a l  q u a l i t y  c o n t r o l  th a t  
e m p h a s iz e s  id e n tif ic a tio n  o f  h a za rd s  
a s s o c ia te d  w ith  p r o d u c in g , p r o c e s s in g ,  
an d  reta ilin g  fo o d s ;  d e te r m in a tio n  o f  
c r it ic a l p o in ts  at w h ic h  h a z a r d s  m a y  b e  
c o n tr o lle d ;  an d  e s ta b lish m e n t o f  p r o 
c e d u r e s  to  m o n ito r  th e s e  c o n tr o l p o in ts .  
T h e s e  p r o c e d u r e s  m a y  s e l e c t i v e l y  
e m p h a s iz e  i n s p e c t i o n ,  p h y s i c a l  a n d  
c h e m ic a l m e a su r e m e n ts , or  m ic r o b io l
o g ic a l t e s t in g , d e p e n d in g  on  w h ic h  is 
m o st  a p p ro p ria te  to  th e  fo o d  an d  th e  
m ic r o b io lo g ic a l o r g a n ism  c o n c e r n e d .

STP 867/Quality Assurance for Environ
mental Measurements. S p o n s o r e d  b y  
A S T M  C o m m ittee s  D - 19 on  W ater  and  
D -2 2  o n  S a m p lin g  an d  A n a ly s is  o f  
A tm o s p h e r e s . P u b lish e d  b y  A S T M ,  
1916 R a c e  S t, P h ila d e lp h ia , P A  19103, 
1985. 448  p p . P rice: $ 4 0 .0 0  (m em b er )/  
$ 5 0 .0 0  (n o n m e m b e r ) . P u b . C o d e  N o .  
0 4 -8 6 7 0 0 0 -1 6 . I S B N  0 -8 0 3 1 -0 2 2 4 -0 .

T h i s  p u b l i c a t i o n  f o c u s e s  o n  t h e  
im p ortan ce  o f  reliab le m e a su r em e n t data  
in se tt in g  e n v ir o n m e n ta l q u a lity  s ta n 
d ard s an d  e s ta b lish in g  r e g u la t io n s  to  
m o n ito r  c o m p lia n c e  w ith  th e s e  s ta n 
d a rd s. T h is  b o o k  a lso  e v a lu a te s  th e  c u r 
ren t e n v ir o n m e n ta l m e a su r e m e n t s y s 
te m s  in te rm s of: q u a lity  o f  e n v ir o n 
m en ta l d a ta , d a ta  sa m p lin g  p r o c e d u r e s  
a s s o c ia te d  w ith  th e  m e a su r e m e n t ta sk , 
an d  m a n a g e m e n t an d  d a ta  a s s e s s m e n t  
r ep o rts  d o c u m e n tin g  a n d  e v a lu a t in g  th e  
m e a su r e m e n t m e th o d .
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AOAC Announces 
the Publication of

BAM
6th Edition

A Manual for 
the Detection 
of Microorganisms 
in Foods and 
in Cosmetics

FDA Bacteriological Analytical Manual (BAM)
by the Division of Microbiology

Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration

BAM contains analytical methods for the detection of 
microorganisms and certain of their metabolic products, 
primarily in foods. The methods were developed by the U.S. 
Food and Drug Administration for Federal and State regulator)’ 
and industry quality control laboratories. The manual will be 
updated by supplements issued to users at no additional charge.

A poster for recognizing and classifying visible can defects 
is included/nee. It is a useful tool for those who need to analyze 
canned foods.

This 6th edition contains new chapters on Campylobacter, 
DNA colony hybridization as an analytical tool, and enzyme 
immunoassay procedures (ELISA). Most other chapters have 
been revised, expanded and updated.

Contents:
Chapters:
•  Food Sampling Plans and Initial Sample Handling
•  Food Sample Handling in the Laboratory and Preparation of 

the Sample Homogenate
•  Microscopic Examination of Foods
•  Aerobic Plate Count
•  Coliform Bacteria
•  Enteropathogenic Escherichia coli
•  Isolation and Identification of Salmonella Species
•  Fluorescent Antibody Detection of Salmonellae
•  Shigella
•  Isolation of Campylobacter Species
•  Yersinia enterocolitica and Yersinia pseudotuberculosis
•  Recover) of Vibrio parahaemolyticus and Related Vibrios
•  Isolation and Identification of Vibrio cholerae

•  Staphylococcus aureus
•  Staphylococcal Enterotoxins
•  Bacillus cereus
•  Clostridium perfringens: Enumeration and Identification
•  Clostridium botulinum
•  Enumeration of Yeast and Molds and Production of Toxins
•  Examination of Oysters for Enteroviruses
•  Parasitic Animals in Foods
•  Detection of Inhibitory Substances in Milk
•  Examination of Canned Foods
•  Examination of Containers for Integrity
•  Microbiological Methods for Cosmetics
•  Detection of Pathogenic Bacteria by DNA Colony Hybridization
•  Enzyme Linked Immunosorbent Assay (ELISA)
•  Investigation of Food Implicated in Illness 

Appendixes:
•  Culture Media
•  Stains, Reagents and Diluents
•  MPN Determination

December 1984, 448 pages, illustrated, 
appendixes 3 hole drill with binder, includes 
Visible Can Defects posier. ISBN 0-935584-29-3- 
Price — Members: $44.85 in US., $47.85 
outside U.S.; Nonmembers: $49.50 in US., 
S52 50 outside US.

To obtain this book, send order and remittance with your name and address to 
AOAC, 1111 N. 10th Street. Suite 210-J. Arlington, VA 22209 USA (US funds only).

Since 1884

AOAC
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FOR YOUR INFORMATION

AOAC to hold 11th Annual Spring 
Training Workshop and Exposition,
April 27-30,1986

T h e  A s s o c ia t io n  o f  O ffic ia l A n a ly t ic a l  
C h e m is ts  w ill  sp o n s o r  th e  1 1th A n n u a l  
S p rin g  T ra in in g  W o r k sh o p  and E x p o 
s it io n , A p ril 2 7 - 3 0 ,1 9 8 6 ,  at th e  S to u ffe r  
M a d iso n  H o te l  in S e a t t le ,  W A .

In  a d d itio n  to  a  lis t  o f  o u ts ta n d in g  
sp e a k e r s , th is  y e a r ’s w o r k sh o p  w ill fe a 
tu re  th e  ‘ ‘ L e a d in g  E d g e  ’ ’ S e r ie s— a p r e 
se n ta t io n  o f  th e  n e w e s t  in  L C , G C , G Cl 
M S , A A , IC P , c o m p u te r s , m ic r o b io l
o g ic a l  m e th o d s , a n d  m o r e . A ls o  fe a 
tu red  is  th e  “ W o rk in g  S m a r t”  S y m p o 
s iu m  S e r ie s — p r o b le m  so lv in g  s y m p o 
s ia  in  th e  fo llo w in g  k e y  a n a ly tica l areas: 
L C , A A /I C P , G C /M S , a u to m a te d  an a l
y s i s ,  m o le c u la r  sp e c tr o s c o p y , io n  c h r o 
m a to g r a p h y , a n d  m ic r o b io lo g y . T h e  
d is c u s s io n  w o r k s h o p  an d  te c h n ic a l s e s 
s io n s  w ill  p r o v id e  a n a ly tic a l u p d a te s  in  
c r it ic a l a rea s  su c h  a s  p e s t ic id e s ,  fo o d s ,  
d ru g s , m ic r o b io lo g y , f e e d s ,  fe r t iliz e r s ,  
an d  th e  e n v ir o n m e n t.

T h e  s c ie n t if ic  e x p o s it io n  w ill b e  o p e n  
S u n d a y  e v e n in g  fro m  4 :0 0  to  7 :0 0  p .m .  
a n d  M o n d a y  a n d  T u e sd a y  from  10:00  
a .m . to  4 :0 0  p .m . A  v a r ie ty  o f  e n te r ta in 
m e n t is  s c h e d u le d  th r o u g h o u t th e  w o r k 
sh o p  in c lu d in g  b o a t to  T illicu m  Is lan d  
V illa g e  fo r  sa lm o n  bar-b e-q u e and Indian  
fo lk lo re , th ea tre , sy m p h o n y , sp o rts , and  
to u r s .

A ls o ,  p la n  n o w  to  a tten d  th e  1986  
W o r ld  E x p o s it io n ,  w h ic h  fo l lo w s  th e  
A O A C  W o r k sh o p , o n  M a y  2 in  V a n 
c o u v e r ,  B r itish  C o lu m b ia , C an ad a .

F o r  fu rth er  in fo r m a tio n , c o n ta c t  H . 
M ic h a e l W eh r , O re g o n  D e p a r tm e n t o f  
A g r ic u ltu r e , L a b o r a to r y  S e r v ic e s  D iv i 
s io n ,  635 C a p ito l S t , N E , S a le m , O R  
9 7310; 5 0 3 /3 7 8 -3 7 9 3 .

Daniel P. Schwartz Named 1985 Wiley 
Award Winner

D a n ie l  P . S c h w a r tz , a  se n io r  r esea r ch  
c h e m is t  w ith  th e  F o o d  S a fe ty  L a b o r a 
to r y , E a s te r n  R e g io n a l R e se a r c h  C e n 
ter, A gricu ltu ra l R e se a rc h  S e r v ic e , U .S .  
D e p a r tm e n t o f  A g r icu ltu re  (U S D A ) ,  
P h ila d e lp h ia , P A , is  th e  1985 w in n er  o f  
th e  A O A C  W ile y  A w a rd  fo r  h is  d e v e l
o p m e n t o f  u n iq u e  m icr o  m e th o d o lo g y .  
R ic h a r d  J. R o n k , 1985 A O A C  p r e s id e n t,  
w ill p r e se n t  th e  a w a rd  to  D r . S c h w a r tz  
o n  T u e sd a y  e v e n in g , O c to b e r  2 9 , at th e  
9 9 th  A O A C  A n n u a l In tern a tio n a l M e e t
in g .

T h e  $ 2 5 0 0  aw ard  is  g iv e n  a n n u a lly  to  
a  s c ie n t is t  w h o  h a s  m a d e  o u ts ta n d in g  
c o n tr ib u tio n s  to  th e  d e v e lo p m e n t  and  
v a lid a t io n  o f  m e th o d s  o f  a n a ly s is  fo r

fo o d s ,  d r u g s , c o s m e t ic s ,  p e s t ic id e s ,  
f e e d s ,  fe r t i liz e r s , e n v ir o n m e n ta l c o n 
ta m in a n ts , or  o th e r  r e la ted  a r ea s . T h e  
a w a rd  w a s  e s ta b lish e d  in  1956 in h o n o r  
o f  H a r v e y  W . W ile y , “ F a th e r  o f  the  
1906 P u re  F o o d  a n d  D ru g  A c t ”  an d  a  
fo u n d e r  o f  A O A C . T h e  a w a r d ’s prim ary  
p u r p o se  is  to  e m p h a s iz e  th e  r o le  o f  th e  
s c ie n t is t  in  p r o te c t in g  th e  c o n su m e r  and  
th e  q u a lity  o f  th e  e n v ir o n m e n t.

D r. S c h w a r tz  w a s  r e sp o n s ib le  for  
d e v e lo p in g  the  an a ly tica l p ro ced u res for  
th e  q u a n tita tiv e  iso la t io n  o f  m icrogram  
q u a n tit ie s  o f  c a r b o n y l an d  h y d ro x y l  
c o m p o u n d s from  natural p ro d u cts w h ich  
r e p r e se n te d  a m ajor  b rea k th ro u g h  in 
m e th o d o lo g y  fo r  c la r ify in g  th e  ro le  o f  
th e s e  c o m p o u n d s  in  th e  fla v o r  d e te r io 
r a tio n  o f  m ilk  and its  p r o d u c ts . F u r
th e r m o r e , a p p lic a tio n  o f  th e  m e th o d o l
o g y  r e su lte d  in D r . S c h w a r tz  an d  h is  
c o l l e a g u e s  i d e n t i f y i n g  n u m e r o u s  
h y d r o x y l an d  o x o -a c id s  at th e  p arts p er  
m illio n  le v e ls  in m ilk  fa t. M a n y  o f  th e se  
c o m p o u n d s  h a v e  b e e n  sh o w n  to  b e  p re
c u r so r s  to  th e  c h a r a c te r is t ic  f la v o rs o f  
m a n u fa c tu re d  d airy  p r o d u c ts . T h e  c o n 
tr ib u tio n s  o f  th e  a n a ly tic a l m e th o d o lo g y  
in  e lu c id a t in g  th e  fla v o r  c h e m is tr y  o f  
d a iry  p r o d u c ts  h a s b e e n  r e c o g n iz e d  b y  
m a n y  r e s e a r c h e r s  a n d  l e d  t o  D r .  
S c h w a r tz  b e in g  a w a rd ed  th e  p r e stig io u s  
H illeb ra n d  p r ize  o f  th e  C h em ic a l S o c i 
e ty  in  W a sh in g to n , D C , in 1973.

D r . S c h w a r tz  h a s a lso  d e v o te d  h is  ta l
e n ts  in a n a ly t ic a l m e th o d o lo g y  to  d e v e l 
o p in g  p r o c e d u r e s  fo r  p er fo rm in g  c la s 
s ic a l c h e m ic a l r e a c t io n s  a t th e  su b m i
c r o g r a m  t o  m ic r o m o le  l e v e l s .  T h e  
a v a ila b ility  o f  m e th o d o lo g y  fo r  q u a n ti
ta t iv e ly  a lter in g  th e  c h e m ic a l natu re  o f  
c o m p o u n d s  at su ch  m in u te  le v e ls  h as  
b e e n  in d is p e n s ib le  to  e lu c id a tin g  th e  
str u c tu r e  o f  u n k n o w n  c o m p o u n d s  i s o 
la te d  fro m  b io lo g ic a l  s y s te m s .

F o r  th e  la s t  th r e e  y e a r s  D r. S c h w a r tz  
h a s  b e e n  in v o lv e d  in th e  d e v e lo p m e n t  
o f  n e w  m e th o d s  fo r  d e te c t in g  and q u a n 
tita tin g  drug r e s id u e s  in  natu ra l p r o d 
u c ts .  H is  a p p ro a c h  h a s  b e e n  to  d e v is e  
p r a c t ic a l ,  i n e x p e n s i v e ,  c o lo r im e t r ic  
m e th o d s  th a t c a n  b e  a p p lied  to  a  r e la 
t iv e ly  la rg e  n u m b er  o f  sa m p le s  p er  day  
an d  w h ic h  c a n  b e  a d a p ted  rea d ily  to  
f ie ld  u s e  a n d  p o s s ib ly  to  a u to m a tio n  in  
th e  fu tu re .

D r. S c h w a rtz  r e c e iv e d  his B .S . d egree  
fro m  N e w  M e x ic o  S ta te  U n iv e r s ity  in  
1950, h is  M .S . d e g r e e  fro m  W e s t  V ir 
g in ia  U n iv e r s ity  in  1951, and h is  P h .D .  
d e g r e e  fr o m  O h io  S ta te  U n iv e r s ity  in  
1954. D r . S c h w a r tz  h a s sp e n t h is  en tire  
p r o fe ss io n a l c a re er  w ith  U S D  A . In 1966

h e  w o r k e d  w ith  th e  N o b e l  L a u r e a te , A . 
I. V ir ta n e n , at th e  B io c h e m ic a l In s t i
tu te , H e ls in k i,  F in la n d .

D r. S c h w a r tz  is  a m e m b e r  o f  th e  
A m e r ic a l C h e m ic a l S o c ie ty ,  A m e r ic a n  
O il C h e m is ts  S o c ie ty ,  an d  th e  A m e r ic a n  
D a ir y  S c ie n c e  A s s o c ia t io n .  H e  is  a u th o r  
o f  a p p r o x im a te ly  85 p u b lic a t io n s  (a b o u t  
tw o  th ird s o f  w h ic h  he  is  se n io r  au th or)  
and h a s  o n e  p a te n t  (U .S .  P a t. N o .  
3 4 5 0  54 1 , 1969).

1985 Fellows o f the AOAC
E le v e n  s c ie n t is t s  h a v e  b e e n  c h o s e n  

to  r e c e iv e  th e  1985 F e l lo w  o f  th e  A O A C  
A w a rd , w h ic h  w ill b e  g iv e n  at th e  99th  
A O A C  A n n u al In tern ation al M eetin g  th is  
fa ll. T h e  fo llo w in g  are aw a rd  r e c ip ie n ts .

C h a rlo tte  A . B r u n n er , C h a irm a n  o f  
th e  A r c h iv e  C o m m itte e , h a s  se r v e d  as 
A s s o c ia te  R e fe r e e  (A R ) fo r  D ig ito x in  
and R e la te d  G ly c o s id e s ,  M e s tr a n o l and  
S u lfo n a m id e s . A s  a  m e m b e r  o f  th e  C e n 
ten n ia l C o m m itte e , sh e  c o o r d in a te d  th e  
H a ll o f  F a m e  d isp la y  at th e  C e n te n n ia l  
M e e tin g .

E d w in  M . G lo c k e r , fo r m e r  S ta t is t ic a l  
C o n su lta n t  fo r  th e  C o m m itte e  o n  D is 
in fecta n ts  and P e s tic id e s  (A ), h a s se r v ed  
a s S ta t is t ic ia n  fo r  th e  M a g ru d er  C o m 
m itte e , a n d  w a s  a m e m b e r  o f  th e  C o m 
m itte e  o n  S ta t is t ic s  an d  th e  In te r la b o 
ra to ry  S tu d y  C o m m itte e .

P r in ce  G . H a rr ill,  C h a irm an  o f  the  
F in a n c e  C o m m it t e e  a n d  S e c r e t a r y /  
T r ea su r er  o f  th e  A s s o c ia t io n ,  h a s a lso  
se r v ed  a s  G en eral R e fer e e  (G R ) o n  C a ca o  
P r o d u c ts , a s  S e c r e ta r y  o f  th e  C o m m it
te e  o n  F o o d s  II (D ) , a n d  a s  a  m e m b er  
o f  th e  W ile y  A w a rd  C o m m itte e  an d  th e  
A s h in g  M e th o d  C o m m itte e .

P au l D . J u n g , G R  fo r  C a rb a m a te  and  
S u b s t itu te d  U r ea  I n s e c t ic id e s ,  P e s t i
c id e  F o rm u la tio n s :  G e n e r a l M e th o d s ,  
an d  P e s t ic id e  F o r m u la tio n s :  In o rg a n ic  
M e th o d s , h a s a lso  se r v e d  as A R  fo r  
A to m ic  A b so r p tio n  S p e c tr o s c o p y , an d  
a s a  m e m b e r  o f  th e  L o n g  R a n g e  P la n 
n in g  C o m m itte e , th e  S u b c o m m itte e  on  
G L C  C o lu m n  S p e c if ic a t io n , an d  th e  
C o m m itte e  o n  G a s-L iq u id  C h r o m a to 
g ra p h y .

B e rn h a rd  L a rsen  se r v e d  a s  C h a irm an  
o f  th e  F in a n c e  C o m m itte e  an d  w a s  
T r ea su r er  o f  th e  A s s o c ia t io n  fr o m  1975  
to  1983. H e  h a s a lso  b e e n  a  m e m b e r  o f  
th e  C o m m itte e s  o n  th e  W ile y  A w a r d ,  
F e l lo w s ,  M e m b e r sh ip , an d  In ter n a 
tio n a l C o o p e r a t io n , a s  w e ll  a s  th e  L o n g  
R a n g e  P la n n in g  and In te r a g e n c y  C o m 
m itte e s .

J o h n  M . N e w to n , G R  fo r  N o n a lc o 
h o lic  B e v e r a g e s ,  is  a lso  A R  for: C a f
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fe in e  in  C o ffe e  an d  T ea ; N ik e th a m id e ;  
E p in ep h rin e  and R e la ted  C o m p o u n d s b y  
H P L C - E le c t r o c h e m ic a l  D e t e c t o r s ;  
M eth y l X a n th in e  C o m p o u n d s  in  N o n 
a lc o h o lic  B e v e r a g e s ;  an d  T h e o p h y llin  
in  T ea .

Rodney J. Noel, C h airm an  o f  th e  
C o m m itte e  o n  F e e d s ,  F e r t il iz e r s , and  
R e la te d  T o p ic s  (G ) a n d  a m e m b er  o f  th e  
O ffic ia l M e th o d s  B o a r d , is  a lso  a  m e m 
b e r  o f  th e  C o m m itte e  o n  S a fe ty . H e  h a s  
se r v e d  a s  G R  o n  D r u g s in F e e d s  (4  
m e th o d s  a d o p te d  in G R  to p ic  a rea ) and  
a s A R  o n  C ru d e  P ro te in  in  F e e d s  (3 
m e th o d s  a d o p ted ).

Richard J. Ronk is  1985 P r e s id e n t  o f  
th e  A O  A C .

Leon D. Sawyer is  A R fo r :  P C B s; L o w  
M o is tu r e -H ig h  F a t S a m p le s  fo r  C h lo r i
n a te d  P e s t ic id e s ;  E th y le n e  D ib r o m id e ,  
an d  is C o -A R  o n  C o m p r e h e n s iv e  M u l
t i r e s i d u e  M e t h o d o l o g y  (3  m e t h o d s  
a d o p te d ).

Arnold E. Schulze, A R  o n  F ilth  in  
B o ta n ic a ls ,  h a s  a lso  s e r v e d  a s  A R  on: 
S ta b iliz in g  S o lu t io n s  fo r  M o ld  an d  R o t  
C o u n ts ; R e la t io n  o f  M o ld  C o u n t to  D ilu 
t io n  o f  T o m a to  C a tsu p ; E f fe c t s  o f  C o m 
m in u tio n  o f  M o ld  C o u n ts  o f  T o m a to  
P r o d u c ts ;  A s b e s t o s  F ib e r s;  an d  a s  G R  
o n  A n a ly t ic a l  M y c o lo g y  o f  F o o d s  and  
D r u g s .

Donald J. Smith is  A R  for: C h lor-  
p r o m a z in e ;  E p i n e p h r in e - L i d o c a i n e  
C o m b in a tio n s;  T h y r o id  an d  T h y r o x in e  
R e la t e d  C o m p o u n d s ;  a n d  I n s u l in —  
H u m a n , P o r c in e , B o v in e  H P L C  A s s a y .  
H e  h a s  a lso  se r v e d  a s  A R  fo r  Ion  
E x c h a n g e  R e s in s  fo r  N o n a lk a lo id  D ru gs  
an d  P h e n y lp r o p a n o la m in e .

T h e  F e l lo w  o f  th e  A O  A C  aw ard  w a s  
e s ta b lish e d  in  1961 to  r e c o g n iz e  th o s e  
p e r so n s  g iv in g  m eritoriou s se r v ic e  to  the  
A s s o c ia t io n .  W in n er s  o f  th e  aw ard  h a v e  
p e r fo r m e d  n o ta b ly  fo r  10 y e a r s  o r  m o r e , 
u su a lly  a s  o ff ic e r s , r e fe r e e s , or  c o m m it
te e  m e m b e r s . N o m in a t io n s  are  m a d e  b y  
A O A C  m e m b e r s , r e v ie w e d  b y  th e  C o m 
m itte e  o n  F e l lo w s ,  a n d  f in a lly  a p p ro v e d  
b y  th e  B o a r d  o f  D ir e c to r s .

1985 Scholarship Awarded to Maryanne 
Martling of Longwood, Florida

M a ry a n n e  M artlin g , an  o u ts ta n d in g  
c h e m is tr y  stu d e n t  a t th e  U n iv e r s ity  o f  
C en tra l F lo r id a , O r la n d o , F L , is  th e  
w in n e r  o f  th e  2 -y e a r , $ 1 0 0 0  sc h o la r sh ip  
s p o n s o r e d  b y  A O A C . A fte r  c o m p le t in g  
60  c re d it  h o u rs  a t S e m in o le  C o m m u n ity  
C o lle g e  in  S a n fo rd , F L , M a r y a n n e ’s 
g ra d e  p o in t  a v e r a g e  w a s  3 .9 5 ; an d  at th e  
en d  o f  h e r  fr esh m a n  y e a r , M a ry a n n e  
r e c e iv e d  o n e  o f  th e  tw o  “ O u tsta n d in g

C h e m is tr y  S tu d e n t”  a w a r d s . In a d d i
t io n  to  h er  fu ll a c a d e m ic  c o u r se  lo a d ,  
M a ry a n n e  h a s  w o r k e d  as a  c h e m is tr y  
la b o r a to ry  a s s is ta n t  an d  h a s  d e v o te d  
m u c h  o f  h er  tim e  to  h e lp in g  h er  p e e rs  
w ith  th e ir  s tu d ie s .

E a c h  y e a r  A O A C  a w a rd s a 2 -y ea r  
sc h o la r sh ip  to  a  c o lle g e  so p h o m o r e  w h o  
is  s tu d y in g  a su b je c t  im p o rta n t to  p u b lic  
h e a lth  an d  a g r ic u ltu r e . T o  q u a lify , the  
stu d e n t  m u st b e  in n e e d  o f  fin a n cia l a id , 
m a in ta in  at le a s t  a B  a v e r a g e  du rin g  th e  
first tw o  y e a r s  o f  u n d erg ra d u a te  stu d y ,  
an d  p lan  to  d o  r esea r ch , regu latory  w ork , 
q u a lity  c o n tr o l,  o r  te a c h  in an area  o f  
in te r e s t  to  th e  A O A C .

N o m in a t io n s  fo r  th e  1986 aw ard  m u st  
b e  r e c e iv e d  b e fo r e  M a y  1, 1986. S e n d  6 
c o p ie s  o f  a  n o m in a tio n  le tte r , an d  2 su p 
p ortin g  r e fe re n c e  le tters , to  A O A C , 1111 
N  19th S t , S u ite  2 1 0 , A r lin g to n , V A  
2 2 2 0 9 .

Short Courses
T h e  A m e r ic a n  A s s o c ia t io n  o f  C erea l 

C h e m is ts  (A A C C ) a n n o u n c e s  2 sh ort  
c o u r se s :  (1) “ S tarch : S tr u c tu r e , P ro p 
e r t ie s ,  an d  F o o d  U s e s , ”  D e c .  5 - 6 ,1 9 8 5 ,  
at th e  H o lid a y  In n  O ’H a re  K e n n e d y ,  
C h ic a g o , IL . T h is  c o u r se  is  d e s ig n e d  for  
th o s e  w h o  w ish  to  h a v e  an  u n d e rs ta n d 
in g  o f  th e  c h e m ic a l an d  p h y s ic a l p ro p 
e r t ie s  o f  s ta r c h e s , th e ir  s tr u c tu r e , m o d 
if ic a tio n , an d  fo o d  u s e s .  (2) “ M illin g  for  
C e re a l C h e m is t s ,”  J a n u a ry  6 - 8 ,  1986, 
K a n sa s  S ta te  U n iv e r s ity ,  M a n h a tta n , 
K S . T h is  c o u r se  e m p h a s iz e s  e x p e r i
m e n ta l m illin g . A ll m ajor a s p e c ts  o f  th e  
m illin g  p r o c e s s  w ill  b e  d is c u s se d  and  
d e m o n s tr a te d  w ith  th e  stu d e n t  o b s e r v 
in g  an d  th e n  p e r fo rm in g  th e  p r o c ed u r e .

F o r  m o r e  in fo r m a tio n , c o n ta c t  D o tty  
G in sb u r g , A A C C  sh o rt c o u r se  c o o r d i
n a to r , 334 0  P ilo t  K n o b  R d , S t . P a u l, M N  
5 5 1 2 1 ; 6 1 2 /4 5 4 -7 2 5 0 .

IB M  In str u m e n ts  in c o o p e r a t io n  w ith  
K e n t  S ta te  U n iv e r s ity ’s (K S U ) C h e m 
is tr y  D e p t  a n d  th e  U n iv e r s ity  C o n fer 
e n c e  B u r e a u  w ill  p r e se n t  “ F u n d a m e n 
ta ls  o f  C h ro m a to g r a p h ic  A n a ly s is ,”  
D e c e m b e r  9 - 1 3 ,  1985. T h e  c o u r se  w ill 
in c lu d e  g a s , l iq u id , an d  th in  la y e r  c h r o 
m a to g ra p h ic  m e th o d s , s tr e s s in g  th e  3 
te ch n iq u e s  a s  c o m p lem en ta ry  rather than  
c o m p e tin g  p r o c e s s e s .  F o r  m o re  in fo r 
m a tio n , c o n ta c t  C arl J. K n a u ss , C h ro 
m a t o g r a p h i c  C o u r s e  C o o r d i n a t o r ,  
C h em istry  D e p t , K S U , K en t, O H  44242; 
2 1 6 /6 7 2 -2 3 2 7 .

Meetings
December 5, 1985: A O A C  N e w  Y o rk  

R e g io n a l S e c t io n  M e e tin g , W orld  T rade

C en ter , N e w  Y o rk , N Y . C on tact: G eorge  
B o o n e ,  F o o d  an d  D ru g  A d m in is tra tio n  
(F D A ) , H F R -2 1 6 0 , 850  T h ird  A v e ,  
B r o o k ly n , N Y  11232, U S A , 718 /965-  
5 033 .

March 20-21, 1986: N a tio n a l C o m 
m ittee  fo r  C lin ica l L a b o r a to r y  S ta n 
d a rd s (N C C L S )  A n n u a l M e e tin g , O m ni 
In ter n a tio n a l H o te l ,  B a lt im o r e , M D . 
C on tact: N C C L S , 771 E  L a n c a ste r  A v e ,  
V illa n o v a , P A  19085. U S A , 215 /525-  
2 4 35 .

April 27-30,1986: A O A C  11th A n nu al 
S p rin g  T ra in in g  W o r k sh o p , M a d iso n  
H o te l,  S e a ttle , W A . C on tact: H . M ich ael 
W eh r , O re g o n  D e p a r tm e n t o f  A g r icu l
tu r e , L a b o r a to r y  S e r v ic e s  D iv is io n ,  635  
C a p ito l S t ,  N E ,  S a le m , O R  9 7 3 1 0 , U S A ,  
5 0 3 /3 7 8 -3 7 9 3 .

April 27-30, 1986: A O A C  N o r th w e s t  
R e g io n a l S e c t io n  M e e tin g , in  c o n ju n c 
tio n  w ith  th e  A O A C  11th A n n u a l Sp rin g  
T ra in in g  W o r k sh o p , M a d iso n  H o te l ,  
S e a tt le , W A . C on tact: H . M ich a e l W ehr. 
O r e g o n  D e p a r t m e n t  o f  A g r ic u lt u r e ,  
L a b o r a to r y  S e r v ic e s  D iv is io n ,  635 C a p 
ito l S t ,  N E ,  S a le m , O R  9 7 3 1 0 , U S A ,  
5 0 3 /3 7 8 -3 7 9 3 .

June 24-25, 1986: A O A C  N o r th e a s t  
R e g io n a l S e c t io n  M e e t in g , C a n is iu s  
C o lle g e , B u ffa lo , N Y . C o n ta ct: G era ld  
L . R o a c h , F D A , 599  D e la w a r e  A v e ,  
B u ffa lo , N Y  14202 , U S A ,  7 1 6 /8 4 6 -4 4 9 4 .

June 1986: A O A C  M id w e st  R eg io n a l  
S e c t io n  M e e tin g , L in c o ln , N E . C o n 
ta c t: T h o m a s  J e n se n , N e b r a sk a  D e p a r t
m e n t  o f  A g r icu ltu re , 3703 S  14th S t, 
L in c o ln , N E  6 8 5 0 2 , U S A ,  4 0 2 /4 7 1 -2 1 7 6 .

September 15-18,1986: A O A C  100th  
A n n u a l  I n t e r n a t io n a l  M e e t in g ,  T h e  
R e g i s t r y ,  S c o t t s d a l e ,  A Z . C o n t a c t :  
M a rg a ret R id g e ll, A O A C , 1111 N  19th  
S t, S u ite  210 , A r lin g to n , V A  22209 , U S A ,  
7 0 3 /5 2 2 -3 0 3 2 .

May 18-23, 1986: 10th In tern a tio n a l  
S y m p o s iu m  o n  C o lu m n  L iq u id  C h ro 
m a to g ra p h y , S h era to n  P a la ce  H o te l ,  San  
F r a n c is c o ,  C A . C o n ta ct: S h ir le y  E . 
S c h le s s in g e r ,  4 0 0  E  R a n d o lp h  S t , C h i
c a g o , IL  6 0 6 0 1 , U S A , 31 2 /5 2 7 -2 0 1 1 .

November 1986: P a p e rs  so u g h t  fo r  a 
S y m p o s iu m  o n  F u n c tio n a l T e s t in g  fo r  
H a za r d  E v a lu a t io n , B a l H a rb o u r , F L .  
A u th o r s  are  r e q u e s te d  to  su b m it a  t it le ,  
3 c o p ie s  o f  a  3 0 0  to  5 0 0  w o r d  a b stra c t, 
an d  an  A S T M  P a p e r  S u b m itta l F o rm  b y  
1 J a n u a ry  1986 to  K a th y  G r e e n e , A S T M  
A c q u is it io n  a n d  R e v ie w , 1916 R a c e  S t, 
P h ila d e lp h ia , P A  19103 , U S A ;  215/299-  
5581 . F o r  m ore in form ation , c o n ta c t John  
C airn s o r  J a m e s  R . P ra tt, V ir g in ia  P o ly 
te c h n ic  In s t itu te  a n d  S ta te  U n iv e r s ity ,  
C e n t e r  f o r  E n v ir o n m e n t a l  S t u d i e s ,
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B io lo g y  D e p a r tm e n t, 1020 D err in g  H a ll, 
B la c k sb u r g , V A  2 4 0 6 1 , U S A ,  703 /961-  
5 539 .

ISO Standard Published
T h e  fo llo w in g  sta n d a rd  h a s b e e n  p u b 

l is h e d  b y  th e  In ter n a tio n a l O rg a n iza tio n  
fo r  S ta n d a r d iza tio n  (IS O ), T e c h n ic a l  
C o m m it t e e  3 4 — A g r ic u l t u r a l  F o o d  
P r o d u c ts . T h is  sta n d a rd  is  a v a ila b le  for  
$ 1 0 .0 0  fr o m  A m e r ic a n  N a t io n a l S ta n 
d a rd s In s t itu te , I n c . ,  1430 B r o a d w a y , 
N e w  Y o r k , N Y  10018; 212 /3 5 4 -3 3 0 0 . 
IS O  5 5 3 4 -1 9 8 5  C h e e se  and p r o c e s s e d  
c h e e s e — D e te r m in a tio n  o f  to ta l so lid s  
c o n te n t  (R e fe r e n c e  m e th o d ).

Standard Reference Materials
T h e  N a t io n a l B u r e a u  o f  S ta n d a rd s  

(N B S )  O ffic e  o f  S ta n d a rd  R e fe r e n c e  
M a ter ia ls  a n n o u n c e s  th e  a v a ila b ility  o f  
th e  fo llo w in g  S ta n d a rd  R e fe r e n c e  M a te 
r ia ls (S R M ) an d  R e fe r e n c e  M a ter ia ls  
(R M ):

S R M  1960, a  10 .0  |xm su p e n s io n  o f  
p o ly s ty r e n e  sp h e r e s  in  w a te r  at a  w e ig h t  
co n c en tra tio n  o f  ab ou t 0 .4% , is in ten d ed  
fo r  u s e  w ith  p a r tic le  s iz e  m ea su r in g  
in s tr u m e n ts  in c lu d in g  e le c tr o n  m ic r o 
s c o p e s .  P rice: $ 3 8 4 .0 0  p e r  5 m L  v ia l.

S R M  9 0 9 , h u m a n  seru m , c o n ta in s  
n o m in a l c o n c e n tr a t io n s  o f  c o p p e r  (1.1  
p,m /m L ), iron (2 .0  p,g/m L), cad m iu m  (1 .2  
n g /m L ), c h r o m iu m  (9 1 .3  n g /m L ), lea d  
(20  n g /m L ), an d  v a n a d iu m  (2 .7  n g /m L )  
in  r e c o n s titu te d  seru m . T h e  r e v is e d  c e r 
tif ic a te  a lso  r ep o rts  e s t im a te d  c a ta ly t ic  
c o n c e n tr a t io n s  o f  6 e n z y m e s  at 37 .0°C . 
P rice: $ 187 .00  per un it o f  6 v ia ls  o f  fr ee ze -  
d ried  se r u m  an d  6 v ia ls  o f  h igh -p u rity  
d ilu e n t w a te r .

S R M  8 4 1 9 , in o r g a n ic  c o n s t itu e n ts  in  
b o v in e  se r u m , is  in te n d e d  pr im arily  for  
u se  in  th e  d eterm in ation  o f  m ajor, m inor, 
and tra ce  in organ ic  c o n stitu e n ts  in b lo o d  
se r u m , p la sm a , a n d  sim ila r  b io lo g ic a l  
flu id s . P rice: $52 p er  un it o f  3 p o ly e th 
y le n e  tu b e s ,  e a c h  c o n ta in in g  at le a s t  4  
m L  seru m .

S R M  1583, c h lo r in a te d  p e s t ic id e s  in  
2 ,2 ,4 -tr im e th y lp e n ta n e , w a s  d e v e lo p e d  
fo r  ca lib r a tin g  in str u m e n ta tio n  u se d  in  
th e  d e te r m in a tio n  o f  th e  cer tifie d  c h lo 
r in a ted  p e s t ic id e s .  It is  a lso  u se fu l for  
a d d in g  k n o w n  a m o u n ts  o f  th e s e  c o m 
p o u n d s  to  sa m p le s  an d  fo r  d e term in in g  
in s tr u m e n ta l r e s p o n s e  fa c to r s . P rice: 
$13 0  p er  u n it o f  6 a m p u le s , e a c h  c o n 
ta in in g  a b o u t 1 m L  so lu t io n .

S R M  9 5 5 , le a d  in b lo o d , is  in te n d e d  
p r im a rily  fo r  u s e  in  e v a lu a tin g  th e  a c c u 
r a c y  o f  le a d  d e te r m in a tio n s  on  b lo o d  
a n d  in  c a lib ra tin g  th e  in str u m e n ta tio n

u s e d  in th e s e  d e te r m in a tio n s . F o u r  in d i
v id u a l c o n c e n tr a t io n s  o f  lea d  in  p o r c in e  
b lo o d  are  p r o v id e d  in p o ly e th y le n e  b o t
t le s .  T h e  n o m in a l cer tifie d  c o n c e n tr a 
t io n s , in  |xg /d L  an d  (p ,m o l/L ), are: 
5 .7 (0 .2 7 ) , 3 0 .5 (1 .4 7 ) , 4 9 .4 (2 .3 8 ) , and  
7 3 .2 (3 .5 3 ) . S R M  955 c o n s is t s  o f  fo u r  2 
m L  sa m p le s  o f  b lo o d , e a c h  at d ifferen t  
c o n c e n tr a t io n . P rice: $ 1 0 4 .0 0  p er  u n it.

T h e s e  S R M s m a y  b e  p u rc h a sed  from : 
O ffic e  o f  S ta n d a rd  R e fe r e n c e  M a ter ia ls , 
R o o m  B 3 1 1 , C h em istr y  B ld g , N a tio n a l  
B u reau  o f  S tan d ard s, G aith ersb urg , M D  
2 0899; 3 0 1 /9 2 1 -2 0 4 5 .

EPA Project Summary
In  M e th o d  60 1 , th e  h a lo c a r b o n s  are  

p u rg ed  b y  an  in ert g a s w h ic h  is  b u b b led  
through  th e  a q u eo u s sam p le . T h e  vap ors  
are tra p p ed  in  a  sh o rt c o lu m n  co n ta in in g  
a su ita b le  so r b e n t. T h e  trap p ed  c o m 
p o n e n ts  are th en  th erm ally  d e so r b e d  o n to  
th e  h e a d  o f  a  ch r o m a to g r a p h ic  c o lu m n  
an d  m e a su r e d  b y  m e a n s  o f  a  h a lid e -sp e 
c if ic  d e te c to r . In  th is  s tu d y  th e  28 h a lo -  
c a rb o n  c o m p o u n d s  w e r e  d iv id e d  in to  3 
se p a r a te  m ix e s  to  m in im iz e  in te r fe r 
e n c e s  fro m  c o -e lu t in g  p e a k s . T h e  sp ik 
in g  so lu t io n s  u se d  in th e  stu d y  c o n 
ta in e d  th e  29  h a lo c a r b o n s  at 6 c o n c e n 
tr a tio n s . S ix  w a te r  m a tr ic e s  w e r e  u sed  
in  th e  stu d y : a d is t ille d , d r in k in g , and  
su r fa c e  w a te r  su p p lie d  b y  th e  c o o p e r 
a tin g  la b o r a to r ie s ;  an d  3 in d u str ia l 
w a s te w a te r s  su p p lie d  b y  M o n sa n to  C o .

T h e  o b je c t  o f  th is  s tu d y  w a s  to  c h a r 
a c te r iz e  th e  p e r fo r m a n c e  o f  M e th o d  601 
in  te rm s o f  a c c u r a c y , o v e r a ll p r e c is io n ,  
s in g le -a n a ly s t  p r e c is io n , an d  th e  e f fe c t  
o f  w a te r  ty p e s  o n  a c c u r a c y  and p r e c i
s io n . T h ro u g h  s ta t is t ic a l a n a ly se s  o f  
2 6 ,1 6 0  a n a ly t ic a l v a lu e s , e s t im a te s  o f  
a c c u r a c y  and p r e c is io n  w e r e  m a d e  and  
e x p r e s s e d  as r e g r e s s io n  e q u a tio n s . T h e  
a c c u r a c y  o f  th e  m e th o d  is o b ta in e d  b y  
com p arin g  th e  m ean  r ec o v er y  to  the  true  
v a lu e s  o f  c o n c e n tr a t io n . F o r  all b u t 2 o f  
th e  27  a n a ly te s , th e  a v e r a g e  a c c u r a c y  
o v e r  all 6  w a ters ranged  from  83 to  108%. 
T h e  2 e x c e p t io n s  w e r e  trans- 1 ,3 ,-d ic h l-  
o r o p r o p e n e  at 76%  an d  c w -1 ,3  d ic h lo -  
r o p r o p e n e  at 56%  w h ic h  w e r e  fo u n d  to  
b e  u n sta b le .

T h e  o v e r a ll stan d ard  d e v ia t io n  in d i
c a te s  th e  p r e c is io n  a s s o c ia te d  w ith  m e a 
su r e m e n ts  g e n e r a te d  b y  a  grou p  o f  la b 
o r a to r ie s . T h e  p e r c e n t  r e la t iv e  stan dard  
d e v ia t io n  (% R S D ) o v e r  6 w a te r s  ra n g es  
fr o m  16 to  29%  fo r  a ll b u t 4 o f  th e  27 
a n a ly te s . E x c e p t io n s  in c lu d e  cis-1,3  
d ic h lo r o p r o p e n e  at 40% , b r o m o m e-  
th a n e  g a s  a t 42% , trans-l,3 , -d ic h lo r o 

p r o p e n e  at 45% , an d  c h lo r o m e th a n e  gas  
at 50% .

T h e  g a s  d e te r m in a tio n s  are  e x p e c te d  
to  b e  le s s  p r e c is e  b e c a u s e  o f  h a n d lin g  
p r o b le m s a s s o c ia te d  w ith  b o th  th e  sa m 
p le  a n d  sta n d a rd  p r e p a r a tio n s . T h e  
a v e r a g e  p r e c is io n  o f  all a n a ly te s  in a 
g iv e n  w a te r  w a s  r e la t iv e ly  in d e p e n d e n t  
o f  w a te r  ty p e ,  ran g in g  fro m  24  to  29%  
fo r  th e  6 w a te r  m a tr ic e s . In  all c a s e s ,  a s  
e x p e c te d ,  th e  h ig h e s t  % R S D  (p o o r e s t  
p r e c is io n )  o c c u r r e d  at th e  lo w e s t  Y o u -  
d e n  p a ir  c o n c e n tr a t io n . T h e  p r e c is io n  is 
a c c e p ta b le  a t all le v e ls  w h e n  th e  b a c k 
g ro u n d  in te r fe r e n c e s  are  m in im a l.

T h e  s in g le -a n a ly s t  sta n d a rd  d e v ia t io n  
in d ic a te s  th e  p r e c is io n  a s s o c ia te d  w ith  
a  s in g le  la b o r a to ry . T h e  p e r c e n t  r e la tiv e  
sta n d a rd  d e v ia t io n  fo r  a  s in g le  a n a ly st  
(% R S D -S A ), a v e r a g e d  o v e r  all th e  
w a te r s , ra n g ed  fr o m  10 to  22%  fo r  th e  
27 a n a ly te s , w h ile  th e  a v e r a g e  v a lu e  o f  
% R S D -S A  fo r  a ll a n a ly te s  in  a g iv e n  
w a ter  ranged  from  12 to  15% . In all c a se s ,  
th e  h ig h e s t  % R S D -S A  (p o o r e s t  p r e c i
s io n )  w a s  a s s o c ia te d  w ith  th e  lo w e s t  
Y o u d e n  p air  c o n c e n tr a t io n . T h e  p r e c i
s io n  is a c c e p ta b le  at a ll le v e ls  w h e r e  
b a c k g r o u n d  in te r fe r e n c e  is m in im a l.

S ta t is t ic a l c o m p a r iso n s  o f  th e  e f fe c t  
o f  w a te r  ty p e  w e r e  p e r fo rm e d  o n  all 
a n a ly te s . T h e se  in d ic a te d  a p ra c tica l  
e f fe c t  o f  w a te r  m atrix  o n  th e  a c c u r a c y  
or p r e c is io n  o f  M e th o d  601 in th e  fo l
lo w in g  c a se s :

C arb on  te tr a c h lo r id e  in  w a s te w a te r  1
C h lo r o b e n z e n e  in  w a s te w a te r  1
1 ,4 -D ic h lo r o b e n z en e  in w a s te w a te r  3,
and
1 ,2 -D ic h lo r o e th a n e  in w a s te w a te r  3.
M eth o d  601 is  r e c o m m e n d e d  fo r  th e  

a n a ly s is  o f  p u rg e a b le  h a lo c a r b o n s  in  
m u n ic ip a l an d  in d u str ia l w a s te w a te r s .  
T h e  a c c u r a c y  an d  p r e c is io n  are  a c c e p t 
a b le , w h ile  th e  m a tr ix  e f fe c t s  are s ig n if
ica n t o n ly  a t lo w  c o n c e n tr a t io n  le v e ls .

T h e  c o m p le te  r ep o rt (O rd er  N o .  P B  
8 4 2 1 2 4 4 8 ) c a n  b e  o b ta in e d  fo r  $ 2 2 .0 0  
(su b je c t  to  c h a n g e ) fr o m  th e  N a t io n a l  
T e ch n ica l In form ation  S e r v ic e , 5285 P ort 
R o y a l R d , S p r in g fie ld , V A  2 2161; 70 3 /  
4 8 7 -4 6 5 0 . F o r  m o re  in fo r m a tio n , c o n 
t a c t  R . W e s s e l m a n ,  E n v i r o n m e n t a l  
M o n ito r in g  an d  S u p p o rt L a b o r a to r y ,  
U .S .  E n v iro n m en ta l P ro te c tio n  A g e n c y ,  
C in c in n a ti, O H  4 5 2 6 8 .

New Private Sustaining Members
A O  A C  w e lc o m e s  th e  fo llo w in g  6 n e w  

p r iv a te  su sta in in g  m e m b e r s  to  th e  g r o w 
in g  lis t  o f  o r g a n iz a t io n s  a w a r e  o f  th e  
n e e d  to  su p p o rt an  in d e p e n d e n t  m e th 
o d s  v a lid a t io n  a s s o c ia t io n :  B u rro u g h s
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W e llc o m e  C o . ,  R e se a r c h  T r ia n g le  P ark , 
N C ; M o b a y  C h e m ic a l C o r p ., K a n sa s  
C ity , M O ; W a te rs  C h ro m a to g ra p h y  
D iv is io n  o f  M illip o re  C o r p ., M ilfo rd , 
M A ; B io c h e m  L a b o r a to r iu m  b .v . ,  's-  
H e r to g e n b o s c h , T h e  N e th e r la n d s;  G a l
braith L a b o r a to r ie s , I n c . , K n o x v ille ,  T N ; 
a n d  S illik er  L a b o r a to r ie s ,  I n c . , C h ic a g o  
H e ig h ts , IL .

Correction
J. Assoc. Off. Anal. Chem. (1 985) 6 8 , 

9 1 1 -9 1 6 ,
“ A n a ly s is  o f  d -P h e n o th r in  a n d  Its  
O p tica l I s o m e r s  in  T e c h n ic a l P re p a 
r a t io n s ,”  b y  D o i  e t  a l . ,  p . 4 1 3 ,  le ft  
c o lu m n , lin e  5 ,

C h a n g e  “ . . . cf-p h en oth rin  a n d  to ta l d- 
p h en o th r in  . . . , ”  to  r ea d , . . d- 
p h e n o t h r i n ,  i . e . ,  t o t a l  J - p h e n o t h -
r i n  ”  ,.Cs cV>

" "
General Referee o f the Year Award

B e rn a d ette  M cM a h o n , F o o d  and D rug  
A d m in is tr a t io n , W a sh in g to n , D C , w a s  
p r e se n te d  w ith  th e  first a n n u a l G en era l  
R e fe r e e  o f  th e  Y e a r  A w a rd  at th e  99 th  
A O  A C  A n n u a l In ter n a tio n a l M ee tin g ,  
O c to b e r  2 7 - 3 1 ,1 9 8 5 .  M c M a h o n  is  G e n 
era l R e fe r e e  (G R ) o n  O ra g a n o h a lo g en  
P e s t ic id e s ,  C o m m itte e  o n  R e s id u e s .

T h e  G en er a l R e fe r e e  o f  th e  Y e a r  
A w a rd  w a s  e s ta b lish e d  b y  th e  B o a r d  o f  
D ir e c to r s  in  r e s p o n s e  to  a  r e c o m m e n 
d a tio n  m a d e  b y  th e  O ffic ia l M e th o d s  
B o a r d  to  r e c o g n iz e  th e  im p o r ta n c e  o f  
G e n e r a l R e fe r e e s ’ r o le s  to  th e  s u c c e s s  
o f  t h e  A O A C  c o l l a b o r a t i v e / m e t h o d

a p p ro v a l e ffo r t  a n d  to  h o n o r  an  in d iv id 
u a l w h o  h a s  s ig n if ica n tly  c o n tr ib u te d  to  
th e  a d v a n c e m e n t  o f  m e th o d s  an d  w h o  
h a s  d o n e  an  o u ts ta n d in g  jo b  a s  a  G R .

T h e  a w a r d , w h ic h  c o n s is t s  o f  a  p la q u e  
an d  f in a n c ia l su p p o rt fo r  th e  a w a r d e e  to  
a tten d  th e  a n n u a l m e e t in g , is  g iv e n  to  
th e  G R  w h o  m o s t  c lo s e ly  m e e ts  th e  fo l
lo w in g  cr iter ia : H a s  c u rren t G R  s ta tu s ,  
su b m its ora l an d  w r itten  rep orts in tim ely  
a n d  c o m p le te  m a n n er , m e e ts  a n n u a lly  
w ith  a p p ro p ria te  M e th o d s  C o m m itte e ,  
p r o v id e s  a s s is ta n c e  in r e v is in g  p er tin en t  
c h a p te r s  in  th e  Official Methods of 
Analysis, a n d  p r o v id e s  le a d e r sh ip  in  th e  
in v e s t ig a t io n  o f  th e  ap p ro p ria te  a n a ly t
ic a l f ie ld s  a n d  n e w  to p ic  id e n tif ic a tio n .  
In  a d d itio n , a c c o m p lish m e n ts  o f  th e  
A s s o c ia te  R e fe r e e  g u id e d  b y  th e  G R  and  
A O A C  a c c o m p lish m e n ts  r e la ted  to  th e  
G R ’s to p ic  a re  c o n s id e r e d .

U.S. EPA Brochure Explains New 
Requirements for Small Quantity 
Generators

A  b r o c h u r e  h a s  b e e n  d e v e lo p e d  b y  
t h e  U . S .  E n v ir o n m e n t a l  P r o t e c t io n  
A g e n c y  (E P A ) to  e x p la in  th e  n e w  
r e q u ir e m e n ts  p la c e d  o n  sm a ll q u a n tity  
g e n e r a to r s  o f  h a z a r d o u s  w a s te s  b y  th e  
H a z a r d o u s  a n d  S o lid  W a ste  A m e n d 
m e n ts  o f  1984.

T h e s e  n e w  a m e n d m e n t s  t o  t h e  
R e s o u r c e  C o n se r v a t io n  a n d  R e c o v e r y  
A c t  (R C R A ) r e d u c e  th e  le v e l  at w h ic h  
g e n e r a to r s  o f  h a z a r d o u s  w a s te s  b e c o m e  
su b je c t  to  w a s te  m a n a g e m e n t r eg u la 

• /

t io n s  fro m  1000 to  100 k ilo g ra m s p er  
m o n th . A s  a  r e su lt , m a n y  b u s in e s s e s  
th a t w e r e  p r e v io u s ly  u n re g u la te d  w ill 
n o w  b e  r eq u ire d  to  c o m p ly  w ith  cer ta in  
“ sm a ll q u a n tity  g e n e r a to r ”  p r o v is io n s .

S o m e  o f  th e s e  p r o v is io n s  b e c a m e  
e f fe c t iv e  o n  A u g u s t  5 , 1985. T o  h e lp  
e n su r e  th a t a ll p o te n t ia lly  a f fe c te d  b u s i
n e s s e s  are  a w a r e  o f  th e  n e w  re g u la tio n s ,  
E P A  is  o r g a n iz in g  a  m a ss iv e  in fo r m a 
tio n  d is s e m in a t io n  e ffo r t  a n d  is  a sk in g  
o r g a n iz a t io n s  to  h e lp  d is tr ib u te  th e  n e w  
b r o c h u r e , w h ic h  su m m a r iz e s  th e  n e w  
r e g u la t io n s , p lu s  a  se r ie s  o f  in d u stry -  
sp e c if ic  in se r ts  e x p la in in g  h o w  th e  n e w  
p r o v is io n s  w il l  a p p ly  to  d iffe re n t in d u s
try  g r o u p s .

F o r  a  fr e e  c o p y  o f  th is  b r o c h u r e , se n d  
a  s ta m p e d , 9  x  12, se lf -a d d r e s se d  e n v e 
lo p e  to  A O A C , 1111 N o r th  19th S t, S u ite  
2 1 0 , A r lin g to n , V A  2 2 2 0 9 .

Please note: A n u m b e r  o f  s ta te s  h a v e  
r e q u ir e m e n ts  th a t d iffe r  fr o m  th o s e  fe d 
era l r e q u ir e m e n ts  fo r  sm a ll q u a n tity  
g e n e r a to r s  e x p la in e d  in  th e  n e w  E P A  
b r o c h u r e . T h e  fo llo w in g  s ta te s  h a v e  
a sk e d  E P A  n o t  to  d istr ib u te  th e  b r o 
c h u r e  in  th e ir  s ta te s  b e c a u s e  th e  fe d e ra l  
in fo r m a tio n  it  c o n ta in s  m ig h t b e  c o n fu s 
in g  to  r e s id e n ts  w h o  m u st  m e e t  th e  d if
fe r e n t  s ta te  r eq u ire m en ts:  C a lifo rn ia , 
C o n n e c t i c u t ,  D i s t r i c t  o f  C o lu m b ia ,  
In d ia n a , K a n s a s ,  K e n tu c k y , L o u is ia n a ,  
M a in e ,  M a s s a c h u s e t t s ,  M in n e s o t a ,  
M is so u r i,  N e b r a sk a , N e w  H a m p sh ir e ,  
N e w  M e x ic o ,  R h o d e  I s la n d , S o u th  C ar
o lin a , V e r m o n t , V irg in ia , an d  W e s t  V ir 
g in ia .
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FOCUS: CHEMICAL CONTAMINANTS IN FOODS

Control of Chemical Contaminants in Foods: Past, Present, and Future

C H A R L E S  F. J E L I N E K
Food and Drug Administration, Office of Physical Sciences, Washington, DC 20204

In the late 1930s and early 1940s, almost the only analyses carried out for chemical contaminants in 
foods were for lead arsenate and other arsenical pesticides in fruits. Since then, a tremendous expansion 
has occurred in the types of chemical contaminants found in foods and in the activities of the U.S. 
Food and Drug Administration and other organizations responsible for monitoring and controlling the 
presence of these contaminants in the food supply. This paper describes the findings and control of 
additional chemical contaminants in foods, including synthetic pesticides, PCBs (polychlorinated 
biphenyls), other industrial chemicals, fungal metabolites such as aflatoxins, toxic metals, and radio
nuclides. The common characteristics of problems connected with these defferent types of contaminants 
include uncontrolled entry into the food supply, incidents causing extreme public worry, and near 
impossibility in removing these contaminants from the food supply. Problems may also arise from new 
technologies and environmental developments. New approaches beyond ordinary regulatory activities 
are being used to meet these problems. Broader analytical methods requiring less time and faster and 
more sophisticated toxicological methods are needed to assess the hazard of these environmental food 
contaminants.

It is  a p p ro p r ia te , w h e n  d is c u s s in g  e n v ir o n m e n ta l to x ic o lo g y  
and c h e m ic a l a n a ly s is ,  to  r e v ie w  th e  g r o w th  in the  r e s p o n s i
b ilit ie s  o f  th e  U .S .  F o o d  and D ru g A d m in is tra tio n  (F D A ) fo r  
c o n tr o llin g  th e  c h e m ic a l c o n ta m in a n ts  in th e  n a t io n 's  fo o d  
su p p ly  in the  la st 50  y e a rs , th e  w a y  in w h ich  F D A  h as ad d ressed  
n e w  and e m e r g in g  p r o b le m s , and th e  im p lic a t io n s  fo r  the  
fu tu re  o f  c h e m ic a l c o n ta m in a n ts  a n a ly s is .  T h is  d is c u s s io n  w ill 
c o v e r  th e  b r o a d e r  a s p e c ts  o f  th e  c o n tr o l o f  c h e m ic a l c o n ta m 
in a n ts in fo o d s ,  ra th er  th a n  tr a ce  the  d e v e lo p m e n t  o f  n e w  
a n a ly tica l m e th o d s .

In th e  la te  1930s an d  e a r ly  1 940s, v ir tu a lly  th e  o n ly  c h e m ic a l  
r e s id u e s  in fo o d s  w h ic h  th e  F D A  m o n ito r ed  w e r e  th e  p e s t i
c id e s  c o n ta in in g  c o p p e r , m e r c u r y , le a d , a n d /o r  a r se n ic , w ith  
lea d  a r se n a te  b e in g  b y  far  th e  m o st im p o rta n t, b e c a u se  th e y  
r e p r e se n te d  th e  m ajor p e s t ic id e s  in u se  at th a t t im e . S in c e  
th o se  c o m p a r a tiv e ly  stra ig h tfo rw a rd  d a y s , a  tr e m e n d o u s  
e x p a n s io n  in a c t iv it ie s  h a s b e e n  n e c e s sa r y  fo r  th e  c o n tr o l o f  
c h e m ic a l c o n ta m in a n ts  in th e  fo o d  su p p ly . B o th  th e  ty p e s  o f  
c o n ta m in a n ts  an d  th e  s c o p e  o f  r e s p o n s ib ilit ie s  h a v e  n e c e s 
s ita ted  th is  e x p a n s io n .

It is  ap p ro p ria te  first to  r e v ie w  th e  d iffe re n t ty p e s  o f  r e s i
d u e s  w h ic h  F D A  n o w  m o n ito r s  in  fo o d s :  p e s t ic id e s ,  ind ustr ia l 
c h e m ic a ls ,  t o x ic  m e ta ls ,  natu ra l t o x in s ,  and  r a d io n u c lid es .  
T h is r e v ie w  w ill c o v e r  o u r  d e v e lo p in g  a w a r e n e s s  o f  th e  e x te n t  
to  w h ic h  fo o d s  and fe e d s  are c o n ta m in a te d  b y  th e se  d ifferen t  
ty p e s ,  F D A ’s a p p ro a c h  fo r  c o n tr o llin g  th e ir  le v e ls  in the  fo o d  
su p p ly , th e  c o m m o n  c h a r a c te r is t ic s  o f  th e  p r o b le m s c o n 
n e c te d  w ith  th e s e  d iffe re n t ty p e s  o f  c o n ta m in a n ts , and  the  
c o m m o n  s tr a te g y  th a t h a s e v o lv e d  in d e a lin g  w ith  all th e se  
c o n ta m in a n ts . B e c a u s e  o f  th e  o v e r la p  in c h r o n o lo g y  o f  F D A ’s 
in v o lv e m e n t  w ith  th e  a b o v e  ty p e s  o f  c o n ta m in a n ts , th e y  w ill 
not b e  d is c u s s e d  in c h r o n o lo g ic a l  ord er .

Pesticides
W ith the  a d v e n t  o f  D D T  du rin g  W orld  W ar II fo r  the  co n tr o l  

o f  m a la ria -ca rry in g  m o s q u ito e s  and ty p h u s-b e a r in g  l ic e , the
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s ta g e  w a s  se t  fo r  th e  m a ss  in tr o d u c tio n  o f  sy n th e t ic  o rg a n ic  
p e s t ic id e s  a s  s o o n  a s  th a t w a r  e n d e d . B y  th at t im e , th e  c h e m 
ica l in d u str y  had a lre a d y  in stitu te d  a v e r y  a c t iv e  p rogram  for  
th e  d e v e lo p m e n t  o f  th e se  sy n th e t ic  o r g a n ic  p r o d u c ts . In 1947, 
th e  U .S .  C o n g r e ss  p a s se d  th e  F ed er a l In s e c t ic id e ,  F u n g ic id e  
and R o d en tic id e  A c t , u n der w h ic h  n o  p e stic id e  m ay b e sh ip ped  
in in te r s ta te  c o m m e r c e  fo r  g e n e ra l u s e  u n til it h a s b e e n  sh o w n  
to  b e  sa fe  a s  u se d  an d  e f fe c t iv e  fo r  th e  p u rp o se  c la im e d . In 
1954. C o n g r e s s  a m e n d e d  th e  F o o d , D ru g  an d  C o s m e t ic  A c t  
to  r eq u ire  a  c o m p a n y  p r o m o tin g  th e  u s e  o f  a p e s t ic id e  to  
p r o v e  th at th e  r e s id u e s  rem a in in g  o n  fo o d  are sa fe  fo r  the  
c o n su m e r , to  req u ire  g o v e r n m e n t c le a r a n c e  b e fo r e  th e  p e s 
t ic id e  is u s e d , an d  to  a u th o r iz e  F D A  to  e s ta b lish  to le r a n c e s  
fo r  th e  p e s t ic id e  o n  fo o d  or  fe e d s tu ffs .  In 1970, th e  U .S .  
E n v ir o n m e n ta l P r o te c t io n  A g e n c y  (E P A ) w a s  g iv e n  the  
r e sp o n s ib ility  fo r  e n su r in g  p ro p er  p e s t ic id e  la b e lin g  an d  u s e ,  
and fo r  se tt in g  fo o d  o r  fe e d  r e s id u e  to le r a n c e s . F D A  still 
e n fo r c e s  p e s t ic id e  to le r a n c e s  o n  all fo o d s  e x c e p t  m e a ts , for  
w h ic h  th e  U .S .  D e p a r tm en t o f  A g r icu ltu re  is r e sp o n s ib le .

It e a r ly  b e c a m e  e v id e n t  to  F D A  th at m o n ito r in g  fo r  e v e r y  
p e s t ic id e  o n  e v e r y  fo o d  fo r  w h ic h  th ere  w a s  a to le r a n c e  w o u ld  
not b e  p o s s ib le .  C o n s e q u e n tly ,  o n e  o f  th e  m ain  o b je c t iv e s  
g u id in g  F D A 's  p e s t ic id e s  a n a ly tica l r e sea r ch  h a s b e e n  the  
d e v e lo p m e n t  an d  e x p a n s io n  o f  m u ltire s id u e  m e th o d s  o f  a n a l
y s is  to  e n a b le  th e  s im u lta n e o u s  a n a ly s is  o f  a fo o d  sa m p le  for  
a s m a n y  p e s t ic id e s  a s  p o s s ib le ,  ra th er  th an  a se p a r a te  a n a ly s is  
fo r  e a c h  p e s t ic id e  b y  an  in d iv id u a l m e th o d . A t th e  sa m e  t im e ,  
th e  a g e n c y  s tu d ie d  su ch  in fo r m a tio n  a s  p e s t ic id e  u s a g e , e n v i
r o n m e n ta l s ta b il ity , to x ic i ty ,  an d  p a s t  m o n ito r in g  r e su lts  to  
d e te r m in e  w h ic h  p e s t ic id e /c r o p  c o m b in a t io n s  sh o u ld  b e  m o n 
ito red  fo r  r eg u la to r y  p u r p o se s .

L a te r , in 1979, it b e c a m e  ap p a ren t to  F D A  that th e  p e s t i
c id e s  to  b e  in c lu d e d  in its  m o n ito r in g  p ro g ra m s sh o u ld  b e  
s e le c te d  o n  a m ore  s y s te m a t ic  b a s is .  A s  a r e su lt , w e  in stitu ted  
th e  d e v e lo p m e n t  o f  S u r v e illa n c e  In d e x  d o c u m e n ts , w h ic h  
su m m a riz e  fo r  a g iv e n  p e s t ic id e  th e  p er tin en t c h e m ic a l,  b io 
lo g ic a l,  s ta b ility , p r o d u c tio n /u sa g e , an d  to x ic ity  d a ta  that 
d e te r m in e  th e  p o te n tia l fo o d  h azard  p o s e d  b y  its r e s id u e s  (1). 
O ur a g e n c y  h a s fo u n d  th e s e  S u r v e illa n c e  In d ex  d o c u m e n ts  
to  b e  in v a lu a b le  in o p tim iz in g  th e  d e v e lo p m e n t  o f  o u r  p esti-
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c id e  a n a ly t ic a l m e th o d o lo g y  an d  o u r  m o n ito r in g  a c t iv it ie s  in  
th e  fie ld  to  c o n tr o l p e s t ic id e  r e s id u e s  in  fo o d  or  fe e d  p r o d u cts .

C u rr en tly , F D A  a n a ly z e s  a b o u t 12 000  sa m p le s  o f  fo o d s  
an d  fe e d s  p er  y e a r  fo r  p e s t ic id e s  an d  P C B s (p o ly c h lo r in a te d  
b ip h e n y ls ) ,  an d  ta k e s  a c t io n  o n  th o s e  lo ts  th a t d o  n o t c o m p ly  
w ith  r e g u la t io n s . T h e  a g e n c y  a lso  fu r n ish e s  E P A  w ith  the  
d a ta  o b ta in e d  fo r  th e ir  u s e  in  e v a lu a tin g  c u rren t p e s t ic id e  
r e g u la t io n s .

The discovery of the widespread 
contamination of foods by PCBs 
was convincing evidence that 
industrial chemicals can enter the 
food supply, even though they are 
not intentionally used in or on agri
cultural products or processed 
foods.

Polychlorinated Biphenyls
F o llo w in g  r ep o rts  o f  fin d in g s o f  P C B s  in  fish  an d  w ild life  

b y  S w e d is h  in v e s t ig a to r s  in 1966 (2 ), F D A  in itia te d  in v e s t i
g a t io n s  o f  P C B s  in fo o d s  a n d  a n im a l f e e d s .  In  1967, w e  sta r ted  
th e  d e v e lo p m e n t  o f  a  m e th o d  to  se p a r a te  P C B s  fro m  th e  
c h lo r in a te d  p e s t ic id e s  th a t w e r e  r e c o v e r e d  b y  th e  m u ltire s i
d u e  m e th o d  fo r  th e s e  p e s t ic id e s  (3 ). A s  a  r esu lt o f  fin d in g s o f  
P C B s  in su b s e q u e n t  m o n ito r in g , F D A  e s ta b lish e d  a c t io n  le v 
e ls  fo r  th e s e  p r o d u c ts  in m ilk  an d  fish  in 1969 an d  1970. B a se d  
o n  fu rth er  r e su lts  o b ta in e d  in  m o n ito r in g  p ro g ra m s and on  
o u r  to x ic o lo g ic a l  e v a lu a t io n  o f  P C B s , F D A  se t  fo rm a l to le r 
a n c e s  in  1973 fo r  P C B s  in  v a r io u s  fo o d s  an d  f e e d s ,  p ro h ib ited  
th e  u s e  o f  P C B s  in “ u n s e a le d ”  e q u ip m e n t in  p la n ts  p r o c e s s 
ing  fo o d , f e e d s ,  an d  fo o d  p a c k a g in g  m a ter ia ls , an d  e s ta b lish e d  
an a c t io n  le v e l  fo r  P C B s  in p a p e r  fo o d -p a c k a g in g  m a ter ia ls  
(4 ). S h o r t ly  b e fo r e  th is ,  th e  so le  U .S .  m a n u fa ctu rer  o f  P C B s  
c e a s e d  m a rk etin g  th e s e  p r o d u c ts  fo r  all u s e s  e x c e p t  a s  a  fluid  
fo r  tr a n sfo r m er s  a n d  o th e r  e n c lo s e d  p ie c e s  o f  e le c tr ic a l  e q u ip 
m e n t.

T h e  e f fe c t s  o f  th e s e  a c t io n s  are sh o w n  in T a b le  1, w h ic h  
d e p ic ts  th e  r e su lts  o b ta in e d  in F D A ’s T o ta l D ie t  o r  “ M ark et  
B a s k e t”  S tu d ie s  fro m  1972 th ro u g h  1979. In  th e s e  S tu d ie s ,  
w e  a n a ly z e d  c o m p o s i t e s  o f  g r o u p s o f  M a rk et B a sk e t  fo o d s  
w h ic h  w e r e  p r e p a red  in th e  k itc h e n . T h e  fin d in g s o f  P C B s  
d e c lin e d  d r a st ic a lly  a fter  1973 in  all fo o d s  e x c e p t  th o s e  in the  
m eat-fish -p ou ltry  c o m p o s ite . In m o st c a s e s ,  fish  are th e  so u rce  
o f  P C B s  in  th is  fo o d  c o m p o s ite .

T h e  f in d in g s in  th e  T o ta l D ie t  S tu d ie s  are r e f le c te d  in F D A ’s 
a n a ly s e s  o f  in d iv id u a l fo o d s ;  fo r  so m e  y e a r s , P C B s  h a v e  
g e n e r a lly  b e e n  fo u n d  o n ly  in fish  an d  to  a  le s s e r  d e g r e e  in  
anim al fe e d s . M in or in c re a se s  in findings in m ilk , e g g s , c h e e s e ,  
o r  m e a t in c e r ta in  y e a r s  u su a lly  r e flec t  o c c u r r e n c e s  su c h  a s  
th e  c o n ta m in a tio n  o f  an  a n im a l fe e d  c o m p o n e n t  b y  a lea k in g  
tra n sfo rm er .

W h en  n e w  in fo r m a tio n  in d ic a te d  th at P C B s  are  m o r e  to x ic  
(5) an d  m u c h  m o re  p e r s is te n t  in  th e  e n v ir o n m e n t th a n  had  
p r e v io u s ly  b e e n  th o u g h t (6 ), F D A  lo w e r e d  th e  to le r a n c e s  in  
m ilk , d a iry  p r o d u c ts , p o u ltr y , an d  e g g s  in  197S (7) an d  fish  in  
1984 (8 ). In  a d d itio n , th e  p o s s ib i l it ie s  o f  P C B  c o n ta m in a tio n  
o f  fo o d s  o r  fe e d s  fro m  th e  u s e ,  s to r a g e , or  d isp o sa l o f  tr a n s
fo r m e r s  a n d  c a p a c ito r s  h a v e  b e e n  le s s e n e d  a p p r e c ia b ly  b y  
r e g u la tio n s  e s ta b lish e d  b y  E P A .

E v e n  s o ,  it w ill  b e  n e c e s s a r y  fo r  F D A  to  c o n t in u e  m o n i
to r in g  th e  fo o d  su p p ly  fo r  P C B s  fo r  m a n y  y e a r s  to  c o m e .

Unrecognized Contaminants
T h e  d is c o v e r y  o f  th e  w id e sp r e a d  c o n ta m in a tio n  o f  f o o d s  

b y  P C B s  w a s  c o n v in c in g  e v id e n c e  th a t ind usrria l c h e m ic a ls  
c a n  e n te r  th e  fo o d  su p p ly , e v e n  th o u g h  th e y  are  n o t in te n 
tio n a lly  u se d  in  or  o n  agricultural p ro d u cts or  p r o c e s se d  fo o d s .  
C o n s e q u e n tly ,  F D A  la u n c h e d  a  fo r m a l, c o n tin u in g  program  
in  1971 to  se a r c h  fo r  a s  y e t  u n r e c o g n iz e d  in d u str ia l c h e m ic a l  
c o n ta m in a n ts  (9 ). I ts  b a s ic  a im s w e r e  to  d e v e lo p  b a c k g r o u n d  
in fo r m a tio n  in  a  n o n c r is is  a tm o sp h e r e , to  p r o v id e  F D A  a n d  
o th e r  a g e n c ie s  w ith  an  ea r ly  w a rn in g  s y s te m , a n d  to  e n a b le  
th e  a g e n c y  to  r e a c t p r o m p tly  an d  e f fe c t iv e ly  in  e m e r g e n c y  
s itu a t io n s .

In  th e  first s te p  in th is  p ro g ra m , w e  w e r e  fa c e d  w ith  a  v e r y  
c h a lle n g in g  s itu a t io n . A b o u t  50  0 0 0  in d u str ia l c h e m ic a l p ro d 
u c ts  w e r e  m a n u fa c tu re d  in th e  U n ite d  S ta te s  a t th a t t im e .  
S in c e  w e  o b v io u s ly  c o u ld  n o t lo o k  fo r  a ll th e s e  p r o d u c ts  in  
fo o d s ,  it w a s  n e c e s s a r y  to  c h o o s e  th o s e  c h e m ic a ls  o r  c h e m ic a l  
fa m ilie s  th a t w e r e  th e  m o st  lik e ly  fo o d  c o n ta m in a n ts . T h e  
fo llo w in g  cr iter ia  w e r e  s e le c te d  in  1972 to  m a k e  th e s e  c h o ic e s :

•  P r o d u c tio n  v o lu m e — th e  m o re  a  p r o d u ct is  m a d e  an d  
u s e d , th e  m o re  lik e ly  it is  to  o c c u r  in  fo o d s

•  T o x ic  b y -p r o d u c ts
•  E n d -u se  p a tte rn — th e  le s s  c o n fin e d  th e  u s e s  o f  a p r o d u c t ,  

th e  m o r e  lik e ly  it is  to  c a u se  e n v ir o n m e n ta l c o n ta m in a 
tio n  p r o b le m s

•  T o x ic ity
•  S o lu b ility  o r  p a r titio n  c o e f f ic ie n t— a fa t -so lu b le , w a te r -  

in so lu b le  m a ter ia l is  m o re  lik e ly  to  c o n c e n tr a te  in th e  
fa tty  p o r tio n  o f  fish , m e a t, m ilk , an d  e g g s

•  S ta b ility
•  M e a n s  o f  d isp o sa l
T h e s e  cr iter ia  are n o t n o te d  in  a n y  ord er  o f  p r io r ity  an d  are  

sim ila r  to  th e  fa c to r s  n o w  u se d  b y  o th e r  w o r k e r s  in th e  e n v i 
r o n m e n ta l f ie ld , in c lu d in g  F D A ’s S u r v e illa n c e  In d e x  p rogram  
fo r  p e s t ic id e s  m e n tio n e d  ea rlier .

Table 1. Percent of Total Diet composites containing PCBs

Fiscal
year

Food class composite

Dairy
prods

Meat, fish, 
poultry

Grains,
cereals Potatoes

Legume
vegs

Root
vegs

Garden
fru its

Oils, fats, 
shortening

Sugar & 
adjuncts

1972 6 46 6 _ 6 3 3 17 6
1973 10 33 17 3 — — — 3 _
1974 — 43 — — — _ _ 3
1975 — 40 — — — — _ _
1976 5 5 — — — — _ _ _
1977 — 35 5 — — — — 20 _
1978 — 30 — — 10 — — 5 _
1979 5 10 — — — — — 5 —
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T h e  se a r c h  fo r  a  p o te n tia l in d u str ia l c h e m ic a l co n ta m in a n t  
in v o lv e s  se v e r a l s te p s  (1 0 ). F ir s t , a  sa t is fa c to r y  a n a ly tica l  
m e th o d  to  id e n tify  an d  m e a su r e  tr a c e  le v e ls  o f  th e  c o m p o u n d  
in  th e  p r e se n c e  o f  m a n y  o th e r  c h e m ic a ls  in fo o d  su ch  a s  fish  
h a s to  b e  d e v e lo p e d , i f  o n e  is  n o t a v a ila b le . S im u lta n e o u s ly ,  
in fo rm a tio n  a b o u t m ajor  lo c a t io n s  an d  q u a n tit ie s  in v o lv e d  in  
m a n u fa ctu re  a n d  in d u str ia l u s e  is  d e v e lo p e d  to  id e n tify  lo c a 
t io n s  fro m  w h ic h  to  o b ta in  fo o d  sa m p le s , o fte n  w ith  th e  a c t iv e  
a ss is ta n c e  o f  in d iv id u a l s ta te s .  T h e  fr e sh w a te r  fish  h a s  b e e n  
a  p rim e in d ic a to r  fo o d  b e c a u s e  m o st  c o n ta m in a n ts  e v e n tu a lly  
en ter  th e  w a te r w a y s . I f  th e  su sp e c te d  c o n ta m in a n ts are fo u n d , 
th e  a p p ro p ria te  s ta te  o r  fe d e ra l a g e n c ie s  are  n o tified . F D A ’s 
m o n ito r in g  a c t iv it ie s  m a y  b e  e x p a n d e d , up  to  and in c lu d in g  
n a tio n w id e  su r v e y s  o f  v a r io u s  fo o d s .  O n th e  b a s is  o f  th e se  
r e su lts ,  F D A  to x ic o lo g is t s  m a y  th e n  ju d g e  w h e th e r  th e  in c i
d e n c e  an d  le v e ls  o f  c o n ta m in a n ts  in fo o d s  are o f  c o n c e r n , so  
that F D A  c a n  in it ia te  a p p ro p ria te  fo llo w -u p .

The entrance of chemical contam
inants into foods is difficult to con
trol, they can enter the environ
ment and the food supply in a vari
ety of ways, including misuse, 
unusual growing conditions, acci
dents, and legal and illegal dis
posal. We cannot simply remove a 
chemical contaminant from foods; 
we must actually remove the food 
from the food supply.

M a n y  u n r e c o g n iz e d  in d u str ia l c h e m ic a l c o n ta m in a n ts  h a v e  
b e e n  d e te c te d  in th e s e  in v e s t ig a t io n s . S o m e  o f  th e  n e w  c h e m 
ica l fa m ilie s  fo u n d  in  fo o d s  in c lu d e  c h lo r in a te d  b e n z e n e s ,  
c h lo r in a te d  b e n z y lc h lo r id e s  an d  b e n z o tr if lu o r id e s , c h lo r i
n ated  c y c lo a l ip h a t ic s ,  c h lo r in a te d  b u ta d ie n e s , v o la t ile  h a lo -  
c a rb o n s , b r o m in a te d  a r o m a tic s , o r th o p h o sp h a te  e s te r s ,  and  
a ro m a tic  a m in e s  (1 1 ). T h e s e  fin d in g s u su a lly  d o  n o t re flec t  
g en era l p u b lic  e x p o s u r e ,  b u t m a y  in d ic a te  th a t so m e  c h e m i
c a ls  are p r e se n t  in  th e  e fflu e n ts  fro m  n ea rb y  p la n ts  or  are  
le a c h in g  fro m  tr e a tm e n t o p e r a t io n s  o r  d isp o sa l s ite s .

T o x ic  E lem en ts

T h e  d is c o v e r y  in 1969 th at m e rc u r y  in  th e  fo rm  o f  m eth y l  
m ercu ry  c a u s e d  h a z a r d o u s  c o n ta m in a tio n  o f  fish  (1 2 ), and  
th e  su b s e q u e n t  s te p s  th a t had  to  b e  ta k e n  b y  F D A  and E P A  
to  p r o te c t  th e  p u b lic  h e a lth , e m p h a s iz e d  th e  fa c t  th a t F D A  
m u st p a y  m o r e  a tte n t io n  to  th e  p o s s ib il ity  o f  e n v iro n m en ta l  
c o n ta m in a tio n  o f  fo o d s  b y  to x ic  e le m e n ts . T h e  s tu d y  o f  to x ic  
e le m e n t  c o n ta m in a tio n  o f  f o o d s  is  c o m p lic a te d  b y  th e  fa c t  
th at h u m a n s  e x p e r ie n c e  a  fin ite  le v e l  o f  in ta k e  o f  all the  
e le m e n ts  p r e s e n t  in  th e  e a r th ’s c ru st , a s  d e m o n str a te d  b y  the  
p r e se n c e  o f  th e s e  e le m e n ts  in  h u m an  t is su e s  (1 3 ). B a se d  on  
c o n s id e r a t io n  o f  u s a g e , t o x ic ity ,  an d  e n v iro n m en ta l o c c u r 
r e n c e , F D A  a c c o r d e d  first p r io rity  in its  p rogram  o n  to x ic  
m e ta ls  to  m e r c u r y , le a d , c a d m iu m , a r se n ic , s e le n iu m , and  
z in c  (1 4 ). O f  th e s e  m e ta ls ,  th e  a g e n c y  h a s d e v o te d  b y  far the  
m o st a tte n t io n  to  le a d  an d  c a d m iu m  (11).

Table 2. Decrease in lead content (ppm) In foods for infants

Product

Mean lead level

Early 1970s 1976-77 1982-83

Infant form ula concentrate" 0.10 0.055 0.01
Infant juices 0.30s 0.045s 0.015"
Infant foods, pureed" 0.15 0.05 0.02
Evaporated m ilk8 0.52 0.10 0.08

"Packed in cans. 
"Packed in glass.

T h e  s in g le  m o s t  c o n tr o lla b le  so u r c e  o f  le a d  in th e  fo o d  
su p p ly  h a s  b e e n  th e  le a d -so ld e r e d  c a n s  u se d  fo r  c a n n e d  f o o d s . 
D a ta  d e v e lo p e d  b y  F D A  an d  th e  in d u stry  in d ica ted  that ca n n ed  
fo o d s  c o n tr ib u te d  a b o u t o n e -th ir d  o f  a ll th e  d ie ta r y  lea d  and  
th a t th e  le a d  so ld e r  c o n tr ib u te d  a b o u t tw o -th ir d s  o f  th is  lea d  
(1 5 ). B e c a u s e  o f  le a d ’s t o x ic ity ,  F D A  first e x p r e s s e d  its  c o n 
cer n  to  in d u str y  a b o u t  th e  le a d  c o n te n t  o f  c a n n e d  fo o d s  in 
1 9 7 1 -1 9 7 2 . M ore  particu larly , F D A p la c e d  its grea test e m p h a sis  
o n  th e  r e d u c t io n  o f  lea d  in  fo o d s  fo r  in fa n ts  b e c a u se  o f  th e ir  
g r ea te r  su sc e p t ib il ity  to  th e  to x ic  e f fe c t s  o f  th is  m e ta l (16).

E v e r  s in c e  w e  first c o n ta c te d  in d u str y , o u r  a g e n c y  h as  
c lo s e ly  fo l lo w e d  th e ir  p ro g ra m s to  d e c r e a se  le a d  in fo o d s ,  
e s p e c ia l ly  fo o d s  fo r  in fa n ts . F r o m  t im e  to  t im e , w e  h a v e  
m o n ito r e d  th e  r e su lts  o b ta in e d  in th e s e  c o n tin u in g  p rogram s  
b y  ca rr y in g  o u t  o u r  o w n  su r v e y s  fo r  lea d  in  th e  v a r io u s  
p r o d u c ts . A s  a  r esu lt  o f  th e  g e n u in e  in te r e st  b y  a ll p a r ties  
c o n c e r n e d , le a d  le v e ls  in  fo o d s  fo r  in fa n ts  h a v e  b e e n  su b 
sta n tia lly  r e d u c e d  (T a b le  2 ). In  a ll c a s e s ,  th e  le v e ls  to d a y  are  
o n ly  a b o u t o n e -fifth  to  o n e - te n th  o f  w h a t  th e y  w e r e  w h e n  w e  
first c o n ta c te d  th e  m a n u fa c tu re rs  o f  th e s e  p r o d u c ts . T h is  is  
o n e  o f  th e  rea l s u c c e s s  s to r ie s  o f  w h a t  c a n  b e  a c h ie v e d  b y  a  
stron g  g o v ern m en t-in d u stry  c o m m itm e n t to  p ro tect th e  hea lth  
o f  a  s e n s it iv e  g r o u p  o f  th e  c o n su m in g  p u b lic .

M o st  o f  th e  r e d u c t io n  in le a d  in fo o d s  fo r  in fa n ts h a s  b e e n  
a c h ie v e d  b y  b e tte r  q u a lity  c o n tr o l an d  b y  sh ift in g  a lm o st  all 
th e  p r o d u c tio n  fro m  le a d -so ld e r e d  to  n o n -so ld e r e d  c o n ta in 
e r s . S ig n if ic a n tly , th is  d e v e lo p m e n t  is  n o w  ta k in g  p la c e  
th r o u g h o u t th e  c a n n e d  fo o d  in d u str y . It is  e s t im a te d  th a t o v e r  
50%  o f  all c a n n e d  fo o d s  are  n o w  p a c k e d  in n o n -so ld e r e d  
c a n s — e ith e r  in  w e ld e d  o r  d ra w n  tw o -p ie c e  s t e e l  c a n s — c o n 
tr a sted  w ith  o n ly  10% fiv e  y e a r s  a g o .

F D A  w ill  c o n tin u e  to  m o n ito r  th e  le v e ls  o f  d ie ta ry  e x p o su r e  
to  lea d  an d  c lo s e ly  fo l lo w  in d u str y ’s p r o g r e s s  in th is  area .

M y co to x in s

M y c o to x in s  are  t o x ic  su b s ta n c e s  p r o d u c e d  b y  fu n g i or  
m o ld s . F o r tu n a te ly , r e la t iv e ly  f e w  o f  th e  m a n y  k n o w n  m y c o 
to x in s  h a v e  b e e n  id e n tif ie d  a s  fo o d  c o n ta m in a n ts . T h e  fo l lo w 
in g  d is c u s s io n  w ill b e  c o n fin e d  to  a f la to x in s , b e c a u se  m o st  o f  
th e  a c t iv ity  o n  m y c o to x in s  h a s  b e e n  c o n c e n tr a te d  o n  th is  
g r o u p . T h e  a f la to x in s  are  c h e m ic a lly  r e la ted  to x ic  su b s ta n c e s  
p r o d u c e d  b y  m o ld s  su c h  a s  Aspergillus flavus o n  va r io u s  
fo o d s  u n d e r  fa v o r a b le  c o n d it io n s  o f  te m p er a tu r e  an d  h u m id 
ity .

W o r ld w id e  in te r e s t  in m y c o to x in s  w a s  g r ea tly  a c c e le r a te d  
in 1960 w h e n  it w a s  d is c o v e r e d  th a t a f la to x in s  w e r e  r e s p o n 
s ib le  fo r  th e  d e a th  o f  th o u sa n d s  o f  tu r k e y  p o u lts  in G reat  
B rita in  th a t h ad  b e e n  fe d  c o n ta m in a te d  p e a n u t m e a l. A  m ix 
ture  o f  th e  m o s t  p r e v a le n t  a f la to x in s , a f la to x in s  B , an d  G ,,  
w a s  sh o w n  to  b e  c a r c in o g e n ic  to  a n im a ls  in 1963 (17).

F D A  b e c a m e  a c t iv e ly  in v o lv e d  in r e se a r c h  o n  a f la to x in s  in 
th e  e a r ly  1 960s. C o o p e r a t iv e  r e s e a r c h  e ffo r ts  in it ia te d  at th at  
t im e  b e tw e e n  F D A , U S D A , a n d  th e  p e a n u t in d u str y  r e su lte d  
in  th e  e s ta b lish m e n t  an d  im p le m e n ta t io n  o f  p ro g ra m s a im ed  
at k e e p in g  th e  h u m a n  e x p o su r e  to  a f la to x in s  th ro u g h  p ea n u t
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c o n su m p tio n  a s  lo w  a s  p o s s ib le .  L a te r , jo in t  p la n s fo r  co n tro l 
o f  a fla to x in s  b y  F D A  an d  U S D A  w e r e  e x te n d e d  to  o th e r  n u ts.

In  1965 , F D A  e s ta b lish e d  an  a c t io n  le v e l  o f  30 ppb to ta l 
a fla to x in s  in a f fe c te d  c o m m o d it ie s .  In 1969, im p r o v e m e n ts  in 
a n a ly t ic a l t e c h n iq u e s  e n a b le d  th e  a g e n c y  to  r e d u c e  th e  a c tio n  
le v e l  to  20  pp b  to ta l a fla to x in s .

In 1977, w h e n  su r v e y s  s h o w e d  that a f la to x in -co n ta m in a ted  
m ilk  in se v e r a l so u th e a s te r n  s ta te s  w a s  a  p o te n tia lly  se r io u s  
h e a lth  p r o b le m , F D A  e s ta b lish e d  an a c t io n  le v e l  o f  0 .5  ppb  
fo r  th e  m e ta b o lite  a fla to x in  M , in w h o le  m ilk , sk im  m ilk , and  
lo w  fa t m ilk  (18).

In  1982, th e  a c t io n  le v e l  fo r  a f la to x in s  in c o t to n s e e d  m eal 
u se d  a s  a  f e e d  in g r ed ie n t fo r  n o n d a iry  a n im a ls  w a s  in c r e a se d  
from  20  to  3 0 0  pp b  (1 9 ). C o tto n se e d  m ea l n o r m a lly  c o m p r is e s  
n o  m o r e  th a n  1 1 -1 5 %  o f  th e  to ta l ra tion  o f  b e e f  c a t t le ,  and  
le s s  fo r  sw in e  and p o u ltr y . T h e  h ig h er  le v e l  o f  300  pp b  d o e s  
n o t resu lt  in h arm fu l le v e ls  o f  a fla to x in  r e s id u e s  in m eat and  
e g g s ,  an d  is  n o t  c o n s id e r e d  harm fu l to  th e  an im al.

Emerging problems include the 
existence of many more chemical 
dumps than once suspected, 
resulting in wider and deeper envi
ronm ental contam ination  of 
groundwater, rivers, and lakes; loss 
offish and shellfish to the food sup
ply because of naturally occurring 
seafood toxins; and the possible 
increase o f toxic components 
through genetic engineering.

S e v e r e  d ro u g h t an d  o th e r  s tr e s s  c o n d it io n s  in m a n y  so u th 
e a ste r n  s ta te s  du rin g  1980 r e su lte d  in h igh  in c id e n c e  and  
le v e ls  o f  a fla to x in  c o n ta m in a tio n  in th e  c o m  c ro p  fro m  that 
a rea . In 1983, a s im ila r  p h e n o m e n o n  o c cu rr ed  in th e  so u th 
e a ster n  and a lso  se v e r a l o f  th e  m id w e ste r n  s ta te s . In v ie w  o f  
th e  s u c c e s s  o f  F D A -a p p r o v e d  s ta te  c o n tr o l p r o c e d u r e s  w h ic h  
h a v e  b e e n  u s e d , v a r io u s  o p t io n s  are  b e in g  c o n s id e r e d  fo r  the  
c o n tr o l o f  c o rn  in te n d e d  fo r  u s e  a s  f e e d  fo r  m atu re  b e e f  c a tt le ,  
s w in e ,  and p o u ltr y .

Radionuclides
B e c a u s e  o f  th e  a tm o sp h e r ic  te s t in g  o f  n u c le a r  w e a p o n s ,  

F D A  in itia te d  a  p rogram  to  m o n ito r  fo r  r a d io a c t iv ity  in th e  
te e n a g e  to ta l d ie t  in 1961 (2 0 ). In a d d itio n  to  F D A , 6  fe d e ra l, 
s ta te , an d  p r iv a te  o r g a n iz a t io n s  c o n d u c te d  m o n ito r in g  p ro 
g ra m s fo r  r a d io n u c lid e s  in fo o d s  in th e  1960s. B e c a u s e  o f  th e  
d o w n w a rd  tren d in rad ion u clid e  le v e ls  a s a resu lt o f  th e  N u cle a r  
T e s t  B a n  T r e a ty , and to  p r e v e n t  d u p lica tio n  o f  e ffo r t , F D A  
d e c id e d  in 1969 to  d is c o n t in u e  m o n ito r in g  fo r  r a d io n u c lid es  
in fo o d s .  H o w e v e r ,  w ith  th e  p r o je c te d  g ro w th  o f  n u c lea r  
p o w e r , F D A  r e su m e d  m o n ito r in g  in 1973 fo r  r a d io n u c lid e s  in 
th e  fo o d  su p p ly , an d  c o n t in u e s  to  m ain ta in  a r a d io c h e m ic a l  
a n a ly tic a l c a p a b ility  to  p er fo rm  n e c e s s a r y  fo o d  a n a ly se s  in 
th e  e v e n t  o f  a  r a d io n u c le a r  a c c id e n t  (21).

T h e  a g e n c y ’s reg u la r  m o n ito r in g  p rogram  fo r  r a d io n u c lid es  
c o m p r is e s  3 m ain  s e g m e n ts :  r a d io n u c lid e s  in im p o rted  fo o d s ,  
th e  T o ta l D ie t ,  an d  fo o d s  c o lle c te d  n ea r  n u c le a r  p la n ts (2 2 ),

Table 3. FDA monitoring for radionuclides in foods

M onitoring activity Radionuclides

Imported foods “ Sr, 131l, 106Ru, 137C s ,40K
Total Diet “ Sr, 13,l, 106Ru, 137Cs, 40K
Food grown near nuclear plants 3H, (3-emitters, y-emitters

as sh o w n  in T a b le  3. F D A  m o n ito r s  im p o r ts  o f  v a r io u s  fo o d s  
and a lso  th e  T o ta l D ie t  sa m p le s  fo r  s tr o n tiu m -9 0 , io d in e -1 3 1 ,  
r u th e n iu m -106, c e s iu m -1 3 7 , and p o ta s s iu m -4 0 . T h e  first 4 are  
r e p r e se n ta t iv e  o f  fa ll-o u t p r o d u c ts , w h ile  p o ta s s iu m -4 0  is a  
naturally  o ccu rr in g  ra d io n u clid e . T ritium  is m ea su red  in fo o d s  
g r o w n  n ea r  n u c le a r  p la n ts  a s  an  in d ic a to r  o f  r ea c to r  le a k a g e .  
S c a n n in g  fo r  b e ta -  and g a m m a -e m itte r s  in th e s e  f o o d s  is  a lso  
c o n d u c te d  to  d e te c t  r a d io a c t iv e  c o r r o s io n  p r o d u c ts  and fa ll
o u t p r o d u c ts  w h ic h  w o u ld  resu lt  fro m  an in c id e n t o r  fro m  
fa u lty  o p e r a t io n s . In th e se  3 m o n ito r in g  p ro g ra m s, th e  r a d io 
n u c lid e s  e ith e r  h a v e  n o t b e e n  d e te c te d ,  or  at m o st h a v e  b e e n  
fo u n d  at v e r y  lo w  le v e ls .  N o  p a rticu la r  tr en d s h a v e  b e e n  
n o te d  in th e  le v e ls  o b s e r v e d .

In a d d itio n  to  th e s e  o n g o in g  r a d io n u c lid e  m o n ito r in g  p ro 
g r a m s, F D A  h a s  ca rr ied  o u t in v e s t ig a t io n s  in lo ca l a rea s  o f  
in te r e s t . E x a m p le s  in c lu d e  a n a ly s is  o f  c itru s fru its  g r o w n  in  
a r ea s  o f  p h o sp h a te  m in e  ta ilin g s  in F lo r id a  fo r  ra d iu m -2 2 6 , 
d e te r m in a tio n  o f  p lu to n iu m -2 3 9  and b e ta - an d  g a m m a -e m it
ters in fish  c a u g h t in th e  v ic in ity  o f  n u c le a r  w a s te  d isp o sa l  
a r ea s  in th e  A tla n tic  and P a c ific  O c e a n s , an d  a n a ly s is  o f  
s e d im e n ts ,  c r o p s , and fish  c o lle c te d  n ea r  th e  S a v a n n a h  R iv e r  
n u c le a r  fa c il ity  fo r  p lu to n iu m -2 3 9 . W e h a v e  n o t fo u n d  a n y  
le v e ls  o f  r a d io n u c lid e s  th at w o u ld  r e p r e se n t a  p o te n tia l h a z 
ard fo r  th e  c o n su m e r .

A s  a resu lt  o f  th e se  r a d io n u c lid e  m o n ito r in g  a c t iv it ie s ,  F D A  
w a s  in  a p o s it io n  to  resp o n d  im m e d ia te ly  an d  e f fe c t iv e ly  to  
su ch  in c id e n ts  a s  th e  io d in e -1 3 1  c o n ta m in a tio n  o f  m ilk  in  
n o r th e a ste rn  s ta te s  se v e r a l y e a r s  a g o  fo llo w in g  a C h in e se  H -  
b o m b  te s t ,  and  e v e n  m o re  im p o rta n t, th e  p o te n tia l c o n ta m i
n a tio n  o f  fo o d  in  P e n n sy lv a n ia  du rin g  th e  T h r e e  M ile  Islan d  
n u c le a r  p o w e r  p lan t c r is is  (11).

Discussion
A s  c a n  b e  s e e n ,  th e  s c o p e  o f  c h e m ic a l c o n ta m in a n ts  in 

fo o d s  h a s  g r o w n  to  in c lu d e  sy n th e t ic  c h e m ic a ls  v a r y in g  from  
r a d io a c t iv e  is o to p e s  to  p e s t ic id e s .  It a lso  in c lu d e s  c h e m ic a ls  
fu rn ish ed  b y  n a tu re , v a r y in g  from  m o ld  to x in s  to  o r g a n o -  
m e ta llic s  fo r m e d  in th e  o c e a n  s e d im e n ts . D e sp ite  th is  tr e 
m e n d o u s  d iv e r s ity  o f  p r o d u c ts , c er ta in  c h a r a c te r is t ic s  are  
c o m m o n  to  all th e  m ajor  c a te g o r ie s  o f  c o n ta m in a n ts .

F ir s t , F D A  m u st d ea l w ith  m a n y  su b s ta n c e s  in e a c h  o f  
th e se  c a te g o r ie s .  A b o u t 300  p e s t ic id e s  are r eg is te re d  b y  E P A  
for  u se  o n  fo o d s .  M o r e o v e r , th e s e  p e s t ic id e s  are c o n v e r te d  
to  m e ta b o lite s  an d  o th e r  a lter a tio n  p r o d u c ts , m a n y  o f  w h ic h  
are to x ic .  W ith  regard  to  in d u str ia l c h e m ic a ls  o th e r  th an  
p e s t ic id e s ,  th e  O ffic e  o f  T o x ic  S u b s ta n c e s  in E P A  h a s a b o u t  
60  0 0 0  c o m m e r c ia l c h e m ic a l p r o d u c ts  in its r eg istr y . W e m u st  
a lso  c o n s id e r  im p u r it ie s  an d  b y -p r o d u c ts , su ch  as c h lo r in a te d  
d io x in s  and d ib e n z o fu r a n s . A lth o u g h  the  n u m b er  o f  to x ic  
m e ta ls  and o th e r  e le m e n ts  is  sm a ller , th e y  litera lly  are u b iq 
u ito u s , an d  th e ir  to x ic ity  is  v e r y  d e p e n d e n t  o n  th e ir  c h e m ic a l  
fo rm . W e e s t im a te  th at a b o u t 2 8 0  natu ra l an d  1700 sy n th e t ic  
r a d io n u c lid e s  e x is t ,  a c o n s id e r a b le  n u m b er. N o  o n e  h a s a  
g o o d  e stim a te  o f  the  nu m ber o f  to x ic  m old m e ta b o lite s , m arine  
to x in s ,  and  p lan t to x in s .

S e c o n d , e v e r y  m ajor co n ta m in a n t c a te g o r y  c o n ta in s  so m e  
v e ry  to x ic  su b s ta n c e s— for e x a m p le , a ld icarb . d io x in s , m eth y l 
m e r c u r y , a f la to x in s , and  p lu to n iu m , to  n am e a fe w .
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T hird , th e  e n tr a n c e  o f  th e s e  m a ter ia ls  in to  fo o d s  is  d ifficu lt  
to  c o n tr o l, e v e n  w ith  th e  r e g is te r e d  p e s t ic id e s ,  w h e n  it c o m e s  
to  th e ir  a c tu a l u s a g e . A s  a  r e su lt , t o x ic  c h e m ic a l c o n ta m in a n ts  
c a n  e n te r  th e  e n v ir o n m e n t an d  th e  fo o d  su p p ly  in a v a r ie ty  
o f  w a y s , in c lu d in g  m is u s e ,  u n u su a l g r o w in g  c o n d it io n s , a c c i
d e n ts , n e a r -m iss  c a ta s tr o p h e s , leg a l an d  illeg a l d isp o sa l,  and  
g o v e r n m e n ta l n u c le a r  te s t in g . W h e n  su ch  in c id e n ts , u n c o n 
tro lled  as th e y  a r e , o c c u r  w ith  th e se  c o n ta m in a n ts , a s  to x ic  
a s th e y  a r e , th e  m e d ia  fe a tu r e  th e m  p r o m in e n tly , and  th e  
p u b lic  u n d e rs ta n d a b ly  b e c o m e s  v e r y  e d g y . N e a r  h y s te r ia  ca n  
o c c u r  i f  c it iz e n s  fe e l  th a t g o v e r n m e n t a g e n c ie s  d o  n o t sh o w  
p ro p er  c o n c e r n  fo r  th e ir  sa fe ty .

F in a lly , w e  c a n n o t  p r e v e n t  th e se  to x ic  p r o d u cts  fro m  b e in g  
in  th e  fo o d  su p p ly  a fter  th e y  h a v e  e n te r e d  th e  e n v ir o n m e n t,  
in th e  w a y  th a t w e  ca n  b an  th e  u s e  o f  fo o d  a d d itiv e s  or  an im al 
d ru gs. I f  w e  n e e d  to  e x e r t  c o n tr o l,  w e  c a n n o t  s im p ly  r e m o v e  
a  c h e m ic a l c o n ta m in a n t  fro m  fo o d s ;  w e  m u st a c tu a lly  remove 
food from the food supply.

B e c a u s e  o f  th e s e  c o m m o n  c h a r a c te r is t ic s ,  th e  g e n e ra l  
s tr a te g y  F D A  h a s  u s e d  in  d e v e lo p in g  its  p ro g ra m s fo r  c o n tr o l  
o f  th e s e  m ajor  c a te g o r ie s  o f  c o n ta m in a n ts  is  a s  fo llo w s:

•  W e  d e v e lo p  in fo r m a tio n  to  s e le c t  th o s e  c o n ta m in a n ts  to  
b e  in v e s t ig a te d .

•  B y  m e a n s  o f  to x ic o lo g ic a l  s tu d ie s , a n a ly tic a l m e th o d s  
d e v e lo p m e n t, and m on itor in g  p rogram s, w e  d e c id e  w h ich  
c o n ta m in a n ts  p o s e  a  p o te n tia l fo r  h a z a r d o u s c o n ta m i
n a tio n  o f  fo o d s .  W h e r e  p o s s ib le ,  w e  g ea r  th e  lim its  o f  
d e te r m in a tio n  o f  a n a ly t ic a l m e th o d s  to  th e  c o n ta m in a n t  
le v e ls  o f  c o n c e r n  p r o p o s e d  b y  o u r  to x ic o lo g is t s .

•  W e  e n su r e  th at th e s e  c o n ta m in a n ts  d o  n o t p o s e  a  hazard  
to  th e  c o n su m e r .

E v e n  th o u g h  th e  g e n e r a l s tr a te g y  is th e  sa m e , th e  ta c t ic s  
u se d  b y  F D A  in  regard  to  th e  la tter  s te p  w ill  o b v io u s ly  va ry  
g rea tly  a m o n g  th e  d iffe re n t c a te g o r ie s  o f  c o n ta m in a n ts . W ith  
p e s t ic id e s ,  fo r  e x a m p le , r e g u la t io n s  p r e sc r ib e  th e  m a x im u m  
le v e ls  a l lo w e d  fo r  e a c h  p e s t ic id e  in  e a c h  fo o d  o n  w h ic h  it is  
p e r m itte d  to  b e  u s e d . In th is  c a s e ,  F D A ’s fie ld  p rogram s are  
carr ied  o u t  to  d e te r m in e  w h e th e r  p e s t ic id e s  are p r e se n t o n  a  
p a rticu la r  fo o d  in e x c e s s iv e  le v e ls ,  an d  to  ta k e  reg u la to ry  
a c tio n  w h e r e  n e c e s s a r y .  A t th e  o th e r  e n d  o f  th e  sp ec tru m ,  
F D A ’s se a r c h  fo r  p o te n tia l c o n ta m in a n ts  is  e x p lo r a to r y  in  
natu re; th e  fo llo w -u p , i f  a n y , d e p e n d s  o n  th e  n atu re  o f  the  
fin d in g s , an d  in  a n y  e v e n t  is  u su a lly  n o t reg u la to r y  in n atu re .

T h e  v e r y  d iv e r s ity  o f  th e  e n v ir o n m e n ta l c h e m ic a l c o n ta m 
in an ts a rea  h a s led  F D A  to  b e  f le x ib le  in its  c o n tr o l p r o c e 
d u re s , b e s id e s  th e  b a s ic  o n e  o f  ca rr y in g  o u t fie ld  m o n ito r in g  
program s and tak in g  regu la tory  a c tio n  w h ere  req u ired . A m o n g  
th e se  o th e r  a p p r o a c h e s  are th e  fo llo w in g :

Anticipatory investigations.— T h e  first tw o  p arts o f  F D A ’s 
gen era l stra teg y — d e v e lo p in g  in form ation  and d ec id in g  w h eth er  
th e  fo o d  le v e ls  o f  a  c o n ta m in a n t  p o s e  a h azard  to  h u m a n s—  
ca n  p r o v id e  an  ea r ly  w a r n in g  in th e  c a s e s  in w h ic h  th e  a g e n c y  
h a s n o t s e t  an  a c t io n  le v e l  or  to le r a n c e  fo r  th e  su b s ta n c e . 
B e c a u s e  o f  o u r  d e v e lo p m e n t  o f  in fo r m a tio n  a b o u t a  c o n ta m 
in a n t’s u s e ,  o c c u r r e n c e ,  an d  to x ic ity ,  an d  th e  p o s s e s s io n  o f  
a su ita b le  m e th o d  to  m e a su r e  it in  th e  fo o d  su p p ly , F D A  is  
at the  v e r y  le a s t  a b le  to  r e sp o n d  p r o m p tly  w h e n  in c id e n ts  d o  
o c cu r .

Cooperation of industry.— F D A  c a n  a lso  u se  th is  in fo r 
m a tio n  m o re  a c t iv e ly  b y  e n lis t in g  in d u str y ’s c o o p e r a t io n  in  
p r e v e n tin g  a  s e r io u s  p r o b le m  fro m  a r is in g . S o m e  c a s e s  in  
p o in t in c lu d e  th e  r e d u c tio n  o f  lea d  in c a n n e d  fo o d s ,  th e  p o l
ic in g  o f  th e  p e a n u t c ro p  b y  th e  p e a n u t in d u stry  fo r  e x c e s s iv e  
a fla to x in  c o n ta m in a t io n , a n d  th e  r e d u c t io n  o f  n itr o sa m in e s  in  
b a b y  b o tt le  n ip p le s .

Joint activities with States and Federal agencies.— F D A ’s 
e x p e r ie n c e  in  th e  p r e v io u s  1 0 -1 5  y e a r s  h a s sh o w n  th e  b en efits  
to  b e  g a in e d  in w o r k in g  w ith  s ta te s  a n d  o th e r  fed era l a g e n c ie s  
in  a n tic ip a tin g  an d  p r e v e n tin g  p r o b le m s  w h e n e v e r  p o s s ib le .  
S o m e  e x a m p le s  o f  fru itfu l c o o p e r a t io n  are  th e  jo in t  U S D A -  
F D A  m on itor in g  fo r  a fla to x in s  in p ea n u ts; th e  gu id a n ce  jo in tly  
d e v e lo p e d  b y  E P A , U S D A , an d  F D A  fo r  u se  o f  m u n ic ip a l 
s lu d g e  o n  cro p la n d ; a n d  th e  e x c h a n g e  o f  d a ta  b e tw e e n  F D A  
and so m e  s ta te s  o n  p e s t ic id e  r e s id u e s  in fo o d s .  T h is  ap p ro a ch  
m u st b e  d e v e lo p e d  a n d  u s e d  m u c h  m o re  in  th e  fu tu re . W ith  
th e  lim ite d  r e s o u r c e s  at th e  d isp o sa l o f  fe d e ra l an d  s ta te  
a g e n c ie s ,  w e  m u st  jo in t ly  c o n t in u e  to  m a k e  th e  b e s t  u s e  o f  
th e  in fo r m a tio n  d e v e lo p e d  a n d  th e  m o n ito r in g  w e  carry  o u t  
to  e ith e r  p r e v e n t  o r  a n tic ip a te  p r o b le m s  th at m a y  a r ise .

Potential Problem Developments
T h e  U n ite d  S ta te s  h a s b e e n  a w a r e  o f  th e  h a z a r d s from  

to x ic  d u m p  s ite s  fo r  a  lo n g  t im e , an d  th is  h a s b e e n  a  su b je c t  
o f  in te n se  p u b lic  w o r ry  s in c e  th e  L o v e  C an a l c h e m ic a l du m p  
in c id e n t . F u r th e rm o r e , a s  a  r esu lt  o f  E P A  in v e s t ig a t io n s  ca r 
r ied  o u t  u n d e r  th e  R e so u r c e  C o n se r v a t io n  an d  R e c o v e r y  A c t  
and o f  th e  c le a n u p  p ro g ra m s b e in g  in itia te d  fo r  h a z a r d o u s  
s i t e s  as p art o f  th e  S u p e r fu n d  p ro g ra m , it is  o b v io u s  th at th ere  
are m a n y  m o r e  c h e m ic a l d u m p s (in  o p e r a tio n  an d  a b a n d o n ed )  
th an  w e r e  o n c e  su s p e c te d .  In  a d d itio n , th e  a rea s  o f  c o n ta m 
in a tio n  fro m  th e s e  s ite s  are  k n o w n  to  b e  w id e r  an d  d e e p e r  
than  o n c e  th o u g h t. In so m e  c a s e s ,  th e  g ro u n d w a ter  h as b e c o m e  
c o n ta m in a te d , w ith  e v e r y  p r o sp e c t  th a t th e  to x ic  p lu m e s  from  
m o re  s i t e s  w ill a d v a n c e  in to  th e  a q u ife r s . In  o th e r  c a s e s ,  the  
c o n ta m in a n ts  h a v e  le a c h e d  in to  r iv e r s  an d  la k e s .

F D A  h a s k e p t in c lo s e  to u c h  w ith  E P A  c o n c e r n in g  the  
in fo r m a tio n  th at h a s b e e n  d e v e lo p e d  a b o u t to x ic  s ite s .  A s  a 
fo llo w -u p , o u r  a g e n c y  p la n s  to  in v e s t ig a te  th e  p r o c e s s  w a te r  
an d  s e le c t e d  p r o d u c ts  o f  fo o d  p r o c e s s o r s  lo c a te d  n ea r  S u p er-  
fu n d -d e s ig n a te d  d u m p  s ite s  w h ic h  h a v e  c a u se d  g r o u n d w a te r  
c o n ta m in a tio n  and a lso  th e  p r o d u c ts  o f  p r o c e s s o r s  in m u n ic 
ip a lit ie s  w h e r e  d r in k in g  w a te r  h a s  b e e n  c o n ta m in a te d .

E v e n  w h e r e  th e s e  s i t e s  are  r e c la im e d , m a n y  to x ic  su b 
s ta n c e s  are  v e r y  s ta b le  a n d  w ill rem a in  in th e  g r o u n d w a te r  
an d  su r fa c e  w a te r  a lo n g  t im e . It w ill  b e  n e c e s s a r y  fo r  F D A  
to  c o n t in u e  to  w o r k  c lo s e ly  w ith  E P A  fo r  m a n y  y e a r s  to  
d e te r m in e  w h e r e  fo o d  c o n ta m in a tio n  is o c cu rr in g  an d  to  ta k e  
c a re  o f  th e  s itu a t io n  w h e r e  p r o b le m s  o f  fo o d  c o n ta m in a tio n  
d o  e x is t .

E v e n  th o u g h  w e  d o  n o t n o w  h ea r  a s  m a n y  d ire  p r e d ic t io n s  
o f  w o r ld w id e  fo o d  sh o r ta g e s  and u n d er-n u tr itio n  a s  a  d e c a d e  
a g o , r eg io n a l c r is e s  su c h  a s  th e  o n e  in  E th io p ia  an d  a lso  in  
th e  S a h a ra  d o  o c c u r  p e r io d ic a lly . M o re  an d  m o re  p r e ssu re  
w ill b e  a p p lie d  to  u s e  e v e r y  a v a ila b le  fo o d  so u r c e  a s  th e  w o r ld  
p o p u la tio n  in c r e a s e s .

A t  p r e se n t , s iz a b le  a m o u n ts  o f  fish  and sh e llf ish  are  lo s t  to  
th e  fo o d  su p p ly  a n n u a lly  b e c a u se  o f  n a tu ra lly  o c cu rr in g  s e a 
fo o d  to x in s .  It is  e s t im a te d  th at o v e r  10 0 0 0  in d iv id u a ls  w o r ld 
w id e  are  a ff lic ted  a n n u a lly  b y  c ig u a ter a  and p a r a ly tic  sh e llfish  
p o iso n in g , lea d in g  to  m o r e  th a n  100 d e a th s  (2 3 ). In  th e  A tla n 
tic  O c e a n , sh e llf ish in g  a r ea s  fro m  th e  M a ritim e  P r o v in c e s  to  
L o n g  Is la n d  are  c lo s e d  te m p o ra r ily  e v e r y  y e a r  to  h a r v e stin g  
b e c a u s e  o f  th e  p r e se n c e  o f  p a r a ly tic  sh e llf ish  p o is o n s  from  
to x ic  “ r e d -tid e ”  o r g a n ism s. In  th e  P a c ific  O c e a n , th e  A la sk a n  
C o a s ts ,  e x c e p t  fo r  3 sm all a r e a s , h a v e  b e e n  c lo s e d  p erm a 
n e n tly  to  sh e llf ish in g  fo r  th e  sa m e  r e a so n . L ik e w is e ,  m a n y  
c a s e s  o f  i l ln e s s  an d  so m e  d e a th s  h a v e  b e e n  r ep o rte d  from  th e  
in g e s t io n  o f  c ig u a te r a  to x in s .fr o m  fin fish  su ch  a s  red  sn a p p er , 
g r o u p e r , an d  b a rra cu d a  in  th e  C a r ib b ea n  S e a  and fro m  am b er-  
ja c k  an d  S p a n ish  m a c k e r e l in th e  P a c if ic  O c e a n .

I
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C o n s id e r a b le  p r o g r e s s  h a s  b e e n  m a d e  b y  F D A , th e  U .S .  
N a tio n a l M a rin e  F is h e r ie s  S e r v ic e ,  a n d  o th e r  o r g a n iza tio n s  
in  le a r n in g  m o r e  a b o u t th e  s tr u c tu r es  o f  th e s e  fish  to x in s  and  
d e v e lo p in g  c h e m ic a l an a ly tica l m e th o d s to  rep la ce  th e  ted io u s  
m o u s e  b io a s s a y .  W e  c a n  a n tic ip a te  im p r o v e d  a n a ly tica l  
m e th o d s  to  b e tte r  p r o te c t  th e  p u b lic  h e a lth  in  th e  fu tu re . 
H o w e v e r ,  it is  im p o r ta n t th a t m a n y  a d d itio n a l s tu d ie s  be  
c a rr ied  o u t  to  lea rn  m o r e  o f  th e  p r o p a g a tio n  o f  th e  d in ofla -  
g e lla te  o r g a n ism s an d  h o w  th e y  d e v e lo p  th e s e  to x in s .  A t  the  
le a s t ,  w e  w ill  b e  a b le  to  p r o te c t  th e  p u b lic  h e a lth  m o re  e f fe c 
t iv e ly .  B u t  e v e n  m o r e , w e  m igh t lea rn  h o w  to  p r e v e n t  or  
c o n tr o l th e  p r o p a g a tio n  o f  th e  s e a fo o d  to x in s  to  m a k e  m an y  
m o r e  to n s  o f  s e a fo o d  a v a ila b le  fo r  h u m a n  c o n su m p tio n .

B io te c h n o lo g y ,  o r  g e n e t ic  e n g in e e r in g , is  th e  a rea  w h er e  
th e  m o st  r a d ica lly  n e w  r e se a r c h  an d  d e v e lo p m e n t  in fo o d s  is  
b e in g  c a rr ied  o u t. B y  th e  u s e  o f  te c h n iq u e s  su c h  a s  r e c o m 
b in a n t D N A ,  n e w  v a r ie t ie s  o f  fo o d  c r o p s  are b e in g  d e v e lo p e d  
to  im p art su b s ta n tia l im p r o v e m e n ts  in m a n y  p r o p e r t ie s  su ch  
a s in s e c t  r e s is ta n c e ,  a b ility  to  fix  n itr o g en , d ro u g h t r e s is ta n c e ,  
a b ility  to  g r o w  in sa lin e  w a te r , or  a n y  o th e r  c h a r a c te r is t ic  
w h ic h  m a y  in c r e a se  th e  y ie ld  o r  m a r k e ta b ility  o f  c r o p s . W e  
can  e x p e c t  th at th e se  te ch n ica l im p r o v em e n ts  w ill o c cu r  m u ch  
fa s te r  th a n  th e y  w o u ld  b y  c la s s ic a l  g e n e t ic  a p p r o a c h e s .

In  d e v e lo p in g  th e s e  s ig n if ica n t c h a n g e s  in a  p la n t, th e  le v e ls  
o f  its  t o x ic  c o m p o n e n ts  m a y  a lso  in c r e a se  s ig n if ic a n tly . E v e n  
w h e r e  o rd in a ry  g e n e t ic  t e c h n iq u e s  w e r e  u s e d , it w a s  n e c e s 
sa ry  s o m e  y e a r s  a g o  to  w ith d r a w  a  n e w  v a r ie ty  o f  p o ta to  from  
th e  m a rk et b e c a u s e  o f  th e  le v e ls  o f  so la n in e  it c o n ta in e d . T o  
b e  in  a  p o s it io n  to  a ssu r e  th e  sa fe ty  o f  th e s e  n e w  c ro p  v a r i
e t ie s ,  m u c h  m o r e  in fo r m a tio n  m u st b e  d e v e lo p e d  b y  a c a d e 
m ia , th e  c o m p a n ie s  e n g a g e d  in  th e se  d e v e lo p m e n ts ,  and  
a g e n c ie s  su c h  a s  F D A  a n d  U S D  A  to  d e te r m in e  th e  n a tu ra lly  
o c cu rr in g  p la n t to x in s  in  th e  im p o rta n t c r o p s , an d  to  id e n tify  
th o s e  th a t m a y  b e  t o x ic  e n o u g h  to  m erit sp e c ia l su r v e illa n c e .  
A lth o u g h  m a n y  s tu d ie s  h a v e  b e e n  c o n d u c te d  in  th is  su b je c t  
a r ea , in c lu d in g  so m e  b y  F D A , m a n y  m o re  w e ll  th o u g h t-o u t  
in v e s t ig a t io n s  req u ir in g  stru c tu re  d e te r m in a tio n , a n a ly tica l  
m e th o d s  d e v e lo p m e n t ,  a n d  to x ic o lo g ic a l  sc r e e n in g  and t e s t 
in g  m u st b e  ca rr ied  o u t.

A ll th r e e  o f  th e  a b o v e  p r o b le m s  req u ire  m o re  a tten tio n  and  
in c r e a se d  s tu d y  n o w . T o x ic  d u m p  s ite s  an d  n a tu ra lly  o c c u r 
ring fish  to x in s  are  e x is t in g  p r o b le m s  w h ic h  m erit th e  m o st  
im m e d ia te  a tte n t io n . In  th e  lo n g  run, h o w e v e r ,  n e w  fo o d  
p r o d u c ts  r esu lt in g  fro m  g e n e t ic  e n g in e e r in g  w ill p o s e  m ore  
p r o b le m s  an d  w ill req u ire  m o r e  a c t iv ity .

A c id  ra in  is  a n o th e r  en v ir o n m e n ta l p r o b le m  th a t h a s c a u se d  
a  g r ea t d e a l o f  c o n c e r n  in r e c e n t  y e a r s . A c id  rain  r e su lts  w h en  
th e  a c id -c a u s in g  p r o d u c ts  e m itte d  in  th e  a tm o sp h e r e  in o n e  
a r ea  c a u s e  a c id ic  p r e c ip ita tio n  in  o th e r  lo c a t io n s . In  m o u n 
ta in o u s  a r e a s  w h e r e  th e  to p s o il  is  th in , th e  r u n -o ff  h a s lo w e r e d  
th e  p H  su ff ic ie n t ly  in  s o m e  la k e s  to  k ill th e  fish . I f  r u n -o ff  is 
n o t  a  fa c to r , th e  e f fe c t s  o f  a c id  rain  are  n o t so  d ra m a tic . 
H o w e v e r ,  a s  th e  so il  b e c o m e s  m o r e  a c id ic , so m e  to x ic  m e ta ls  
su c h  a s  c a d m iu m  and le a d  are  m o b iliz e d  and are  m o re  rea d ily  
tr a n s lo c a te d  in to  fo o d  c r o p s  o r  f lo w  in to  a  w a te r w a y  to  a  
g r ea te r  e x te n t .  T h is  is  n o t lik e ly  to  p o s e  a  p r o b lem  o f  fo o d  
s a fe ty . N e v e r t h e le s s ,  F D A  p la n s  to  k e e p  a b r e a st  o f  th e  in fo r 
m a tio n  d e v e lo p e d  b y  o th e r  a g e n c ie s  o n  a c id  rain  to  d e te rm in e  
w h e th e r  a n y  in v e s t ig a t io n s  fro m  th e  sta n d p o in t o f  fo o d  sa fe ty  
are w a rra n ted .

W e h a v e  s e e n  h o w  th e  c o n tr o l o f  e n v ir o n m e n ta l c o n ta m i
n a n ts  in  f o o d s  h a s  g r o w n  tr e m e n d o u s ly  in b re a d th , c o m p le x 
ity , an d  p u b lic  a w a r e n e s s . A ls o ,  w e  h a v e  c o n s id e r e d  a fe w  
d e v e lo p m e n ts  th a t w ill r eq u ire  sp e c ia l  a tte n t io n  b y  all o f  u s  
in  th e  fu tu re . W ith  th e s e  c h a lle n g e s  fa c in g  u s ,  it is  o b v io u s  
th at w e  w ill  n e e d  b e tte r  m e th o d s , b o th  c h e m ic a l and to x ic o l 

o g ic a l ,  to  d e v e lo p  n e e d e d  in fo r m a tio n  fa ste r . T h e  a n a ly t ic a l  
c h e m is ts  m u st  d e v e lo p  b e tter  a n a ly tic a l m e th o d s — n o t so  
m u ch  m e th o d s  w ith  lo w e r  q u a n tita tio n  lim its , bu t o n e s  th a t  
are b r o a d e r  in s c o p e ,  le s s  t im e -c o n su m in g , a n d  g r ea te r  in  
sp e c if ic ity . L ik e w is e ,  t o x ic o lo g is t s  m u st  d e v e lo p  m o r e  fu n 
d a m e n ta l in fo r m a tio n  o n  th e  b io c h e m ic a l m e c h a n ism s  o f  su ch  
c h r o n ic  m a n ife s ta t io n s  as c a r c in o g e n ic ity ,  m u ta g e n ic ity , te r 
a to g e n ic ity , e f fe c ts  on  th e  cen tra l n e r v o u s  sy s te m , and im m u n e  
d e f ic ie n c y . M o r e  im p o r ta n t, th e y  n e e d  to  d e v e lo p  in  v iv o  and  
in v itro  t e s t s  to  a s s e s s  m o re  q u ic k ly  th e  to x ic ity  o f  th e  d if
fe re n t c h e m ic a ls  fo u n d  in th e  e n v ir o n m e n t to  h e lp  g u id e  a n a 
ly t ic a l d e v e lo p m e n ts  and m o n ito r in g  a c t iv it ie s .

E v e n  m o r e  im p o r ta n t th a n  a m a ss in g  in fo r m a tio n  o n  t o x 
ic ity  an d  e x p o s u r e ,  h o w e v e r ,  is  its  u se : H o w  d o  w e  a s s e s s  
th e  r isk s  c o n n e c te d  w ith  a c o n ta m in a n t  o r  fa m ily  o f  c o n ta m 
in a n ts; h o w  d o  w e  d e c id e  to  c o n tr o l th is  r isk , w h e th e r  b y  
se ttin g  regu la tory  le v e ls  fo r  th e  co n ta m in a n t in d ifferen t fo o d s ,  
o r  b y  o th e r  a p p r o a c h e s ;  an d  h o w  d o  w e  u s e  th e  a c t iv it ie s  o f  
th e  fe d e r a l a g e n c ie s ,  th e  s ta te s ,  th e  p r o d u c e r s , th e  p r o c e s 
so r s , an d  e v e n  th e  c o n su m e r s  th e m s e lv e s  in a ssu r in g  th e  
sa fe ty  o f  fo o d s . P u b lic  h ea lth  p ro tectio n  w ill require an  un u su al 
d e g r e e  o f  w isd o m  to  p r o p e r ly  lim it h u m an  e x p o su r e  to  th e  
v a r io u s  e n v ir o n m e n ta l to x ic a n ts .
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Chemical Contaminants in Foods: Some Analytical Considerations

J E R R Y  A .  B U R K E

Food and Drug Administration, Division of Chemical Technology, Washington, DC 20204

Data on the incidence and levels of chemical contaminants in foods are needed for continuous assess
ment of the safety of the food supply and to inform the public about the safety of food. A larger share 
of the total analytical resource—federal and state government, private sector, and academia—could 
profitably be directed to collection and publication of data on the occurrence of chemical contaminants 
in foods. The quest for more data must be accompanied by measures to ensure data reliability and 
comparability and to estimate the uncertainty of measurements. Research to improve the efficiency of 
analysis may be the top priority for future methods improvement studies. Analytical chemistry will 
continue to be an essential factor in assuring a safe food supply and in communicating to the public 
accurate information and conclusions about food safety.

A n a ly tic a l c h e m is tr y  is  at th e  h eart o f  p rogram s to  p r o te c t  
th e  p u b lic  fr o m  to x ic  c h e m ic a l c o n ta m in a n ts  w h ic h  m a y  e n te r  
fo o d . R e g u la to r y  lim it e n fo r c e m e n t , tren d  m o n ito r in g , su r
v e y s  to  d e te r m in e  th e  e x te n t  o f  c o n ta m in a tio n , and e x p lo r 
a to r y  in v e s t ig a t io n s  a ll d e p e n d  o n  la b o r a to ry  a n a ly s is .  R e li
a b le  d a ta  o n  th e  in c id e n c e  an d  le v e ls  o f  c o n ta m in a n ts  are  
e s se n t ia l  fo r  r e c o g n it io n  an d  c o n tr o l o f  p o te n tia l fo o d  sa fe ty  
p ro b lem s and fo r  m ain ta in in g  p u b lic  c o n fid e n c e  in fo o d  sa fe ty . 
C o n su m e r s , fa r m e r s , fo o d  m a n u fa c tu re rs , c h e m ic a l m a n u 
fa c tu r e r s , t o x ic o lo g is t s ,  an d  a n a ly t ic a l c h e m is ts  all h a v e  an  
in te r e st  in th is  i s s u e ,  b u t e a c h  fr o m  a  d iffe re n t p o in t o f  v ie w .  
Y e t  a ll m u st  r e ly  o n  d a ta  g e n e r a te d  in la b o r a to ry  a n a ly se s .

In th is  c o n te x t ,  th e  term  c h e m ic a l c o n ta m in a n ts  in c lu d e s  
in d u str ia l c h e m ic a ls  w ith  n o  p u r p o se  fo r  b e in g  in f o o d , to x ic  
e le m e n ts  n a tu ra lly  p r e se n t  in  th e  e a r th ’s c ru st  an d  in so m e  
fo o d , an d  p e s t ic id e s  an d  th e ir  r e s id u e s  th at are e x p e c te d  to  
b e  p r e se n t  o n  fo o d  a fter  p e r m itte d  u s e s ,  bu t w h ic h  m a y  a lso  
e n te r  th e  fo o d  c h a in  b y  v ir tu e  o f  th e ir  p r e se n c e  in th e  e n v i
r o n m e n t.

Publication of Data on Contaminant Occurrence
A n  im m e d ia te  c h a lle n g e  to  c o n ta m in a n t  a n a ly tica l c h e m is ts  

is  to  c o l le c t  a n d  p u b lish  d a ta  o n  th e  in c id e n c e  an d  le v e ls  o f  
c h e m ic a l c o n ta m in a n ts  in  fo o d s  to  h e lp  a n sw e r  c o n te m p o r a r y  
q u e s t io n s . T h e  g e n e r a t io n  o f  d a ta  m u st b e  su p p o rte d  b y  
a p p ro p ria te  q u a lity  a ssu r a n c e  m e a su r e s  th r o u g h o u t th e  en tire  
p r o c e s s ,  fro m  sa m p lin g  to  d a ta  rep o rtin g . T h e  u n iv e r se  o f  
fo o d  is  e n o r m o u s;  s im ila r ly  large  and d iv e r s e  is  th e  array o f  
p o te n tia l c o n ta m in a tin g  c h e m ic a ls .  B e c a u s e  o f  th e  in fo r m a 
t io n -se e k in g  n a tu re  o f  a n a ly t ic a l c h e m is tr y , c h e m is ts  sh o u ld  
ta k e  th e  le a d  in  c o n d u c t in g  s tu d ie s  to  fill g a p s  in  o u r  k n o w l
e d g e  o f  c o n ta m in a n t  o c c u r r e n c e  in fo o d . A n a ly t ic a l c h e m is ts  
w ill n e e d  to  in te r a c t  c lo s e ly  w ith  to x ic o lo g is t s ,  s ta t is t ic ia n s ,  
e p id e m io lo g is t s ,  a n d  a d m in is tr a to r s  in s e le c t in g  sa m p le s ,  
e v a lu a tin g  f in d in g s , a n d  r e c o m m e n d in g  a c t io n s  to  p r o te c t  and  
p r o m o te  th e  p u b lic  h e a lth .

A n a ly t ic a l c h e m is t s  h a v e  m a d e  r em a rk a b le  a d v a n c e s  o v e r  
th e  p a s t  25 y e a r s  in  d e v e lo p in g  a n d  a p p ly in g  th e ir  t e c h n o lo g y  
to  th e  r e so lu t io n  o f  c h e m ic a l c o n ta m in a n t  i s s u e s .  B u t w e  h a v e  
n o t sh o w n  th e  sa m e  z e a l fo r  p u b lish in g  th e  r e su lts  o f  su r v e y s  
fo r  c o n ta m in a n ts  in fo o d s  a s  fo r  p u b lish in g  r e se a r c h  o n  m e th 
o d s  d e v e lo p m e n t .  P o s s ib ly  d e te r m in a tio n  o f  th e  o c c u r r e n c e  
o f  c h e m ic a l c o n ta m in a n ts  h a s n o t  se e m e d  to  o ffe r  th e  o p p o r 
tu n ity  fo r  a p p ro p ria te  r e c o g n it io n , o r  lim ite d  o u t le ts  h a v e  
e x is te d  in  th e  sc ie n t if ic  litera tu re  fo r  d a ta  c o lle c t io n s .  C o n -
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tin u in g  a c q u is it io n  o f  o c c u r r e n c e  d a ta  fo r  c h e m ic a l c o n ta m 
in a n ts  a n d  p u b lic a t io n  in p e e r -r e v ie w e d  jo u r n a ls  are  n e c e s 
sa ry  fo r  r e c o g n it io n  o f  an d  r e s p o n s e  to  e m er g in g  p r o b le m s. 
M o r e o v e r , th e s e  d a ta  w ill  b e  e s s e n t ia l  1 0 -2 0  y e a r s  fro m  n o w  
fo r  e v a lu a t io n  r e la t iv e  to  e x p a n d in g  to x ic o lo g ic a l  in fo rm a tio n  
or c h a n g e s  in  h u m a n  fo o d  c o n su m p tio n  a n d  o th e r  e x p o su r e s  
to  c o n ta m in a n ts .

C o n su m e r  in te r e s t  in  k n o w in g  w h ic h  c o n ta m in a n ts  are  
p r e se n t  in  fo o d  an d  w h ic h  are  n o t is  a n o th e r  r e a so n  fo r  t im e ly  
c o lle c t io n  a n d  p u b lic a t io n  o f  o c c u r r e n c e  d a ta . A  F o o d  M ar
k e t in g  In st itu te  p o ll r e le a s e d  in M a rch  1984 c o n c lu d e d  that 
p u b lic  c o n c e r n  p e r s is ts  a b o u t c h e m ic a l r e s id u e s  in fo o d :  77%  
o f  th o s e  su r v e y e d  sa id  th a t c h e m ic a l r e s id u e s  su c h  a s ,  “ p e s 
t ic id e s  an d  h e r b ic id e s ”  are  a  s e r io u s  h a z a r d , to p p in g  th e  lis t  
o f  c o n su m e r  c o n c e r n s  (1).

Importance of Analytical Results
In d e c is io n s  b y  reg u la to r y  a g e n c ie s ,  th e  q u a lity  o f  a n a ly t

ica l d a ta , a v a ila b ility  o f  m e th o d o lo g y ,  an d  c a p a b ilit ie s  o f  
la b o r a to r ie s  are  im p o r ta n t is s u e s .  In fo rm a tio n  a b o u t c o n ta m 
in a n t o c c u r r e n c e  is  th e  sta r tin g  p o in t fo r  d e c is io n  m a k in g , and  
su b s e q u e n t  a c t io n  to  d e te r m in e  th e  e x te n t  o f  c o n ta m in a tio n  
o r  to  e s ta b lish  an d  e n fo r c e  a  r e g u la to r y  lim it d e p e n d s  o n  th e  
a v a ila b ility  o f  r e lia b le  an d  p r a c tic a l a n a ly t ic a l m e th o d o lo g y .  
T h e  im p a c t o f  fo o d  s a fe ty  d e c is io n s  o n  c o n su m e r s  a n d  in d u s
try  ju s t if ie s  th is  e m p h a s is .  O fte n  d e c is io n  m a k ers  w o u ld  lik e  
to  h a v e  m u c h  m o r e  d a ta  w ith  w h ic h  to  o p e r a te . I f  a c t io n  is 
ta k e n  a g a in st  a  fo o d  c o m m o d ity  b e c a u s e  o f  th e  p r e s e n c e  o f  
a  p o te n tia lly  to x ic  a m o u n t o f  c o n ta m in a n t , in  e f fe c t  th e  fo o d  
is  b a n n e d . T h is  is  c o s t ly  to  b o th  fo o d  p r o d u c e r s  an d  c o n s u m 
e r s , w h e th e r  th e  fo o d  is  a  sh ip m e n t o f  fr e sh  p r o d u c e  or  th e  
fish  fro m  an  e n tire  la k e . Y e t  i f  a  h a rm fu l fo o d  is  le f t  o n  th e  
m a r k e t, c o n su m e r s  are  e x p o s e d  to  an  u n e x p e c te d  an d  u n n e c 
e s sa r y  h a za rd .

A n a ly t ic a l c h e m is t s  o f te n  m a y  n o t  a p p r e c ia te  th e  s ig n ifi
c a n c e  o f  th e  d a ta  th e y  g e n e r a te , fo r  e x a m p le , th a t e a c h  find in g  
o f  P C B s  in  fish , e v e n  w h e n  w e ll  b e lo w  th e  fo r m e r  to le r a n c e  
o f  5 p p m , w o u ld  e v e n tu a lly  su p p o rt th e  d e c is io n  to  r ed u c e  
th e  to le r a n c e  fo r  P C B s  to  2 p p m , b a la n c in g  s a fe ty  a g a in st  
e c o n o m ic  im p a c t  to  th e  fish in g  in d u str y , or  th a t th e ir  a n a ly s is  
fo r  le a d  in  a  c a n n e d  fo o d  w o u ld  p la y  a  v ita l p art in c o r r e c t ly  
a s s e s s in g  th e  d ie ta ry  in ta k e  o f  lea d .

O c c a s io n a l ly ,  th e  a n a ly t ic a l c h e m is t  m u st s te p  b a c k  and  
a s s e s s  th e  p u r p o se  a n d  s ig n if ic a n c e  o f  h is  o r  h e r  w o r k . W h en  
a  sa m p le  is  d ir e c t ly  r e la te d  to  sp e c if ic  reg u la to r y  a c t io n , su ch  
a s a  p e s t ic id e  r e s id u e  a b o v e  th e  to le r a n c e  l e v e l ,  th e  p u rp o se  
o f  th e  a n a ly s is  a n d  th e  s ig n if ic a n c e  o f  th e  r esu lt  are c lea r . 
W h e n  n o  r eg u la tio n  a p p ea r s  to  b e  v io la te d , th e  s ig n ifica n ce  
o f  th e  a n a ly s is  is  le s s  o b v io u s .  H o w e v e r , e a ch  a n a ly tic a l  
fin d in g  m a y  b e  an  im p o r ta n t b u ild in g  b lo c k  o f  a  fu tu re  d e c i 
s io n  a ffec tin g  h u m a n  sa fe ty  (o r  th e  c o n su m e r ’s  p e r c e p t io n  o f
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it) and  th e  e c o n o m y . T h u s  n o n d e te c t io n  o f  p o te n tia l c o n ta m 
in a n ts  c a n  h a v e  ju s t  a s  s ig n ifica n t an  e f fe c t  a s  fin d in g  that the  
c o n ta m in a n t  w a s  p r e se n t . T h e  u ltim a te  p u rp o se  o f  a n a ly z in g  
fo o d  fo r  c h e m ic a l c o n ta m in a n ts  is  to  p r o te c t  th e  p u b lic  h e a lth , 
n o  m a tter  w h o  p e r fo rm s th e  a n a ly s is .

An interested and concerned citi
zenry expects information about 
contaminant occurrence in food 
from well planned and executed 
studies that have been carefully 
evaluated and clearly reported. A 
greater share of the total analytical 
resource should now be devoted 
to acquiring more, better, and faster 
data on the incidence and levels 
of chemical contaminants in food.

Acceptably Accurate Analytical Data
T o  e n su r e  th e  sa fe ty  o f  th e  n a t io n 's  fo o d , th e  U .S .  F o o d  

an d  D ru g  A d m in is tr a tio n  (F D A ), s o m e t im e s  in c o n ju n c tio n  
w ith  th e  U .S .  E n v ir o n m e n ta l P r o te c t io n  A g e n c y  (E P A ), m u st  
o b ta in  a c c e p ta b ly  a c c u r a te  a n a ly tic a l d a ta , i .e . ,  a n a ly tica l  
d a ta  p r ep a red  w ith  ca re  an d  fr ee  o f  m is ta k e s  and error. D a ta  
m a y  b e  o b ta in e d  fro m  F D A  la b o r a to r ie s  or  o th e r  g o v e r n m e n t,  
a c a d e m ic , in d u str ia l, o r  p r iv a te  la b o r a to r ie s . T h e  is s u e s  
a d d r e sse d  m a y  ran ge  fro m  r e la t iv e ly  n a rro w , su ch  a s  in q u iry  
in to  an  a p p a re n tly  in c r e a se d  le v e l  o f  a to x ic  e le m e n t  in a fo o d  
c ro p  fro m  a  sp e c if ic  g e o g r a p h ic a l a rea , to  v e r y  b ro a d , su ch  
a s e s ta b lish in g  to le r a n c e s  fo r  P C B s  in se v e r a l fo o d s  and a n i
m al f e e d s .

D ata  com parab ility .— C o m p a ra b ility  o f  d a ta  is  an  e s se n t ia l  
c o n s id e r a t io n  w h e n  m o re  th an  o n e  la b o r a to ry  is in v o lv e d .  
T h is  b a s ic  c o n c e r n  led  to  th e  e s ta b lish m e n t o f  th e  A s s o c ia t io n  
o f  O fficia l A n a ly tic a l C h em ists  100 y ea rs  ag o . Q u e stio n s  abou t 
d a ta  c o m p a r a b ility  fa ll in to  2 c a te g o r ie s :  sa m p lin g  and a n a l
y s is .

The fo o d  sa m p le .— In a d d itio n  to  th e  n e c e s sa r y  c o n s id e r 
a t io n s  a b o u t r e p r e se n ta t iv e  sa m p lin g , it is  n e c e s sa r y  to  ta k e  
p r e c a u tio n s  to  p r o te c t  th e  in te g r ity  o f  sa m p le  and a n a ly te  
fro m  th e  t im e  o f  c o lle c t io n  u n til a n a ly s is  and to  b e  ca re fu l in  
s e le c t in g  th e  a c tu a l p o r tio n  o f  th e  fo o d  c o m m o d ity  a n a ly z e d .  
T h e  u s e  o f  p r o v e n  a n a ly tic a l m e th o d s , c a re fu lly  m o n ito r ed  
b y  q u a lity  a ssu r a n c e  p r o c e d u r e s , d o e s  n o t p r o te c t  a g a in st  
c o n ta m in a tio n  o f  th e  sa m p le  d u rin g  c o lle c t io n  an d  tran sit or  
lo s s  o f  th e  a n a ly te  du rin g  in a p p ro p r ia te  sa m p le  sto r a g e . A n  
an a ly tica l c h e m is t  e x p e r ien ce d  w ith  the  a n a ly te s  so u g h t sh ou ld  
a lw a y s  a s s is t  in  d e v e lo p in g  th e  p r o to c o l fo r  all p h a se s  o f  
sa m p le  h a n d lin g .

S e le c t io n  o f  th e  p o r t io n  o f  th e  fo o d  item  fo r  a n a ly s is  sh o u ld  
b e  g u id ed  b y  th e  U .S .  C o d e  o f  F ed er a l R e g u la tio n s  to le r a n c e s  
for  p e s t ic id e  r e s id u e s  a n d  th e  F D A  P esticide A na ly tica l M a n 
ual. V o lu m e  I (2 , 3 ). In g e n e ra l th e se  g u id e s  a lso  ap p ly  to  
to x ic  e le m e n ts  or  in d u str ia l c h e m ic a ls .  T h e  im p o r ta n c e  o f  
ca re fu lly  d e fin in g  th e  p o r tio n  o f  a fo o d  a n a ly z e d  is illu stra ted  
b y  th e  e x a m p le  o f  fish . T h e  F D A  Pesticide A n a ly tica l M anual 
d e fin e s  th e  e d ib le  p o r tio n  o f  fish  fo r  a n a ly s is  a s  w ith  g u ts ,

h e a d , ta il, f in s , a n d  s c a le s  r e m o v e d ;  sk in  r em a in s  o n  th e  
sa m p le  (3 ). A n a ly t ic a l d a ta  fo r  fish  p rep a red  o th e r w is e ,  e .g . ,  
a s th e  w h o le  fish , w o u ld  n o t b e  c o m p a r a b le  and c o u ld  n o t  b e  
u se d  a s  part o f  a d a ta -se t  e v a lu a te d  fo r  fo o d  sa fe ty  p u r p o se s .

The ana ly tica l m e th o d .— B e c a u s e  o f  th e  p h y s io -c h e m ic a l  
v a r ia tio n  in fo o d s tu f f s ,  th e  large  n u m b er  o f  c h e m ic a ls  o f  
p o te n tia l in te r e s t ,  an d  th e  v a r io u s  p u r p o se s  o f  a n a ly s is ,  a 
large  v a r ie ty  o f  a n a ly tic a l m e th o d o lo g y  is n e c e s s a r y .  M o r e 
o v e r ,  a n a ly t ic a l c h e m is ts  te n d  to  in te rje ct v a r ia tio n s  in to  a  
p r e sc r ib e d  a n a ly tic a l p r o c e s s .  S o m e t im e s  p r o c ed u r a l m o d i
f ic a t io n s  are  e s s e n t ia l  to  s o lv e  a p r o b lem  a s s o c ia te d  w ith  a  
p a rticu la r  ty p e  o f  sa m p le  or  a n a ly te , bu t c h a n g e s  in a m e th o d  
are n o t a lw a y s  w e ll su p p o rte d  o r  c le a r ly  c o m m u n ic a te d . It is  
b e s t  to  a v o id  c h a n g in g  an a n a ly tica l m e th o d  ju s t  b e c a u s e  w e  
th in k  th e  a n a ly s is  c a n  b e  d o n e  d if fe r e n tly . D a ta  o fte n  are  not  
u sa b le  fo r  fo o d  sa fe ty  d e c is io n s  b e c a u se  o f  q u e s t io n s  a b o u t  
d a ta  c o m p a r a b ility  o r  a n a ly tica l m e th o d o lo g y .

U s e  o f  A O  A C  o ffic ia l a n a ly tica l m e th o d s  w ill r e d u c e  q u e s 
t io n s  a b o u t d a ta  q u a lity  an d  in te r la b o r a to ry  c o m p a r a b ility .  
F D A  h a s ta k e n  th e  o ffic ia l p o s it io n  th at th e  a g e n c y  w ill  u se  
A O A C  m e th o d s , w h e n  a v a ila b le , in its e n fo r c e m e n t p rogram s  
(4).

O fficial M ethods o f  A na lysis, 14th e d it io n , c o n ta in s  m e th 
o d o lo g y  fo r  47  p e s t ic id e s  and a ltera tio n  p r o d u c ts , 12 e le 
m e n ts , and  o n e  in d u str ia l c h e m ic a l in sp e c if ie d  fo o d s  (5 ). 
B e c a u s e  A O A C  o ffic ia l m e th o d s  are a v a ila b le  fo r  r e la t iv e ly  
fe w  o f  th e  p o te n tia l c h e m ic a l c o n ta m in a n ts  an d  so m e  o f  th e s e  
m e th o d s  are not c o n s id e r e d  m o d ern  o r  e f f ic ie n t , fu tu re  d a ta  
o n  m a n y  c h e m ic a ls  and fo o d s  w ill b e  g e n e r a te d  b y  m e th o d s  
that h a v e  n o t b e e n  su b je c te d  to  fo rm a l in te r la b o r a to ry  c o l 
la b o r a t iv e  s tu d y . C o n c lu s io n s  and s ig n ifica n t d e c is io n s  m u st  
b e  m a d e  in sp ite  o f  th is . A n a ly t ic a l c h e m is ts  sh a re  a c o m m o n  
d u ty  to  e n su r e  th e  g e n e r a tio n  o f  re lia b le  d a ta .

Reliable data on the incidence and 
levels of contaminants are essen
tial for recognition and control of 
potential food safety problems. 
Consumers, farmers, food manu
facturers, chemical manufactur
ers, toxicologists, and analytical 
chemists all have an interest in this 
issue, but each from a different point 
of view.

M e a su r e s  n e c e s s a r y  to  o b ta in  re lia b le  d a ta  h a v e  b e e n  
a d d r e sse d  in “ P r in c ip le s  o f  E n v ir o n m e n ta l A n a ly s is ,”  a  1983  
p u b lica tio n  o f  th e  A m e r ic a n  C h e m ic a l S o c ie ty  S u b c o m m itte e  
o n  E n v ir o n m e n ta l M o n ito r in g  and A n a ly s e s  (6 ) , to  w h ich  
m a n y  r e s p e c te d  s c ie n t is t s  fro m  g o v e r n m e n t,  in d u str y , and  
a c a d e m ia  h a v e  c o n tr ib u te d . T h is  c o m p r e h e n s iv e  se t  o f  g u id e 
lin e s  fo r  p la n n in g  and e x e c u t in g  a n a ly t ic a l w o r k  c o n ta in s  
s e c t io n s  o n  P la n n in g , Q u a lity  A s s u r a n c e  and Q u a lity  C o n tro l, 
V e r ifica tio n  and V a lid a t io n , P r e c is io n  and A c c u r a c y , S a m 
p lin g , M e a su r e m e n ts , and D o c u m e n ta t io n  an d  R e p o r tin g  that 
are a p p lic a b le  to  a n a ly s is  o f  fo o d  as w e ll as e n v ir o n m e n ta l  
sa m p le s .
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Figure 2. Decline in adult d ietary intake of polychlorinated biphenyls, 
1971-1981.

Looking Back
D u rin g  th e  p a st 2 0  y e a r s , a n a ly t ic a l c h e m is tr y  h a s p la y e d  

a m ajor r o le  in g o v e r n m e n ta l an d  te c h n o lo g ic a l  p r o c e s s e s  
th at h a v e  s u c c e e d e d  in su b s ta n tia lly  r ed u c in g  th e  le v e ls  o f  
fo o d  c o n ta m in a n ts , a s  e x e m p lif ie d  b y  th e  p e s t ic id e s  D D T  and  
d ie ld r in , th e  in d u str ia l c h e m ic a l P C B s , and th e  to x ic  e le m e n t  
lea d  in fo o d .

T h e  d ie ta r y  in ta k e s  s h o w n  in F ig u re  1 fo r  D D T  and d ie ld rin  
and in  F ig u re  2 fo r  P C B s  are fro m  F D A  T o ta l D ie t  S tu d ie s  
(p e r io d ic  a n a ly s e s  o f  a b o u t 120 k itc h e n -p r e p a r ed  fo o d  item s  
g r o u p e d  in to  12 m ajor fo o d  c a te g o r ie s  a n a ly z e d  a s  c o m p o s 
ite s ) .

DDT and dieldrin.— F ig u re  1 s h o w s  th e  d e c lin e s  in adu lt 
d ie ta ry  in ta k e s  o f  D D T  a n d  d ie ld r in  m o n ito r ed  fo r  o v e r  15 
y e a r s  in F D A ’s T o ta l D ie t  S tu d ie s  (7 , 8 ). T h e  n e e d  to  e x a m in e  
fo o d  ra p id ly  fo r  m a n y  r e s id u e s  o f  o r g a n o c h lo r in e  p e s t ic id e s  
b ro u g h t a b o u t th e  d e v e lo p m e n t  o f  m u ltire s id u e  m e th o d s  that 
are still b e in g  e x te n d e d  an d  u p d a te d , and w h ic h  p rep a red  th e  
w a y  fo r  c h e m ic a l c o n ta m in a n t  a n a ly s is  a s  w e  k n o w  it to d a y .  
R e g u la to r y  is s u e s  le d  to  c o lla b o r a t iv e  s tu d ie s  and to  A O A C  
offic ia l m e th o d s . D a ta  g a th e r ed  in w id e sp r e a d  m o n ito r in g  o f  
fo o d  w ere  u sed  b y  E P A  and regu la tory  b o d ie s  in o th er  co u n tr ies  
in  d e c is io n s  to  b a n  o r  d r a s t ic a lly  lim it th e  u se  o f  th e s e  p e s t i 
c id e s . H o w e v e r ,  th e  n e e d  fo r  a n a ly s is  c o n t in u e s . A lth o u g h  
their  le v e ls  h a v e  d e c lin e d  su b s ta n tia lly , D D E  (th e  D D T  
m e ta b o lite )  an d  d ie ld r in  are  2 o f  th e  3 m o st  fr e q u e n tly  e n c o u n 
tered  o r g a n ic  r e s id u e s  in th e  T o ta l D ie t  S tu d ie s , an d  r e s id u e s  
are a lso  fo u n d  in o th e r  fo o d s ,  e sp e c ia l ly  fish  fro m  in lan d  
w a te r s . T h e  d e v e lo p m e n t  o f  m u ltire s id u e  m e th o d s  an d  c o n 
d u ct o f  c o lla b o r a t iv e  s tu d ie s  m a n y  y e a r s  a g o  h a v e  p r o v e n  to  
b e e x c e lle n t  in v e s tm e n ts .

PCBs.— F ig u re  2 s h o w s  th e  d e c lin e  in th e  adu lt d ie ta ry  
in ta k e  o f  P C B s  o v e r  a  10 y e a r  p e r io d  o f  g o v e r n m e n t and  
in d u str y  a c t io n ,  in c lu d in g  te c h n o lo g ic a l  c h a n g e s  an d  e s ta b 
lish m e n t o f  t o le r a n c e s  fo r  r e s id u e s  in  fo o d s  (7 , 8). M u ltir es i
d u e  a n a ly s is  fo r  o r g a n o c h lo r in e  p e s t ic id e s  o p e n e d  th e  w a y  
fo r  d e te c t io n  o f  th e s e  p r e v io u s ly  u n r e c o g n iz e d  c o n ta m in a n ts . 
J e n s e n ’s p u rsu it o f  an  e x p la n a tio n  fo r  u n id en tified  p e a k s  in 
g a s c h r o m a to g r a m s le a d in g  to  th e  id e n tif ic a tio n  o f  P C B s as  
c o n ta m in a n ts  o f  fish  (9) is  a  rem in d er  to  a n a ly tic a l c h e m is ts  
that c o n ta m in a tio n  o f  f o o d s  c a n  o c c u r  fro m  c h e m ic a l u s e s  
u n re la ted  to  fo o d . T h e  a n a ly s t  m u st b e  a lert fo r  u n u su a l

a n a ly t ic a l f in d in g s an d  fo l lo w  th e m  u p  to  id e n tify  p r e v io u s ly  
u n r e c o g n iz e d  c o n ta m in a n ts  an d  to  p r e v e n t e r r o n e o u s  rep o rt
ing  o f  th e  p r e s e n c e  o f  k n o w n  c o n ta m in a n ts . Q u a n tita tio n  o f  
P C B  le v e ls  w h e n  th e  c h lo r o b ip h e n y l c o n g e n e r  c o m p o s it io n  
h a s b e e n  a lter ed  b y  m e ta b o lic  o r  e n v ir o n m e n ta l p r o c e s s e s  is 
e x tr e m e ly  d ifficu lt a n d  its  a c c u r a c y  is  o p e n  to  q u e s t io n . In 
sp ite  o f  th is ,  h o w e v e r ,  p r a c tic a l m e th o d s  h a v e  b e e n  s u c c e s s 
fu lly  c o lla b o r a te d  an d  u se d  w ith  su ffic ie n t u n ifo r m ity  to  g e n 
e ra te  d a ta  n e c e s s a r y  fo r  fa r -r e a ch in g  d e c is io n s ,  lea d in g  to  
su b s ta n tia lly  r e d u c e d  an d  d im in ish in g  P C B  le v e ls .

Lead.— F ig u re  3 s h o w s  th e  d e c r e a s e  in th e  le v e l  o f  lea d  in  
se v e r a l f o o d s  e a te n  b y  in fa n ts , w h ic h  r e su lte d  fro m  a jo in t  
e ffo r t  b y  F D A  an d  th e  in fa n t fo o d  an d  c a n n e d  fo o d  in d u stry  
th a t led  to  su b s ta n tia l c h a n g e s  in  c a n n in g  te c h n o lo g y  and  
fo o d  p a c k a g in g . M o st  o f  th e  d a ta  sh o w n  h e r e  w e r e  g e n e r a te d  
b y  th e  fo o d  in d u str y . G o v e r n m e n t an d  in d u str y  c h e m is ts  
w o r k e d  to g e th e r  to  a c h ie v e  a n d  im p le m e n t th e  c a p a b ility  to  
m e a su r e  le a d  w ith  a c c e p ta b le  p r e c is io n  at e v e r -d e c r e a s in g  
le v e ls .  T h e  m ajor o b s ta c le  to  b e  o v e r c o m e  w a s  th e  r e la tiv e ly  
high  b la n k  th at lim ite d  th e  v a lid ity  o f  m e a su r e m e n ts  at lo w  
le v e ls .  A n a ly t ic a l c h e m is t s  lea r n e d  to  p er fo rm  a n a ly se s  a t  
th e s e  lo w  le v e l s ,  in tr o d u c in g  sp e c ia l  p r e c a u tio n s  to  c o n tr o l  
c o n ta m in a tio n  o f  la b o r a to ry  an d  r e a g e n ts , and  u s in g  s e n s it iv e  
a n o d ic  str ip p in g  v o lta m m e tr y  o r  g r a p h ite  fu r n a c e  a to m ic  
a b so r p tio n  sp e c tr o p h o to m e tr y  fo r  d e te r m in a tio n . C o n ta m i
n a tio n  c o n tr o l is  a c o n tin u in g  r e q u ir e m e n t to  e n su r e  a  su ffi
c ie n t ly  lo w  lim it o f  q u a n tita tio n  fo r  a c c u r a te  lea d  m e a su r e 
m e n ts  a n d  in te r la b o r a to ry  c o m p a r a b ility  o f  d ata .

Future Choices
T o d a y ’s m a n a g e r s  o f  a n a ly tic a l la b o r a to r ie s  are  fa c e d  w ith  

th e  q u e s t io n  o f  h o w  b e s t  to  a llo c a te  r e s o u r c e s . T e c h n o lo g y  
is  a v a ila b le  fo r  d e te c t io n  o f  n a n o g ra m s and p ic o g r a m s and  
d e te r m in a tio n  o f  p a r t-p e r-m illio n  an d  p a r t-p er-b illio n  le v e ls  
o f  c o n ta m in a n ts  in  fo o d  is  c o m m o n p la c e . A n  in te r e ste d  and  
c o n c e r n e d  c it iz e n r y  e x p e c t s  in fo r m a tio n  a b o u t co n ta m in a n t  
o c c u r r e n c e  in  fo o d  fro m  w e ll p la n n e d  and e x e c u te d  s tu d ie s  
th a t h a v e  b e e n  c a r e fu lly  e v a lu a te d  an d  c le a r ly  r ep o rte d . A  
g r ea te r  sh a re  o f  th e  to ta l a n a ly t ic a l r e s o u r c e  sh o u ld  n o w  b e  
d e v o te d  to  a cq u ir in g  m o r e , b e tte r , an d  fa s te r  d a ta  on  th e  
in c id e n c e  an d  le v e ls  o f  c h e m ic a l c o n ta m in a n ts  in  fo o d .

More data.— T h e r e  are  n o  str ic t cr iter ia  fo r  s e le c t in g  a n a 
ly t e s  an d  fo o d s  fo r  a c o n ta m in a n t o c c u r r e n c e  stu d y . F o r
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LEAD IN FOODS FOR INFANTS

Figure 3. Decrease in levels of lead In some Infant foods over an approx
imately 10-year period.

in d u str ia l c h e m ic a ls ,  F D A  h a s  c o n s id e r e d  v o lu m e  o f  p r o d u c 
t io n , a s s o c ia te d  im p u r it ie s  o r  b y -p r o d u c ts , p r e d ic te d  e n v i
r o n m e n ta l s ta b il ity , u s e  p a tte rn , o il-w a te r  p a rtitio n  c o e f f i
c ie n ts ,  b io a c c u m u la t io n  p o te n tia l ,  k n o w n  t o x ic ity ,  an d  m e a n s  
o f  d isp o sa l (1 0 ). P e s t ic id e s  th a t are  e x p e c te d  to  b e  u sed  on  
f o o d s  p r e se n t  a  d iffe re n t s itu a tio n . F D A  is  e v a lu a tin g  e a c h  
p e s t ic id e  to  a ssu r e  th a t th o s e  w ith  th e  h ig h e s t  r e la t iv e  h azard  
p o te n tia l are  in c lu d e d  in  m o n ito r in g  p r o g ra m s. A  5 -tiered  
r e la t iv e  h a za rd  c la s s if ic a t io n  c o n s id e r s  su ch  fa c to r s  a s  p ro 
d u c t io n  a n d  m a rk et v o lu m e , c ro p  u s a g e , e n v ir o n m e n ta l s ta 
b il ity , a lte r a tio n  p r o d u c ts , to x ic ity ,  an d  p o te n tia l fo r  d ie ta ry  
e x p o su r e . A  m o n o g r a p h  o r  “ S u r v e illa n c e  I n d e x ”  p rep ared  
fo r  e a c h  p e s t ic id e  e v a lu a te d  is  a v a ila b le  from  th e  N a tio n a l  
T e c h n ic a l In fo rm a tio n  S e r v ic e  (1 1 ). U s e  o f  th e  S u r v e illa n c e  
In d e x  to  g u id e  m o n ito r in g  fo r  p e s t ic id e  r e s id u e s  in fo o d  h a s  
b e e n  d is c u s s e d  b y  R e e d  (1 2 ). In 1982 th e  l is t  o f  f o o d s  sa m p le d  
fo r  th e  T o ta l D ie t  S tu d ie s  w a s  r e v is e d  to  r e flec t in fo rm a tio n  
o n  fo o d  c o n su m p tio n  a c q u ir ed  b e tw e e n  1976 and 1980; 234  
k itc h e n -p r e p a r e d  fo o d s  w e r e  c h o s e n  to  a p p ro x im a te  90%  or  
m o re  o f  th e  w e ig h t  o f  fo o d  u su a lly  c o n su m e d  b y  8 a g e -se x  
g r o u p s . T h e s e  fo o d s  are  n o w  a n a ly z e d  in d iv id u a lly  in ste a d  
o f  a s  c o m p o s ite s  (13).

A lth o u g h  it is  im p o rta n t to  b e  a w a r e  o f  th e  a c t iv it ie s  o f  
o r g a n iz a t io n s  su c h  a s  F D A , th e  in d iv id u a l a n a ly tic a l c h e m is t  
ca n  b e  a  s ig n if ica n t d r iv in g  fo r c e  in  c o lle c t in g  r e le v a n t d ata  
b y  id e n tify in g  s o m e  c o m b in a tio n  o f  fo o d , g e o g r a p h ic a l lo c a 
t io n , c ir c u m sta n c e  o f  fo o d  p r o d u c tio n , p o te n tia l c h e m ic a l  
c o n ta m in a n ts , a n d  u n iq u e  c h e m is tr y  fo r  w h ic h  d a ta  are  lim 
ited  o r  n o n e x is te n t .

Better data.— T h ou gh tfu l ap p lica tio n  o f  th e  g u id e lin es  g iv en  
in “ P rin c ip les o f  E n v iro n m en ta l A n a ly s is ”  (6) w ill h elp  a ssu re  
th a t r e lia b le  d a ta  are  p r o d u c e d  b y  a  g iv e n  s tu d y . C arefu l 
p la n n in g  an d  r ep o rtin g  are  a b s o lu te ly  e s se n t ia l  fo r  g e n e ra tin g  
p u r p o se fu l d a ta  an d  a v o id in g  m is in fo r m a tio n  (6).

A n a ly t ic a l la b o r a to r ie s  sh o u ld  h a v e  an a g e n d a  th a t in c lu d e s  
p a r tic ip a tio n  in  in te r la b o r a to ry  s tu d ie s  lea d in g  to  u n ified  u s e ,  
an d  r e c o g n it io n  b y  A O  A C , o f  sp e c if ie d  a n a ly tic a l m e th o d o l
o g y . D e lib e r a te  s e le c t io n  o f  th e  a n a ly tic a l m e th o d s  an d  
im p o rta n t an d  r e p r e se n ta t iv e  a n a ly te s  fo r  s tu d y , and w o r k in g  
th ro u g h  th e  A O A C  r e fe r e e  p r o c e s s ,  are r eq u ire m en ts  fo r  
s u c c e s s .  C o n d u c t  o f  c o lla b o r a t iv e  s tu d ie s  sh o u ld  b e  a  c o n 
tin u in g  p r o c e s s ,  in v o lv in g  a  c r o s s  s e c t io n  o f  la b o r a to r ie s , an d  
a im ed  at a tta in in g  a  r ep er to ir e  o f  A O A C  m e th o d s .

B e y o n d  th e  u se  o f  stan d ard  m e th o d s  b y  sk ille d  an d  e x p e 
r ie n c e d  a n a ly s t s ,  p r o p e r ly  e q u ip p e d  and p e r fo rm in g  in an  
a tm o sp h e r e  o f  m a n a g e m e n t c o n c e r n  and su p p o rt, a c c u r a c y  
and c re d ib ility  o f  d a ta  req u ire  an  o n -g o in g  q u a lity  a ssu r a n c e  
p rogram . E v e n  w ith  o ff ic ia l a n a ly tic a l m e th o d s , sk ille d  a n a 
ly t ic a l c h e m is t s ,  g o o d  m a n a g e m en t, an d  so u n d  q u a lity  a s s u r 
a n c e  p r o g r a m s, a n a ly t ic a l m e a su r e m e n ts  w ill  h a v e  a ra n g e  o f  
u n c e r ta in ty . F o r  se v e r a l y e a r s , H o r w itz  h a s  w r itte n  e lo 
q u e n tly  a b o u t th e  in e v ita b ility  o f  v a r ia b ility . A  s e le c t io n  o f  
h is p a p er s  is  in c lu d e d  in th e  b ib lio g ra p h y  (1 4 -3 1 ) .

A n a ly t ic a l c h e m is ts  n e e d  b e tter  w a y s  to  c o m m u n ic a te  th e  
u n c e r ta in ty  a s s o c ia te d  w ith  th e ir  m e a su r e m e n ts . T o x ic  e le 
m e n t a n a ly s ts ,  w ith  th e  a v a ila b ility  o f  N B S  S ta n d a rd  R e fe r 
e n c e  M a te r ia ls , are b e tte r  p rep a red  th an  are th e  o r g a n ic  c o n 
ta m in a n t a n a ly s ts  to  e x p r e s s  m e a su r e m e n t u n c e r ta in ty  and  
to  r e s o lv e  q u e s t io n s  a b o u t d a ta  c o m p a r a b ility . P re p a r a tio n  
o f  sta n d a rd  r e fe r e n c e  m a ter ia ls  fo r  c a re fu lly  s e le c t e d  c h e m 
ic a l-m a tr ix  c o m b in a t io n s , w ith  e m p h a s is  o n  s ta b le  c o m 
p o u n d s e x p e c te d  to  b e  p o ten tia l co n ta m in a n ts for  m a n y  y e a rs , 
c o u ld  b e  a  g o a l,  p e r h a p s  o f  a  jo in t  e ffo r t sp e a r h e a d e d  b y  
A O A C  an d  th e  N a t io n a l B u rea u  o f  S ta n d a r d s , w ith  sp o n s o r s  
from  g o v e r n m e n t  an d  in d u str y . In  th e  a b s e n c e  o f  sta n d a rd  
r e fe r e n c e  m a te r ia ls , c o n s e n s u s  sta n d a rd s b a se d  o n  r ig o r o u s  
a n a ly s is  b y  2 o r  m o re  la b o r a to r ie s  o f  an a p p ro p ria te  m a trix -  
a n a ly te  c o m b in a tio n  c a n  b e  u se d  to  m o n ito r  a n a ly tic a l p e r 
fo r m a n c e . T h is  a p p ro a c h  is n o w  b e in g  u s e d  b y  F D A  la b o r a 
to r ie s  in th e  a g e n c y ’s a n a ly s is  p rogram  fo r  T C D D  (2 ,3 ,7 ,8 -  
te tr a c h lo r o d ib e n z o d io x in ) .

Because AOAC official methods are 
available for relatively few of the 
po ten tia l chem ical con tam i
nants . . . future data on many 
chemicals and foods w ill be gen
erated by methods that have not 
been subjected to formal interlab
oratory collaborative study. Con
clusions and significant decisions 
must be made in spite of this. Ana
lytical chemists share a common 
duty to ensure the generation of 
reliable data.

In th e  q u e s t  fo r  b e tte r  d a ta , w e  a n a ly tic a l c h e m is ts  n e e d  to  
im p r o v e  o u r  u s e  o f  q u a n tita tiv e  a n a ly tic a l r e s u lts ,  i . e . ,  s ig 
n ifica n t f ig u r es . T h is  w a s  e x e m p lif ie d  du rin g  th e  r e c e n t  in te r 
e s t  in e th y le n e  d ib ro m id e . T e c h n ic a l r ep o rts  an d  s to r ie s  in  
th e  m e d ia  c o n ta in e d  v a lu e s  su c h  a s  1 4 ,2 1 2 , an d  2 .1 6 3  p p b . 
R e p o r tin g  o f  e x c e s s iv e  n u m era ls  c o m p lic a te s  o u r  a lre a d y  
d ifficu lt j o b  o f  c o m m u n ic a t in g  a b o u t an d  e f fe c t iv e ly  d e a lin g  
w ith  e x o g e n o u s  c h e m ic a ls  in fo o d s ;  th e se  n u m b e rs  sh o u ld  
h a v e  b e e n  r ep o rte d  a s  14 .2  pp m  an d  2 .2  pp b .

Faster data.— F a ste r  d a ta  s ig n if ie s  n o t o n ly  in c r e a se d  a n a 
ly tic a l e f f ic ie n c y  b u t a lso  m o re  t im e ly  a c q u is it io n  o f  d a ta . 
S tu d ie s  to  in v e s t ig a te  th e  o c c u r r e n c e  o f  a c o n ta m in a n t  are  
b e s t  c a rr ied  o u t  b e fo r e  a p u b lic  is s u e  h a s d e v e lo p e d , w h ile
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th ere  is t im e  to  g a th e r  e n o u g h  in fo r m a tio n  to  a s s e s s  a  s itu a tio n  
and d e c id e  o n  a  c o u r se  o f  r em e d ia l a c t io n . T h e  s o o n e r  an 
e m er g in g  c o n ta m in a n t  p r o b le m  is r e c o g n iz e d  th e  e a s ie r  it is  
to  a c h ie v e  c o n tr o l.

R e se a r c h  is n e e d e d  to  in c r e a se  th e  in fo r m a tio n  g a in e d  fo r  
a g iv e n  a m o u n t o f  a n a ly s is  t im e . T h e  p o s s ib il it ie s  fo r  in c r e a s 
ing  a n a ly tic a l e f f ic ie n c y  are  n u m er o u s: c o m p u te r  a p p lic a t io n s  
to  d a ta  r e d u c t io n , in s tr u m e n t c o n tr o l or  rep o rt p rep a ra tio n , 
r o b o t ic s ,  c h e m o m e tr ic s ,  a u to m a te d  c h r o m a to g r a p h y  sy s te m s  
fo r  u n a tte n d e d  o p e r a t io n , in c r e a se d  a n a ly s is  sp e c if ic ity ,  
str ea m lin in g  o f  a p a r ticu la r  m e th o d , id e n tity  c o n firm a tio n  
p r o c e d u r e s  n o t  req u ir in g  sc a r c e  in s tr u m e n ts , an  a n a ly s is  
sc h e m e  fo r  sy s te m a t ic  e x a m in a tio n  o f  fo o d  fo r  a  large  n u m b er  
o f  p o te n tia l c o n ta m in a n ts , an d  c o n tin u e d  e x p a n s io n  o f  th e  
n u m b e r  o f  c h e m ic a ls  t e s t e d  fo r  r e c o v e r y  th rou gh  e s ta b lish e d  
m ultiresid u e  m e th o d s . H o w e v e r , s u c c e s s e s  in a c h iev in g  m ore  
e ffic ie n t a n a ly s is  w ill  n o t  l e s s e n  th e  r eq u ire m en t fo r  m e a su r e s  
to  e n su r e  q u a lity  an d  in te r la b o r a to ry  c o m p a r a b ility  o f  d ata .

Im p lic it  in  o u r  r e s p o n s ib ility  a s  s c ie n t is t s  c o n c e r n e d  w ith  
c o n ta m in a n ts  in  fo o d  is  th e  r e s p o n s ib ility  to  p r o te c t  an d  p r o 
m o te  p u b lic  h e a lth . W e  c a n  p r o m o te  p u b lic  h e a lth  an d  h e lp  
a v o id  p u b lic  m isp e r c e p t io n  a b o u t  fo o d  sa fe ty  b y  p u b lish in g  
d a ta  o n  th o s e  c o n ta m in a n ts  th a t are  fo u n d  in  f o o d , an d  e q u a lly  
im p o r ta n t, th o s e  c o n ta m in a n ts  th a t h a v e  b e e n  so u g h t  b u t 
w h ic h  h a v e  n o t  b e e n  fo u n d . A n a ly t ic a l  c h e m is ts  fr o m  g o v 
ern m en t, in d u str ia l, p r iv a te , and  a c a d e m ic  lab oratories  sh ou ld  
b e  a b le  to  find  a  w a y  to  p a r tic ip a te  in th is  im p o rta n t r e se a r c h .
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FOOD ADDITIVES_____________________________________________

Detection of Tricresyl Phosphates and Determination of Tri-o-Cresyl Phosphate in Edible Oils

M A H I S H l  N .  K R I S H N A M U R T H Y ,  S .  R A J A L A K S H M I ,  a n d  O M  P R A K A S H  K A P U R  
Central Food Technological Research Institute, Mysore 570 013, India

Tricresyl phosphate (TCP) in contaminated edible oils was extracted 
using acetonitrile and detected by thin layer chromatography as well 
as gas chromatography (GC). The chromatoplate was developed with 
isooctane-ethyl acetate (90 + 10) and visualized by spraying with 2,6- 
dichloroquinone chloroimide. TCP gives a characteristic blue-violet 
spot when heated at 100°C for 15 min. The method is direct and sensitive 
and can be used to detect as low as 2.5 pg TCP or TOCP (tri-o-cresyl 
phosphate). GC was carried out using 10% OV-101 as the stationary 
phase and flame ionization detection for confirmation and quantitation 
of TOCP in oils.

T r ic r e sy l p h o sp h a te  (T C P ) is  w id e ly  u se d  in la cq u e rs  and  
v a r n ish e s , a s  a  p la s t ic iz e r  in v in y l p la s t ic s ,  an d  a s  an  a d d itiv e  
in  lu b r ica tin g  o ils  (1 ). T C P  u su a lly  e x is t s  a lo n g  w ith  its  i s o 
m e r ic  fo r m s , v iz . ,  o r th o , m e ta , and p ara , o f  w h ic h  tr i-o -c r e sy l  
p h o sp h a te  (T O C P ) is a h ig h ly  to x ic  and c u m u la t iv e  p o iso n  
(1 , 2 ). T h e  m in im u m  p a r a ly tic  d o s e  fo r  h u m a n s is a b o u t 1 0 -  
30  m g /k g  b o d y  w e ig h t  (3 ). C a s e s  o f  T C P  c o n ta m in a tio n  in  
e d ib le  o ils  h a v e  b e e n  r ep o rte d  fro m  M o r o c c o  (4 ) , Sri L a n k a  
(5 ), an d  th e  M a h a ra sh tra  and W e st  B e n g a l S ta te s  in In d ia  (6). 
T h e  r ep o rte d  c o n ta m in a tio n  w a s  a ttr ib u ted  to  th e  u se  o f  s e c 
o n d -h a n d  d ru m s o r ig in a lly  u se d  fo r  lu b r ica tin g  o ils . T C P  in 
e d ib le  o i ls ,  w h e th e r  or  n o t it c o n ta in s  T O C P , h a s b e e n  sh o w n  
to  b e  in ju r io u s to  h e a lth  (4 , 5 ), a lth o u g h  th e  T C P  iso m e r s  
a p p ea r  to  h a v e  s ig n if ica n tly  d ifferen t to x ic o lo g ic a l  p r o p e r tie s .

M e th o d s  a v a ila b le  (4 , 6) fo r  d e te c t io n  o f  T C P  in e d ib le  o ils  
in v o lv e  sa p o n if ic a t io n  o f  th e  o il,  r em o v a l o f  so a p , fo llo w e d  
b y  a n a ly s is  b y  th in  la y e r  c h r o m a to g r a p h y  (T L C ) (6) or  b y  
d is tilla tio n  (4) an d  r e a c tio n  w ith  d ia z o t iz e d  p -n itr o a n ilin e .  
T h e s e  m e th o d s  are te d io u s  an d  d o  n o t d iffe re n tia te  so m e  o f  
th e  natu ra l p h e n o lic  c o m p o n e n ts  o f  e d ib le  o ils  and T C P , th u s  
lea d in g  to  d o u b tfu l r e su lts .  T h e  c o lo r im e tr ic  m e th o d  r e c e n tly  
r ep o rte d  (7) in v o lv e s  e x tr a c t io n  o f  T C P  b y  rec tifie d  sp irit 
from  th e  o il fo r  4 h , and sa p o n ifica tio n  o f  th e  a lc o h o lic  la y er ,  
fo l lo w e d  b y  d e v e lo p m e n t  o f  c o lo r  w ith  2 ,6 -d ic h lo r o q u in o n e  
c h lo r o im id e  r ea g e n t. H o w e v e r ,  th is  m e th o d  su ffe r s  from  the  
in te r fe r e n c e  o f  natural an d  a d d ed  p h e n o lic  a n tio x id a n ts;  in 
a d d itio n , a lc o h o lic  e x tr a c ts  o f  in d iv id u a l p u re o ils  rea c t w ith  
th e  r ea g e n t to  g iv e  g r e e n , p in k , and b ro w n  c o lo r s  th a t m a sk  
th e  b lu e  c o lo r  g iv e n  b y  T C P .

T h e  p r e se n t  s tu d y  d e sc r ib e s  T L C  an d  g a s ch r o m a to g r a p h ic  
(G C ) m e th o d s  fo r  th e  d e te c t io n  o f  T C P  o r  T O C P  and q u a n 
tita tio n  o f  T O C P  in e d ib le  o ils .

M E T H O D

Apparatus and  Reagents

(a ) Separatory funnels—250  m L  c a p a c ity .
(b) TLC plates.—P rep a re  slurry  o f  s ilic a  g e l G (B D H ) w ith  

w a te r  (1 +  2 w /v )  an d  sp re a d  o v e r  g la ss  p la te s  (0 .3  m m  la y er  
on 20  x  20  c m  p la te s )  w ith  a p p lic a to r . L e t p la te s  se t  at room  
te m p er a tu r e  an d  th e n  dry 1 h at 120°C .

(c ) Developing solvent system— I s o o c ta n e -e th y l  a c e ta te  
(90  +  10). L in e  d e v e lo p in g  c h a m b e r  w ith  filter  pap er.

Received October 9, 1984. Accepted May 21, 1985.

(d) Spray reagent.— 0 .5%  so lu t io n  o f  2 ,6 -d ic h lo r o q u in o n e  
c h lo r o im id e  (E . M er ck , G F R ) in a b so lu te  e th y l a lc o h o l (G ib b s  
r ea g e n t) . S to r e  rea g en t at <  10°C and u se  w ith in  5 d a y s .

(e ) Tricresyl phosphate and tri-o-cresyl phosphate.— A s h 
land C h e m ic a ls ,  C o lu m b u s , O H  4 3 2 1 6 .

(f) Gas chromatograph—Ch ro m a to g ra p h y  In str u m e n ts  
C o .,  B a r o d a , In d ia . F itte d  w ith  h y d r o g e n  flam e io n iz a t io n  
d e te c to r ;  s ta in le s s  s te e l  c o lu m n  (10  ft x  1/8 in .)  p a c k e d  w ith  
10% O V -101  o n  6 0 - 8 0  m e sh  C h r o m o so r b -A W -D M C S ; n itr o 
g e n  ca rr ier  g a s  30 m L /m in ; c o lu m n  te m p er a tu r e  250°C ; d e t e c 
to r  an d  in je c to r  te m p e r a tu r e s  300°C ; chart sp e e d  1 c m /m in .

Procedure

Extraction of TCP or TOCP from oil.— T a k e  10 m L  o il 
sa m p le  (c o n ta in in g  c a  50 p g  T C P  o r  T O C P ) in to  sep a r a to ry  
fu n n e l;  ad d  50  m L  p e tr o le u m  e th e r  (4 0 -6 0 ° C ) to  d is s o lv e  th e  
o il,  fo l lo w e d  b y  10 m L  a c e to n itr ile  p r e v io u s ly  sa tu ra ted  w ith  
p e tr o le u m  e th e r . S h a k e  c o n te n ts  v ig o r o u s ly  an d  le t  s ta n d  10 
m in . C o lle c t  lo w e r  a c e to n itr ile  la y e r  in b e a k e r  and e v a p o r a te  
so lv e n t  o n  h o t w a te r  b a th . D is s o lv e  r e s id u e  in c a  1 m L  e th y l  
or m e th y l a lc o h o l.

Thin layer chromatogaphy.— S p o t c a  0 .1 - 0 .2  m L  (c a  5 p g  
T O C P ) o f  so lu t io n  o n  T L C  p la te . D e v e lo p  p la te  in g la ss  
c h a m b e r  c o n ta in in g  i s o o c t a n e - e t h y l  a c e ta te  (90  +  10) ca  45  
m in to  h e ig h t o f  10 c m . R e m o v e  p la te  and d ry  in air. S p ra y  
p la te  w ith  G ib b s  r ea g e n t and h ea t in 100°C o v e n  c a  15 m in .

Table 1. Recovery of TOCP from fortified groundnut oil

TOCP,
p-g/g

Recovery, %“

1 Extn 2 Extns 3 Extns

1.0 60 70 80
2.0 73 76 90
2.5 90 95 100
5.0 90 95 102

“Mean of 3 determ inations for each series of 10 mL acetonitrile 
extractions.

Figure 1. Thin layer chromatography of acetonitrile extract of 1, ground
nut oil; 2, groundnut oil spiked with tri-o-cresyl phosphate (TOCP); 3, 
groundnut oil spiked with butylated hydroxytoluene (BHT); 4, groundnut 
oil spiked with TOCP and BHT ; 5, groundnut oil spiked with DL-tocopheryl 

acetate; and 6, tricresyl phosphate.
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Figure 2. Gas chromatogram of tri-o-cresyl phosphate spiked at 2.5 pg/g groundnut oil.

I I ■ ■_____ i______I_____ I______I_____ I ....................................................I I I ■ I____________I______■ i I
0 15-5 27-5 44

T ime ( m i n )

Figure 3. Gas chromatogram of commercial tricresyl phosphates.

O b se r v e  fo r  c h a r a c te r is t ic  b lu e -v io le t  sp o t at Rr 0 .2 7 , c o r r e 
sp o n d in g  to  T C P  or  T O C P .

Gas chromatography.— In je c t  c a  1 p L  (c o n ta in in g  c a  2 .5  
p g  T O C P ) o f  a c e to n itr ile  e x tr a c t  in to  G C  ap p a ra tu s; c o m p a r e  
re te n tio n  t im e  an d  p e a k  a r ea  o f  sa m p le  w ith  th at o f  stan d ard  
fo r  q u a n tita tio n .

R esu lts  an d  D iscu ssio n

T h e  p r e se n c e  o f  T C P  o r  T O C P  in  e d ib le  o ils  c a n  b e  d e te c te d  
b y  th e  c h a r a c te r is t ic  b lu e -v io le t  sp o t at Rf0.21 o n  th e  c h r o 
m a to p la te  (F ig u re  1). B o th  T C P  an d  T O C P  g a v e  a s in g le  sp o t  
at th e  sa m e  Rf. T h e  m in im u m  d e te c ta b le  q u a n tity  o f  T C P  or  
T O C P  b y  th in  la y e r  c h r o m a to g r a p h y  w a s  2 .5  p g . T h e  p h en o lic

su b s ta n c e s  n a tu ra lly  p r e se n t  in e d ib le  o i ls ,  su c h  a s  to c o p h e r -  
o ls  and s te r o ls ,  a n d  a d d ed  a n tio x id a n ts  lik e  b u ty la te d  
h y d r o x y to lu e n e , p r o p y l g a lla te , n o r d ih y d r o g u a ia re tic  a c id ,  
d o  n o t in te r fe re  in th e  d e te c t io n  o f  T C P  or  T O C P . H o w e v e r ,  
b u ty la te d  h y d r o x y a n iso le  an d  a lso  s o m e  p h e n o lic  su b s ta n c e s  
p r e se n t  in  c o c o n u t  o il  o b ta in e d  fro m  sm o k e d  c o p r a  (c r e so ls )  
g a v e  a v io le t  sp o t  a t Rf 0 .3  im m e d ia te ly  a fter  b e in g  sp ra y ed  
w ith  G ib b s r ea g e n t;  in c o n tr a s t ,  T C P  o r  T O C P  g a v e  th e  ch a r 
a c te r is t ic  b lu e -v io le t  sp o t  o n ly  a fter  th e  c h r o m a to p la te  w a s  
h e a te d . In su c h  c a s e s ,  p r e se n c e  o f  T C P  o r  T O C P  c o u ld  be  
fu r th er  c o n firm e d  b y  g a s  ch r o m a to g r a p h y .

R e c o v e r y  o f  T C P  o r  T O C P  fro m  g ro u n d n u t o il  sp ik e d  at 
2 .5  p g /g  b y  a  s in g le  e x tr a c t io n  w ith  10 m L  a c e to n itr ile  w a s
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90% . A s  c a n  b e  s e e n  fro m  T a b le  1, su b se q u e n t  e x tr a c t io n s  
w ith  tw o  10 m L  p o r t io n s  o f  a c e to n itr ile  w e r e  n e c e s s a r y  for  
q u a n tita tiv e  r e c o v e r y  o f  T C P  or  T O C P . L o w  r e c o v e r ie s ,  8 0 -  
90% , w e r e  o b ta in e d  fro m  g ro u n d n u t o il  sp ik ed  at 1 -2  p g /g  o f  
T C P  or T O C P  e v e n  a fter  3 s u c c e s s iv e  e x tr a c t io n s  w ith  a c e 
to n itr ile . T h is  m a y  b e  c a u se d  b y  im p ro p er  r e so lu t io n  o f  c o m 
p le x  iso m e r s  (8) o f  T C P  o r  T O C P  b y  g a s  ch r o m a to g r a p h y . 
G C  p a tte rn s  o f  a c e to n itr ile  e x tr a c t  o f  T O C P  sp ik ed  at 2 .5  p g /  
g g r o u n d n u t o i l ,  c o m m e r c ia l T C P , an d  a b la n k  are  sh o w n  in 
F ig u r e s  2 , 3 , and  4.

T h e  purity  o f  standard T O C P  a s  ca lcu la ted  from  th e reso lv e d  
p e a k s  w a s  68% . H o w e v e r ,  th e  to ta l a r ea  o f  all th e  p e a k s  w a s  
ta k e n  fo r  q u a n tita tio n  p u r p o se s  and e x p r e s se d  a s  T O C P . T h e  
o th e r  p e a k s  o b ta in e d  w h e n  stan d ard  T O C P  w a s  in je c te d  (F ig 
ure 2) c a n  b e  a ttr ib u ted  to  th e  m o re  c o m p le x  iso m e r s  p r e se n t  
in T O C P  o th e r  th an  th e  m e ta  and para iso m e r s  o b s e r v e d  b y  
D e o  an d  H o w a r d  (8).

It w a s  o b s e r v e d  th a t a b o u t 0 .4%  o f  th e  o il w a s  e x tr a c te d  
w ith  a c e to n itr ile .  A fte r  e v a p o r a tio n  o f  a c e to n itr ile ,  th e  r e s i
d u e  w a s  d is s o lv e d  in e th y l o r  m e th y l a lc o h o l b e fo r e  G C  a n a l
y s is  to  e lim in a te  tr a c e s  o f  e x tr a c te d  o il.

T h is  is  th e  first r ep o rte d  d ir ec t a n a ly s is  o f  T C P  b y  T L C .  
D e te r m in a tio n  o f  tr ic r e sy l p h o sp h a te s  in w a te r , fish , e t c . ,  b y  
G C , u s in g  a  n itr o g e n -p h o sp h o r u s  sp e c if ic  d e te c to r , h a s b e e n  
r ep o rte d  b y  e a r lier  w o r k e r s  (9 , 10). T h e  m e th o d  d e sc r ib e d  
h ere  h a s  b e e n  tr ied  o n  v a r io u s  e d ib le  o ils  lik e  g ro u n d n u t, 
s e s a m e , su n flo w e r  s e e d , sa ff lo w e r  s e e d , m u sta rd , c o c o n u t ,  
an d  p a lm o le in . In a ll, a b o u t 120 sa m p le  o ils  r e c e iv e d  from

differen t parts o f  th e  co u n tr y  w e re  sc r ee n e d  fo r  T C P  or  T O C P . 
A lth o u g h  22  sa m p le s  o f  th e s e  e d ib le  o ils  s h o w e d  th e  p r e se n c e  
o f  T C P  o r  T O C P  w h e n  te s te d  b y  e a r lier  r ep o rte d  m e th o d s  (4 ,
6 ), o n ly  o n e  a c tu a lly  c o n ta in e d  35 pp m  T O C P .
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Effect of N-Nitrosothiazolidine-4-CarboxyIic Acid on Formation of A-Nitrosothiazolidine in 
Uncooked Bacon

JOHN W. PENSABENE and WALTER FIDDLER
U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research Center, 
Philadelphia, PA 19118

A,-Nitrosothiazolidine-4-carboxyIic acid (NTHZC) was recently iden
tified in a variety of smoked fish and cured meat products. While the 
toxicological properties of NTHZC are currently unknown, it has been 
speculated that A'-nitrosothiazolidine (NTHZ) in fried bacon may be 
caused in part by decarboxylation of NTHZC. A limited survey of 
uncooked cured meat products failed to demonstrate any correlation 
between levels of NTHZC and NTHZ. However, NTHZC levels were 
significantly higher, ranging from 8 to 1400 ppb, than the correspond
ing NTHZ levels, which ranged from <2 to 18 ppb. Decarboxylation 
of NTHZC to NTHZ in a model system occurs at 110°C, which is 
significantly higher than the average bacon processing temperature of 
54°C, but lower than the normal frying temperature of 177°C recom
mended for bacon. Results from both model system and frying exper
iments with NTHZC and its precursors suggest that NTHZC decar
boxylation to NTHZ is not the principal pathway to NTHZ formation 
in uncooked bacon.

A - N i t r o s o t h ia z o l i d in e - 4 - c a r b o x y l i c  a c id  ( N T H Z C )  w a s  
r e c e n tly  id e n tif ie d  in s o m e  sm o k e d  fish  an d  c u r ed  m ea t p ro d 
u c ts  ( 1 ,2 ) .  It h a s b e e n  h y p o th e s iz e d  th a t th is  n itr o sa m in e  ca n  
form  b y  th e  r e a c t io n  o f  c y s t e in e  in fo o d s  w ith  fo r m a ld e h y d e  
in  sm o k e  to  y ie ld  th ia z o lid in e -4 -c a rb o x y lic  ac id  (T H Z C ), w h ich  
ca n  th e n  b e  n itr o sa te d  e ith e r  b y  n itr ite  in th e  p r o d u ct o r  b y  
n itr o g en  o x id e s  g e n e r a te d  du rin g  th e  sm o k in g  p r o c e s s .  T h e  
p r e se n c e  o f  N T H Z C  in  fo o d s  is  p o s s ib le  b e c a u s e  T H Z C  h a s  
b e e n  sh o w n  to  n itr o sa te  2 5 0 -5 0 0  t im e s  m o re  ra p id ly  th an  
p r o lin e  (3 ) , w h ic h  is  th o u g h t  to  b e  o n e  o f  th e  p r e c u r so r s  fo r  
TV -nitrosopyrrolidine fo u n d  in  fried  b a c o n . In  a d d ition , N T H Z C  
d e te c te d  in  th e  u r in e  o f  n o rm a l p e o p le  is  th o u g h t to  h a v e  a  
b e tte r  p o te n tia l  a s  an  in d ic a to r  o f  in  v iv o  n itr o sa m in e  fo r 
m a tio n  th a n  n itr o so p r o lin e  (3 ). P art o f  th e  to ta l a m o u n t o f  
N T H Z C  fo u n d  in  th e  u r in e , h o w e v e r ,  m a y  b e  c o n tr ib u te d  b y  
fo o d s  c o n ta in in g  p r e fo r m e d  n itr o sa m in e s .

A lth o u g h  th e  t o x ic o lo g ic a l  p r o p e r t ie s  o f  N T H Z C  are  
u n k n o w n , it m a y  u n d e r g o  d e c a r b o x y la t io n  to  fo rm  /V -nitro- 
so th ia z o lid in e  (N T H Z ) , w h ic h  h a s  b e e n  r ep o rte d  to  fo rm  a  
m u ta g e n ic  c o m p o u n d  w h e n  p rep a red  from  c y s te a m in e  and  
fo r m a ld e h y d e  (4 ). In  a d d itio n , H e lg a s o n  e t  a l. (1) h y p o th e 
s iz e d  a  r e la t io n sh ip  b e tw e e n  N T H Z  in g e s t io n  an d  c o n g e n ita l  
d ia b e te s  fo u n d  in I c e la n d .

R e c e n t ly ,  S e n  e t a l. (2 ) r ep o rte d  a  g o o d  c o r r e la t io n  b e tw e e n  
N T H Z C  le v e ls  in ra w  b a c o n  an d  N T H Z  le v e ls  in fr ied  b a c o n . 
H o w e v e r ,  th e y  fo u n d  n o  c o r r e la t io n  b e tw e e n  N T H Z C  and  
N T H Z  in  ra w  b a c o n . P r e v io u s ly ,  w e  r ep o rte d  (5) that N T H Z  
le v e ls  w e r e  h ig h er  in th e  ra w  b a c o n  th a n  in  th e  fr ied  p r o d u ct, 
w h ic h  in d ir e c t ly  su g g e s t s  th a t N T H Z C  w a s  n o t r e sp o n s ib le  
fo r  N T H Z  in  fr ied  b a c o n , c o n tr a ry  to  th e  rep o rt b y  S e n  e t al. 
(2 ). T o  r e s o lv e  th is  d is c r e p a n c y  in r e su lts , w e  d e v e lo p e d  a  
m e th o d  fo r  d e te r m in in g  N T H Z C  th at w a s  a p p lic a b le  to  a  w id e  
v a r ie ty  o f  sm o k e d  c u r e d  m e a t p r o d u c ts , and  th e n  c o n d u c te d  
a lim ite d  su r v e y  to  d e te r m in e  le v e ls  o f  N T H Z C  in u n c o o k e d  
fo o d  p r o d u c ts  in a d d itio n  to  b a c o n . W e  a lso  c o n d u c te d  e x p e r 
im e n ts  to  d e te r m in e  w h e th e r  N T H Z C  had  th e  p o te n tia l to  b e  
a  p r e cu rso r  o f  N T H Z  in ra w  o r  fr ied  b a c o n . T h e  r e su lts  are  
r ep o rte d  h ere in .
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M E T H O D

Note: /V -N itr o so a m in e s  are  p o te n tia l c a r c in o g e n s . E x e r 
c is e  c a r e  in h a n d lin g  th e s e  m a ter ia ls .

Reagents
(a) Methanol, ethyl acetate, and dichloromethane.— B u r

d ic k  an d  J a c k so n  D is t i l le d - in -G la s s  s o lv e n ts .
(b) Sulfamic acid.—  1% in IN  su lfu r ic  a c id .
(c) Diazomethane.—P re p a r ed  fro m  A ld r ich  /V -m ethyl-A /- 

n itr o so -p -to lu e n e -su lfo n a m id e  a s  d ir e c te d .
(d) N-Nitrosopipecolic acid (NPIC) internal standard 

solution.— 0 .2 0  p.g N P IC /m L  in m e th a n o l.
(e) Methyl esters of N-nitrosothiazolidineA-carboxylic acid 

(NTHZC) and NPIC.—G C  w o r k in g  sta n d a rd , e a c h  0 .2 0  p g /  
m L  in d ic h lo r o m e th a n e .

(f) Cured meat products.— R a n d o m  sa m p le s  p u rch a sed  from  
lo c a l re ta il o u t le t s ,  g r o u n d , an d  th o r o u g h ly  m ix e d  b e fo r e  
a n a ly s is .

(g) Other reagents.— P u r c h a se d  fro m  lo c a l su p p lie rs  and  
u se d  w ith o u t  fu r th er  p u r if ica tio n . N T H Z , N T H Z C , an d  N P IC  
w e re  sy n th e s iz e d  fro m  their  c o rresp o n d in g  a m in es and sod iu m  
n itr ite , a n d  p u rified  b y  e ith e r  fr a c tio n a l v a c u u m  d istilla tio n  
(N T H Z ) o r  b y  r e c r y s ta ll iz a t io n  (N T H Z C , N P IC ) , a c c o r d in g  
to  g e n e r a l p r o c e d u r e  p u b lish e d  p r e v io u s ly  (6 ).

Apparatus
U s u a l la b o r a to ry  e q u ip m e n t an d  th e  fo llo w in g  item s:
(a) Homogenizer.— V ir tis  C o . ,  I n c . ,  M o d e l45 w ith  2 5 0  m L  

fla sk .
(b) Rotary evaporator and Evapo-Mix.— B u c h le r  In stru 

m en t C o .
(c) Refrigerated centrifuge.— S o r v a ll M o d e l R C -5 B .
(d ) Gas chromatograph-thermal energy analyzer (GC- 

TEA).— V arian  A e r o g r a p h  g a s  c h r o m a to g r a p h  M o d e l 1700, 
o r  e q u iv a le n t , in te r fa c e d  w ith  th erm a l e n e r g y  a n a ly z e r  M o d e l  
502. O p eratin g  c o n d itio n s: 1.8 m  x 2 m m  g la ss  co lu m n  p ack ed  
w ith  5 %  S ilar  10C P  o n  1 0 0 -1 2 0  m e sh  S u p e lc o p o r t;  h e liu m  
ca rr ier  g a s , 35 m L /m in ; c o lu m n  te m p er a tu r e  p ro g ra m m ed  
fro m  150 to  250°C  at 4°/m in ; in je c to r  p o r t, 200°C ; T E A  fur
n a c e , 450°C ; T E A  v a c u u m , 0 .5  m m ; liq u id  n itr o g e n -e th a n o l  
c o ld  trap.

(e) Gas chromatograph-mass spectrometer (GC-MS) .—  
H ew le tt-P a ck a rd  M o d e l 5 992B  lo w -r eso lu tio n  q u ad ru p o le  m a ss  
sp e c tr o m e te r . O p e ra tin g  c o n d it io n s :  10 m  x 0 .2 0  m m  g la ss  
c a p illa r y  c o lu m n  c o a te d  w ith  m e th y l s i l ic o n e  ( fu se d  s ilic a );  
h e liu m  flo w  rate  th r o u g h  c o lu m n , 0 .6  m L /m in ; c o lu m n  te m 
p era tu re  m a in ta in e d  at 20°C  fo r  2 m in , th e n  p ro g ra m m ed  at 
1 0 7 m in  to  250°C ; in je c to r  p o r t , 150°C.

I f  io n s  w ith  m /z  3 0 , 4 5 , 5 9 , 8 7 , 146, an d  176 w e r e  p r e se n t  
b e fo r e  a n d  a b se n t  a fter  U V  p h o to ly s is  (365 n m ), u s in g  sam e  
p r o c e d u r e  d e sc r ib e d  p r e v io u s ly  (7 ) , th e  p r e se n c e  o f  N T H Z C  
a s its  m e th y l e s te r  w a s  c o n s id e r e d  c o n firm e d .

Procedure
(a) Sample analysis, NTHZC .—A f lo w  d ia g ra m  o f  th is  

m e th o d  is sh o w n  in F ig u re  1. A c c u r a te ly  w e ig h  2 0 .0  ±  0 .1  g  
o f  g ro u n d  m e a t sa m p le  in to  a  2 5 0  m L  V ir tis  fla sk . A d d  1.0  
m L  N P IC  in tern a l s ta n d a rd  so lu t io n  (e q u iv a le n t  to  10 pp b ) to



1078 PENSABENE & FIDDLER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6. 1985)

GROUND MEAT SAMPLE

SOLID RESIDUE 
(DISCARD)

1. ADD: IX SULFAMIC ACID IN IN

2. HOMOGENIZE: c h 3o h

3. CENTRIFUGE: 5 000 RPM, 0°

4. FILTER

FILTRATE (NTHZC)

1. EVAPORATE: TO 15-20 mL (VACUO)

2. ADD: H20

3. EXTRACT: ETOAC

AQUEOUS LAYER 
(DISCARD)

ETOAC LAYER (NTHZC)

1. DRY: ANHYO. Na2S04

2. EVAPORATE: TO 1 mL (VACUO)

3. METHYLATE: C H ^

SAMPLE SOLUTION (NTHZC)

CONCENTRATE 

GC-TEA ANALYSIS

Figure 1. Schematic of procedure for determination of N-nitrosothiazo- 
lidine-4-carboxylic acid in cured meat products.

Figure 2. GC-TEA chromatogram of A/-nitrosothiazolidine-4-carboxylic 
acid in uncooked bacon.

se p a r a to ry  fu n n e l. E x tr a c t sa m p le  2 t im e s  w ith  50  m L  e th y l  
a c e ta te . C o m b in e  e x tr a c ts  and s lo w ly  p a s s  th e m  th ro u g h  35 
g a n h y d r o u s  so d iu m  su lfa te , h e ld  in 6 0  m L  c o a r s e  fr itted -  
g la ss  fu n n e l. C o lle c t  e fflu en t in 250 m L  r o u n d -b o tto m  fla sk , 
and r e d u c e  e th y l a c e ta te  o n  v a c u u m  rotary  e v a p o r a to r  to  1 
m L . Q u a n tita t iv e ly  tr a n sfe r  sa m p le , u s in g  1 -2  m L  m e th a n o l,  
to  16 x  145 m m  te s t  tu b e . R e d u c e  v o lu m e  to  c a  0 .5  m L  on  
E v a p o -m ix , an d  th e n  add 3 m L  e th e r  so lu t io n  c o n ta in in g  
d ia z o m e th a n e  w h ile  t e s t  tu b e  is  h e a te d  an d  sh a k e n  at 38°C  
fo r  20  m in . Q u a n tita t iv e ly  tr a n sfe r  so lu t io n  to  4 m L  c o n c e n 
tra tor  tu b e  b y  u s in g  d ic h lo r o m e th a n e , and c o n c e n tr a te  s o lu 
tio n  to  1 m L  in 70°C  w a te r  b ath .

(b ) N T H Z  analysis and  determ ina tion .— C arry  o u t p r o 
c e d u r e  an d  n e c e s s a r y  c a lc u la t io n s  fo r  d e te rm in in g  N T H Z  in 
c u r ed  m ea t p r o d u c ts  a s  d e sc r ib e d  p r e v io u s ly  (8 ).

(c) M odel sys tem  reaction .— H ea t fo r  6 m in in c lo s e d  g la ss  
p r e ssu r e  fla sk  a  m ix tu r e  c o n s is t in g  o f  4  x  1 0 ”4 m o le  c y s t e in e ,  
fo r m a ld e h y d e , and so d iu m  n itr ite  in 10 m L  o f  pH  5 .6  p h th a l-  
a te  b u ffer . E x tr a c t  c o n te n ts  o f  c o o le d  fla sk  tw ic e  w ith  25 m L  
D C M . W a sh  c o m b in e d  D C M  e x tr a c ts  o n c e  w ith  10 m L  5 N  
N a O H , th e n  d ry  an d  c o n c e n tr a te  to  1 .0  m L  a s  b e fo r e .

(d) Bacon sys tem .— A dd p recu rsor  (N T H Z C , T H Z C . T H Z )  
to  g ro u n d  raw  b a c o n  c o n ta in in g  36  p p m  res id u a l N a N 0 2 and  
8 7 0  p p b  N T H Z C  b e fo r e  fry in g  at 177°C fo r  6  m in . A n a ly z e  
fr ied  p r o d u ct fo r  N T H Z  a s  d e sc r ib e d  p r e v io u s ly  (8 ).

(e) N T H Z C  determ ina tion .— In jec t 8 .0  jjlL  G C -T E A  w o r k 
ing  sta n d a rd  at lo w e s t  a tte n u a tio n  th a t y ie ld s  T E A  r e s p o n s e  
at le a s t  o n e -th ir d  fu ll s c a le  o n  r eco rd er ; m e a su r e  p ea k  h e ig h ts .  
R e p e a t sta n d a rd  in je c t io n  to  a ssu r e  r e p r o d u c ib ility  o f  r e te n 
tio n  tim e  an d  r e s p o n s e .  In jec t 8 .0  p L  sa m p le  so lu t io n  and  
m e a su r e  p e a k  h e ig h ts . C a lc u la te  N T H Z C , fro m  its  m e th y l  
e s te r , in  p p b . T y p ic a l ch r o m a to g r a m  fro m  cu r ed  m ea t e x tra c t  
is  sh o w n  in F ig u re  2. M in im u m  le v e l  o f  re lia b le  m e a su r e m e n t, 
u sin g  th is  m e th o d , w a s  5 pp b  N T H Z C .

(f) M ass spectra l con firm ation .— M a ss  sp ec tra l c o n firm a 
tio n  w a s  ca rr ied  o u t o n  th o s e  sa m p le s  c o n ta in in g  100 pb b  or  
m o re  N T H Z C . A ll o th e r  sa m p le s  c o n ta in in g  lo w e r  v a lu e s  fo r  
N T H Z C  w e r e  c o n s id e r e d  “ a p p a r e n t”  N T H Z C .

(g) Sod ium  nitrite ana lysis.— R e sid u a l so d iu m  n itr ite  c o n 
te n t w a s  d e te r m in e d  o n  10 g ra w , c o m m in u te d  sa m p le  b y  
m o d ified  G r ie ss -S a ltz m a n  p r o c e d u r e  (9 ).

(h) S ta tis tica l ana lyses .— S ta tis t ic a l a n a ly s e s  w e r e  ca rr ied  
o u t a c c o r d in g  to  m e th o d s  o f  S n e d e c o r  and C o c h r a n  (10).

sa m p le  w ith  1 .0  m L  tr a n sfe r  p ip e t, th e n  ad d  100 m L  m eth a n o l  
and 10 m L  su lfa m ic  a c id  so lu t io n  to  flask  to  d e s tr o y  res id u a l  
n itr ite . H o m o g e n iz e  sa m p le  3 m in  at m ed iu m  se tt in g  o f  40 . 
Q u a n tita t iv e ly  tr a n sfe r  sa m p le , u s in g  m e th a n o l, to  150 m L  
g la s s  b o tt le  an d  c en tr ifu g e  25 m in  at 50 0 0  rpm  at 0°C . F ilter  
sa m p le s  th ro u g h  g la ss  w o o l in to  250  m L  ro u n d -b o tto m  fla sk , 
add 2 a lu n d u m  b o ilin g  s to n e s ,  an d  th e n  r e d u c e  so lv e n t  to  1 5 -  
20  m L  o n  v a c u u m  ro ta ry  e v a p o r a to r  (w a te r  bath  at 40°C ). 
Q u a n tita t iv e ly  tr a n sfe r  sa m p le  w ith  50  m L  w a te r  to  125 m L

Results and Discussion

T o  d e te r m in e  th e  w ith in -la b o ra to r y  r e p ea ta b ility  o f  th e  
N T H Z C  m e th o d , 8 sa m p le s  c o n ta in in g  N T H Z C  at le v e ls  
ran g in g  fro m  5 to  5 0 0  pp b  w e r e  a n a ly z e d  in d u p lic a te . A n  
a n a ly s is  o f  v a r ia n c e  s h o w e d  th a t th e  r ep e a ta b ility  c o e f f ic ie n t  
o f  v a r ia tio n  w a s  5 .2 2 %  (4 .2 9 %  in sa m p le s  c o r r e c te d  fo r  r e c o v 
ery  o f  th e  in tern a l sta n d a rd ). T h e  r e p ea ta b ility  c o e f f ic ie n t  o f  
v a r ia tio n  o f  th e  N P IC  in tern a l stan d ard  r e c o v e r y  w a s  5 .95% .

Table 1. N-Nitrosothiazolidine-4-carboxylic acid and N-nltrosothlazolidine in uncooked cured meat products

Sample type

NTHZC, ppb NTHZ, ppb NaN02, ppm

No. pos./total Range Av. No. pos./total Range Av. Range Av.

Cure-pumped bacon 10/10 14-1400 370 10/10 2.0-13.1 5.4 5-75 36
Dry-cured bacon 2/2 45, 281 163 2/2 3.6, 6.2 4.9 51, 58 55
Dry-cured ham 4/4 8-103 61 3/4 3.2-17.6 8.9 2-101 50
Lebanon bologna 5/5 8-276 127 4/5 3.0-8.3 5.5 1-2 1
Poultry franks 2/2 69, 173 121 2/2 3.1, 8.3 5.7 34, 45 40Pepperoni 2/2 39, 79 59 2/2 4.3. 5.8 5.1 2, 2 2
Hot dogs 3/3 12-83 58 2/3 7.2, 9.8 8.5 2-15 8
Beef, pork strips 2/2 19, 28 24 2/2 7.5, 11.8 9.7 4 6 5
Other cured products 4/4 8-18 12 4/4 1.7-2.2 1.9 2-10 6
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Table 2. Effect of added precursor on nitrosothiazolidine formation in 
fried bacon

Precursor Added, ppm NTHZ. ppb

Control none 8.5
Nitrosothiazolid ine-4-carboxylic acid 0.1 11.1

1 12.2
10 133.0

100 1031.0
Thiazolidine-4-carboxylic acid 100 19.0

1000 46.5
Thiazolidine 100 143.0

1000 1548.0

Table 3. Effect of frying on nitrosothiazolidine formation in bacon

Raw bacon Fried bacon

Sample
NaN02.

ppm
NTHZC,

ppb
NTHZ,

ppb
NTHZC,

ppb
NTHZ,

ppb

1 51 1022 6.9 645 8.0
2 35 798 5.7 403 4.2
3 35 418 ND 271 2.3
4 32 120 4.9 138 2.3
5 47 173 3.8 163 2.8
6 2 223 2.7 169 1.5

T h e  r e s u lts  o f  o u r  lim ited  s u r v e y  o f  sm o k e d  c u r ed  m ea t  
p r o d u c ts  fo r  b o th  N T H Z C  an d  N T H Z  are  sh o w n  in T a b le  1. 
A ll o f  th e  sa m p le s  a n a ly z e d  c o n ta in e d  N T H Z C  ran gin g  from  
8 to  1400 p p b . T h e s e  v a lu e s  w e r e  s ig n if ica n tly  h ig h er  th an  the  
N T H Z  c o n c e n tr a t io n s  in th e  sa m e  sa m p le s , w h ic h  ran ged  
from  < 2  to  18 ppb in 32 o f  34 sa m p le s  a n a ly z e d . A n a ly s is  o f  
th e  d a ta  in d ic a te d  n o  c o r r e la t io n  b e tw e e n  res id u a l so d iu m  
nitr ite  in a n y  o f  th e  p r o d u c ts  su r v e y e d , and e ith e r  N T H Z C  
or N T H Z . It is  a lso  in te r e st in g  to  n o te  th a t th e  o n e  b a c o n  
sa m p le  that had  th e  N T H Z C  v a lu e  o f  1400 pp b  had a resid u a l 
n itr ite  le v e l  o f  75 p p m . but o th e r  b a c o n  sa m p le s  that had  
c o m p a r a b le  le v e ls  o f  r e s id u a l n itr ite  c o n ta in e d  s ig n ifica n tly  
lo w e r  le v e ls  o f  N T H Z C . w h ic h  a ga in  su g g e s te d  that n o  n itr ite-  
N T H Z C  c o r r e la t io n  w a s  e v id e n t . L e b a n o n  b o lo g n a , w h ic h  is  
su b je c te d  to  th e  lo n g e s t  sm o k in g  p er io d  o f  a n y  o f  th e  p r o d u cts  
s u r v e y e d , s h o w e d  a  N T H Z C  a v e r a g e  e q u iv a le n t  to  th e  lig h tly  
sm o k e d  p o u ltr y  fra n k s . T h is  is  c o n s is te n t  w ith  o u r  p r e v io u s  
fin d in g , w h e r e  w e  h y p o th e s iz e d  th at th e  lo w  N T H Z  v a lu e s  
o b se r v e d  m a y  b e  d u e  to  th e  a c id ic  natu re  o f  th is  ty p e  o f  
fe rm e n te d  p r o d u c t. D e sp ite  th e  h ig h er  le v e ls  o f  N T H Z C  in 
th e  su r v e y e d  s a m p le s , n o  c o r r e la tio n  b e tw e e n  N T H Z C  and  
N T H Z  w a s  fo u n d , w h ic h  is  in a g r e e m e n t w ith  S e n  et al. (2 ), 
w h o  a lso  fo u n d  n o  c o r r e la t io n  b e tw e e n  N T H Z C  an d  N T H Z  
in th e  u n c o o k e d  b a c o n  o n ly . O ur r e su lts  su g g e s t  th a t th e  
N T H Z C -a m in o  p r e c u r so r  w a s  e ith e r  p r e se n t in h igh er  c o n 
c e n tr a t io n s  o r  w a s  m o r e  r ea d ily  n itr o sa ta b le  th an  th e  N T H Z  
p r e cu rso r  in th e  u n c o o k e d  m ea t p r o d u c ts .

A lth o u g h  N T H Z C  d o e s  n o t a p p ea r  to  b e  th e  prim ary  p re 
c u r so r  fo r  N T H Z  in u n c o o k e d  b a c o n , its  p aren t c o m p o u n d ,  
th iop rolin e  (T H Z C ), c o u ld  d e c a rb o x y la te  to  form  T H Z . w h ich  
c o u ld  th e n  n itr o sa te  to  fo rm  N T H Z . H o w e v e r ,  w e  fo u n d  b y  
th e r m o g r a v im etr ic  a n a ly s is  that T H Z C  d o e s  n o t d e c a r b o x y 
la te  a p p r e c ia b ly  un til 200°C , w h ic h  is  s ig n if ica n tly  h ig h er  than  
the  a v e r a g e  in tern a l te m p er a tu r e  (54°C ) u se d  in p r o c e s s in g  
b a c o n . T h e s e  r e su lts  su p p o rt th e  p r e v io u s  fin d in g s and su g 
g e s t  th a t T H Z C  d o e s  n o t c o n tr ib u te  to  N T H Z  fo rm a tio n  
u n le ss  th e  p r o d u ct c o n ta in s  so m e  u n k n o w n  fa c to r (s )  that  
m ight fa c ilita te  d e c a r b o x y la t io n .

M a n d a g ere  e t  a l . (1 1 ) r ep o rte d  that N T H Z C  d e c a r b o x y la te s  
to  N T H Z  at 110°C , w h ic h  is  lo w e r  th an  th e  b a c o n  fry in g  
te m p er a tu r e  o f  177°C r e c o m m e n d e d  b y  m a n y  b a c o n  p r o d u c 
e r s . H o w e v e r ,  s in c e  o u r  p r e v io u s  w'ork d id  not s h o w  an

in c r e a se  in N T H Z  le v e ls  w h e n  u n c o o k e d  b a c o n  w a s  fr ied  (5 ), 
w e  in v e s t ig a te d , in a m o d e l s y s t e m , w h e th e r  a d d in g  high  
le v e ls  o f  N T H Z C  to  th e  u n c o o k e d  b a c o n  c o u ld  s ig n ifica n tly  
in c r e a se  th e  le v e ls  o f  N T H Z  fo u n d  in th e  p ro d u ct a fter  it w a s  
fr ied  at 177°C . T a b le  2 s h o w s  th e  N T H Z  c o n te n t  a fter  fryin g  
w h e n  N T H Z C , T H Z C , an d  T H Z  w e r e  a d d ed  to  g ro u n d  b a co n  
c o n ta in in g  36  ppm  res id u a l n itr ite . 8 7 0  pp b  N T H Z C , and 8 .5  
pp b  N T H Z  b e fo r e  fry in g . W h en  1 pp m  N T H Z C  w a s  ad d ed  
to  th e  b a c o n , th e  N T H Z  v a lu e  in c r e a se d  o n ly  3 .7  pp b  (8 .5  to  
12.2  p p b ): w h e r e a s , at th e  10 pp m  fo r tif ica tio n  le v e l .  N T H Z  
in c r e a se d  m a rk ed ly  (8 .5  to  1 33 .0  p p b ). T h e se  b a c o n  m o d e l 
sy s te m  r e su lts  in d ic a te  that th e  p r o d u ct m a y  n e e d  a v e r y  high  
le v e l  o f  N T H Z C  to  m a k e  a s ig n ifica n t c o n tr ib u tio n  to  N T H Z .

A s  p red ic ted  from  th e  d eca rb o x y la tio n  tem p eratu re  (200°C ), 
T H Z C  d o e s  n o t a p p ea r  to  b e  a m ajor  c o n tr ib u to r  to  N T H Z  
fo r m a tio n , s in c e  100 ppm  a d d ed  to  th e  u n c o o k e d  b a c o n  o n ly  
in c r e a se d  th e  N T H Z  le v e l  b y  10.5  pp b  (8 .5  to  19 .0  p p b ). W h en  
100 p p m  T H Z  w a s  a d d ed  to  th e  b a c o n , th e  N T H Z  le v e l  
in c r e a se d  b y  134.5  pp b  (8 .5  to  1 4 3 .0  p p b ). w h ic h  s h o w s  that 
th e  b a c o n  u se d  in th e s e  e x p e r im e n ts  w a s  c a p a b le  o f  n itro sa t-  
ing th e  e x o g e n o u s  a m in e s  o r  a m in e  p recu rso rs to  form  N T H Z .

T h e  p r e v io u s  m o d e l s y s te m  r e su lts  su g g e s t  th at N T H Z C  
m a y  n o t b e  th e  p rim ary  p r e cu rso r  o f  N T H Z  in fr ied  b a c o n  
u n le s s  p r e se n t  in large  a m o u n ts  o r  i f  h ig h er  c o o k in g  te m p e r 
a tu r e s  w e r e  e m p lo y e d . T o  co n firm  th is  h y p o th e s is ,  s e le c te d  
sa m p le s  o f  u n c o o k e d  b a c o n  c o n ta in in g  N T H Z C  le v e ls  > 1 0 0  
pp b  w e r e  fr ied : N T H Z  and N T H Z C  v a lu e s  w e r e  d e term in ed  
b o th  b e fo r e  and a fter  fry in g . T h e  r e su lts  in T a b le  3 sh o w  that 
N T H Z C  le v e ls  d e c r e a se d  in 5 o f  6  sa m p le s  a fter  fr y in g , but 
N T H Z  in c r e a se d  s lig h t ly  in o n ly  2 o f  6  sa m p le s;  e v e n  h ere , 
th e  in c r e a se  w a s  n o t c o n s id e r e d  s ig n if ica n t. T h e  d iffe re n c e  
b e tw e e n  o u r  r e su lts  an d  th o s e  r ep o rte d  b y  S e n  e t a l. (2) m ay  
b e  d u e  to  th e  h ig h er  c o n c e n tr a t io n s  o f  N T H Z C  or N a N O ; in 
th e  b a c o n  th at th e y  a n a ly z e d . In o u r  c a s e ,  th e  sa m p le s  c o n 
ta in e d  le s s  th an  5 0  pp m  res id u a l n itr ite , th e  c o n c e n tr a t io n  
n o r m a lly  fo u n d  in b a c o n  at th e  reta il le v e l .

U p  to  n o w . w e  h a v e  sh o w n  th at N T H Z C  an d  T H Z C  are  
not lik e ly  p r e c u r so r s  fo r  N T H Z  in e ith e r  raw  or  ty p ic a lly  fried  
b a c o n . H o w e v e r ,  w e  c o n s id e r e d  it n e c e s s a r y  to  in v e s t ig a te  
th e  rem a in in g  p a th w a y  to  N T H Z  fo r m a tio n , th at is ,  v ia  c y s 
te in e . In a  p H  5 .6  a q u e o u s  m o d e l s y s te m , w e  r e a c te d , at 
v a r io u s  te m p e r a tu r e s , c y s t e in e ,  fo r m a ld e h y d e , and so d iu m  
n itr ite  to  d e te r m in e  i f  an d  h o w  m u ch  N T H Z  w o u ld  fo rm . T h e  
sy s te m  w a s  c lo s e d  du rin g  h e a tin g  to  p r e v en t lo s s  o f  an y  
v o la t ile  c o m p o n e n ts  g e n e r a te d . T h e  r e su lts  p r e se n te d  in F ig 
ure 3 s h o w  th a t th e  o p tim u m  te m p er a tu r e  fo r  c o n v e r s io n  o f  
th e  r e a c ta n ts  to  N T H Z  o c c u r r e d  at 2 1 5 °C . w h ic h  is  h igh er  
th an  e ith e r  th e  d e c a r b o x y la t io n  te m p er a tu r e  fo r  N T H Z C  to  
N T H Z  ( 1 10°C) o r  fo r  T H Z C  to  T H Z  (2 0 0 °C ). b u t b e lo w  th e  
r ep o rted  te m p er a tu r e  th r e sh o ld  o f  230°C  fo r  c y s t e in e  d e c a r 
b o x y la t io n  (1 2 ). E v e n  th o u g h  fo r m a tio n  o f  N T H Z  fro m  c y s -

Figure 3. N-Nitrosothiazolidine formation from cysteine-formaldehyde- 
nitrite in a model system.
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Figure 4. Possible pathways of N-nitrosothiazolidine formation.

te in e  in a  s im p le  m o d e l sy s te m  is m in o r  at 215°C  (12 x  
1 0 “4% ), a t n o rm a l fr y in g  te m p er a tu r e s  (1 77°C ), th e  rate o f  
d e c a r b o x y la t io n  m ig h t b e  su ffic ie n t to  fo rm  N T H Z , bu t th e  
rate  o f  d e c a r b o x y la t io n  at ty p ic a l b a c o n  p r o c e s s in g  te m p e r 
a tu r e s  (54°C ) is  far  to o  lo w  to  a c c o u n t  fo r  fo r m a tio n  b y  th is  
p a th w a y .

T h e  p o s s ib le  p a th w a y s  o f  N T H Z  fo r m a tio n  are p r e se n te d  
in  F ig u re  4 , w ith  th e  d e c a r b o x y la t io n  te m p er a tu r e s  in d ic a ted  
in  p a r e n th e se s . W e  h a v e  sh o w n  th at th e r e  is a h ig h  p ro b a b ility  
th at N T H Z  in  ra w  b a c o n  d o e s  n o t o c c u r  b y  d e c a r b o x y la t io n  
o f  c y s t e in e ,  T H Z C , o r  N T H Z C . A s  w e  h y p o th e s iz e d  p r e v i
o u s ly  (1 3 ), N T H Z  a p p ea r s  to  fo rm  v ia  th e  c y s te a m in e -th ia -  
z o lid in e  p a th w a y . H o w e v e r ,  a t p r e se n t  th e r e  h a s b e e n  n o  
p u b lish e d  d a ta  o n  e ith e r  c y s te a m in e  o r  th ia z o lid in e  c o n te n t  
in  m e a t p r o d u c ts . T h e r e fo r e , w e  are  cu r re n tly  e v a lu a tin g  
p r e c o o k e d  c u r e d  b a c o n  fo r  th e se  c o m p o u n d s  to  co n firm  th at  
th is  in d e e d  is  th e  p a th w a y  to  N T H Z . W e h a v e  a lso  sh o w n  in  
a  b a c o n  m o d e l s y s te m  th a t N T H Z C  m u st b e  p r e se n t  in large  
a m o u n ts  to  c o n tr ib u te  to  N T H Z  fo r m a tio n  w h e n  b a c o n  is

fr ied . H o w e v e r ,  o u r  r e su lts  in d ic a te d  th at w h ile  N T H Z C  w a s  
p resen t in a m o u n ts  c o n sid e r a b ly  h igh er  than  n orm ally  o b ta in ed  
fo r  N T H Z , th e  c o n c e n tr a t io n s  w e r e  su ff ic ie n t ly  lo w  a s  n o t to  
s ig n if ica n tly  c o n tr ib u te  to  N T H Z  fo r m a tio n  du rin g  n orm al 
fry in g .
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PROCESSED VEGETABLE PRODUCTS

Microwave Oven Drying Determination of Total Solids in Processed Tomato Products: 
Collaborative Study

HENRY B. CHIN, JOHN R. KIMBALL, J r , JOYCE HUNG, a n d  BRADFORD ALLEN 
National Food Processors Association, 1950 Sixth St, Berkeley, CA 94710

C o lla b o ra to rs: J. A r e y ; J. D u d e k ; C . E . D a u g h e rty ; R. F a lk en b u rg ; T. G ru en w a ld ; K . H ig g s ;  W. H . K w e e ;  J. F. M cM u rra y ;  
R . A . M offitt; H . N o s r a t i;  E . O ld en b u rg ; S . K . R eed er ; A . T e ssa r o ; G . W in ters

Fourteen laboratories analyzed 7 samples of tomato products with total 
solids content ranging from 6.5 to 40.2%. Samples were analyzed 
directly with the exception of samples with solids contents greater than 
15%, which were diluted with water (1 + 1 for up to 30% solids and 
1 + 3 for greater than 30% solids). The 2-4 g samples were dried at 
100% power for 4 min. The results of the collaborative study showed 
good repeatability and reproducibility: S„ = 0.16 (CV = 0.46%) and 
Sx = 0.36 (CV = 1.06%) for the higher solids samples and S„ = 0.37 
(CV = 3.76%) and Sx = 0.14 (CV = 1.41%) for samples with total 
solids up to 15%. Results were compared with those obtained using 
vacuum oven drying. No difference was seen in the results by the 2 
methods at the 95% level of confidence. The microwave oven drying 
method has been adopted official first action as an alternative to the 
vacuum oven drying method for total solids.

T h e  o ff ic ia l A O A C  m e th o d  fo r  d e te r m in a tio n  o f  to ta l so lid s  
in to m a to  p r o d u c ts  is  a v a c u u m  o v e n  p r o c ed u r e  (1 ). T h is  
m e th o d  r e q u ir e s  2 h d ry in g  in a  v a c u u m  o v e n  w ith  r ep ea te d  
w e ig h in g  o f  d ry in g  d is h e s  an d  sa m p le s . B e s id e s  th e  lo n g  
d ry in g  t im e  a n d  c h a n c e s  fo r  erro rs in r ep ea te d  sa m p le  h a n 
d lin g , f e w  c o m m e r c ia l  o v e n s  g iv e  th e  c o r r e c t  s h e l f  te m p e r a 
ture (70°C ).

A lte r n a tiv e  m e a n s  o f  d e te r m in in g  to ta l so lid s  until n o w  
h a v e  p r o v e n  to  b e  u n re lia b le  b e c a u se  o f  th e  p r o p e n s ity  o f  
so m e  fo o d  p r o d u c ts , p a r ticu la r ly  th o s e  w ith  h igh  c o n te n ts  o f  
c a r b o h y d r a te s , to  ch ar .

In r e c e n t  y e a r s ,  m ic r o w a v e  o v e n s  w ith  b u ilt-in  m ic r o p r o 
c e s s o r s  h a v e  b e e n  d e v e lo p e d  fo r  d e te rm in in g  so lid s  in a  v a r i
e ty  o f  f o o d  (2) an d  n o n fo o d  ite m s . T h e  a d v a n ta g e s  o f  m icro -  
w a v e  o v e n  d ry in g  a p p ea r  to  b e  sh o rt d ry in g  t im e s  and a 
m in im u m  o f  sa m p le  h a n d lin g . In  p a r ticu la r , s tu d ie s  c o m p a r 
ing r e su lts  o b ta in e d  o n  to m a to  p r o d u c ts  b y  u s in g  a v a c u u m  
o v e n  and a  m ic r o w a v e  m o is tu r e  a n a ly z e r  h a v e  sh o w n  
rem a rk a b le  a g r e e m e n t (G . L . M a rsh . S . J. L e o n a r d , T . K . 
W o lc o tt ,  J. R . H e il ,  and  J. E . B u h ler t , p r iv a te  c o m m u n ic a 
tio n s;  H . B . C h in  an d  J. R . K im b a ll, u n p u b lish e d  r e su lts ) .  
H o w e v e r ,  in c o n tr a s t  w ith  th e  v a c u u m  o v e n  m e th o d , p r o c e 
d u res u s in g  th e  m ic r o w a v e  m o is tu r e  a n a ly z e r  h a v e  n o t b e e n  
s ta n d a r d iz e d , th u s  it is  d ifficu lt to  c o m p a r e  r e su lts  from  d if
fere n t la b o r a to r ie s .

T h e  p u r p o se  o f  th is  s tu d y  w a s  to  sta n d a r d ize  and v a lid a te  
a m ic r o w a v e  m o is tu r e  a n a ly z e r  m e th o d  fo r  to m a to  p r o d u cts  
and th e n  to  s tu d y  th e  m e th o d  c o lla b o r a t iv e ly .
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Referee and Committee C and was adopted by the Association. See the General 
Referee and Committee reports, J. A ssoc. Off. Anal. Chem . (1985) 68, March 
issue.

This report of the Associate Referee. H. B. Chin, was presented at the 98th 
Annual International Meeting of the AOAC, Oct. 28-Nov. 2, 1984, at Wash
ington, DC.

Solids (Total) in Processed Tomato Products 

Microwave Oven Drying Method 

First Action

32.A01 Principle

Tared sample on fiberglass pad is placed in microwave oven 4 
min. Instrument automatically weighs sample before and after 
drying, and calcs % total solids.

32.A02 Apparatus

(a) Microwave oven.—CEM Microwave Drying Moisture Solids 
Analyzer Model AVC-MP (CEM Corp., PO Box 9, Indian Trail, 
NC 28079), or equiv.

(b) Fiberglass pads.—CEM £20-20015, or equiv. Dry in micro- 
wave oven before use.

(c) Jumbo bulb pipet.—6 in., Beral No. 028-795 (Curtin Matheson 
Scientific Inc.), or equiv.

(d) Spatula.—Plastic or Teflon-coated.
(e) Top loading balance.—Accurate to 0.01 g.

32.A03 Preparation of Sample

(a) Tomato juice.—Use 4 g, as is.
(b) Puree.— 10-15% solids. Use 2 g, as is.
(c) Paste.—Up to 30% solids. Prep. I + 1 diln (w/w) with H ,0 

by one of following technics: (/) blending in mini-cup blender; (2) 
shaking in closed jar: (3) mixing with rubber spatula. Use 2 g of 
diln.

(d) Paste.—Over 30% solids. Prep, thoroly mixed diln ( 1 + 3 ,  
w/w) as in (c) above. Use 2 g of diln.

Use calibrated Beral pipet to deposit sample on fiberglass pad. 
To calibrate pipet. weigh 4 g sample (2 g puree or paste), draw 
completely into pipel, and mark level. Draw subsequent samples to 
this line.

32.A04 D e te rm in a tio n

Before starting each day's run, place 2 pads on oven balance ring, 
and run thru complete cycle with oven set at 100% power. Then, 
place 2 pre-dried pads on balance ring. Press “ weigh'' button, then 
press “ auto-tare” button until balance displays 0.0000 (±0.0002).

Remove both pads and deposit proper amt of sample on rough 
side of one pad. Use spatula to spread sample evenly over entire 
pad. Place second pre-dried pad on top of sample—rough side

Table 1. Comparison of results between microwave and vacuum oven 
methods for determination of total solids (%) in tomato products*

Sample Microwave oven Vacuum oven

84 TJ-1 6.49 6.47
84 TJ-2 6.23 6.23
84TPU 1045 12.38 12.33
84 TPU 1060 14.58 14.43
84 TP 2 26.94 26.59
84 TP 3 34.27 33.91
84 TP 4 40.22 40.29

*Average of determ inations in trip licate.
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Table 2. Collaborative results for determination of total solids (%) in tomato products by microwave oven drying method

Sample

1 2 3 4
Lab. 84TJ-1 84TJ-2 84TPU1045 84TPU1060

A 6.44 6.45 6.19 6.22 12.47 12.50 14.67 14.69
B 6.67 6.67 6.42 6.39 12.56 12.52 14.71 14.69
C 6.54 6.54 6.26 6.27 12.46 12.47 14.60 14.65
D 6.48 6.51 6.34 6.27 12.45 12.45 14.33 14.31
E 6.50 6.50 6.31 6.31 12.55 12.54 14.64 14.67
F 6.56 6.53 6.21 6.18 12.41 12.45 14.52 14.55
J 6.48 6.50 6.25 6.21 12.41 12.50 14.54 14.56
K 6.46 6.49 6.18 6.22 12.46 12.53 14.73 14.62
L 6.55 6.58 6.27 6.28 12.15 12.19 14.66 14.82
N 6.49 6.49 6.21 6.21 12.24 12.28 14.47 14.47
Oa 6.34 6.39 6.19 16.17 12.12 12.20 14.20 14.35
P 6.54 6.50 6.26 6.27 12.37 12.50 14.67 14.72
Q 6.44 6.41 6.13 6.10 12.32 12.31 14.71 14.73
R 6.38 6.31 6.16" 6.00" 12.34" 12.12" 14.31 14.14

Mean 6.49 6.23 12.40 14.56

Repeatability
Std dev. 0.02 0.02 0.04 0.06
CV, % 0.34 0.35 0.33 0.41

Reproducibility
Std dev. 0.08 0.07 0.13 0.18
CV, % 1.29 1.13 1.08 1.23

5 6 7
84TP2 84TP3 84TP4

A 26.94 27.06 34.44 34.08 40.04 40.04
B 27.04 27.20 33.91 33.55 40.45 40.33
C 26.70 26.62 34.08 34.08 40.48 40.44
D 27.04 27.10 33.84 33.60 40.56 40.32
E 27.72" 27.06" 34 84 34.52 40.16 40.44
Fc 26.64 26.66 36 68 33.84 40.52 40.20

26.56 26.50 33.64 34.04 40.20 40.40
J 26.54 26.72 33.72 33.64 40.08 40.32
K 26.66 26.68 31.80“ 32.21“ 39.14 39.87
L 27.99 27.95 35.00 34.78 39.99 40.40
N 26.60 26.66 34.48 34.52 40.56 40.12
0» 27.80 26.28 33.48 33.55 39.26 39.48
p 27.12 27.12 34.52 34.44 40.84 40.84
Q 26.32 26.38 33.60 33.92 39.84 39.96
R 27.30 27.28 34.98 35.12 36.51“ 36.27“

Mean 26.94 34.27 40.22

Repeatability
Std dev. 0.07 0.16 0.22
CV, % 0.25 0.48 0.54

Reproducibility
Std dev. 0.30 0.51 0.37
CV, % 1.12 1.50 0.91

“Did not fo llow  procedure for samples 5-7 ; results not included in statistics.
"Cochran outlier.
‘ Reported in quadruplicate; extra values elim inated by table of random numbers (underscored values were retained). 
“ Excluded on basis of Dixon test.

against sample. Work rapidly to minimize evapn. Invert pads and 
place on balance ring. Drop cover over samples. Close door securely.

Closing door activates microprocessor. Display will indicate 
increasing wt for 4-5 s. then wt will begin to decrease. At exact 
point that wt starts to decrease, press ‘‘auto-time’' button to begin 
drying cycle. At end of 4 min, record % solids. Det. % total solids 
on duplicate samples, and correct for sample diln.

Results

T h e  m ic r o w a v e  m o is tu r e  a n a ly z e r  m e th o d  and th e  A O A C  
v a c u u m  o v e n  m e th o d  (3 2 .0 1 0 ) (1) w e r e  u se d  to  a n a ly z e  sa m 
p le s  in th e  la b o r a to ry  o f  th e  A s s o c ia te  R e fe r e e . T h e  r esu lts  
(T a b le  1) are  in e x c e lle n t  a g r ee m en t ; th ere  is n o  d if fe r e n c e  in  
r e su lts  at th e  95%  c o n f id e n c e  le v e l .

T h e  c o lla b o r a t iv e  r e su lts  are g iv e n  in T a b le  2. T h ir teen  
c o lla b o r a to r s  p a r tic ip a te d  in th is  s tu d y . L a b o r a to r y  O  did not 
a n a ly z e  sa m p le s  5 , 6 . an d  7 a c c o r d in g  to  th e  d e sc r ib e d  p r o 
c e d u r e  an d  th o s e  r e su lts  w e r e  e x c lu d e d  fro m  s ta t is t ic a l a n a l
y s is .

T o  d e te c t  la b o r a to r ie s  w h ic h  s h o w  c o n s is te n t ly  h igh  o r  lo w  
r e su lts , th e  ran k in g  te s t  d e sc r ib e d  b y  Y o u d e n  (3) w a s  a p p lie d .  
N o  o u tly in g  la b o r a to r ie s  w e r e  fo u n d  at th e  5%  le v e l  o f  s ig 
n if ic a n c e .

T h e  r e s u lts  w e r e  n e x t  e x a m in e d  fo r  o u tlie r s  b y  th e  D ix o n  
and C o c h r a n  te s t s .  A t th e  5%  le v e l  o f  s ig n if ic a n c e , r e su lts  fo r  
sa m p le  6  fro m  L a b o r a to r y  K  an d  sa m p le  7 fro m  L a b o r a to r y  
R w e r e  D ix o n  o u tlie r s  an d  w e r e  e x c lu d e d  from  fu rth er  s ta t is 
tica l a n a ly s is .  R e su lts  fo r  sa m p le  5 from  L a b o r a to r y  E  and  
sa m p le s  2 an d  3 from  L a b o r a to r y  R  w e r e  C o c h r a n  o u tlie r s  
and w e r e  l ik e w is e  e x c lu d e d  from  fu rth er  a n a ly s is .

A n a ly s is  o f  v a r ia n c e  o f  th e  d a ta  (T a b le  3) s h o w e d  th at th e  
b e tw e e n -la b o r a to r y  v a r ia tio n  an d  th e  la b o r a to r y -sa m p le  
in te ra c tio n  w e r e  s ig n ifica n t at th e  95%  c o n f id e n c e  le v e l .  E s t i 
m a te s  o f  th e  r e p ea ta b ility  and r ep ro d u c ib ility  sta n d a rd  d e v ia 
t io n s  w e r e  1.38  and 1 .78 , r e s p e c t iv e ly .

T h e  d e te r m in a tio n  o f  to ta l s o lid s  in p r o c e s s e d  v e g e ta b le s  
b y  u s in g  the  v a cu u m  o v e n  d ry ing  m eth od  has b e e n  an a c ce p te d  
p r o c e d u r e  fo r  m a n y  y e a r s . In  a  c o lla b o r a t iv e  s tu d y  o f  the
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Table 3. Collaborative results for determination of total solids by microwave oven: 2-way analysis of variance

Source of Variation
Sum of 
squares

Degrees of 
freedom

Mean
square

Variance
ratio

Between laboratories 967.594 13 74.430 503.810
(MSl ) (MSl/MSls)

Between samples 27092.107 6 4515.351

Laboratory-sample interaction 10.194 69 0.148 12.848
(MSls) (MSls/MSo)

Between replicates 1.023 89 0.016
(MSo)

Total 28070.919 177 158.593

Repeatability: 1.38
Reproducibility: 1.78

m e th o d  on  sa m p le s  o f  to m a to  p a s te , c o e f f ic ie n ts  o f  v a r ia tio n  
in  th e  ran ge  0 .4 7 -1 .0 2 %  w e r e  fo u n d  fo r  sa m p le s  w ith  so lid s  
fro m  25 .41  to  34 .3 1 %  (4 ). F o r  sa m p le s  in a s im ila r  range o f  
so lid s  c o n te n t ,  th e  c o e f f ic ie n ts  o f  v a r ia tio n  fo u n d  in th e  c u r 
ren t s tu d y  o f  th e  m ic r o w a v e  m o is tu r e  a n a ly z e r  w e r e  0 .9 1 —
1.50% . W h e n  th is  g o o d  r ep ro d u c ib ility  is  c o n s id e r e d  a lo n g  
w ith  th e  g o o d  a g r e e m e n t o b ta in e d  b e tw e e n  th e  v a c u u m  o v e n  
m e th o d  an d  th e  m ic r o w a v e  o v e n  m e th o d , w h e n  ca rr ied  o u t  
a s d e sc r ib e d , u s e  o f  th e  la tter  m e th o d  a p p ea r s  to  b e  a d v a n 
ta g e o u s .

Recommendation
T h e  r e su lts  o b ta in e d  b y  th e  m ic r o w a v e  o v e n  d ry in g  p r o 

c e d u r e  are  e q u iv a le n t  to  th o s e  o b ta in e d  b y  th e  v a c u u m  o v e n  
p r o c e d u r e . B e c a u s e  o f  its  in h e r e n t sp e e d  a n d  e a s e  o f  u s e ,  w e  
r e c o m m e n d  th a t th e  m ic r o w a v e  o v e n  d ry in g  m e th o d  b e  c o n 
s id ered  a s  an  a lte r n a tiv e  to  th e  o ff ic ia l v a c u u m  o v e n  m e th o d  
(32.010) (1).

A c k n o w led g m en ts

T h e  a u th o r s  a c k n o w le d g e  th e  p a r tic ip a tio n  an d  c o o p e r a 
tio n  o f  th e  fo llo w in g  c o lla b o r a to rs :

J u d y  A r e y , C E M  C o r p ..  In d ian  T ra il. N C

J a n e t D u d e k , N a t io n a l F o o d  P r o c e s s o r s  A s s o c ia t io n ,  
W a sh in g to n , D C

C h e s te r  E . D a u g h e r ty , C a m p b e ll S o u p  C o . ,  C a m d e n , N J  
R ick  F a lk e n b u r g , R agu  F o o d s ,  M e r c e d , C A  
T im o th y  G ru e n w a ld , C a m p b e ll S o u p  C o . ,  S a c r a m e n to , C A  
K im  H ig g s , H . J. H e in z  C o . ,  T r a c y , C A  
W . H . K w e e ,  H . J. H e in z  C o . ,  A u sta lia  L td , D a n d e n o n g ,  

V ic to r ia , A u str a lia
J o h n  F . M cM u r ra y , H . J. H e in z  C o . ,  P ittsb u r g h . P A
R . A . M o ffitt , C a r n a tio n  C o . ,  V a n  N u y s ,  C A  
H a ssa n  N o s r a t i .  A m e r ic a n  H o m e  F o o d s ,  V a c a v i lle ,  C A  
E m ily  O ld en b u rg , H . J. H e in z  C o . ,  L e a m in g to n , O n ta r io , 
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VITAMINS AND OTHER NUTRIENTS

National Bureau of Standards Reference Materials as Organic Nutrient Standards: 
A Preliminary Study

JAMES T. TANNER, JEFFREY S. SMITH, GERALD ANGYAL, PHILLIP W. DEFIBAUGH,
MELINA C. VILLALOBOS, and MARTIN P. BUENO
Food and Drug Administration, Division of Nutrition, Washington, DC 20204

A preliminary study was conducted to determine if the available National 
Bureau of Standards (NBS) Standard Reference Materials (SRM) Non- 
Fat Powdered Milk, Oyster Tissue, Wheat Flour, Rice Flour, Spinach, 
and Albacore Tuna would be suitable for use as organic nutrient 
standards. These materials were assayed for folates, total pantothen
ates. vitamin B„. thiamine, riboflavin, niacin, and protein. Vitamins 
A, E, D, K, and C were also assayed but, for the most part, were not 
detected. Based on results from this study, it appears that at least some 
of the NBS SRMs would be useful as organic nutrient standards.

In O c to b e r  1980, a w o r k s h o p  w a s  h eld  at th e  N a tio n a l B u reau  
o f  S ta n d a r d s (N B S )  to  d is c u s s  r e fe r e n c e  m a ter ia ls  fo r  organ ic  
n u tr ie n ts . T h e  n e e d  fo r  rea d ily  a v a ila b le  stan d ard  r e fe re n c e  
m a ter ia ls  (S R M ) c er tif ie d  fo r  th e s e  n u tr ien ts w a s  r e c o g n iz e d .  
N u m e r o u s  su g g e s t io n s  w e r e  m a d e  a s  to  w h ic h  n u tr ien ts  and  
m a tr ic e s  sh o u ld  b e  u se d . T h e  N B S  S R M  N o n -F a t  P o w d e r e d  
M ilk  (N F P M ), r e c e n t ly  cer tifie d  fo r  e le m e n ta l c o m p o s it io n ,  
w a s  a r e a so n a b le  sta rtin g  p o in t.

S u b s e q u e n t ly , th e  F o o d  an d  D ru g A d m in is tra tio n  (F D A )  
e s ta b lish e d  an  in fo rm a l w o r k in g  a g r ee m en t w ith  N B S  to  
in v e s t ig a te  th e  o r g a n ic  n u trien t c o n te n t  o f  N F P M  and o th e r  
S R M s d e r iv e d  from  fo o d  m a ter ia ls— sp in a c h , tu n a , o y s te r s ,  
and r ice  and w h e a t  flo u rs. T h e  g o a ls  are  to  q u a n tita te  th e  
c o n s t i tu e n ts  b y  a v a r ie ty  o f  te c h n iq u e s  and u lt im a te ly  to  
p r o v id e  in fo r m a tio n a l v a lu e s  fo r  a s  m a n y  o rg a n ic  n u trien ts  
a s p o s s ib le .

F D A  w ill e sta b lish  a  rep o sito ry  o f  in form ation  on  the  organic  
n u trien t c o n te n t  o f  S R M s . T o  a c h ie v e  th is , inp ut is  n e e d e d  
fro m  o th e r  la b o r a to r ie s . In te r e s te d  p e r so n s  are a sk e d  to  se n d  
to  th is  la b o r a to ry  a n y  d a ta  o b ta in e d , s ta tin g  th e  in d iv id u a l 
r e su lts  fo r  e a c h  a s s a y ,  tim e  p e r io d , and a r e fe r e n c e  for  the  
m e th o d  o f  a s s a y .  A t regu lar  in te rv a ls  a c o m p ila tio n  o f  all 
su b m itted  in fo r m a tio n  w ill b e  m ad e  a v a ila b le . In th is  w a y ,  
th e  S R M s w ill ta k e  o n  a g r ea te r  ro le  a s  la b o ra to ry  r e fe r e n c e  
m a ter ia ls  fo r  b o th  o r g a n ic  and m in era l c o n te n t .

T h e  s ta t is t ic a l a ttr ib u te s  o f  A s s o c ia t io n  o f  O ffic ia l A n a ly t
ica l C h e m is ts  (A O A C ) m e th o d s  h a v e  b e e n  d e v e lo p e d  b y  c o l 
la b o r a tiv e  s tu d ie s . T h e  m a tr ix  e f fe c t  o n  a n a ly tica l r e su lts  is 
o fte n  s tu d ie d  b y  a d d itio n  o f  a r e fe r e n c e  stan d ard  o f  th e  a n a 
ly te . A s  a c o n s e q u e n c e ,  th e  e f fe c t  o f  th e  m atrix  is  d ilu ted . 
W ith regard  to  v ita m in s , th e  a d d e d  r e fe r e n c e  stan d ard  is  
u su a lly  a  pu re c o m p o u n d . V ita m in  a c t iv ity  in d ig e n o u s  to  
fo o d s  m a y  b e  in a m u ltip lic ity  o f  b o u n d  an d  fr ee  fo r m s that 
v ary  in a c t iv ity .

In th e  a s s a y  o f  fo o d s  to  w h ic h  v ita m in s  h a v e  b e e n  a d d ed , 
p r o b le m s r e la t iv e  to  m atrix  and form  are d im in ish e d . F o r  
a ss a y  o f  na tu ra lly  o c c u r r in g  v ita m in  c o n g e n e r s  it is  e sp e c ia lly  
im p o rta n t th a t a  r e fe r e n c e  m ater ia l b e  a v a ila b le  to  a s s e s s  
a n a ly tic a l te c h n iq u e s ,  su c h  a s  e f f ic ie n c y  o f  e n z y m o ly s is ;  to  
se r v e  a s  a  b a s is  fo r  in -h o u se  q u a lity  c o n tr o l:  and to  u se  to  
c o m p a r e  p e r fo r m a n c e  b e tw e e n  la b o r a to r ie s  and m e th o d s .

A m o n g  th e  p r o p e r t ie s  o f  m a ter ia ls  c o n s id e r e d  a p p ro p ria te  
fo r  th is  p u r p o se  are  h o m o g e n e ity ,  r e p r e se n ta t iv e n e s s  o f  fo o d
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s u b s ta n c e s ,  m icr o b ia l s ta b ility , and  a v a ila b ility  in su ffic ien t  
a m o u n ts  fo r  w id e  d is tr ib u tio n . T h e  N B S  R e se a r c h  M a ter ia ls  
(R M ) and S R M s h a v e  th e s e  c h a r a c te r is t ic s .  T h is  p re lim in a ry  
in v e s t ig a t io n  w a s  c o n d u c te d  to  a s s e s s  v ita m in  and p ro te in  
c o n te n t  o f  s e le c t e d  m a ter ia ls  and to  e lu c id a te  th e  sta b ility  o f  
n u tr ien ts  in th e s e  s u b s ta n c e s  u n d e r  a m b ie n t an d  refr igera ted  
c o n d it io n s .

Samples
N o n -F a t  P o w d e r e d  M ilk , S R M  1549; O y ste r  T is s u e ,  S R M  

1566: W h ea t F lo u r , S R M  1567; R ic e  F lo u r , S R M  1568; S p in 
a c h , S R M  1570; and A lb a c o r e  T u n a , RM  5 0 , w e r e  o b ta in e d  
from  th e  N a tio n a l B u reau  o f  S ta n d a r d s . G a ith er sb u r g . M D  
2 0760 .

Sample Preparation and Storage
S u ffic ie n t b o tt le s  o f  o n e  lo t o f  e a c h  m ater ia l to  p r o v id e  

a d e q u a te  a m o u n ts  o f  sa m p le  fo r  all a n a ly s e s  w e r e  s e le c te d  
from  s h e l f  s to c k . T h e  b o tt le s  w'ere o p e n e d  and c o n te n ts  w e re  
c o m b in e d  an d  m ix e d  b y  stirrin g . T h e  c o m b in e d  sa m p le  w a s  
d iv id e d  in to  2 p o r t io n s  and tra n sferred  to  sc r e w -c a p  c le a r  
g la ss  b o tt le s .  O n e  p o r tio n  w a s  h e ld  u n d e r  a m b ie n t la b o r a to ry  
c o n d it io n s  an d  th e  o th e r  w a s  h e ld  at 4°C  in a re fr ig era to r . N o  
p r e c a u tio n s  w e r e  ta k en  to  e x c lu d e  ligh t.

T h e  in itia l a s s a y  w a s  p e r fo rm e d  o n  th e  d a y  th e  b o tt le s  w e re  
o p e n e d , and th e  s to r a g e  in te rv a ls  w e r e  m e a su r ed  from  that 
d a y .

Moisture Analysis
M o istu r e  w a s  d e te r m in e d  b y  m e th o d  1 4 .0 0 3 .

E x p er im en ta l

Vitamin Analyses
V ita m in  C  a c t iv ity  w a s  a s s a y e d  b y  th e  o ffic ia l first a c t io n  

a u to m a te d  m ic r o flu o ro m e tr ic  a s s a y  (1 ). A ll o th e r  v ita m in s  
w e r e  d e te r m in e d  b y  tu rb id im etr ic  m ic r o b io lo g ic a l a s s a y s .  
V ita m in  B ,: a c t iv ity ,  n ia c in , an d  r ib o fla v in  w e r e  d e te rm in e d  
b y  A O A C  m e th o d s  (2) 4 3 .1 3 9 -4 3 .1 4 1 ,  4 3 .1 5 5 -4 3 .1 5 8 ,  and  
4 3 .1 7 3 -4 3 .1 7 6 ,  r e s p e c t iv e ly .

T h e  A O A C  v ita m in  B 6 a s s a y .  4 3 .1 8 8 -4 3 .1 9 3 ,  w a s  fo llo w e d  
e x c e p t  th a t th e  io n -e x c h a n g e  se p a r a tio n  o f  iso m e r s , 4 3 .1 9 2 ,  
w a s  not u s e d , an d  th e  fo llo w in g  m o d ific a tio n s  w e r e  m a d e  in 
th e  m ed iu m : A c id -h y d r o ly z e d  c a se in  so lu t io n , 4 3 .1 8 8 (d ) , w a s  
d e te c te d ;  th e  v o lu m e  o f  v ita m in  so lu t io n  II w a s  in c re a se d  
from  25 to  50  m L  p er  liter: an d  2 .0  g  L -a sp a r a g in e , 20  p g  
( N H 4) ,M o70 :4, 100 p g  K I, an d  40  p .g C u S 0 4 ■ 5 H ,0  w e r e  a d d ed  
p er  liter . R a th er  th an  a d d in g  s te r ile  b a sa l m ed iu m  a s e p t ic a lly , 
th e  b a sa l m ed iu m  w a s  a d d e d  to  th e  stan d ard  and te s t  so lu t io n  
and th e  array  w a s  a u to c la v e d  b e fo r e  in o c u la t io n . T h e  p r e 
p o n d e ra n t iso m e r ic  form  o f  e a c h  m ater ia l a s  id en tified  in the  
litera tu re  w a s  u se d  a s  th e  sta n d a rd , n a m e ly , p y r id o x a l fo r  
sp in a c h , tu n a , and N F P M : p y r id o x a m in e  fo r  o y s t e r  t is su e ;  
and p y r id o x in e  fo r  r ic e  an d  w h ea t flo u rs (3 - 6 ) .

F o la c in  w a s  e x tr a c te d  w ith  p H  7 .0  b u ffer  so lu t io n  c o n ta in 
ing  \% a sc o r b ic  a c id  (7 ). C o m m e r c ia l d r ied  c h ic k  p a n c r e a s
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Table 1. Non-Fat Powdered Milk (NFPM) SRM 1549: average assay results of 2 determinations for vitamin content (pg/g), protein (%), and moisture
(%) in NFPM at initial time and after storage

Constituent

Storage conditions"

Initial

4 weeks 6 weeks

Rm tem p.' 4°C Rm temp. 4°C

Vitamin C 43.4 50.3' 55.1' 49.1' 50.0'
Total folates (0.64) [0.68] (0.70) (0.73) (0.76)
Total pantothenates 45.2 45.9 45.7 50.3 48.7
Niacin 9.8 9.8 10.4 9.7 9.6
Thiamine 4.5 4.4 4.5 4.5 4.6
Riboflavin 15.0 13.9 14.2 13.8 13.4
Vitamin B6 4.8 5.2 5.1 5.4 4.7
Protein 35.8 35.8 36.1 35.7' 35.8'
Moisture 3.6 3.8 3.6 4.3 3.9

"Parentheses signify that assay results did not comply with the requirements of method 43.133. Brackets signify average of one result that did and one 
result that did not com ply w ith requirements of method 43.133.

'Am bient laboratory room temperature.
'S ingle determ ination.

Table 2. Oyster Tissue SRM 1566: average assay results of 2 
determinations for vitamin content (pg/g), protein (%), and moisture (%) 

in Oyster Tissue at initial time and after storage

Storage conditions"

Constituent Initial

4 weeks 6 weeks

Rm temp.0 4°C Rm temp. 4°C

Total folates (1.2) 1.1 [0.86] [1.0]
Total pantothenates 10.2 [11.1] [12.2] 11.0 15
Niacin 101.6 97.9 102.8 98.2 102.8
Thiamine 5.1 [5.6] [5.6] 4.7 5.2
Riboflavin 9.8 7.8 7.8 [8.4] 8.6
Vitamin B6 1.4 1.8 1.8 1.9 2.3
Protein 41.4 41.0 41.6 40.8' 41.0'
Moisture 7.3 6.0 6.4 7.1 6.1
Vitamin B i2 activity 0.92 1.16

"-'S ee footnotes Table 1.

c o n ju g a se  w a s  u se d  to  c o n v e r t  p o ly g lu ta m a te s  to  d ig lu ta 
m a te s  fo l lo w e d  b y  a s s a y  u s in g  L. casei A T C C  74 6 9  a s  the  
te s t  o r g a n ism  (8). T h e  fo lic  a c id  stan d ard  so lu t io n  w a s  a lso  
su b je c te d  to  th e  c o n ju g a se  a c t iv ity  to  o b v ia te  th e  n e e d  to  
co rr ec t  fo r  th e  r e s p o n s e  o f  th e  te s t  o r g a n ism  to  g r o w th  s t im 
u la n ts in th e  e n z y m e  p r e p a r a tio n . C o m m e r c ia lly  p rep ared  
b a sa l m ed iu m  w a s  u se d .

P a n to th e n ic  a c id  w a s  r e le a s e d  from  c o e n z y m e  A  b y  u s in g  
s im u lta n e o u s  a lk a lin e  in te s tin a l p h o sp h a ta se  and p ig e o n  liv e r  
(p e p tid a se )  e n z y m o ly s is  (9 ). T h e  r e le a se d  a c id  w a s  a s s a y e d  
b y  A O  A C  m e th o d  4 3 .1 6 4 -4 3 .1 6 7 .  T h e  p a n to th e n ic  a c id  s ta n 
dard so lu t io n  w a s  su b je c te d  to  th e  e n z y m o ly s is  s te p  to  e lim 
in a te  th e  n e e d  fo r  b la n k  c o r r e c t io n .

T h ia m in e  w a s  a s s a y e d  b y  th e  m e th o d  o f  D e ib e l e t a l. (1 0 , 
11) w h ic h  u s e d  L. viridescens A T C C  12706 a s  th e  te s t  o r g a n 
ism  and c o m m e r c ia lly  p rep a red  b a sa l m e d iu m .

Protein Analysis
N itr o g e n  w a s  d e te r m in e d  b y  th e  A O A C  m o d ified  K jeld ah l 

m e th o d , 2 .0 5 7 , u s in g  a se m i-a u to m a te d  a p p a ra tu s. D ig e s t io n  
w a s  p e r fo rm e d  w ith  a  T e c a to r  D ig e s t io n  S y s te m  20 1015 
D ig e s te r  (T e c a to r  I n c . ,  H e r n d o n , V A  2 2070) at 420°C  w ith  
c o n c e n tr a te d  H :S 0 4 and a m e rc u r y  c a ta ly s t .  A m m o n ia  w a s  
d is tille d  in to  s ta n d a r d ize d  a c id  in a T e c a to r  K je lte c  S y s te m  
1003 d is t illin g  u n it w ith  a u to m a tic  a d d itio n  o f  50%  N a O H .  
T itra tio n  w a s  p e r fo rm e d  w ith  a  B r in k m a n n  A u to m a te d  T itra- 
to r  (B r in k m a n n  In s tr u m e n ts , I n c . ,  W e stb u r y , N Y  11590). 
F a c to r s  u se d  fo r  th e  c o n v e r s io n  o f  p e r c e n t  n itro g en  to  p e r ce n t  
p ro te in  w e r e  6 .2 5  fo r  sp in a c h , o y s te r  t is s u e ,  an d  tun a; 6 .3 8  
fo r  N F P M ; an d  5 .7  fo r  r ic e  an d  w h e a t  flou rs.

Results and Discussion
T h e  r e su lts  o f  th e  p re lim in a ry  a n a ly s e s  o f  th e  su b je c t  S R M s  

and th e  RM  are rep orted  in T a b les  1 -6 . A ll v a lu e s  are reported  
o n  an  “ a s  i s ”  b a s is  an d  are  not c o r r e c te d  fo r  th e  in d ic a ted  
m o istu r e  c o n te n t .

T h e  c r iter io n  th a t th e  m in im u m  flu o r e sc e n t  qu an tifiab le  
a m o u n t o f  an a n a ly te  is  th a t w h ic h  g iv e s  a  f lu o r e sc e n t  y ie ld  
e q u a l to  2 t im e s  th at o f  th e  b la n k  w a s  u se d  in e v a lu a t in g  th e  
v ita m in  C  a s s a y  r e su lts . O n th e  b a s is  o f  th is  c r ite r io n , o n ly  
th e  N F P M  had le v e ls  o f  v ita m in  C h igh  e n o u g h  fo r  a s s a y  b y  
th e  m ic r o flu o r o m e tr ic  m e th o d  (T a b le  1). N B S  liq u id  ch ro -  
m a to g ra p h ic  a n a ly s e s  fo r  v ita m in  C in th is  m a ter ia l c o r r o b 
o r a ted  th e  flu o r o m etr ic  a s s a y  r e su lts . T h e  v a lu e  o f  5 2 .7  ±
6 .3  p g /g  is  in c lu d e d  a s  an  in fo r m a tio n a l v a lu e  o n  th e  C ertifi
c a te  o f  N F P M  S R M  1549 0 2 ) .

T h e  o y s te r  S R M  w a s  th e  o n ly  m ater ia l a s s a y e d  in th is  s tu d y  
that c o n ta in e d  e n o u g h  v ita m in  B ,2 a c t iv ity  to  g iv e  a  m e a su r 
a b le  r e s p o n s e  b y  th e  m ic r o b io lo g ic a l a s s a y  u se d  (T a b le  2). 
A ll o f  th e  S R M s and th e  R M  c o n ta in e d  a s s a y a b le  a m o u n ts  o f  
fo la te s ,  to ta l p a n to th e n a te s , v ita m in  B„, th ia m in e , r ib o fla v in , 
n ia c in , and p ro te in  (T a b le s  1 -6 ) .  T h e  in itia l a s s a y s  fo r  to ta l 
fo la te s  d id  n o t m e e t  A O A C  cr iter ia  fo r  v a lid ity  (4 3 .1 3 3 ) . T h is  
fa ilu re  to  m e e t  cr iter ia  w a s  a lso  e n c o u n te r e d  in a f e w  o f  th e  
s to r a g e  a s s a y s .  T h o s e  v a lu e s  are in c lu d e d  in the  ta b le s  as  
e s t im a te s .  T h e ir  a g r e e m e n t w ith  A O A C  v a lid  a ss a y  r esu lts  
a tte s ts  to  th e  r e a s o n a b le n e s s  o f  th e ir  in c lu s io n .

B e c a u s e  o f  th e  tim e  c o n s tr a in ts  in h eren t in th is  ty p e  o f  
s tu d y , all a s s a y s  fo r  e a c h  n u trien t w e r e  c o n d u c te d  o n  o n e  
d a y . T h e  d a y -to -d a y  an a ly tica l var iab ility , th erefo re , is  in clu d ed  
in th e  v a r ia b ility  o f  th e  s to r a g e  tim e r e su lts . It is  a n tic ip a ted  
that w h e n  su ffic ien t d a ta  h a v e  b e e n  g e n e r a te d , th is  v a r ia b ility  
ca n  b e  id e n tif ie d  an d  th e  s ig n if ic a n c e  o f  s to r a g e  tim e  o n  a n a 
ly t ic a l r e su lts  c a n  b e  e v a lu a te d . In g e n e r a l, h o w e v e r ,  th e  2 
s to r a g e  c o n d it io n s  a p p ea r  to  c a u se  little  d if fe r e n c e  in the  
v ita m in  an d  p r o te in  c o n te n t  o f  th e  te s t  m a ter ia ls .

T h e  S R M s an d  th e  R M  stu d ie d  are fr e e z e -d r ie d  m a ter ia ls  
that h a v e  b e e n  su b je c te d  to  d e fa tt in g  an d  g a m m a  irrad iation  
s te r iliz a t io n . T h e s e  p r o c e s s e s  a v o id  th e  d e v e lo p m e n t  o f  ran
c id ity  an d  p r e se r v e  fu n c t io n a l s ta b ility  o f  th e  m a ter ia ls . 
D e te r m in a tio n s  o f  o il- s o lu b le  v ita m in s  A , E , D ,  an d  K  w ere  
n e g a tiv e  in th e  R M  an d  all S R M s . O ur c o n je c tu r e  is that the  
s ta b iliz a t io n  p r o c e s s  e ith e r  e x tr a c ts  or  d e s tr o y s  th e se  o il-  
so lu b le  v ita m in s .

Conclusion
F ro m  th is  s tu d y  w e  fo u n d  th at th e  N B S  S R M s ca n  in d eed  

b e u se d  fo r  so m e  o r g a n ic  n u tr ie n ts . F u rth er  s tu d y  is n e e d e d
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Table 3. Wheat Flour SRM 1567: average assay results of 2 
determinations for vitamin content (pg/g), protein (%), and moisture (%) 

in Wheat Flour at initial time and after storage

Storage conditions8

Constituent Initial

4 weeks 6 weeks

Rm temp.6 4°C Rm temp. 4°C

Total folates (0.22) 0.26 0.26 0.23 0.22
Total pantothenates 3.1 2.0 2.0 3.1 3.0
Niacin 14.7 15.4 14.4 14.0 14.1
Thiamine 2.5 1.8 1.9 1.8 2.0
Riboflavin 0.56' 0.58' 0.57' 0.59' 0.54'
Vitamin B6 0.72 0.66 0.66 0.68 0.69
Protein 12.4 12.4 12.4 12.4' 12.3'
Moisture 9.8 9.8 9.6 9.8 8.0

a-'S e e  footnotes a- c, Table 1.

Table 4. Rice Flour SRM 1568: average assay results of 2 
determinations for vitamin content (pg/g), protein (%), and moisture (%) 

in Rice Flour at initial time and after storage

Storage conditions*

4 weeks 6 weeks

Constituent Initial Rm temp.6 4°C Rm temp. 4°C

Total folates (0.21) 0.21 0.21 0.21 0.20
Total pantothenates 3.8 3.2 3.0 3.9 3.8
Niacin 15.7 16.6 17.0 15.0 15.3
Thiamine 1.4 1.3 1.2 1.2 1.2
Riboflavin 0.33' 0.30' 0.30' 0.31' 0.29'
Vitamin B6 1.4 1.4 1.4 1.4 1.4
Protein 8.4 8.5 8.5 8.6' 8.4'
Moisture 9.9 9.3 9.4 9.4 7.5

‘ - ‘ See footnotes Table 1.

to  a s s e s s  th e  lo n g -te rm  sta b ility . R e se a r c h e r s  are  e n c o u r a g e d  
to  in form  u s o f  r e su lts  o b ta in e d  in th e ir  la b o r a to r ie s  so  th a t a 
cen tra l c le a r in g  h o u se  o f  in fo r m a tio n  ca n  b e  e s ta b lish e d  and  
r e su lts  c a n  b e  r ep o rte d  at regu lar  in te r v a ls . I f  e n o u g h  d ata  
are o b ta in e d , N B S  w ill c o n s id e r  th e  in c lu s io n  o f  th e  o rg a n ic  
n u trien t c o n te n t  o n  th e  S R M  c er tif ic a tio n  a s  an  in fo rm a tio n a l 
v a lu e . T h e  e x is t in g  S R M s w ill th e r e b y  b e  e n h a n c e d  in v a lu e  
and w ill s e r v e  u n til m ore  su ita b le  S R M s are d e v e lo p e d .

Acknowledgments

T h e  a u th o rs  th an k  C o ra  E . W e e k s .  F o o d  an d  D ru g  A d m in 
is tr a tio n , an d  R o b ert A lv a r e z . N a tio n a l B u reau  o f  S ta n d a rd s , 
fo r  th e ir  c o n tr ib u tio n s  to  v a r io u s  p h a se s  o f  th is  w o r k .

References
(1) DeVries, J. W. (1983)7. Assoc. Off. Anal. Chem. 66, 1371-1376
(2) Official Methods o f  Analysis (1980) 13th Ed.. AO AC. Arlington. 

VA

Table 5. Spinach SRM 1570: average assay results of 2 determinations 
for vitamin content (pg/g), protein (%), and moisture (%) in Spinach at 

initial time and after storage

Constituent

Storage conditions3

Initial

4 weeks 6 weeks

Rm temp.6 4°C Rm temp. 4°C

Total folates (5.3) 6.2 5.6 6.4 6.0
Total pantothenates 14.3 [6.3] 6.0 7.8 8.0
Niacin 42.4 42.3 43.5 42.9 41.8
Thiamine 5.6 5.5 5.6 5.2 6.3
Riboflavin 17.6 16.2 15.7 15.6 15.5
Vitamin B6 12.1 13.4 12.8 12.9 12.9
Protein 33.2 32.8 33.0 33.3' 32.8'
Moisture 6.0 5.7 6.6 6.7 6.9

a- cSee footnotes Table 1.

Table 6. Albacore Tuna RM 50: average assay results of 2 
determinations for vitamin content (pg/g), protein (%), and moisture (%) 

in Albacore Tuna at initial time and after storage

Storage conditions*

4 weeks 6 weeks

Constituent Initial Rm temp.6 4°C Rm temp. 4°C

Total folates (0.42) 0.44 0.47 (0.43) (0.44)
Total pantothenates 14.8 15.0 15.3 13.0 15.2
Niacin 505.6 533.1 528.2 511.2 519
Thiamine 3.3 3.2 3.1 2.8 2.9
Riboflavin 3.8 3.4 3.3 3.4 3.5
Vitamin B6 27.5 41.8 42.4 36.9 36.4
Protein 81.2 80.5 82.2 80.4' 81.6'
Moisture 1.6 1.8 1.6 2.3 1.8

•-'S ee  footnotes Table 1.

(3) Souci, S. W., Fachmann, W., & Kraut, H. (1982) Food Com
position and Nutrition Tables. Heyden and Son, Inc., Philadel
phia, PA

(4) Polansky, M. M. (1969)7. Am. Diet. Assoc. 54, 118-121
(5) Polansky, M. M.. &Toepfer, E. W. (1969)7. Agric. Food Chem. 

17, 1394-1397
(6) Polansky, M. M., Murphy, E. W.. & Toepfer, E. W. (1964)7. 

Assoc. Off. Agric. Chem. 47, 750-753
(7) Ford. J. E.. Salter. D. M„ & Scott, K. J. (1969) 7. Dair\ Res. 

36, 435-446
(8) Toepfer, E. W., Zook, E. G., Orr, M. L.. & Richardson. L. R. 

(1951) Folic Acid Content o f Foods. Microbiological Assay by 
Standardized Methods and Compilation o f Data from  the Lit
erature. Agriculture Handbook No. 29, ÜSDA, U.S. Govern
ment Printing Office, Washington, DC

(9) Zook, E. G., MacArthur, M. M., & Toepfer, E. W. (1956) 
Pantothenic Acid in Foods, Agriculture Handbook No. 97. 
USDA, U.S. Government Printing Office, Washington. DC

(10) Deibel, R. H., Evans, J. B.. & Niven. C. F.. Jr (1957) 7. Bac- 
teriol. 74, 818-821

(11) Defibaugh. P., Smith, J., & Weeks, C. (1977) 7. Assor. Off. 
Anal. Chem. 60, 522-527

(12) Certificate. NBS SRM 1549, 1984.



AYI ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68. NO. 6. 1985) 1087

Liquid Chromatographic Determination of Thiamine in Infant Formula Products by Using 
Ultraviolet Detection

BENJAMIN K. AYI, DAVID A. YUHAS, KATHRYN S. MOFFETT, DEIDRE M. JOYCE, 
and NICHOLAS J. DEANGELIS
Wyeth Laboratories, Inc., PO Box 8299, Philadelphia, PA 19101

A liquid chromatographic (LC) method has been developed for deter
mination of thiamine in infant formula products. The method involves 
the following steps: (a) dissolution of the formula with water, (b) pH 
adjustment to induce protein precipitation, (c) filtration, (d) concen
tration of thiamine by using a cation exchange column and extraction 
system, (e) cleanup of adsorbed thiamine and other contaminants on 
the ion exchange column by washing with water and then methanol,
(f) elution of thiamine with a mixture of methanol-2M potassium 
chloride buffer, (g) analysis for thiamine by liquid chromatography. 
Thiamine is separated from its phosphate esters, the mono-, di-, and 
triphosphates, as well as its antagonists oxythiamine and pyrithiamine 
on a 6 pm particle size column and a mobile phase of 40mM triethyl- 
ammonium phosphate buffer-methanol (pH 7.7) (90 + 10). The method 
is reproducible, with relative standard deviations ranging from ±  0.76 
to ±  1.2%, depending on the infant formula product tested. Recovery 
of thiamine from various infant formula products is greater than 99%. 
Analysis for thiamine of several commercially available infant formulas 
at different levels of fortification gave results that ranged from 122 to 
216% of the declared levels. These results agree well with those obtained 
using the AOAC fluorometric method.

V ita m in  B , e x is t s  in  4  d if fe r e n t  fo r m s in  a n im a l t i s s u e s  (1): 
th ia m in e  (T ), th ia m in e  m o n o p h o s p h a te  (T M P ), th ia m in e  
p y r o p h o sp h a te  (c o c a r b o x y la s e )  o r  d ip h o sp h a te  (T D P ), and  
th ia m in e  tr ip h o sp h a te  (T T P ). It is  an e s se n t ia l  n u tr ien t fo r  
m o st  m a m m a lia n  s p e c ie s  a n d  fu n c t io n s  in its  c o e n z y m e  fo r m , 
th ia m in e  p y r o p h o sp h a te  (2 ). T h e  c la s s ic a l  p a th o lo g ic a l s y n 
d ro m e o f  th ia m in e  a v ita m in o s is  in h u m a n s is c a lle d  b er ib er i.  
T h ia m in e  p y r o p h o sp h a te  is  a  r eq u ire m en t fo r  c a rb o h y d r a te  
m e ta b o lism  an d  is  r e c o g n iz e d  a s  o n e  o f  th e  e s se n t ia l  c o fa c to r s  
fo r  th e  e n z y m a tic  tr a n sfe r  o f  a c y l g r o u p s  (3 - 5 ) .  T h ia m in e , in  
a d d itio n  to  th is  fu n c t io n , a lso  p la y s  an  im p o rta n t r o le  in th e  
n e r v e  e x c ita t io n  p r o c e s s ,  in d e p e n d e n t  o f  its  c o e n z y m e  
ro le  (6 ).

In th e  lig h t o f  its  p h y s io lo g ic a l  r o le  in m a m m a lia n  m e ta b 
o lism  a s  w e ll  a s  its  a n tin e u r it ic  a c t iv ity ,  s e v e r a l m e th o d s  h a v e  
b e e n  d e v e lo p e d  to  se p a r a te  an d  r e s o lv e  th ia m in e  a n d  its  p h o s 
p h a te  e s te r s  in  v a r io u s  m a tr ic e s . S o m e  o f  th e s e  m e th o d s  are  
q u a lita tiv e  a n d  in v o lv e  th e  u s e  o f  p a p er  o r  th in  la y e r  c h r o 
m a to g ra p h y  (1 , 7 , 8 ). H o w e v e r ,  o th e r  m e th o d s  e x is t  fo r  th e  
q u a n tita tiv e  d e te r m in a tio n  o f  th ia m in e  an d  its  a n a lo g s  in  
e n r ic h e d  o r  fo r tif ied  fo o d  (9 - 1 5 ) ,  t is s u e s  (1 6 , 17), a n d  u rin e
(18). T h e s e  m e th o d s  in g e n e r a l in v o lv e  (a) a c id  h y d r o ly s is  
p rior  to  e x tr a c t io n  o f  th ia m in e  an d  its  p h o sp h a te  e s te r s ,  (b ) 
d ep h o sp h o r y la tio n  o f  th e  ex tra c ted  th iam in e  p h o sp h a te  e ster s  
w ith  th e  e n z y m e  p h o sp h a ta se  o r  d ia s ta s e ,  (c ) o x id a t io n  o f  th e  
th ia m in e  to  th io c h r o m e  u n d e r  a lk a lin e  c o n d it io n s , (d ) e x tr a c 
tio n  o f  th e  th io c h r o m e  in to  iso ]?u tan o l a n d  m e a su r e m e n t o f  
th e  f lu o r e s c e n c e .  H o w e v e r ,  th e  a c id  e x tr a c t  fro m  fo o d  p r e p 
a r a tio n s  c a n  c o n ta in  su b s ta n c e s  th a t in te r fe re  w ith  th e  flu o 
r o m etr ic  d e te r m in a tio n  o f  th ia m in e . T h e r e fo r e , v a r io u s  c h r o 
m a to g ra p h ic  p r o c e d u r e s  ( io n  e x c h a n g e ,  p a p er , th in  la y e r , and  
liq u id  c h r o m a to g r a p h y  (L C )) h a v e  b e e n  u se d  fo r  p u r ifica tio n  
o f  th e  e x tr a c t io n s . Io n  e x c h a n g e  (c a tio n  e x c h a n g e r )  so rb en ts , 
c o m b in e d  w ith  c o n v e n t io n a l  c o lu m n  c h r o m a to g r a p h y  h a v e  
b e e n  u s e d  w ith  g rea t s u c c e s s  (19) a n d , in m o re  r e c e n t  y e a r s .
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L C  h a s  b e e n  a d d e d  fo r  th e  r e so lu t io n  an d  q u a n tita tio n  o f  
th ia m in e  a n d  its  e s te r s  (2 0 -2 4 ) .

V e r y  f e w  m e th o d s  u s e  d ir e c t  U V  d e te c t io n  o f  th ia m in e  in  
fo o d  (1 0 , 2 4 , 25) ra th er  th a n  f lu o r e s c e n c e  d e te c t io n  o f  th io 
c h r o m e . E v e n  th o u g h  U V  d e te c t io n  is  in h er en tly  le s s  s e n s i
t iv e ,  sa m p le  p r e p a r a tio n  is  s im p le r  an d  it a v o id s  p ro b a b le  
in te r fe r in g  c o m p o u n d s  in th e  o x id a t io n  r e a c tio n  lea d in g  to  
th e  th io c h r o m e  fo r m a tio n .

T h is  p a p er  d e s c r ib e s  a  ra p id , s e n s it iv e ,  and  r ep ro d u c ib le  
L C  m e th o d  fo r  th e  d e te r m in a tio n  o f  th ia m in e  in  in fa n t fo rm u la  
p r o d u c ts , w h ic h  u s e s  so lid  p h a se  e x tr a c t io n  a s  a p r o c ed u r e  
o f  sa m p le  p r e p a r a tio n . T h is  te c h n iq u e  o ffe r s  a  w a y  o f  c o n 
c e n tr a tin g  th e . th ia m in e  a n d  its  p h o sp h a te  e s te r s  fro m  a  c o m 
p le x  m a tr ix , c le a n u p  o f  fo r e ig n  c o n ta m in a n ts , an d  q u a n tita 
tio n  u s in g  U V  d e te c t io n .  T h e  L C  r e su lts  o b ta in e d  w ith  th is  
m e th o d  are  c o m p a r e d  w ith  th o s e  fro m  th e  o ff ic ia l A O A C  
m e th o d  (26).

METHOD

Reagents
(a) Solvent.— D is t il le d - in -g la s s  m eth a n o l- (B u r d ic k  and  

J a c k so n  L a b o r a to r ie s ,  I n c . ,  M u sk e g o n , M I 4 9 4 4 2 ).
(b) 2M KCl solution.— D is s o lv e  c a  75 g  p o ta s s iu m  c h lo r id e  

(r ea g e n t gra d e) in 5 0 0  m L  w a te r ;  a d ju st p H  to  1 .5 -2 .0  w ith  
c o n c e n tr a te d  HC1.

(c) Elution solvent.— P rep a re  m ix tu r e  c o n ta in in g  60%  2M  
K C l so lu t io n  an d  40%  m e th a n o l (L C  g r a d e ). P rep a re  fr esh  
d a ily .

(d) Mobile phase.— P rep a re  1 L  b u ffer  so lu t io n  c o n ta in in g
5 .5  m L  tr ie th y la m in e  an d  ad ju st to  p H  7 .7  w ith  p h o sp h o r ic  
a c id  (87% ). M ix  b u ffer  an d  m e th a n o l (L C  g ra d e) (9 0  +  10). 
A d ju st p H  to  7 .7  w ith  p h o sp h o r ic  a c id . F ilte r  th ro u g h  0 .4 5  
p,m N y lo n -6 6  filter  o r  e q u iv a le n t  an d  d e a e r a te  u n d e r  v a c u u m  
fo r  15 m in .

(e) Stock standard solution.—A c c u r a te ly  w e ig h  c a  38 m g  
th ia m in e  h y d r o c h lo r id e  (U S P  R e fe r e n c e  S ta n d a rd ) in to  250  
m L  lo w  a c t in ic  v o lu m e tr ic  fla sk . D ilu te  to  v o lu m e  w ith  a c i
d ified  ( 1 - 2  d r o p s  o f  c o n c e n tr a te d  H C1) w a te r  an d  sh a k e  th o r 
o u g h ly .

(f) Standard solution.—P ip e t  10 .0  m L  s to c k  sta n d a rd  so lu 
tio n  in to  2 5 0  m L  lo w -a c t in ic  v o lu m e tr ic  flask  and d ilu te  to  
v o lu m e  w ith  e lu t io n  so lv e n t .

Apparatus
E q u ip m e n t sp e c if ie d  is  n o t r e s tr ic t iv e ;  o th e r  su ita b le  e q u ip 

m e n t m a y  b e  u s e d .
(a ) Liquid chromatograph.— L D C  C o n sta m e tr ic  III (L a b 

o r a to ry  D a ta  C o n tr o l, R iv ie r a  B e a c h , F L  33 4 0 4 ).
(b) LC column.— 4 .6  x 2 5 0  m m  Z o r b a x  C N , 6 p,m (D u p o n t  

N o . 8 8 0 9 5 2 -7 0 5 ).
(c) Baker-10 Extraction System''".— J. T . B a k e r  C o . ,  P h il-  

l ip sb u r g , N J  0 8 8 6 5 .
(d) Lilter paper.—T y p e  A /E  g la s s  fib er  filter  p a p er  (G el-  

m an  N o .  6 1 6 3 5 ).
(e) Strong cation exchange (SCX) extraction columns.—

2 .8  m L  d isp o sa b le  so lid  p h a se  e x tr a c t io n  c o lu m n s  (A n a ly ti-  
c h e m  In ter n a tio n a l, H a rb o r  C ity , C A  9 0 7 1 0 ).



1088 AY I ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985)

Figure 1. Solid phase extraction system: (A) empty 50 mL syringe barrel; (B) nylon-66 filter unit; (C) adaptor; (D) SCX extraction column; (E) extraction 
system; (F) vacuum controller/release; (G) collector rack; (H) 5 mL volumetric flask; (I) house vacuum.

(f) Vacuum controller-release.— ( N o . A 1 6 0 7 7 ); a d a p to rs  
(N o .  6 3 6 0 0 1 ); c o lle c to r  r a c k s  fo r  5 m L  v o lu m e tr ic  f la sk s  (N o .  
A 1 6 1 7 5 ) (A n a ly t ic h e m  In ter n a tio n a l) .

(g) Syringe.— P h a r m a se a l s ty le r  d isp o sa b le  50  m L  sy r in g e  
(P h a r m a sea l L a b s , G le n d a le , C A  91 2 0 1 ).

(h) Filter units.— N y lo n -6 6 ,  0 .4 5  |am ( N o . 3 8 -1 5 0 , R a in in  
In str u m e n ts  C o .,  I n c . ,  M a c k  R d , W o b u rn , M A  01 8 0 1 ).

Sample Preparation
P erfo rm  all sa m p le  p r e p a r a tio n  u n d er  su b d u e d  ligh t. 
Sample size.— F o r  liq u id  o r  p o w d e r  sa m p le s , ta k e  e q u iv 

a le n t  o f  6 0 - 8 0  p,g th ia m in e  HC1 (h ig h e r  c o n c e n tr a t io n s  o f  
v ita m in  lea d  to  o v e r lo a d in g  o f  S C X  c o lu m n ). F o r  p o w d e r  
sa m p le s , r e c o n s t itu te  a s  p er  la b e l d ir e c t io n s  b e fo r e  sa m p lin g .

Procedure
P ip et sa m p le  in to  su ita b le  c o n ta in e r  ( e .g . ,  100 m L  b ea k er)  

and ad d  e n o u g h  w a te r  to  bring to ta l v o lu m e  to  c a  7 0  m L . 
P la c e  b e a k e r  o n  m a g n e tic  stirrer  a n d , w h ile  stirrin g , ad ju st  
p H  o f  so lu t io n  to  1.7  an d  th e n  to  4 .6 ,  u s in g  IN  HC1 and IN  
N a O H , r e s p e c t iv e ly .  Q u a n tita t iv e ly  tr a n sfe r  sa m p le  to  100 
m L  v o lu m e tr ic  f la sk , w a sh in g  b e a k e r  3 t im e s  w ith  5 m L  
p o r tio n s  o f  w a te r  an d  a d d in g  w a sh in g s  to  v o lu m e tr ic  flask . 
D ilu te  to  v o lu m e  w ith  w a te r  and sh a k e  th o r o u g h ly  2 m in . 
F ilte r  c a  60  m L  sa m p le  so lu t io n  th rou gh  ty p e  A -E  g la ss  fiber  
filter , c o lle c t in g  filtrate  in su ita b le  c o n ta in e r .

E q u ilib r a te  2 .8  m L  S C X  e x tr a c t io n  c o lu m n  b y  p a s s in g  2  
c o lu m n  v o lu m e s  (c a  6 m L ) o f  m e th a n o l fo l lo w e d  b y  2 c o lu m n  
v o lu m e s  o f  w a te r  th ro u g h  c o lu m n . T h is  c a n  b e  d o n e  b y  in se r t
ing  c o lu m n  tip  in to  o n e  o f  th e  h o le s  in to p  o f  B a k e r -10 e x tr a c 
tio n  sy s te m  and p u llin g  v a c u u m  o n  it (F ig u re  1). D o  n o t le t  
c o lu m n  run d ry . A fte r  c o lu m n  h a s b e e n  e q u ilib r a te d , r e m o v e  
v a c u u m , a tta ch  d isp o sa b le  0 .4 5  p.m N y lo n -6 6  filter unit d irec tly  
o n  to p  o f  it u s in g  a d a p to r , an d  c o n n e c t  filter  to  50  m L  d is 
p o s a b le  sy r in g e  barrel (F ig u re  1).

P ip e t 50  m L  c le a r  filtrate  in to  sy r in g e  b arrel an d  a p p ly  
v a c u u m . L e t  all sa m p le  p a s s  th ro u g h  c o lu m n . R e le a s e  v a c 
uu m  an d  r e m o v e  50  m L  d isp o sa b le  sy r in g e  b a rrel, N y lo n -6 6  
filter  u n it, an d  a d a p ter . W a sh  e x tr a c t io n  v o lu m e  w ith  2 c o l 
um n v o lu m e s  o f  w a te r  fo l lo w e d  b y  2 c o lu m n  v o lu m e s  o f  
m e th a n o l a n d  a ga in  w ith  2 c o lu m n  v o lu m e s  o f  w a te r . D o  n o t  
le t c o lu m n  run d ry  u n til final w a te r  w a sh ;  at th a t p o in t, a p p ly  
v a c u u m  u n til m o st  o f  rem a in in g  w a te r  is  r e m o v e d  fr o m  c o l 
u m n  (c a  30  s ) . D isc a r d  c o lu m n  e lu a te s  an d  w a s h in g s .

H e a t  p o r tio n  o f  e lu t io n  s o lv e n t  in su ita b le  g la s s  c o n ta in e r  
o n  h o t p la te  to  6 5 -7 5 ° C , k e e p in g  c o n ta in e r  c o v e r e d  w ith  
w a tc h  g la ss  to  p r e v e n t  e v a p o r a tio n . M a in ta in  te m p e r a tu r e  in 
sp e c if ie d  ran ge  du rin g  th e  fo llo w in g  s te p s .

In se r t  5 m L  v o lu m e tr ic  fla sk  in to  B a k e r -1 0  e x tr a c t io n  s y s 
te m . E lu te  th ia m in e  fro m  e x tr a c t io n  c o lu m n  b y  p a s s in g  ca
4 .5  m L  w arm  e lu tio n  so lv e n t  through  c o lu m n , c o lle c tin g  e lu ate  
in th e  5 m L  v o lu m e tr ic  f la sk . V a c u u m  sh o u ld  b e  a d ju sted  so
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Figure 2. Representative chromatograms of thiamine and related com
pounds on Zorbax CN column. Mobile phase: triethylammonium phos
phate buffer-methanol (pH 7.7) (90 +  10) at flow rate of 1.5 mL/min. 
Response was monitored at 245 nm. Peak A, thiamine diphosphate; peak 
B, thiamine triphosphate; peak C, thiamine monophosphate; peak D, oxy- 

thiamine; peak E, thiamine; peak F, pyrithiamine.

th at th is  p r o c e d u r e  ta k e s  a t le a s t  30  s ,  i . e . ,  f lo w  rate  sh o u ld  
b e  at m o s t  2 m L /m in  (v a c u u m  c o n tr o lle r  rea d in g  c a  5 - 1 0  in. 
H g ). L e t  e x tr a c te d  sa m p le  so lu t io n  c o o l  to  r o o m  tem p era tu re  
and d ilu te  to  v o lu m e  w ith  c o o le d  e lu t io n  so lv e n t .  S h a k e  flask  
v ig o r o u s ly  to  e f fe c t  m ix in g . F ilte r  p o r tio n  o f  th is  so lu t io n  
th rou gh  0 .4 5  p,m N y lo n -6 6  filter  u n it. D isc a r d  first 2 - 3  m L  
and c o lle c t  filtrate  in 5 m L  v ia l. In jec t 100 p.L o f  stan d ard  
an d  sa m p le  p r e p a r a tio n  in to  liq u id  c h r o m a to g r a p h , u s in g  th e  
fo llo w in g  c h r o m a to g r a p h ic  c o n d it io n s :  so lv e n t  f lo w  rate 1.5 
m L /m in ; U V  d e te c to r  245  n m ; s e n s it iv ity  0 .0 4  A U F S .

System Suitability Test
(a) P rep a re  a  so lu t io n  c o n ta in in g  5 g g /m L  o f  o x y th ia m in e  

c h lo r id e  (S ig m a  C h e m ic a l C o . ,  S t . L o u is ,  M O  6 3 1 7 8 ), 6  |xg/ 
m L  o f  th ia m in e  H C 1, a n d  18 g g /m L  o f  p y r ith ia m in e  h y d r o 
b r o m id e  in w a te r . In jec t  100 |xL  o f  t e s t  so lu t io n  in to  liq u id  
c h r o m a to g r a p h , u s in g  c h r o m a to g r a p h ic  c o n d it io n s  s ta te d  
a b o v e . T y p ic a l  r e te n t io n  t im e s  fo r  o x y th ia m in e , th ia m in e , 
an d  p y r ith ia m in e  are  7 .0 ,  1 1 .0 , a n d  12.5  m in , r e s p e c t iv e ly .  I f  
r e so lu t io n  fa c to r s  (a s d e f in e d  b y  U S P )  b e tw e e n  th ia m in e  and  
o x y th ia m in e  a n d  th ia m in e  a n d  p y r ith ia m in e  are  g rea ter  than
3 .0  and 1 .0 , r e s p e c t iv e ly ,  th e n  p r o c e e d  w ith  r ep ea ta b ility  o f  
stan d ard  in je c t io n s . I f  th e y  are  l e s s ,  th e n  d e c r e a se  a m o u n t o f  
m e th a n o l and c o n c o m ita n t ly  in c r e a se  a m o u n t o f  b u ffer  b y  c a
3 -5 % . P rep a re  s y s te m  su ita b ility  t e s t  so lu t io n  fr e sh  e a c h  d a y .

(b) In jec t  100 p.L sta n d a rd  p rep a ra tio n  in to  liq u id  c h r o 
m a to g ra p h  5 t im e s  an d  m e a su r e  th ia m in e  p e a k  h e ig h t o r  area .

C a lc u la te  r e la t iv e  sta n d a rd  d e v ia t io n  o f  th e  5 r ep lic a te  in je c 
t io n s . I f  it is  2%  or l e s s ,  th e n  p r o c e e d  w ith  sa m p le  a n a ly s is .

(c) Strong cation exchange (SCX) extraction columns.—  
T o  c h e c k  su ita b ility  o f  e a c h  b a tc h  o f  c o lu m n s  fo r  sa m p le  
p rep a ra tio n  s te p , ca rry  th ia m in e  sta n d a rd  th ro u g h  p r o c ed u r e .  
R e c o v e r y  o f  th ia m in e  fr o m  c o lu m n  sh o u ld  b e  g r ea te r  than  
95% .

R e su lts  an d  D iscu ssio n

T h e  in fa n t fo r m u la s  u se d  fo r  th is  s tu d y  in c lu d e d  r ea d y -to -  
f e e d  l iq u id s , c o n c e n tr a te d  liq u id s , an d  p o w d e r s  p rep a red  in 
a  n o n fa t m ilk  b a s e  o r  s o y  b a s e . T h e  d e c la r e d  fo r tif ica tio n  
le v e l  fo r  e a c h  w a s  0 .6 7  m g v ita m in  B , p e r  r e c o n s titu te d  quart.

T h e  s e p a r a t io n  o f  th ia m in e  fro m  its  m o n o - , d i-, an d  tr i
p h o sp h a te  e s te r s  a s  w e l l  a s  fro m  its  a n ta g o n is ts  o x y th ia m in e  
an d  p y r ith ia m in e  b y  u s in g  th is  m e th o d  is sh o w n  in F ig u re  2. 
T y p ic a l sa m p le  an d  sta n d a rd  c h r o m a to g r a m s are  sh o w n  in  
F ig u re  3 . T h e  m e th o d  h a s  b e e n  sh o w n  to  b e  r ep ro d u c ib le  
w ith  r e la t iv e  sta n d a rd  d e v ia t io n s  o f  ±  1.2%  fo r  so y -b a se  
c o n c e n tr a te , ±  0 .7 8 %  fo r  m ilk -b a se  p o w d e r , an d  ±  0 .76%  
fo r  m ilk -b a se  c o n c e n tr a te  (T a b le  1). T h e  lin ea r ity  o f  r e sp o n se  
fo r  th e  th ia m in e  sta n d a rd  fro m  36  to  300%  o f  th e  sta te d  
m e th o d  sa m p le  s iz e  had  a  c o e f f ic ie n t  o f  c o rr e la tio n  o f  0 .9 9 9 9 . 
T h e  lin ea r ity  o f  th e  m e th o d  w a s  fu rth er  d e m o n str a te d  b y  
ta k in g  d if fe r e n t  sa m p le  c o n c e n tr a t io n s  (v o lu m e s )  th ro u g h  th e  
p r o c e d u r e . T h e  r e su lts  (su m m a r iz e d  in T a b le  2) a g r ee d  w e ll  
w ith  e a c h  o th e r  an d  th e  v a lu e s  w e r e  n o t d e p e n d e n t  o n  sa m p le  
s iz e  fo r  v o lu m e s  ra n g in g  fro m  2 5 -3 5  m L  fo r  m ilk -b a se  and  
s o y -b a s e  c o n c e n tr a te s  an d  5 0 - 7 0  m L  fo r  m ilk -b a se  p o w d e r s .  
S in c e  it is  n o t p o s s ib le  to  m a k e  a  tru e  p la c e b o  fo r  th e  v a r io u s  
fo r m u la t io n s  to  c h e c k  fo r  p o s s ib le  in te r fe r e n c e s  fro m  th e  
sa m p le  m a tr ix , th e  m e th o d  o f  sta n d a rd  a d d itio n  w a s  u se d  to  
a n a ly z e  o n e  o f  th e  p r o d u c ts  (m ilk -b a se  p o w d e r ) . T h e  a s s a y  
r e su lts  o b ta in e d  b y  th e  m e th o d  a s  g iv e n  a n d  b y  stan d ard  
a d d itio n  d iffe re d  b y  le s s  th a n  1%. R e c o v e r y  s tu d ie s  w e r e  
p e r fo rm e d  b y  sp ik in g  an  a m o u n t o f  th e  m ilk -b a se  an d  so y -  
b a s e  liq u id  c o n c e n tr a te s  w ith  a  k n o w n  a m o u n t o f  th ia m in e . 
T h e  r e c o v e r y  o f  v ita m in  B , fro m  th e se  fo r m u la tio n s  w a s  
g r ea te r  th an  99%  (T a b le  1).

T h e  o ff ic ia l m e th o d  o f  a n a ly s is  (A O A C ) fo r  th ia m in e  (26)  
in  in fan t fo r m u la  p r o d u c ts  in v o lv e s  a c id  h y d r o ly s is  fo llo w e d  
b y  d e p h o sp h o r y la t io n  o f  th e  p h o sp h a te  e s te r s  o f  th ia m in e  
w ith  an  e n z y m e  p h o sp h a ta se  o r  d ia s ta s e  an d  th e n  o x id a tio n  
o f  th e  th ia m in e  to  th io c h r o m e , w h ic h  is d e te r m in e d  b y  flu o -  
r o m e tr y . T o  d e m o n s tr a te  th a t a n y  fr e e  o r  b o u n d  th ia m in e  w a s  
c o m p le te ly  e x tr a c te d  an d  n o t lo s t  o r  o c c lu d e d  in th e  sa m p le  
m a tr ix , u s in g  th is  L C  m e th o d , sa m p le s  w e r e  h y d r o ly z e d  b y  
th e  A O A C  m e th o d  o f  sa m p le  p rep a ra tio n  (a c id  h y d r o ly s is )  
an d  th e n  ta k e n  th ro u g h  th is  L C  m e th o d . T h e  r e su lts  o f  th e  
th ia m in e  a n a ly s is  in th e  h y d r o ly z e d  sa m p le s  a s  sh o w n  in  
T a b le  3 a g r ee d  w e ll  w ith  th o s e  a n a ly z e d  u s in g  th e  L C  m e th o d  
o f  sa m p le  p r ep a ra tio n . T h e s e  r e su lts  a lso  s h o w e d  th a t b o th  
m e th o d s  o f  e x tr a c t io n  w e r e  c o m p a r a b le .

T h ia m in e  o c c u r s  in m ilk  n o t  o n ly  a s  fr ee  th ia m in e , b u t a lso  
in  th e  p h o sp h o r y la te d  fo rm  an d  c o m p le x e d  w ith  p r o te in . In 
w h o le  c o w ’s m ilk , th e  to ta l th ia m in e  c o n s is t s  o f  5 0 -7 0 %  free  
th ia m in e , 1 8 -4 5 %  p h o sp h o r y la te d  th ia m in e , and 5 -1 7 %  p ro
te in -b o u n d  th ia m in e  (2 7 ). D e J o n g  (28) fo u n d  n o  c o c a r b o x y 
la se  p r e se n t  an d  c o n c lu d e d  th a t th e  p h o sp h o r y la te d  fo r m  w a s  
th ia m in e  m o n o p h o s p h a te . G re g o ry  an d  K o n  (29) fo u n d  o n ly  
th ia m in e  m o n o p h o s p h a te  p r e se n t  in c o w ’s m ilk  du rin g  th e  
s e c o n d  w e e k  o f  la c ta t io n , a n d  o n ly  fr ee  th ia m in e  in m id - or  
la te - la c ta t io n  m ilk . It h ad  a lso  b e e n  r ep o rte d  th a t c o w ’s m ilk  
c o n ta in s  p r e d o m in a n tly  fr e e  th ia m in e  an d  th e  th ia m in e -p r o 
te in  c o m p le x  (3 0 ). It sh o u ld  b e  n o te d  th at th is  L C  m e th o d  
w a s  d e s ig n e d  to  q u a n tita te  th e  e x tr a c te d  fr e e  o r  b o u n d  thia-
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Figure 3. Representative chromatograms of thiamine (A) standard solution; (B) milk-base concentrate; (C) soy-base concentrate; and (D) milk-base 
powder, using LC method. Chromatographic conditions were identical to those noted in Figure 2.

Table 1. Recovery of thiamine from infant formula products, and reproducibility of LC method

Product
Reproducibility,

mg/qt*

Recovery

Sample size, mL Found, |xg Added, p.g
Sample & 
spike, t¿g0 Ree., %

Soy-base concentrate 0.99 ±  1.2 30 0.00e 62.21 62.41 ±  0.71 100
Milk-base concentrate 1.18 ±  0.76 60 8.10“ 62.21 71.00 ±  0.74 102
Milk-base powder 1.14 ±  0.78 60 72.0 62.21 135.49 ±  1.05 102

“Mean ±  % RSD, n = 5.
“ Mean + SD, n = 6.
“No significant amounts of thiam ine found in this product which was unfortified w ith thiamine. 
“ Product unfortified w ith thiamine.

Table 2. Results of analysis of infant formula products by LC, at 
different sample concentrations (volumes) of thiamine

Product
Sample taken, 

mL“
Thiamine HCI, mg 

(per reconstituted quart)

Milk-base concentrate 25.0 1,19
30.0 1.19
35.0 1.20

Soy-base concentrate 25.0 1.03
30.0 1.00
35.0 1.04

Milk-base powder 50.0 1.16
60.0 1.14
70.0 1.15

"Claimed mg thiam ine/qt of form ula on ready-to-feed basis is 0.67 mg.

Table 3. Comparison of methods of extracting vitamin B, from infant 
formula products— protein precipitation vs acid hydrolysis— both 

followed by LC analysis

mg Thiamine/qt

Protein Acid
Product Sample precipitation* hydrolysis6

Milk-base concentrate 1 1.18 1.17
2 1.18 1.14

Soy-base concentrate 1 0.99 0.98
2 0.76 0.78

Milk-base powder 1 1.13 1.13
2 1.13 1.13

‘ LC method of sample preparation.
“AOAC method of sample preparation, no dephosphorylation step.
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Table 4. Comparison of results for vitamin Bi in infant formula 
products, using LC and AOAC methods

Product Sample

mg Thiamine HCI/qt 

LC AOAC

Milk-base concentrate 1 1.30 1.27
2 1.32 1.34
3 1.35 1.40

Soy-base concentrate 1 0.99 1.05
2 1.06 1.05
3 1.04 0.95

Milk-base powder 1 1.14 1.19
2 1.13 1.15
3 1.14 1.15

Soy-base powder 1 1.14 1.14
2 1.16 1.10
3 1.24 1.24

Milk-base ready-to-feed 1 1.40 1.46
2 1.33 1.36
3 1.35 1.36

Milk-base powder 1 1.40 1.40
2 1.32 1.35
3 1.29 1.25

m in e  an d  n o t its  p h o sp h o r y la te d  d e r iv a t iv e s . I f  th e ir  a n a ly se s  
w e r e  d e s ir e d , o n e  w o u ld  n e e d  to  c h a n g e  th e  c h r o m a to g r a p h ic  
c o n d it io n s  (m o b ile  p h a se ) .

T h e  L C  m e th o d  w a s  u s e d  in th e  a n a ly s is  o f  v a r io u s  lo ts  o f  
in fan t fo r m u la  p r o d u c ts  fro m  th e  sa m e  m a n u fa ctu rer . T h e  
r e su lts  o f  th e  a n a ly s is  an d  th e ir  c o m p a r iso n  to  th e se  lo ts  
a ss a y e d  b y  th e  A O A C  m e th o d  are su m m a riz ed  in  T a b le  4 . 
T h e  r e su lts  fr o m  b o th  m e th o d s  c o m p a r e d  fa v o r a b ly . A  s ig 
n ifican t fa c t  th a t e m e r g e d  fro m  th e s e  r e su lts  w a s  th e  v e r y  
little  c o n tr ib u tio n  fro m  th e  p h o sp h a te  e s te r s  o f  th ia m in e  to  
th e  to ta l a m o u n t o f  v ita m in  B , p r e se n t  in th e se  m ilk -b a se  
in fan t fo r m u la  p r o d u c ts . I f  an a p p re c ia b le  le v e l  o f  p h o sp h a te  
e s te r s  w e r e  p r e se n t , th e  r e su lts  b y  th e  A O A C  m e th o d  (w h ic h  
m e a su r ed  to ta l th ia m in e , i . e . ,  c o n tr ib u tio n s  fro m  b o th  free  
and b o u n d  th ia m in e  a s  w e ll  a s  th e  p h o sp h a te  e s te r s )  w o u ld  
b e  s ig n if ic a n tly  h ig h er  th a n  th e  r e su lts  fro m  th e  L C  m e th o d .  
T h is  L C  m e th o d  w a s  u s e d  s u c c e s s fu lly  in  th e  a n a ly s is  o f  
v ita m in  B , in c o m m e r c ia lly  a v a ila b le  p r o d u c ts  o f  in fan t fo r 
m u la . T h e  r e su lts  a s  su m m a r iz e d  in T a b le  5 a g r ee d  w e ll w ith  
th e  A O A C  m e th o d .

H a v in g  d e m o n s tr a te d  th a t th e  c o n tr ib u tio n s  fro m  th e  p h o s 
p h a te  e s te r s  o f  th ia m in e  to  th e  to ta l a m o u n t o f  v ita m in  B , 
p r e se n t  in  th e s e  m ilk -b a se  in fa n t fo r m u la  p r o d u c ts  w e r e  not  
s ig n if ica n t, a  se r ie s  o f  e x p e r im e n ts  w a s  se t  u p  to  s e e  w h a t  
m o d if ic a t io n s , i f  a n y , c o u ld  b e  m a d e  in  th e  A O A C  m e th o d  in 
term s o f  th e  a n a ly s is  o f  v ita m in  B , in  in fan t fo rm u la  p r o d u cts .  
T h e  first e x p e r im e n t  in v o lv e d  th e  u s e  o f  th e  L C  m e th o d  o f  
sa m p le  p r e p a r a tio n . T h e  c le a r  filtrate  r esu lt in g  fro m  th e  p r o 
te in  p r e c ip ita tio n  w a s  su b je c te d  to  o p e n  c o lu m n  c h r o m a to 
g ra p h y  a c c o r d in g  to  A O A C , w ith  th e  e n z y m e  d é p h o sp h o r y 
la tio n  e lim in a te d . T h e  r esu lt in g  so lu t io n  c o n ta in in g  th ia m in e

Table 5. Results of analysis of vitamin B, in commercially available 
Infant formula products, using AOAC method, LC method, and 

combination of both methods

Formula type Declared, mg/qt

mg Vitamin B i/qt 

AOAC LC LC & AOAC8

Manufacturer A:

Soy-base ready-to-feed 0.38 0.90 0.99 1.09
Milk-base ready-to-feed 0.71 1.51 1.53 1.55
Milk-base concentrate 0.62 1.29 1.33 1.30
Milk-base concentrate 0.62 1.34
Milk-base powder 0.62 0.73 0.76
Soy-base powder 0.38 1.01
Milk-base powder 0.62 1.56

Manufacturer B:

Milk-base ready-to-feed 0.50 0.69 0.68 0.73
Soy-base ready-to-feed 0.50 0.74 0.78 0.80
Milk-base concentrate 0.50 0.65 0.65 0.67
Milk-base concentrate 0.50 0.64
Milk-base powder 0.50 0.59 0.66

■LC method of sample preparation was used. Clear filtra te resulting from 
protein precipitation was subjected to column chromatography 
according to AOAC; enzyme dephosphorylation step was eliminated. 
Resulting solution containing vitam in B, was oxidized to thiochrom e 
which is quantitated using fluorometry.

w a s  o x id iz e d  to  th io c h r o m e  w h ic h  w a s  q u a n tita ted  u s in g  
f lu o r o m etr y . T h e  r e su lts  o b ta in e d  (T a b le  5) a g r ee d  w e ll  w ith  
th e  L C  and the  A O A C  m e th o d s . T h e  n e x t e x p er im en t in v o lv ed  
th e  e lim in a tio n  o f  th e  c o lu m n  c le a n u p  s te p  in th e  A O A C  
m e th o d . T h e  r e su lt in g  so lu t io n  fr o m  th e  p r o te in  p r e c ip ita tio n  
s te p  in th e  L C  m e th o d  w a s  fu r th er  d ilu ted  w ith  p o ta ss iu m  
c h lo r id e  so lu t io n  an d  f iltered  th ro u g h  a 0 .4 5  p,m N y lo n -6 6  
filter. T h e  th ia m in e  w a s  th e n  o x id iz e d  to  th io c h r o m e  and  
q u a n tita ted  a c c o r d in g  to  A O A C . T h e  r e su lts  a s  su m m a riz ed  
in  T a b le  6 c le a r ly  d e m o n s tr a te d  th e  a g r e e m e n t b e tw e e n  th is  
sh o r te n e d  v e r s io n  o f  th e  A O A C , th e  L C , an d  th e  stan dard  
A O A C  m e th o d s .

In  c o n c lu s io n , a s im p le , fa s t ,  s e n s it iv e ,  an d  rep ro d u c ib le  
L C  m e th o d  h a s b e e n  d e sc r ib e d  fo r  th e  d e te r m in a tio n  o f  v ita 
m in  B , in in fa n t fo r m u la  p r o d u c ts . T h e  m e th o d  se p a r a te s  
th ia m in e  fro m  its  a n ta g o n is ts  an d  p a r ticu la r ly  th e  r e s p e c t iv e  
p h o sp h a te  e s te r s .  T h e r e  is  a lso  e v id e n c e  th a t th e  c o n tr ib u 
t io n s  fro m  th e  p h o sp h a te  e s te r s  o f  th ia m in e  to  th e  to ta l in h er 
e n t a m o u n t o f  v ita m in  B , in m ilk -b a se  in fan t fo rm u la  p r o d u c ts  
is  n o t s ig n if ica n t. T h is  s u g g e s ts  th a t it m a y  b e  fe a s ib le  to  
e lim in a te  th e  c u m b e r so m e  a c id  h y d r o ly s is  a s  w e ll a s  the  
d e p h o sp h o r y la tio n  ste p s  in th e  A O A C  m e th o d , rep lac in g  th em  
w ith  a  p r o te in  p r e c ip ita tio n  s te p  fo l lo w e d  b y  o x id a t io n  o f  the  
th ia m in e  to  th io c h r o m e . T h is  m o d ific a tio n  o f  th e  A O A C  
m e th o d , h o w e v e r ,  w o u ld  h a v e  to  b e  sh o w n  to  b e  a p p lic a b le  
to  th e  p a r ticu la r  p r o d u c t  in  q u e s t io n .

Table 6. Results of analysis for thiamine in commercially available Infant formula products, using modified AOAC, official AOAC, and LC methods

mg Thiamine/reconstituted qt

Product Sample Modified AOAC* Official AOAC LC method

Milk-base powder 1 1.41 1.48 1.40
2 1.27 1.30 1.37
3 1.39 1.40 1.40

Milk-base powder 1 1.17 1.29 1.13
2 1.14 1.12 1.17
3 1.16 1.19 1.14

Milk-base concentrate 1 1.08 1.03 1.10
2 1.04 1.00 1.08

Soy-base concentrate 1 0.99 1.05 0.99

'Protein precipitation, followed by oxidation of extracted thiamine to  thiochrom e and quantitation by fluorometry.
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EXTRANEOUS MATERIALS
Brine Saturation Technique for Extracting Light Filth from Ground Cinnamon: Intralaboratory 
Study

CLARENCE C. FREEMAN
Food and Drug Administration, 4298 Elysian Fields Ave, New Orleans, LA 70122

An intralaboratory study was performed using the new brine saturation 
technique for isolating light filth from ground cinnamon. Recoveries 
of light filth averaged £96.5% . The excellent recovery plus improve
ments in safety and simplicity give this new technique considerable 
advantage over the present official method.

E x tr a c tio n  o f  lig h t filth  fr o m  g ro u n d  c in n a m o n  is  a  p r o b le m  
b e c a u se  o f  th e  h ig h  m u c ila g in o u s  c o n te n t  o f  so m e  c a s s ia s ,  
w h ic h  fo rm  a  s lim y  g e l-m a s s  w h e n  m ix e d  w ith  w a te r . T h e  o il 
c o n te n t  o f  th e  s p ic e  c a u s e s  p o o r  se p a r a tio n  and m a k e s  filter  
p a p er s  h e a v y  a n d  d iff icu lt  to  e x a m in e . T o  c ir c u m v e n t  th e se  
p r o b le m s , p a n cr e a tin  d ig e s t io n s  and so d iu m  o x a la te  a d d itio n s  
a s w e ll  a s  p e tr o le u m  e th e r  an d  c h lo r o fo r m /c a r b o n  te tr a c h lo 
ride m ix tu r e s  h a v e  b e e n  u s e d  to  d isp e r se  th e  g e l an d  r e m o v e  
th e  o ils  ( 1 ,2 ) .  S o d iu m -E D T A  h a s a lso  b e e n  u s e d , u n s u c c e s s 
fu lly , in  e ffo r ts  to  s o lv e  th e s e  p r o b le m s (2).

G el fo r m a tio n  c e a s e d  to  b e  a  p r o b le m  w h e n  h y d ro c h lo r ic  
a c id  w a s  in c lu d e d  in th e  m e th o d  in  1968 (3 ), an d  th a t w o r k  
r e su lte d  in th e  p r e se n t  A O A C  o ffic ia l first a c t io n  m e th o d  (4). 
A v e r a g e  r e c o v e r ie s  fo r  th e  s tu d y  w e r e  8 5 .7%  fo r  in se c t  fra g 
m e n ts  an d  4 9 .0%  (3 ) fo r  r o d e n t h a irs.

In c o m p a r is o n , a v e r a g e  r e c o v e r ie s  fo r  th e  n e w  b r in e  sa t
u ra tio n  te c h n iq u e  ( 5 - 7 )  are  > 9 6 .5 %  fo r  b o th  e le m e n ts . B o th  
o il an d  m u c ila g e  are  r e m o v e d  b y  b o ilin g  th e  sa m p le  in a c id i
fied  iso p r o p a n o l an d  th e n  b y  w a sh in g  w ith  h o t tap  w a te r  o n  
a  230  m e sh  s ie v e .  A  s in g le  b r in e  sa tu ra tio n  s te p  b e fo r e  p e r 
c o la to r  e x tr a c t io n  o f  th e  filth  e le m e n ts  w ith  o l iv e  o il r e su lts  
in  c le a n  filter  p a p er s  an d  e x c e lle n t  r e c o v e r ie s .

M E T H O D

Reagents
(a) Brine— D is s o lv e  c a  3 6 0  g N a C l,  A R  grad e  or  e q u iv a 

le n t , in  1 L  w a te r .
(b) Olive oil.— N F  o r  e q u iv a le n t .

Extraction
W eig h  50  g  sa m p le  in to  6 0 0  m L  b e a k e r ; add 300  m L  is o 

p r o p a n o l p lu s  30  m L  HC1 an d  m a g n e tic  stir  bar . C o v e r  and  
b o il 5 m in  w ith  c o n s ta n t  stirrin g  o n  m a g n e tic  stirrer  h o t p la te . 
(C aution: T o  p rev en t sc o r ch in g , m ix  th o ro u g h ly  be fo re  ap p ly in g  
h e a t .)  T r a n sfe r  to  2 3 0  m e sh  s ie v e  (N o te :  A v o id  tran sferr in g  
stir  bar b y  a ttra c tin g  it to  a  s e c o n d  stir  bar o n  o u ts id e  b o tto m  
o f  b e a k e r .)  a n d  r in se  b e a k e r  w ith  h o t ta p  w a te r . W a sh  sa m p le  
o n  s ie v e  w ith  str ea m  o f  h o t  tap  w a te r  u n til fo a m  d isa p p e a rs  
and e fflu en t is  c le a r . R e m o v e  e x c e s s  tap  w a te r  b y  r in sin g  w ith  
sm all a m o u n t o f  b r in e . Q u a n tita t iv e ly  tr a n sfe r  sa m p le  b a c k  
in to  o r ig in a l b e a k e r  w ith  b r in e . D ilu te  to  c a  4 0 0  m L  w ith  b rine  
and retu rn  to  stirrer  h o t p la te . B o il 3 m in  w ith  c o n s ta n t  stir
ring; th e n  c o o l  w ith  c o n s ta n t  stirrin g  in c o ld  w a te r  b a th  (p la s
tic  o r  g la s s  b o w l filled  w ith  c o ld  w a te r  o n  m a g n e tic  stirrer) 
u n til ju s t  w a rm  to  th e  to u c h . A d d  30 m L  o l iv e  o il an d  c o n tin u e  
stirring  5 m in  (o il w ill s lo w  th e  stirrin g; c o m p e n sa te  s o  that 
o il is  m ix e d  in to  sa m p le , bu t n o t so  v ig o r o u s ly  a s  to  in c o r 
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p o ra te  a ir or  c a u se  sa m p le  to  o v e r f lo w  b e a k e r ). T ra n sfer  
sa m p le  w ith  tap  w a te r , re ta in in g  stirrin g  bar in b e a k e r  as  
b e fo r e , in to  2  L  p e r c o la to r  c o n ta in in g  g la ss  stirring  rod  [ s e c .  
4 4 .0 0 2 (h )(2 )]  (4) an d  5 0 0  m L  ta p  w a te r . F ill p e r c o la to r  to  
w ith in  5 c m  fro m  to p  w ith  s lig h t ly  w a rm  (c a  32°C ) tap  w a te r  
an d  stir  w ith  g la ss  rod  to  p r e v e n t  e n tr a p m en t o f  o il in  p r o d u ct  
at b o tto m  o f  v e s s e l .  L e t  se p a r a tio n  c o n t in u e  fo r  15 m in; th en  
drain  a n d  d isc a r d  w a te r  u n til o il  la y e r  is  w ith in  5 c m  o f  b o tto m .  
R efill p e r c o la to r  a n d  r e p e a t  d ra in in g  p r o c e d u r e  tw ic e ;  th e n  
drain  rem a in in g  c o n te n ts  in to  4 0 0  m L  b e a k e r  an d  w a s h  p er
c o la to r  an d  rod  th o r o u g h ly  w ith  iso p r o p a n o l an d  tap  w a te r  
in to  sa m e  b e a k e r . F ilte r  c o n te n ts  o f  b e a k e r  an d  iso p r o p a n o l  
w a sh in g s  fro m  b e a k e r  o n to  lin ed  filter  p a p er  an d  e x a m in e  as  
in s e c .  4 4 .0 0 5 (g )(4 ) .

Results
T w o  a n a ly s ts ,  u s in g  o n ly  th e  b r in e  sa tu ra tio n  m e th o d  

d e sc r ib e d  h e r e , e a c h  e x a m in e d  12 sp ik e d  50  g  su b sa m p le s  o f  
th e  p r o d u c t. A ll su b s a m p le s  w e r e  sp ik e d  w ith  12 in s e c t  e ly tra l 
sq u a r es  an d  12 r o d e n t hair  fr a g m e n ts , u s in g  th e  g e la tin  m atrix  
te c h n iq u e  (8 ). T a b le  1 s h o w s  th e  e x c e lle n t  r e c o v e r y  o f  280  o f  
288 sp ik e d  in s e c t  fr a g m e n ts  a n d  272  o f  2 7 6  sp ik e d  r o d en t  
h airs b y  th is  m e th o d .

Recommendations
B e c a u s e  r e c o v e r y  o f  in s e c t  fr a g m e n ts  is  im p r o v e d  and  

r e c o v e r y  o f  r o d e n t h a irs is  d o u b le  th a t r ep o rte d  fo r  th e  p r e s 
e n t A O A C  o ffic ia l m e th o d , w e  r e c o m m e n d  th at a  c o lla b o r a 
t iv e  s tu d y  b e  c o n d u c te d  o n  th is  m e th o d . W e a lso  r ec o m m en d  
th at th e  b r in e  sa tu ra tio n  te c h n iq u e  fo r  lig h t filth  e x tr a c t io n s  
b e  c o n t in u e d  and e x p a n d e d  to  a lle v ia te  p r o b le m s w ith  o th e r  
p r o d u c ts  a n d /o r  m e th o d s .

Table 1. Intralaboratory recovery results for insect fragments and 
rodent hairs (12 each added) from 50 g cinnamon, using brine 

saturation method

Subsampie

Number of 
insect fragments

Number of 
rodent hairs

Analyst Analyst

1 2 1 2

1 12 12 12 11
2 12 12 12 12
3 12 12 12 12
4 12 12 10 12
5 12 12 12 12
6 11 12 12 12
7 12 12 12 12
8 12 11 12 12
9 12 11 12 12

10 12 12 11 3“
11 12 11 12 11
12 11 10 12 12

Total* 280 272

Av„ % 97.9 96.5 98.6 98.5
SD 0.6 0.7 0.4 0.4
CV, % 5.3 5.8 3.3 3.4

aA total of 288 insect fragments and 276 rodent hairs were spiked. 
“ Deleted from calculation by D ixon’s test.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES
Multiresidue Method for Quantitative Determination of Organophosphorus Pesticides in Foods

JOHN J. BLAHA and PATRICIA J. JACKSON1
Food and Drug Administration, Total Diet Research Center, 1009 Cherry St, Kansas City, MO 64106

A multiresidue method for the quantitative determination of organo
phosphorus pesticides in foods from the Food and Drug Administra
tion’s Total Diet Study is described. The organophosphorus pesticides 
are separated on the basis of polarity and determined in both fatty and 
nonfatty foods with a minimum of interferences. The foods analyzed 
included raw and cooked individual foods as well as combination dishes, 
water, and whiskey. Recoveries of 17 organophosphorus pesticides in 
41 foods ranged from about 80 to 118%.

T h e  T o ta l D ie t  S tu d y  o f  th e  F o o d  an d  D ru g  A d m in is tra tio n  
is  a su r v e illa n c e  p ro g ra m  th a t m o n ito r s  th e  le v e ls  o f  c h e m ic a l  
r e s id u e s  in fo o d s .  T h e  fo o d s  a n a ly z e d  are  r e p r e se n ta t iv e  o f  
th e  ran ge  o f  ra w  an d  c o o k e d  fo o d s  c o m m o n ly  e a te n  b y  th e  
A m e r ic a n  c o n su m e r . T h e s e  in c lu d e  fr u its , v e g e ta b le s ,  m e a ts ,  
fa tty  fo o d s  su c h  a s  p e a n u t  b u tter  an d  g r a in s , r e c ip e  item s  
su c h  a s  la sa g n a , d a iry  p r o d u c ts , b a b y  fo o d s ,  an d  a lc o h o lic  
and n o n a lc o h o lic  b e v e r a g e s .  D e ta i ls  o f  th e  p rogram  are  p r e 
se n te d  e ls e w h e r e  ( 1 - 5 ) .  T h e  T o ta l D ie t  S tu d y  is  a  m e a n s  to  
m o n ito r , o n  a  y e a r ly  b a s is ,  th e  c o n ta m in a n t an d  s e le c te d  
n u trien t c o n te n t  o f  th e  U n ite d  S ta te s  fo o d  su p p ly  an d  to  
o b s e r v e  tr en d s  in th e  c o n su m p tio n  o f  th o s e  s u b s ta n c e s  o v e r  
tim e. In fo rm a tio n  fro m  th e  s tu d y  h e lp s  to  id e n tify  p o te n tia l  
p u b lic  h e a lth  is s u e s  th a t m a y  w arran t c h a n g e s  in agr icu ltu ra l 
or m a n u fa c tu r in g  p r a c t ic e s  o r  in  th e  reg u la to r y  p o l ic ie s  c o n 
c er n in g  fo o d  a d d it iv e s  o r  n u tr ien t fo r tif ica tio n .

T h e  q u a n tita tiv e  d e te r m in a tio n  o f  o r g a n o p h o sp h o r u s  p e s 
tic id e  r e s id u e s  in  fo o d s  in  th e  fo rm  in  w h ic h  th e y  are e a te n  is  
a  m ajor p art o f  th e  T o ta l D ie t  S tu d y . R o u t in e ly , th e  m e th o d s  
o f  S to rh err  e t  a l. (6 ) , C a r so n  (7 ) , an d  M ills  e t a l. (8) are u se d  
to  d e te r m in e  o r g a n o p h o sp h o r u s  p e s t ic id e  r e s id u e s  in fo o d s .  
T o  a  le s s e r  d e g r e e , th e  m e th o d  o f  L u k e  e t  a l. ( 9 -1 1 )  is  a lso  
u se d . T h e s e  m e th o d s  w e r e  d e v e lo p e d  pr im arily  fo r  th e  a n a l
y s is  o f  ra w  a g r icu ltu ra l c r o p s , i . e . ,  fru its  and v e g e ta b le s ,  
w h ic h  c o m p r is e  o n ly  a  fr a c t io n  o f  th e  to ta l n u m b er  o f  fo o d  
i te m s  in  th e  T o ta l D ie t  S tu d y . P r o b le m s h a v e  b e e n  e n c o u n 
tered  in th e  a p p lic a t io n  o f  th e s e  a n a ly t ic a l m e th o d s  to  fa tty  
fo o d s  an d  th e  m o r e  c o m p le x  fo o d s  p rep a red  a c c o r d in g  to  
r e c ip e s . T h e  u s e  o f  th e s e  m e th o d s  d o e s  n o t a ssu r e  th e  q u a n 
t ita t iv e  d e te r m in a tio n  o f  h ig h ly  p o la r  o r g a n o p h o sp h o r u s  p e s 
t ic id e s  fro m  a ll f o o d s  th a t c o m p r ise  th e  T o ta l D ie t  S tu d y .  
T h is  p a p er  r ep o rts  th e  d e v e lo p m e n t  o f  a  m e th o d  to  c o m 
p le te ly  r e c o v e r  all o rg a n o p h o sp h o ru s p e s t ic id e s  from  all fo o d s  
o f  th e  T o ta l D ie t  S tu d y  a n d  to  m in im iz e  or  e lim in a te  th e  
d iff icu lt ie s  p r e v io u s ly  e n c o u n te r e d .

M E T H O D

Apparatus and Reagents
(a) Gel permeation chromatograph.— A u to -P rep  M o d e l 1001 

(A n a ly tica l B io c h e m istr y  L a b o r a to r ie s , In c .,  C o lu m b ia , M O ), 
e q u ip p e d  w ith  30  x  2 .5  c m  id c o lu m n  (K o n te s ,  V in e la n d ,  
N J ), slu rry  p a c k e d  w ith  33 g  2 0 0 -4 0 0  m e sh  B io -B e a d s  S X -3  
(B io -R a d  L a b o r a to r ie s ,  R ic h m o n d , C A ), c o m p r e s s e d  to  b ed

'Present address: Federal Grain Inspection Service, U.S. Department of 
Agriculture, Kansas City, MO 64147.

Reference to any commercial material, equipment, or process does not 
constitute endorsement or recommendation by the Food and Drug Adminis
tration.
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len g th  o f  c a  20  c m . E lu tin g  so lu t io n  w a s  m e th y le n e  c h lo r id e -  
h e x a n e  (1 +  1) a t f lo w  rate  o f  5 .0  m L /m in  w ith  o p e r a tin g  
p r e ssu r e  o f  c a  10 p s i.  S y s te m  w a s  o p e r a te d  w ith  12 m in  du m p  
c y c le ,  20  m in  c o lle c t  c y c le ,  an d  0  m in  w a sh  c y c le .

(b) Gas chromatographs.— (1) T r a c o r  M o d e l 5 6 0  e q u ip p e d  
w ith  63N i  e le c tr o n  ca p tu r e  (E C ) d e te c to r  an d  M o d e l 702  N /P  
a lkali th e r m io n ic  d e te c to r . T w o  m  x  4  m m  id  g la ss  c o lu m n  
w a s  p a c k e d  w ith  2%  s ta b iliz e d  d ie th y le n e  g ly c o l  su c c in a te  
(D E G S )  o n  8 0 -1 0 0  m e sh  C h r o m o so r b  W -A W  an d  efflu en t  
w a s  lin k e d  to  d e te c to r s  th ro u g h  1:1 g la ss - l in e d  sp litte r  (S c i
en tific  G la s s  E n g in e e r in g , A u s t in , T X ) w ith  h e liu m  flo w  rate  
o f  6 0  m L /m in . E C  d e te c to r  w a s  o p e r a te d  w ith  p u rg e  g a s  o f  
10%  m e th a n e  in  a rg o n  w ith  f lo w  rate  o f  70  m L /m in . T e m p e r 
a tu r e s  (°C )— in le t  2 1 5 , o v e n  2 0 0 , E C  d e te c to r  35 0 , N /P  d e te c 
to r  25 0 . (2) V ar ian  V is ta  M o d e l 6 0 0 0  eq u ip p e d  w ith  flam e  
p h o to m e tr ic  d e te c to r  (F P D ) an d  o p e r a te d  w ith  p h o sp h o r u s-  
sp e c if ic  filter  (5 2 6  n m ). T w o  m  x  2 m m  id g la s s  c o lu m n  w a s  
p a c k e d  w ith  U ltr a b o n d  2 0 S E  o n  1 0 0 -1 2 0  m e sh  C h ro m o so rb  
W  an d  w a s  lin k e d  to  F P D . N itr o g e n  ca rr ier  g a s  w a s  u s e d  w ith  
f lo w  ra te  o f  65 m L /m in . T e m p e r a tu r e s  (°C )— in le t  2 0 0 , o v e n  
175, F P D  d e te c to r  300 .

(c) Methylene chloride, hexane, and acetone.— P e s t ic id e  
g ra d e  (B u r d ic k  &  J a c k so n  L a b o r a to r ie s ,  M u sk e g o n , M I).

(d) Eluting solution.— M e th y le n e  c h lo r id e -h e x a n e  (1 + 
1 ).

(e) Extracting solutions.— M e th y le n e  c h lo r id e -a c e to n e  (3 
+  1) an d  m e th y le n e  c h lo r id e -h e x a n e  (1 +  9 ).

Extraction
A c c u r a te ly  w e ig h  100 g  fo o d  in to  b le n d er  ja r . I f  fo o d  has  

lo w  m o is tu r e  c o n te n t  (< 2 5 %  m o is tu r e ),  add  100 m L  w a te r  to  
ja r . A d d  2 0 0  m L  a c e to n e  a n d  b le n d  m ix tu r e  2 m in . F ilte r  
so lu t io n  th ro u g h  sh a rk sk in  p a p er  in B u c h n e r  fu n n e l an d  c o l 
le c t  filtra te . W a sh  filter  c a k e  w ith  50  m L  a c e to n e ,  c o lle c t  
w a s h in g , an d  ad d  to  filtra te .

E x tr a c t  80  m L  a liq u o t o f  c o m b in e d  w a sh in g /f iltr a te  w ith  
th r e e  30  m L  p o r t io n s  o f  m e th y le n e  c h lo r id e -h e x a n e  (1 +  9). 
C o lle c t  o r g a n ic  la y e r s  (e lu a te  1). E x tr a c t  a q u e o u s  so lu t io n  
rem a in in g  a fter  first se t  o f  e x tr a c t io n s  w ith  th r e e  30  m L  p o r 
t io n s  o f  m e th y le n e  c h lo r id e -a c e to n e  (3 +  1). C o lle c t  o rg a n ic  
la y e r s  (e lu a te  2 ). S a tu ra te  a q u e o u s  so lu t io n  rem a in in g  a fter  
s e c o n d  se t  o f  e x tr a c t io n s  w ith  so d iu m  c h lo r id e . E x tr a c t  so lu 
tio n  w ith  th r e e  30  m L  p o r t io n s  o f  m e th y le n e  c h lo r id e -a c e to n e  
(3 +  1). C o lle c t  o r g a n ic  la y e r s  (e lu a te  3). D isc a r d  a q u e o u s  
la y er .

D r y  e lu a te s  b y  p a s s in g  th e m  th ro u g h  a n h y d r o u s  so d iu m  
su lfa te  in  15 c m  x  20  m m  id c o lu m n . C o lle c t  d ried  e lu a te s  in  
K u d e r n a -D a n ish  c o n c e n tr a to r  an d  a tta ch  S n y d e r  c o n d e n s a 
tio n  c o lu m n . C o n c e n tr a te  e lu a te s  o n  s te a m  b a th  u n til to p  o f  
S n y d e r  co lu m n  is  n o  lo n g e r  w e tte d  w ith  s o lv e n t .  F o r  n o n fa tty  
fo o d s ,  c a  1 m L  so lu t io n  w ill rem a in . F o r  fa tty  fo o d s ,  < 1  m L  
w ill r em a in . A d d  h e x a n e -m e th y le n e  c h lo r id e  (1 +  1) to  y ie ld  
final v o lu m e  o f  10 m L  fo r  n o n fa tty  sa m p le s  or  to  fin a l v o lu m e  
c o n ta in in g  < 0 .2  g  fa t /m L  so lu t io n . M ix  so lu t io n  th o r o u g h ly .

Gel Permeation Chromatographic (GPC) Cleanup
M a x im u m  o f  1 g  fa t m a y  b e  lo a d e d  o n  G P C  c o lu m n , n e c e s 

sita tin g  u s e  o f  m u ltip le  G P C  lo o p s  fo r  c le a n u p  o f  fa tty  fo o d s
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Figure 1. Chromatograms of unspiked spinach sample. A, eluate before 
GPC cleanup; B, eluate after GPC cleanup. Chromatographic conditions: 
2% stabilized DEGS column with alkali thermionic detector, attenuation 

8; 5 pL injected.

to  o b ta in  final e lu a te  fo r  a n a ly s is  w h ic h  c o n ta in s  >5 g sa m p le  
e q u iv a le n t /m L  so lu t io n .

F ill 10 m L  sy r in g e  an d  lo a d  5 m L  h o ld in g  lo o p s  o f  c h r o 
m a to g ra p h  w ith  e lu a te s . F ilte r  e a c h  e lu a te  a s  it is  lo a d e d  b y  
p a ss in g  it th ro u g h  5 .0  p.m M illip o re  filter in S w in n y  filter  
a d a p ter  a tta c h e d  to  sy r in g e . E lu te  e a c h  sa m p le  w ith  m e th y 
le n e  c h lo r id e -h e x a n e  (1 +  1), u s in g  p a r a m e te r s  in Apparatus 
and Reagents. T r a n sfe r  c o lle c te d  so lu t io n s ,  c o m b in in g  m u l
tip le  fr a c t io n s  i f  n e c e s s a r y ,  to  K u d e r n a -D a n ish  c o n c e n tr a to r .  
A d d  S n y d e r  c o lu m n  an d  c o n c e n tr a te  e a c h  e lu a te  to  c a  1 m L  
on  s te a m  b a th . A d d  20  m L  a c e to n e  and c o n c e n tr a te  to  2 m L  
to  r e m o v e  all tr a c e s  o f  m e th y le n e  c h lo r id e .

Gas Chromatographic (GC) Determination
D e te r m in e  r e s id u e s  b y  G C , u s in g  p a r a m e te r s  in Apparatus 

and Reagents. In jec t  c a  5 p.L so lu t io n .

Results and Discussion
T h e  e x tr a c t io n  m e th o d s  d e sc r ib e d  b y  M ills  e t  a l. (8) and  

S to rh err  e t a l. (6) are  u s e d  to  r e m o v e  th e  o r g a n ic  c h e m ic a l  
r e s id u e s  fro m  fo o d s .  T h e  e x tr a c t io n  a lso  r e m o v e s  a large  
n u m b er  o f  in d ig e n o u s  c o m p o u n d s . T h e s e  c o e x tr a c t iv e s  c o m 
p lic a te  th e  q u a n tita t iv e  d e te r m in a tio n  o f  th e  o r g a n ic  c h e m ic a l  
r e s id u e s . O n e  o f  th e  b ig g e s t  o b s ta c le s  to  th e  ro u tin e  d e te r 
m in a tio n  o f  o r g a n o p h o sp h o r u s  p e s t ic id e  r e s id u e s  in  T o ta l  
D ie t fo o d s  is th e  d ifficu lty  in rap id ly  and q u a n tita tiv e ly  rem o v in g  
all r e s id u e s  fro m  th e  fo o d s  an d  th e n  re tr ie v in g  o n ly  th o se  
r e s id u e s  o f  in te r e st  in th e  p r e se n c e  o f  c o e x tr a c t iv e  in terfer 

e n c e s  su c h  a s  p lan t p ig m e n ts  o r  lip id s . T h is  c a n  e a s i ly  be  
d o n e  fo r  o r g a n o h a lo g e n  p e s t ic id e s ,  a s  th e s e  c o m p o u n d s  are  
o f  r e la t iv e ly  lo w  p o la r ity  an d  m a y  b e  q u a n tita t iv e ly  iso la te d  
fro m  th e  m o re  p o la r  c o e x tr a c t iv e s  b y  F lo r is il  c o lu m n  c le a n u p .  
T h is  m e th o d  is  in e f fe c t iv e  fo r  th e  m o re  p o la r  o r g a n o p h o s 
p h o ru s p e s t ic id e s .  S ig n if ica n t l o s s e s  h a v e  a ls o  b e e n  o b s e r v e d  
w ith  the  u se  o f  m a g n esia -ch a rco a l c o lu m n s. T h e  sa m p le  e lu a tes  
m u st b e  c le a n e d  u p , a s  th e  “ d ir ty ”  sa m p le  e lu a te s  w ill  in h ib it  
q u a n tita tiv e  d e te r m in a tio n  b y  c h r o m a to g r a p h y .

T h e  a c e to n e  e x tr a c t io n  d e sc r ib e d  b y  B a te s  (12) an d  L u k e  
e t a l. (9) w a s  u se d  b e c a u s e  it o ffe r s  th e  g r e a te s t  p o te n tia l fo r  
s im p le , q u a n tita tiv e  r e m o v a l o f  r e s id u e s  fro m  fo o d s tu f f s .  T h e  
p e s t ic id e s  are  r e m o v e d  in o r d e r  o f  p o la r ity  b y  s u c c e s s iv e ly  
in c r e a s in g  th e  p o la r ity  o f  th e  e x tr a c t io n  c o n d it io n s . F o o d  
sa m p le s  r e p r e se n ta t iv e  o f  th e  T o ta l D ie t  S tu d y  w e r e  fo r tified  
w ith  a  s e r ie s  o f  o r g a n o p h o sp h o r u s  p e s t ic id e s  so  th a t th e  e ffi
c ie n c y  o f  r e c o v e r y  fo r  a ran ge o f  p o la r it ie s  c o u ld  b e  d e te r 
m in ed . O ur e m p h a s is  w a s  o n  th e  d e te r m in a tio n  o f  h ig h ly  p o la r  
o r g a n o p h o sp h o r u s  p e s t ic id e s  fro m  a  w id e  range o f  fo o d  
m a tr ic e s  b e c a u s e  th e s e  p e s t ic id e s  h a v e  p r o v e n  to  b e  th e  m o st  
d ifficu lt to  d e te r m in e .

T h e  first p a r tit io n in g  s te p , e x tr a c t io n  w ith  m e th y le n e  c h lo 
r id e -h e x a n e  (1 +  9 ) , r e m o v e s  th e  le s s  p o la r  p e s t ic id e s  and  
m o st  o f  th e  c o e x tr a c ta b le  m a ter ia ls  fro m  th e  w a te r  la y e r . T h e  
c o e x tr a c ta b le  m a ter ia ls  c a n  b e  fu r th er  se p a r a te d , i f  d e s ir e d ,  
from  th e  le s s  p o la r  p e s t ic id e s  b y  F lo r is il  c o lu m n  c h r o m a to 
g r a p h y . T h e s e  c o e x tr a c ta b le  m a ter ia ls  in h ib ited  o u r  r e c o v e r y  
o f  p o la r  p e s t ic id e s  ( e .g . ,  m e th a m id o p h o s , a c e p h a te , m e th i-  
d a th io n , m o n o c r o to p h o s )  w h e n  a n a ly s is  w a s  a tte m p te d  b y

Figure 2. Chromatograms of 1:10 dilution of unspiked spinach sample. 
A, eluate before GPC cleanup; B, eluate after GPC cleanup. Chromato
graphic conditions: 2% stabilized DEGS column with EC detector, atten

uation 5; 5 |xL injected.
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Figure 3. Chromatograms of unspiked whole milk and coleslaw samples. See Figure 1 for chromatographic conditions.

o th e r  p r o c e d u r e s . A fte r  th e  in itia l e x tr a c t io n  s te p , th e  p o lar  
p e s t ic id e s  r em a in  in th e  w a te r  la y er .

T h e  s e c o n d  s te p  in c r e a se s  th e  p o la r ity  o f  th e  e x tr a c t io n  
so lv e n t  an d  r e m o v e s  th e  m o d e r a te ly  p o la r  p e s t ic id e s  and  
m o st  o f  th e  rem a in in g  c o e x tr a c ta b le  m a ter ia ls  from  th e  w a te r  
la y er . T h e  u s e  o f  a c e to n e  p r e v e n ts  th e  fo r m a tio n  o f  th e  e m u l
s io n  th a t m a y  b e  fo r m e d  w h e n  su c h  n a tu ra lly  o c cu rr in g  m a te 
rials as p e c tin  from  fru its and v e g e ta b le s , c o lla g e n  from  m ea ts , 
or s ta r c h e s  fro m  v e g e ta b le s  an d  g ra in s are  fo r c e d  o u t o f  the  
w a te r  la y e r  a n d  fo rm  a  se m iso lid  g e l.  T h e s e  s u b s ta n c e s  are  
n o rm a lly  s o lu b le  in  w a te r  b u t are in so lu b le  in m e th y le n e  
c h lo r id e . T h is  g e l fo r m a tio n  is  e x a c e r b a te d  b y  th e  p r e se n c e  
o f  a h igh  su g a r  c o n c e n tr a t io n  an d  n atu ra l fru it a c id s . T h e  g e l  
h as b e e n  a  fo r m id a b le  o b s ta c le  to  th e  e ffic ie n t se p a r a tio n  o f  
p e s t ic id e s  fro m  v a r io u s  f o o d s  o f  th e  T o ta l D ie t  S tu d y .

T h e  third s te p  d isp la c e s  th e  str o n g ly  p o la r  p e s t ic id e s  from  
th e  a q u e o u s  la y e r  b y  sa tu ra tio n  o f  th e  w a te r  w ith  so d iu m  
c h lo r id e . A c e to n e  is  a g a in  u s e d  to  p r e v e n t  th e  fo r m a tio n  o f  
g e ls .  T h e  v e r y  p o la r  p e s t ic id e s  ( e .g . ,  m e th a m id o p h o s , a c e -  
p h a te , m o n o c r o to p h o s )  c o u ld  o n ly  b e  c o m p le te ly  d isp la c e d  
from  w a te r  b y  u s in g  a c e to n e  and so d iu m  c h lo r id e . A ll o th e r  
a ttem p ts  r e su lte d  in d im in ish e d  r e c o v e r ie s  o r  in c o m p le te  
e x tr a c t io n  o f  th e  p e s t ic id e s  fro m  th e  w a te r  la y er .

T h e  p r o p o s e d  m e th o d  d ir e c ts  th e  a n a ly s is  o f  th e  in d iv id u a l  
e lu a te s ,  c o n s is t in g  o f  th e  3 e x tr a c ts  o f  a  g iv e n  e x tr a c t io n  ste p .  
A ll e lu a te s  m a y  b e  c o m b in e d , i f  d e s ir e d , b u t th e  a d v a n ta g e  
o f  se p a r a tio n  o f  c o m p o u n d s  b y  p o la r ity  is  th e n  lo s t .  T h e  
e lu a te s  w e r e  d ried  b y  p a s s in g  th e m  th ro u g h  a c o lu m n  o f  
a n h y d r o u s  so d iu m  su lfa te . A  5 0  m L  m e th y le n e  c h lo r id e  r in se  
w a s  u s e d  to  e n su r e  th a t a ll o r g a n o p h o sp h o r u s  r e s id u e s  w e r e  
r e m o v e d  fr o m  th e  c o lu m n . T h is  w a s  d o n e  rath er  th a n  d ry in g  
e a ch  in d iv id u a l e lu a te  a s  it w a s  o b ta in e d  b e c a u s e  lo w e r  r e c o v 
e r ie s  w e r e  o b ta in e d  fo r  th e  m o r e  p o la r  o r g a n o p h o sp h o r u s  
p e s t ic id e s ,  i . e . ,  m e th a m id o p h o s  and a c e p h a te , w h e n  th e  la t
ter  p r o c ed u r e  w a s  u s e d . In  s o m e  c a s e s ,  l o s s e s  a s  g rea t a s  
60%  w e r e  o b s e r v e d . T h e  lo w e r  r e c o v e r ie s  w e r e  n o t o b s e r v e d  
w h e n  a  s in g le  d ry in g  s te p  w a s  u s e d . W e  b e l ie v e  th a t th e

p e s t ic id e s  are  tra p p ed  o n  th e  sa lt  c o lu m n  du rin g  th e  m u ltip le  
d ry in g  o f  th e  in d iv id u a l e lu a te s  an d  c a n n o t  b e  e lu te d  fro m  the  
filter  c a k e  b y  th e  o r g a n ic  s o lv e n t s  u se d  in th e  w a sh . T o  
con firm  th is , w e  d is so lv e d  th e  filter c a k e s  in w a ter  and ex tra cted  
th e  sa lt-sa tu ra te d  w a te r  w ith  m e th y le n e  c h lo r id e -a c e to n e  (3 
+  1). C o n c e n tr a t io n  o f  th e  e lu a te s  in  a c e to n e  an d  su b se q u e n t  
G C  a n a ly s is  s h o w e d  th a t th e  m iss in g  p e s t ic id e s  w e r e  th e n  
r e c o v e r e d .

T h e  G P C  c le a n u p  p r o c e d u r e  d e v e lo p e d  b y  H o p p e r  (13) 
w a s  o r ig in a lly  in te n d e d  to  r e m o v e  fa ts  from  fo o d  e x tr a c ts  
b e fo r e  fu rth er  c le a n u p  fo r  G C  a n a ly s is .  F a ts  w e r e  r e m o v e d  in 
th e  first 60  m L  e lu a te  w ith  m e th y le n e  c h lo r id e -h e x a n e  (1 +  
1) an d  all p e s t ic id e s  w e r e  c o lle c t e d  in  th e  n e x t  100 m L  e lu a te .  
T h is  p r o c e d u r e  w a s  u s e d  to  a n a ly z e  fa t ty  fo o d s  fo r  o r g a n o 
p h o sp h o r u s  p e s t ic id e s .  T h is  p r o c e d u r e  a lso  w o r k e d  w e ll in 
r e m o v in g  a large  p o r tio n  o f  th e  c o e x tr a c t iv e  m a ter ia ls  from  
n o n fa tty  fo o d s .  A n  e x a m p le  is  sh o w n  in  F ig u r e s  1 a n d  2 , the  
c h r o m a to g r a m s o f  an  u n sp ik e d  sp in a c h  sa m p le  b e fo r e  and  
after G P C  c lea n u p . T h e  so lu tio n  a n a ly z ed  b e fo re  G P C  c lean u p  
w a s  b la c k , w h ile  th a t o b ta in e d  a fter  G P C  c le a n u p  w a s  green . 
F ig u re  1 s h o w s  th e  r e s p o n s e  o b ta in e d  w ith  a  th e r m io n ic  
d e te c to r . T h e  e lu a te  o b ta in e d  a fter  G P C  c le a n u p  s h o w s  a  
m arked  red u ctio n  in b a ck g ro u n d . F igu re  2 sh o w s  th e  r esp o n se  
o b ta in e d  w ith  an E C  d e te c to r . T h e s e  e lu a te s  w e r e  d ilu ted  10- 
fo ld  to  s h o w  th e  c h r o m a to g r a p h ic  r e s p o n s e . A g a in , th e  e lu a te  
o b ta in e d  a fter  G P C  c le a n u p  s h o w s  a  r e d u c e d  b a c k g r o u n d ,  
a lth o u g h  it is  n o t a s  c le a n  a s  th a t o b ta in e d  w ith  th e  e le m e n t-  
sp e c if ic  th e r m io n ic  d e te c to r .

E lu a te s  c le a n e d  u p  v ia  th is  p r o c e d u r e  c o u ld  b e  a n a ly z e d  
d ir e c t ly  b y  G C  an d  th e  c o m p o n e n ts  q u a n tita t iv e ly  d e te r 
m in ed . T h e  c o e x tr a c t iv e s  had  n o t b e e n  q u a n tita tiv e ly  r em o v ed  
fro m  th e  final e lu a te s  a fter  e x tr a c t io n  and G P C  c le a n u p  but 
th e  c o n c e n tr a t io n  o f  th e s e  m a ter ia ls  had  b e e n  su ffic ie n tly  
r e d u c e d  s o  th a t th e r e  w a s  n o t a  s ig n ifica n t in te r fe r e n c e  in  th e  
c h r o m a to g r a p h y  u s in g  e le m e n t-sp e c if ic  d e te c to r s .

F ig u re  3 s h o w s  th e  r e su lts  o f  a n a ly s is  o f  fa tty  fo o d s .  T h e  
e lu a te s  o b ta in e d  a fter  G P C  c le a n u p  o f  w h o le  m ilk  and c o le -
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Table 1. Recovery (%) of pesticides from fortified foods

Food

Pesticide*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Bananas 95 100 94 80 100 83 95 100
Beef, sirlo in 83 83 86 86 94
Beef stew 87 90 102 95
Butter 101 87 98 94 91
Cheese, American 87 90 85 85 89 96 86 88
Cherries 87 86 110 83 86 102 89 87 84 82 100 86 107 98
Chicken casserole 100 92 102 104
Chicken, fried 89 85 87
Coleslaw 87 85 104 100 90 94 100 100 100 95 102
Corn bread 90 87 107 102
Eggs, boiled 101 93 95 98 92 98 87
Eggs, fried 92 86 90 85 90 63 92
Eggs, raw 94 90 93 95 89
Eggs, scrambled 102 93 103 94
Grapes 93 96 97 105 96 95 92 93 92 99 106 105 100 102
Honey 100 99 91 118 86 96 87
Lasagna 92 92 92 102
Lettuce 94 100 94 96 80 94 107 89 84 95 87 94 90
Meat loaf 96 96 86 96
Milk 94 84 93 93 97
Oats, rolled 89 83 88
Oil, vegetable 98
Onion rings 93 92 106 102
Onions 92 97 99 104 97 92 89 92 101 113 110 101 100 87 95
Oranges 89 107 96 97 103 112 100 83
Peas 82 96 100 113 96 95 90 82 101 100 112 110 100 96
Peppers, green 89 97 94 97 90 94 108 90 89 101 94 97
Pizza 110 83 83 89 83 98 100 114 104
Pork chops 85 87 80
Pork chow mein 84 98 88 91
Potatoes, baked 81 93 95 100 93 88 114 81 96 96 97 94 94 98
Potatoes, boiled 90 92 94 93 93 85 85
Potatoes, scalloped 107 97 107 113
Shrimp 91 106 96 108
Spaghetti w ith meat 88 110 95 115
Spinach 94 94 93 80 93 89 94 97
Sweet potatoes,

candied 85 107 97 108
Tomatoes 88 94 100 104 90 86 97 94
Water 101 94 95 88 94 90 88 101 100 95 94 91 114 107 100
Watermelon 95 89 100 80 95 81 97 100
Whiskey 88 98 89 101 98 81 96 98 85 91 108 104 100 101

“1, malaoxon; 2, phenthoate; 3, diazinon; 4, dimethoate; 5, fen itroth ion; 6, methamidophos; 7, monocrotophos; 8, omethoate; 9, chlorpyrifos; 10, 
acephate; 11, malathion; 12, fonophos; 13, ethion; 14, methidathion; 15, parathion; 16, ronnel; 17, phosalone. Pesticides were added at the fo llow ing 
levels (ng): 1 and 2, 0.4; 3-5, 0.6; 6-8, 0.8; 9-12, 1.0; 13 and 14, 1.2; 15, 1.6; 16, 2.0; and 17, 4.0.

Table 2. Comparison of results of pesticide residue determinations, 
using proposed method and Storherr method

Food Pesticide

Found,

Proposed
method

ppm

Storherr
method

Apples, red Imidan 0.034 0.029
Guthion 0.042 0.040

Bread, diazinon 0.010 0.005
whole wheat malathion 0.039 0.026

Green beans, methamidophos 0.055 0.032
boiled acephate 0.125 —

Oats, rolled malathion 0.007 0.009
Oranges acephate 0.010 —

ethion 0.006 0.007
carbophenothion 0.005 0.005

Peppers, acephate 0.005 —
green dimethoate 0.018 0.008

omethoate — 0.014

s la w  h ad  r e la t iv e ly  c le a n  b a c k g r o u n d s . A  large  p e a k  (A ) in  
th e  c o le s la w  ch r o m a to g r a m  w a s  fo u n d  in a ll c a b b a g e  sa m p le s  
an d  is  b e l ie v e d  to  b e  a  na tu ra l c o m p o n e n t . W e  a lso  d id  n o t  
find  e n h a n c e m e n t  d u e  to  th e  p r e s e n c e  o f  c o e x tr a c t iv e  m a te 
r ia ls  in th e  e lu a te s  a s  h a s  b e e n  r ep o rte d  (9 , 10). I f  d e s ir e d ,  
e lu a te  1, w h ic h  c o n ta in s  th e  le s s  p o la r  p e s t ic id e s  an d  th e  
m a jo r ity  o f  th e  c o e x tr a c te d  m a ter ia ls , m a y  b e  fu r th er  c le a n e d  
u p  b y  e lu t io n  th ro u g h  a  F lo r is il  c o lu m n  w ith  e ith e r  th e  m ix e d  
e th e r  e lu a n t  se r ie s  o r  th e  h e x a n e -m e th y le n e  c h lo r id e - a c e 
to n itr ile  e lu a n t  s e r ie s  d e sc r ib e d  in  th e  Pesticide Analytical

Manual (14) o r  Official Methods of Analysis (1 5 ). E ff ic ie n t  
c le a n u p  c o u ld  a ls o  b e  o b ta in e d  i f  m e th y le n e  c h lo r id e  a lo n e  
w a s  u s e d  a s  th e  e lu t in g  so lv e n t .

F o r ty -o n e  fo o d s ,  r e p r e se n tin g  th e  fu ll ra n g e  o f  f o o d s  a n a 
ly z e d  in th e  T o ta l D ie t  S tu d y , w e r e  e x a m in e d  u s in g  th is  
m e th o d . F o o d  sa m p le s  w e r e  sp ik e d  w ith  th e  le v e ls  o f  p e s t i 
c id e s  in d ic a te d  in  T a b le  1. R e c o v e r ie s  fro m  fo r tif ied  sa m p le s  
ra n g ed  fro m  a b o u t  80  to  118%  fo r  m o st  sa m p le s .

T h e  d e te r m in a tio n  o f  th e  p e s t ic id e s  b y  fr a c t io n s  o f fe r s  th e  
a d v a n ta g e  o f  su b d iv id in g  th e  n u m b e r  o f  o r g a n o p h o sp h o r u s  
p e s t ic id e s  s o  th a t o v e r la p p in g  o f  c lo s e ly  e lu tin g  c o m p o u n d s  
c a n  b e  m in im iz e d  an d  q u a n tita tio n  is  th u s  im p r o v e d . H o w 
e v e r ,  a n a ly s is  b y  fr a c t io n s  is  m u ch  m o r e  t im e  c o n su m in g  th a n  
a n a ly s is  o f  c o m b in e d  e lu a te s , as e a c h  fraction  m u st b e  c le a n e d  
u p , c o n c e n tr a te d , a n d  a n a ly z e d  in d iv id u a lly . T h e  u s e r  m u st  
d e c id e  w h ic h  a p p ro a c h  is b e s t .

T h e r e  w e r e  so m e  d iff icu lt ie s  in  r e c o v e r in g  a c e p h a te , a  v e r y  
p o la r  p e s t ic id e ,  fro m  fr ied  e g g s . R e c o v e r ie s  w e r e  o n ly  63% . 
H o w e v e r ,  r e c o v e r ie s  fro m  ra w , b o ile d , an d  sc r a m b le d  e g g s  
w e r e  & 89% . T h e  r e a so n  fo r  th is  is  a s  y e t  u n k n o w n .

C o n cu rr en t t e s t s  w e r e  run to  c o m p a r e  r e su lts  o b ta in e d  
u s in g  th e  p r o p o s e d  m e th o d  w ith  th o s e  o b ta in e d  w ith  th e  
m e th o d s cu rren tly  u se d  in o u r  lab oratory  (T ab le  2). T h e  resu lts  
a g r ee d .

C h ro m a to g r a m s fro m  th e  e lu a te s  o b ta in e d  fro m  th e  S tor-  
herr m e th o d  an d  th is  m e th o d  are  p r e se n te d  in F ig u re  4 . B a k e d
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Figure 4. Chromatograms of spiked baked potato sample. Top, eluate 
obtained by Storherr procedure; bottom, eluate obtained by proposed 
procedure. See Figure 1 for chromatographic conditions. Peaks and spike 
level (pg): 1, diazinon, 0.6; 2, methamidophos, 0.8; 3, acephate, 1.0; 4, 
malathion, 1.0; 5, malaoxon, 0.4; 6, phenthoate, 0.4; 7, monocrotophos, 

0.8; and 8, methidathion, 1.2.

p o ta to  w ith  n o  d e te c ta b le  o r g a n o p h o sp h o r u s  r e s id u e s  w a s  
sp ik ed  w ith  an 8 -c o m p o n e n t  o r g a n o p h o sp h o r u s  p e s t ic id e  
m ix tu re . In  th is  in s ta n c e  a ll e lu a te s  w e r e  c o m b in e d . A  h ig h er  
r e la tiv e  b a c k g r o u n d  is  s e e n  in th e  c h r o m a to g r a m  o b ta in e d  
u sin g  th e  S to r h e r r  m e th o d . A c e p h a te  w a s  n o t d e te c te d  and  
th e  r e s p o n s e  fo r  m e th a m id o p h o s  and m o n o c r o to p h o s  w a s  
r e d u c e d . W h e n  th e  p r o p o s e d  m e th o d  w a s  u s e d , all c o m 
p o u n d s  w e r e  e a s i ly  d e te c te d  an d  q u a n tita tio n  w a s  stra ig h t
fo rw a rd .

A  le v e l  o f  0 .0 1 8  p p m  d im e th o a te  w a s  fo u n d  in g r e e n  p e p 
p ers  a n a ly z e d  b y  th e  m e th o d  d e sc r ib e d . W h e n  th e  p e p p er s  
w e r e  a n a ly z e d  w ith  th e  S to r h e r r  m e th o d , 0 .0 0 8  pp m  d im e-

th o a te  a n d  0 .0 1 4  p p m  o m e th o a te  w e r e  fo u n d . D im e th o a te  
m e ta b o liz e s  to  o m e th o a te  u n d er  v a r io u s  c o n d it io n s  (1 6 -1 8 ) ,  
an d  th is  p r o b a b ly  h a p p e n e d  du rin g  th e  h a n d lin g  o f  th e  p e p p er  
sa m p le , w h ic h  w a s  o n e  o f  a  n u m b e r  o f  sa m p le s  in a  b a tch  
p r o c e s s .  M o st  lik e ly , th e  sa m p le  w a s  h a n d le d  o v e r  se v e ra l  
d a y s  a n d  m e ta b o lism  o c c u r r e d  du rin g  th is  p e r io d . T h e  a n a l
y s is  o f  g r e e n  p e p p e r s  b y  th e  m e th o d  d e sc r ib e d  h ere  w a s  
c o m p le te d  w ith in  3 h . N o  m e ta b o lism  had o c c u r r e d .

In a d d itio n , se v e r a l v e r y  p o la r  p e s t ic id e s  w e r e  d e te c te d  v ia  
th is  m e th o d  th a t had  n o t b e e n  fo u n d  b e fo r e , fo r  e x a m p le ,  
a cep h a te  in g reen  b e a n s , o r a n g e s , and  g reen  p ep p ers. R ep ea ted  
a n a ly s is  o f  th e se  sa m p le s  b y  th e  S to rh err  m e th o d  s h o w e d  n o  
a c e p h a te . A c e p h a te  is  a p p a re n tly  lo s t  du rin g  sa m p le  c le a n u p  
b y  th e  S to rh err  m e th o d ; th is  h a s b e e n  a ttr ib u ted  to  th e  p r e s 
e n c e  o f  m a g n e s ia  in  th e  m a g n e s ia -c h a r c o a l c le a n u p  c o lu m n
(1 1 ). R e a n a ly s is  o f  th e s e  sa m p le s  b y  th e  m e th o d  d e sc r ib e d  
h ere  s h o w e d  th e  p r e se n c e  o f  a c e p h a te .

T h e  e x tr a c t io n  p r o c e d u r e , b a se d  o n  se p a r a tio n  b y  p o la r ity , 
a ss u r e s  th e  q u a n tita tiv e  r e m o v a l o f  all o r g a n o p h o sp h o r u s  
p e s t ic id e s  fro m  th e  fo o d s  o f  th e  T o ta l D ie t  S tu d y . T h e s e  fo o d s  
in c lu d e  fa tty  an d  r e c ip e -c o m p o s ite d  fo o d s  that h a v e  b e e n  
d ifficu lt o r  im p o ss ib le  to  a n a ly z e  b y  c u r re n tly  u s e d  m e th o d s .  
T h e  in te r fe r e n c e s  th a t h a v e  h in d e re d  th e  q u a n tita tiv e  d e te r 
m in a tio n  o f  p e s t ic id e  r e s id u e s  in th e s e  fo o d s  h a v e  b e e n  m in 
im iz e d  an d  e n h a n c e m e n t  o f  th e  o r g a n o p h o sp h o r u s  p e s t ic id e  
r e s p o n s e  to  th e  p r e se n c e  o f  c o e x tr a c t iv e  m a ter ia ls  h a s  b e e n  
r e d u c e d . T h e  m e th o d  in c r e a s e s  th e  sp e c if ic ity  o f  th e  a n a ly s is  
and a l lo w s  rap id , s im p le  q u a n tita tio n  o f  o r g a n o p h o sp h o r u s  
p e s t ic id e s  in  a  w id e  ran ge  o f  fo o d s .
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Gas Chromatographic Relative Retention Data for Pesticides on Nine Packed Columns:
I. Organophosphorus Pesticides, Using Flame Photometric Detection
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The retention time relative to parathion, absolute retention time, con
centration range, peak asymmetry factor, and peak shape class are 
given for each of 50 organophosphorus pesticides analyzed by gas 
chromatography (GC) on 9 different packed columns. The packing 
materials used were 3% SP-2100, 1% Dexsil-300, 3% OV-17, 1.5% 
OV-17 +  1.95% QF-1, 4% SE-30 + 6% QF-1, 3% OV-17 + 3% OV- 
210,5% DC-200 + 7.5% Q F-1,3% Carbowax 20M, and 4% Reoplex- 
400. Retention data were determined at 200°C with a carrier gas flow 
at u„p„ using a flame photometric detector. The results should be useful 
for choosing the most suitable column for single or multiple pesticide 
residue analysis.

S e v e r a l p u b lic a t io n s  c o n ta in  r e la tiv e  r e te n tio n  d ata  fo r  p e s 
t ic id e s  o n  p a c k e d  c o lu m n s  ( 1 - 3 ) ,  b u t m a n y  o f  th e  o r g a n o 
p h o sp h o r u s  c o m p o u n d s  a n a ly z e d  h a v e  s in c e  b e e n  w ith d ra w n  
fro m  th e  m a rk et w h ile  o th e r s  h a v e  a p p ea r e d . A c c o r d in g  to  
B o t  a n d  H o llin g s  (4 ) , a p p r o x im a te ly  50  o r g a n o p h o sp h o r u s  
p e s t ic id e s  are  c u r re n tly  r e g is te r e d  in S o u th  A fr ic a . T h is  p ap er  
d e a ls  w ith  th e  d e te r m in a tio n  o f  th e  r e la t iv e  r e te n tio n  t im e s  
o f  50  su c h  p e s t ic id e s  o n  9  c o m m o n ly  u s e d  p a c k e d  c o lu m n s .

A lth o u g h  th e  tren d  in r es id u e  a n a ly s is  is  to  u se  c a p illa ry  
c o lu m n s , m a n y  la b o r a to r ie s  th r o u g h o u t th e  w o r ld  c o n tin u e  
to  u s e  p a c k e d  c o lu m n s . D u rin g  1981, 4  in te r la b o r a to ry  c a li
b ra tio n  e x e r c is e s  w e r e  d o n e  in S o u th  A fr ic a , w ith  a to ta l o f  
33 a n a ly s ts  fro m  d iffe re n t la b o r a to r ie s  p a r tic ip a tin g  (5). N o n e  
o f  th e  a n a ly s ts  u s e d  c a p illa r y  c o lu m n s . D u rin g  1982 an d  1983, 
fu rth er  p e s t ic id e  r e s id u e  in te r la b o r a to rv  c a lib r a tio n  e x e r c is e s  
in d ic a te d  th a t o u t o f  37 p a r tic ip a n ts , o n ly  3 u sed  ca p illa ry  
c o lu m n s  (6 ). T h u s , p a c k e d  c o lu m n s  are still v e r y  m u ch  in  
u s e , an d  a s  F eh r in g e r  a n d  W a lter s  (7) p o in te d  o u t . th e  m ajor
ity  o f  r e te n t io n  d a ta  o b ta in e d  o n  p a c k e d  c o lu m n s  c a n  b e  u sed  
fo r  th e  te n ta t iv e  id e n tif ic a tio n  o f  p e s t ic id e s  w ith  c a p illa ry  
c o lu m n s  at iso th e r m a l c o n d it io n s , a t le a s t  fo r  th e  c o a tin g s  
t e s te d  in th e ir  rep ort.

T h e  la ck  o f  a n y  d e sc r ip t io n  o f  p ea k  sh a p e  c a n  b e  regard ed  
a s a  d e f ic ie n c y  in a ll p r e v io u s ly  p u b lish e d  r e la t iv e  re te n tio n  
in d ic e s  (1 , 2 ). W e  fr e q u e n tly  fo u n d  in o u r  la b o r a to ry  th at a  
c o lu m n , w h ic h  w a s  a p p a re n tly  su ita b le  fo r  th e  a n a ly s is  o f  a  
sp e c if ic  p e s t ic id e ,  w a s  in p r a c tic e  to ta lly  u n su ita b le  fo r  q u a n 
t ita t iv e  w o r k  b e c a u s e  o f  s e v e r e  ta ilin g . In th is  p a p er , th e  p ea k  
sh a p e  o f  e a c h  c o m p o u n d  h a s , th e r e fo r e , b e e n  c la s s if ie d  in to  
1 o f  4  c a te g o r ie s  o n  th e  b a s is  o f  th e  p ea k  a sy m m e tr y  fa c to r  
d e fin e d  b y  K irk la n d  e t  a l. (8 ).

In m u ltiresid u e  a n a ly s is , m ax im u m  r eso lu tio n  b e tw e e n  p ea k s  
is  d e s ir a b le . B e c a u s e  o p tim u m  carr ier  g a s  flo w  in f lu e n c e s  
c o lu m n  e f f ic ie n c y ,  w h ic h  is  o n e  o f  th e  im p ortan t fa c to r s  th a t  
a ffe c t  r e s o lu t io n , w e  d e c id e d  to  d e te rm in e  r e te n t io n  in d ic e s  
at th e  m e a n  o p tim u m  carr ier  g a s  v e lo c ity  (wopl), b a se d  o n  
p a r a th io n . C o lu m n  le n g th s  w e r e  sta n d a r d ize d  at 200  c m ,  
b e c a u s e  m o s t  a u th o rs  s e e m  to  p re fer  u s in g  fa ir ly  lo n g  c o l 
u m n s, e .g . ,  B o w m a n  an d  B e r o z a  (1) 240  c m , T o m p so n  e t al. 
(2) 182 .9  c m , an d  W in ter lin  a n d  M o se m a n  (9) 180 c m . A n  
o v e n  te m p er a tu r e  o f2 0 0 °C  w a s  c h o s e n  b e c a u se  m o st  a n a ly se s  
in th is  la b o r a to ry  are d o n e  at th is  te m p er a tu r e  and b e c a u se  
T o m p s o n  e t  a l. (2) c o n s id e r e d  it to  b e  o p tim u m  fo r  g en era l  
u s e . T h e  d e te c ta b le  q u a n tit ie s  o f  p e s t ic id e s  w e r e  d e te rm in e d  
u n d e r th e s e  c o n d it io n s  o f  g a s  f lo w  an d  te m p er a tu r e , and th e se
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le v e ls  are  r ep o rte d  h e r e . T h e  r e la t iv e  r e s p o n s e  fa c to r s  w e r e  
n o t d e te r m in e d  fo r  r e a s o n s  th at are d is c u s s e d  la ter . In a d d i
tio n  to  r e la t iv e  r e te n t io n  t im e s , th e  a b s o lu te  r e te n t io n  t im e s  
w e r e  d e te r m in e d , fro m  w h ic h  it is  p o s s ib le  to  d e c id e  w h e th e r  
a c o lu m n  w ill b e  su ita b le  fo r  a  sp e c if ic  p e s t ic id e  a n a ly s is  
w ith o u t  a n y  fu rth er  c a lc u la t io n s .

Experimental

Apparatus
V arian M o d e l 60 0 0  g a s ch rom atograp h , eq u ip p ed  w ith  flam e  

p h o to m e tr ic  d e te c to r  (du al flam e) o p e r a ted  in th e  p h o sp h o r u s  
m o d e  (5 3 0  n m ), w a s  c o u p le d  to  V a r ia n  401 d a ta  s y s te m  (V a r 
ian  In str u m e n t G ro u p , P a lo  A lto , C A  9 4 3 0 3 ). T h e  g a s  c h r o 
m a to g ra p h  w a s  o p e r a te d  at th e  fo llo w in g  flo w  r a tes  (m L /m in ):  
h y d r o g e n , 140; a ir  N o .  1, 80; a ir N o .  2 , 170; an d  n itr o g en  
(carr ier  g a s)  w a s  se t  at (7opl fo r  e a c h  c o lu m n , w h ic h  w a s  d e te r 
m in e d  w ith  p a r a th io n . T h e  fo llo w in g  te m p er a tu r e s  (°C ) w e r e  
u sed : in je c t io n  port 2 2 5 , c o lu m n  o v e n  2 0 0 , an d  d e te c to r  250 .

Reagents
P e s t ic id e  sta n d a r d s w e r e  all a n a ly tica l g ra d e . P a ra th io n  

w a s  u s e d  as r e fe r e n c e  b e c a u se  it is  w e ll k n o w n  and had b e e n  
u se d  b e fo r e  as a  r e fe r e n c e  in r e la tiv e  r e te n tio n  ta b le s  (1 , 2). 
A n a ly t ic a l g rad e  « -h e x a n e  and a c e to n e  w e r e  u s e d  fo r  d ilu tio n  
o f  p e s t ic id e  sta n d a rd s w h ic h  w e r e  p u rity  t e s te d  o n  th e  g a s  
ch r o m a to g r a p h  b e fo r e  a n a ly s is .  B u ta n e  w a s  u se d  fo r  the  
d e te r m in a tio n  o f  th e  g a s  h o ld -u p  tim e  fo r  th e  c a lc u la t io n  o f  
a v era g e  lin ear  g a s v e lo c it ie s .  D im e th y ld ich lo r o sila n e  w a s u sed  
to  d e a c t iv a te  c o lu m n s  (G la s s tr e e t ,  A llte c h  A s s o c ia te s ,  D e e r 
fie ld , IL  6 0 0 1 5 ). H y d r o c h lo r ic  a c id  (30% ) w a s  u se d  to  c le a n  
e m p ty  c o lu m n s .

Column Preparation
G la ss  c o lu m n s  o f  207 c m  x  3 m m  id x  6 .4  m m  o d  w e r e  

c le a n e d , d e a c t iv a te d ,  and d ried  b e fo r e  th e y  w e r e  p a c k e d .  
T h e  len g th  o f  an e m p ty  c o lu m n  w a s  m e a su r e d  b y  p a s s in g  a 
v e r y  th in  s te e l  w ire  th rou gh  it, m e a su r in g  th e  len g th  th a t w e n t  
in to  th e  c o lu m n , and c u ttin g  o f f  th a t part o f  th e  c o lu m n  o v e r  
207 c m . E a c h  c o lu m n  w a s  th e n  filled  w ith  30%  HC1 so lu t io n ,  
le ft  o v e r n ig h t , r in sed  w ith  d e io n iz e d  w a te r  to  r e m o v e  the  
a c id , an d  r in se d  w ith  a c e to n e  to  r e m o v e  th e  w a te r  b e fo r e  the  
c o lu m n  w a s  d e a c t iv a te d  w ith  d im e th y ld ic h lo r o s ila n e . T h is  
r ea g e n t w a s  le ft in  e a c h  c o lu m n  fo r  c a  1 h . T h e  e x c e s s  w a s  
th en  r e m o v e d  w ith  m e th a n o l, a fter  w h ic h  e a c h  c o lu m n  w a s  
d ried  w ith  n itr o g en  b e fo r e  it w a s  c a r e fu lly  p a c k e d  b y  m e a n s  
o f  a  v a c u u m  a p p lie d  to  o n e  en d  w ith  a m in im u m  o f  v ib r a tio n .

C o lu m n  p a c k in g s  (C h ro m te k , C a p e  T o w n , S o u th  A fr ica )  
p rep a red  a c c o r d in g  to  S p a r k ’s m e th o d  (1 0 ), an d  th e  p h a se s  
w e r e  all c o a te d  o n  8 0 -1 0 0  m e sh  C h ro m o so rb  W -H P  (S u p e lc o  
I n c . ,  B e lle fo n te ,  P A  16823). A  su r v e y  o f  p e s t ic id e  r es id u e  
la b o r a to r ie s  in S o u th  A fr ica  sh o w e d  th at th e  p a c k in g  m a te 
r ia ls l is te d  in T a b le  1 w e r e  th o s e  m o st  fr e q u e n tly  u se d .

A fte r  it w a s  p a c k e d , th e  e n d s  o f  e a c h  c o lu m n  w e r e  p lu g g ed  
w ith  s ila n iz e d  g la s s w o o l,  5 c m  o n  th e  in le t s id e  an d  2 cm  on  
th e  o u tle t  s id e . E a c h  p a c k e d  c o lu m n  w a s  h e a t-c o n d it io n e d  
fo r  24 h at a m a x im u m  o f  230°C . W h ere  th e  te m p er a tu r e  lim it  
o f  th e  s ta tio n a r y  p h a se  w a s  lo w e r  than  230°C , th e  c o lu m n  
w a s  c o n d it io n e d  10°C b e lo w  th e  lim it. A  n itro g en  carr ier  g a s
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Table 1. Number of theoretical plates/2 m column, determined with 
parathlon-ethyl as indicator

Column As3
Theoretical 
plates (n)b

3% SP-2100 1.50 2908
1% Dexsil-300 1.10= 3087
3% OV-17 1.30 4645
1.5% OV-17 + 1.95% QF-1 1.50 5633
4% SE-30 + 6% QF-1 2.00 3407
3% OV-17 + 3% OV-210 1.30 3352
5% DC-200 + 7.5% QF-1 1.10° 2700
3% Carbowax-20M 1.30 4000
4% Reoplex-400 1.10= 3724

aAsymmetry factor.
bn = 5.54(fR/iVh)2 where fR is retention time and wh is w idth at Vi peak 
height.

Essentia lly  symmetrical peaks.

flo w  o f  6 0  m L /m in  w a s  m a in ta in e d  th r o u g h o u t th e  c o n d it io n 
ing  p er io d .

Column Evaluation
E a c h  c o lu m n  w a s  e v a lu a te d  at 200°C  u n d e r  o p tim a l carrier  

g a s f lo w  c o n d it io n s ,  w h ic h  w e r e  d e te rm in e d  b y  u s in g  para- 
th io n  a s  r e fe r e n c e . T h e  h e ig h t e q u iv a le n t  to  o n e  th e o r e t ic a l  
p la te  (H E T P ) fo r  e a c h  c o lu m n  w a s  d e te r m in e d  b y  th e  m e th o d  
o f  E ttre  (1 1 ), u s in g  th e  e q u a tio n s  n =  5 .5 4 ( iR/u ’h)2 and h = LI 
n at v a r io u s  a v e r a g e  lin ea r  g a s  v e lo c i t ie s  (77). F ro m  th e se  
r e su lts , V a n  D e e m te r  c u r v e s  (12) w e r e  c o n s tr u c te d  to  d e te r 
m in e  th e  o p tim u m  a v e r a g e  g a s  v e lo c i ty  (wopt) fo r  e a c h  c o lu m n .  
T h e  a v e r a g e  lin ea r  g a s  v e lo c i t ie s  w e r e  d e te r m in e d  b y  in je c t
ing  c a  15 |xL  b u ta n e , fo r  w h ic h  th e  fla m e  p h o to m e tr ic  d e te c to r  
g a v e  a  v e r y  fa s t ,  n a rro w  p e a k . T h e  n u m b er  o f  th e o r e t ic a l  
p la te s  (n) a t /7opt fo r  e a c h  c o lu m n  is sh o w n  in  T a b le  1.

GC Procedure
P e s t ic id e s  w e r e  in je c te d  in to  th e  g a s  c h r o m a to g r a p h  in n- 

h e x a n e  so lu t io n , e x c e p t  fo r  a f e w  th a t w e r e  in c o m p le te ly  
so lu b le , in  w h ic h  c a s e ,  a c e to n e  w a s  a d d ed  to  o b ta in  c o m p le te  
so lu b ility . T o  e n su r e  a c c u r a c y  o f  th e  d a ta , th e  r e te n t io n  tim e  
o f  p a ra th io n  (r e fe r e n c e )  w a s  c h e c k e d  b e tw e e n  e v e r y  4 o r  5 
p e s t ic id e  in je c t io n s . I f  a n y  p a r a m e te r  had  c h a n g e d , th e  r e te n 
tio n  t im e  o f  p a r a th io n  a ls o  w o u ld  h a v e  c h a n g e d . T h u s , errors  
in d e te rm in in g  r e la t iv e  r e te n t io n  t im e , w e r e  p r e v e n te d . E a c h  
p e s t ic id e  w a s  in je c te d  tw ic e .  R e te n t io n  t im e s  w e r e  m e a su r ed  
fro m  th e  in je c t io n  p o in t.

A t th e  first in je c t io n  o f  e a c h  p e s t ic id e ,  60  m in  w a s  a llo w e d  
fo r  th e  p e a k  a n d /o r  p o s s ib le  im p u r it ie s  to  e lu te . I f  a  p e s t ic id e  
p ea k  d id  n o t a p p ea r  in  th e  first 6 0  m in , an  a d d itio n a l 60  m in  
w a s  a llo w e d  fo r  p o s s ib le  la te -e lu t in g  p e a k s . P ea k s  th a t e lu te d  
a fter  120 ±  10 m in  w e r e  n o t  rep o rte d .

Peak Shape
T o  sh o w  th e  k in d  o f  p e a k  sh a p e s  th a t c a n  b e  e x p e c te d  w ith  

th e  v a r io u s  c o lu m n s  an d  p e s t ic id e s ,  a  p e a k  c la s s if ic a t io n  s y s 
te m  w a s  u s e d . F o r  e a c h  p e a k , an  a sy m m e tr y  fa c to r  (8) w a s  
c a lc u la te d , w h ic h  is  a  m e a su r e  o f  th e  a m o u n t o f  p e a k  ta ilin g  
th a t o c c u r s ,  an d  th e  fo llo w in g  4  c la s s e s  o f  p e a k  sh a p e s  w e re  
d is t in g u ish e d  o n  th is  b a s is :  1, a sy m m e tr y  fa c to r  <  1.2; 2 , >
1.2 bu t <  2 .4 ;  3 , >  2 .4  b u t <  3 .6 ; an d  4 , >  3 .6 . C la ss  1 is  
e s s e n t ia l ly  a  sy m m e tr ic a l p e a k . A s y m m e tr y  fa c to r s  fo r  all 
p e s t ic id e s  are  g iv e n  in  T a b le  2.

Detectable Quantity Levels of Pesticides
A s  a  r esu lt  o f  th e  r e la t iv e ly  lo w  a v e r a g e  lin ea r  g a s  v e lo c it ie s  

u s e d , th e  fla m e  p h o to m e tr ic  d e te c to r  d id  n o t o p e r a te  at m a x 
im u m  s e n s it iv ity ,  a n d  th e  r e s p o n s e  o f  th e  d e te c to r  d iffered  
w id e ly  a c c o r d in g  to  th e  d iffe re n t p e s t ic id e s .  It w a s  th e r e fo r e

d e c id e d  to  rep o rt th e  d e te c ta b le  q u a n tity  le v e ls  o f  th e  d iffer 
e n t p e s t ic id e s  u n d e r  th e  d e sc r ib e d  p a r a m e te r s  b y  u s in g  a 
su ita b le  a tte n u a tio n  w h ic h  g a v e  2%  b a s e lin e  n o is e .  U n d e r  
th e se  c o n d it io n s , w e  r ep o rte d  th e  q u a n tity  o f  e a c h  p e s t ic id e  
n e e d e d  to  o b ta in  a p e a k  o f  at le a s t  75%  F S D  (fu ll-sc a le  d e f le c 
t io n ). T h e  75%  F S D  w a s  c h o s e n  b e c a u s e  m e a su r e m e n ts  on  
sm a ller  p e a k s  w o u ld  n o t b e  su ff ic ie n t ly  a c c u r a te . F o u r  q u a n 
tity  le v e ls  w e r e  s e le c te d  a n d  g iv e n  th e  fo llo w in g  sy m b o ls :  A  
=  1 -1 0  ng; B  =  1 0 -1 0 0  ng; C =  1 0 0 -1 0 0 0  ng; D  =  1 0 0 0 -  
10000 ng.

Results and Discussion
T h e  r e su lts  p r e se n te d  in  F ig u r e s  1 - 9  an d  in T a b le  2 are  in 

2 d iffe re n t fo r m a ts  th a t are  c o m p le m e n ta r y  to  e a c h  o th er;  
e a c h  fo r m a t p r e se n ts  d a ta  n o t a v a ila b le  in th e  o th e r .

K irk la n d  e t  a l. (8 ) h a v e  sh o w n  th a t s e r io u s  erro rs in  p la te  
c o u n ts  c a n  r esu lt  i f  th e  e q u a tio n  n =  5 .5 4 (r R/w h)2 is u s e d  on  
e v e n  m o d e r a te ly  ta ilin g  p e a k s  a n d  th at th e  errors are  a lw a y s  
p o s it iv e . T h e y  th e r e fo r e  su g g e s te d  th a t c o lu m n  p e r fo rm a n c e  
sh o u ld  b e  d e te r m in e d  o n  o n ly  e s se n t ia l  sy m m e tr ic a l p e a k s  
w ith  a sy m m e tr y  v a lu e s  le s s  th a n  1 .2 . B e c a u s e  p a ra th io n  w a s  
u s e d  to  d e te r m in e  th e  th e o r e t ic a l  p la te  v a lu e s  o n  a ll c o lu m n s ,  
so m e  o f  th e  v a lu e s  p r e se n te d  in T a b le  1 are  to o  o p tim is t ic .  
S y m m e tr ic a l p e a k s  ( le s s  th a n  1.2) w e r e  o b ta in e d  o n  th e  1% 
D e x s i l -3 0 0 ,  4%  R e o p le x -4 0 0 , an d  5%  D C -2 0 0  +  7 .5%  Q F-1  
c o lu m n s , w h ic h  m e a n s  th a t th e  p la te  c o u n ts  o n  th e s e  c o lu m n s  
are c o r r e c t .  It w a s  d e c id e d , h o w e v e r ,  to  c o n tin u e  u s in g  p ar
a th io n  b e c a u se  it w o u ld  h a v e  b e e n  im p o ss ib le  to  p r ed ic t  
b e fo r e h a n d  w h ic h  o f  th e  50  p e s t ic id e s  w o u ld  b e  su ita b le  in  
te rm s o f  a sy m m e tr y  v a lu e s  fo r  th e  d e te r m in a tio n  o f  n an d  77opt 
fo r  all c o lu m n s . A n o th e r  c o n s id e r a t io n  in u s in g  p a ra th io n  w a s  
th a t p o s s ib ly  m o r e  th a n  o n e  p e s t ic id e  w o u ld  b e  n e e d e d  to  
d e te r m in e  n. W e  w a n te d  to  a v o id  th at b e c a u s e  it w o u ld  d im in 
ish  th e  p o s s ib il ity  o f  c o m p a r in g  a ll th e  c o lu m n s  d ir e c t ly ,  
w h ic h  w a s  o n e  o f  th e  p r im a ry  o b je c t iv e s  o f  th is  w o r k . W h en  
all th e  r e su lts  had  b e e n  o b ta in e d , it b e c a m e  c le a r  th a t o n e  
p e s t ic id e  a lo n e  w o u ld  n o t  h a v e  b e e n  su ita b le  fo r  d e term in in g  
n o n  all c o lu m n s  ( s e e  T a b le  2 ). V iv i le c c h ia e t  a l. (13) p r o p o se d  
a n o th e r  p la te -h e ig h t  e q u a tio n  to  a c c o u n t  fo r  u n r e a lis t ic a lly  
h igh  p la te  c o u n ts  w ith  a sy m m e tr ic a l p e a k s , b u t i f  m an u al 
c a lc u la t io n  is  u s e d , th e  a c c u r a c y  an d  p r e c is io n  o f  th is  m eth o d  
are h ig h ly  v a r ia b le , an d  m o re  s ig n if ic a n tly , th e  c o r r e la tio n  o f  
N 5 a  v a lu e s  fo r  ta ilin g  p e a k s  w ith  a c tu a l c o lu m n  p e r fo rm a n c e  
h a s  n o t  b e e n  e s ta b lish e d  (1 4 ). It w a s  th e r e fo r e  d e c id e d  n o t to  
u s e  th is  e q u a tio n , b u t to  r ep o rt th e  r e su lts  as o b ta in e d .

T h e  e f fe c t  th at a m o d e r a te ly  ta ilin g  p e a k , a s  c o m p a r e d  w ith  
a sy m m e tr ic a l p e a k , w o u ld  h a v e  o n  th e  d e te r m in a tio n  o f  77opt 
is  n o t r ea d ily  a c c e s s ib le  fro m  th e  lite ra tu re . It w a s  fo u n d ,  
h o w e v e r ,  th a t th e  v a lle y  o f  th e  V a n  D e e m te r  c u r v e s ,  a s  d e te r 
m in e d  w ith  p a r a th io n , a llo w e d  a  c e r ta in  v a r ia tio n  in  « opt w ith 
o u t  s ig n if ica n tly  d e c r e a s in g  th e  p la te  c o u n t  a n d , th u s , the  
c o lu m n  e f f ic ie n c y . B e c a u s e  th e  V a n  D e e m te r  c u r v e s  te n d  to  
a llo w  s o m e  v a r ia tio n  in  liopt, it is  q u e s t io n a b le  w h e th e r  a  
sy m m e tr ic a l p e a k  w o u ld  g iv e  wopt v a lu e s  w h ic h  w o u ld  d iffer  
s ig n if ic a n tly  fro m  th o s e  o f  m o d e r a te ly  ta ilin g  p e a k s .

F ig u r e s  1 -9  s h o w  th e  c la s s if ic a t io n  in to  4  sh a p e s  o f  the  
p e s t ic id e  p e a k s  o b ta in e d  fro m  d iffe re n t c o lu m n s . T h e se  fig 
u res  g iv e  a  c o n v e n ie n t  v isu a l im p r e s s io n  o f  th e  sep a ra tio n  o f  
th e  d if fe r e n t  p e s t ic id e s  o n  a  sp e c if ic  c o lu m n , th e  a p p ro x im a te  
a b so lu te  r e te n t io n  t im e , th e  su ita b ility  o f  th e  c o lu m n  fo r  a  
sp e c if ic  a p p lic a t io n , an d  th e  a m o u n t o f  ta ilin g  th a t c a n  b e  
e x p e c te d  o f  sp e c if ic  p e s t ic id e s .  V a r io u s  sy s te m s  o f  p e a k  c la s 
s if ica tio n  w e r e  c o n s id e r e d  b e fo r e  th e  o n e  p r e se n te d  h e r e  w a s  
a d o p te d . W in ter lin  e t  a l. (9) c la s s i f ie d  p e a k  sh a p e  fro m  1 to  6 
a c c o r d in g  to  l o o s e ly  d e fin e d  p e a k  d e sc r ip t io n s . W e  fo u n d  th is  
m eth o d  rather arbitrary. D a l N o g a r e  an d  Jen  C hui (15) d e v ise d
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Figure 1. Retention data and peak shape classifications for pesticides analyzed by GC on 3% SP-2100 column at uopt of 6.2 cm/s.
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Figure 2. Retention data and peak shap e  classifications for pestic ides analyzed by GC on 1% Dexsil-300 column at u^p, of 6.30 cm/s.
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Figure 3. Retention data and peak shape classifications for pesticides analyzed by GC on 3% OV-17 column and uopt of 7.10 cm/s.
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Figure 4. Retention data and peak shape classifications for pestic ides analyzed by GC on 1.5% OV-17 + 1.95% QF-1 column at Uopt of 5.71 cm/s.



1104 PRINSLOO & DE BEER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985)

11 io P I I ’ 1 3 31 m  r ,  *  ’03 .. 1 ™  ,, 121 t„ r„

l1, " ' ', '.3 ■' ','3 ' "

Phorate 

Dichlorvos. 
Mev i nphi 
Demeton

Pyrazophos. 
Azinphos-et 
Azinphos-me 
Parathi on-et (RE F )_

n'' Q
0.7

W-i- - ^ r JU JS /Ui n r i n
6.15//7.4 

0 6' 1220 21 22 23

Figure 5. Retention data and peak shape classifications for pesticides analyzed by GC on 4% SE-30 + 6% QF-1 column at uopt of 7.71 cm/s.
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Figure 6. Retention data and peak shap e  classifications for pestic ides analyzed by GC on 3% OV-17 + 3% OV-210 colum n at Uopt of 5.67 cm/s.
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Figure 7. Retention data and peak shape classifications for pesticides analyzed by GC on 5% DC-200 + 7.5% QF-1 column at u0p, of 4.47 cm/s.
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Figure 8. Retention data and peak shape classifications for pestic ides analyzed by GC on 3% Carbowax-20M colum n at uopt of 5.80 cm/s.
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Figure 9. Retention data and peak shape classifications for pesticides analyzed by GC on 4% Reoplex-400 column at uopt of 5.40 cm/s.

a  m a th e m a tic a l fo r m u la  fo r  r e p r e se n tin g  p e a k  s k e w . T h e ir  
m e th o d  d o e s  n o t  a d e q u a te ly  d e sc r ib e  th e  a m o u n t o f  p e a k  
ta ilin g , b e c a u s e  ta n g e n ts  are  d r a w n  to  th e  in f le c t io n  p o in ts ,  
an d  a ll c a lc u la t io n s  are  b a s e d  o n  m e a su r e m e n ts  m a d e  at th e  
b a s e lin e  o f  th e  p e a k . It w a s  fo u n d  in a  n u m b e r  o f  e x a m p le s  
th a t d if fe r e n t  p e a k s  g a v e  th e  sa m e  a sy m m e tr y  v a lu e  in  sp ite  
o f  th e  fa c t  th a t th e  a m o u n ts  o f  ta ilin g  d iffe re d . It s e e m s  th a t  
th e  p o in t w h e r e  th e  a c tu a l ta ilin g  sta r ts  is  r e s p o n s ib le  fo r  th is  
a n o m a ly . K irk la n d  e t a l. (8) d e sc r ib e d  a  m u c h  b e tte r  w a y  o f  
m ea su r in g  p e a k  a sy m m e try — h o r izo n ta lly  a t 10% o f  to ta l p ea k  
h e ig h t  fr o m  th e  b a s e lin e . G ru sh k a  (16) p r o p o se d  a  m e th o d  in  
w h ic h  p e a k  ta ilin g  c a n  b e  q u a n tita ted  b y  c a lc u la t in g  a  p e a k  
s k e w  v a lu e . K ir la n d  e t  a l. (8) c o m p a r e d  p e a k  a sy m m e tr y  
v a lu e s  a n d  p e a k  sk e w  v a lu e s  a n d  fo u n d  th a t th e  la tter  c a n  b e  
d e te r m in e d  w ith  g r ea te r  p r e c is io n  a n d  a c c u r a c y . O b ta in in g  
p e a k  s k e w  v a lu e s ,  h o w e v e r ,  is  la b o r io u s  u n le s s  a  c o m p u te r  
is  a v a ila b le . W e  th e r e fo r e  d e c id e d  to  u s e  p e a k  a sy m m e tr y  
v a lu e s ,  b e c a u s e  th e y  c a n  e a s ily  b e  c a lc u la te d  an d  are  d ir e c t ly  
r e la te d  to  p e a k  s k e w  (8).

T h e  « opt v a lu e s , w h ic h  w e r e  u s e d  fo r  e a c h  c o lu m n  an d  b a se d  
o n  p a r a th io n , e n su r e d  o p tim u m  e f f ic ie n c y ,  b u t u n fo r tu n a te ly  
r a ise d  th e  m in im u m  d e te c ta b il ity  o f  th e  f la m e  p h o to m e tr ic  
d e te c to r . In  e v e r y  c a s e  th e  ca rr ier  g a s  f lo w  w a s  s o  lo w  th at  
th e  d e te c to r  d id  n o t  o p e r a te  a t o p tim u m  s e n s it iv ity . T h is  is  
r e f le c te d  in  th e  r e la t iv e ly  h ig h  q u a n tit ie s  o f  s o m e  p e s t ic id e s  
n e e d e d  to  o b ta in  m e a su r a b le  p e a k s  ( s e e  T a b le  2 ). T h is  d r a w 
b a c k  c o u ld  b e  o v e r c o m e  b y  a d d in g  m a k e u p  g a s  b e tw e e n  th e  
o u t le t  o f  th e  c o lu m n  a n d  th e  in le t  o f  th e  d e te c to r . T h e  d e te c t 
a b le  q u a n tity  le v e ls  p r e se n te d  in  T a b le  2 h a v e  a  v e r y  b ro a d  
ra n g e  a n d  are  in c lu d e d  to  illu s tra te  w h a t  c a n  b e  e x p e c te d  b y  
u s in g  su c h  lo w  a v e r a g e  lin ea r  g a s  v e lo c i t ie s .  C a lc u la tio n  o f  
r e la t iv e  r e s p o n s e  le v e ls  fo r  th e  v a r io u s  p e s t ic id e s  w a s  c o n 
sid ered , b u t w a s  rejected  b e c a u se  an  o p tim ized  d e te c to r  m ight

r e sp o n d  d iffe r e n tly  to  th e  v a r io u s  p e s t ic id e s  th a n  o n e  th a t  
w a s  n o t  o p t im iz e d .

R e c e n t  lite ra tu re  (7 ) in d ic a te s  th a t c h lo r p y r ifo s  is  p r e ferred  
a s a  r e fe r e n c e  c o m p o u n d  fo r  r e la t iv e  r e n te n tio n  d ata; it is  
d e te c ta b le  b y  a ll d e te c to r s  u s e d  in p e s t ic id e  r e s id u e  a n a ly s is  
b e c a u s e  it c o n ta in s  p h o sp h o r u s , su lp h u r , n itr o g e n , an d  c h lo 
r in e  a to m s . T h e  a b s o lu te  r e te n t io n  t im e s  o f  b o th  c h lo r p y r ifo s  
an d  p a r a th io n  are  sh o w n  in F ig u r e s  1 -9  so  th a t th e  d a ta  c a n  
e a s i ly  b e  c o n v e r te d  to  th o s e  fo r  c h lo r p y r ifo s  a s  r e fe r e n c e  
c o m p o u n d .

A s  T a b le  2 s h o w s ,  te m e p h o s  a n d  o m e th o a te  d id  n o t  e lu te  
fr o m  a n y  o f  th e  c o lu m n s  w ith in  2 h ±  10 m in , w h ile  o th e r  
p e s t ic id e s  d id  n o t ap p ear to  e lu te  from  certa in  c o lu m n s (sh o w n  
b y  d a s h e s ) ;  th is  b e h a v io r  m a y  h a v e  r e su lte d  fr o m  s o m e  p e s 
t ic id e s  e ith e r  h a v in g  v e r y  sh o r t r e te n tio n  t im e s  a n d  e lu tin g  
w ith  th e  s o lv e n t  fr o n t , o r  n o t  e lu t in g  w ith in  th e  2  h lim it. 
S o m e  c o m p o u n d s  e x h ib ite d  m u ltip le  p e a k s ,  w h ic h  p r o b a b ly  
in d ic a te  d e c o m p o s it io n .  In  e a c h  c a s e  th e  m ajor  p e a k  w a s  
u s e d  to  d e te r m in e  r e la t iv e  r e te n t io n  t im e .

T a b le  2 a n d  F ig u r e s  1 a n d  2 s h o w  th a t th e  m o r e  a p o la r  
c o lu m n  p a c k in g s , e .g . ,  S P -2 1 0 0  an d  D e x s i l -3 0 0 ,  d id  n o t  p r o 
d u c e  a  g o o d  se p a r a tio n  b e tw e e n  d iffe re n t p e s t ic id e s .  T h e s e  
c o lu m n s  m a y  b e  m o r e  su ite d  fo r  s in g le -c o m p o n e n t  q u a n tita 
t iv e  a n a ly s is .  C o lu m n  p a c k in g s  th a t w e r e  m ix tu r e s  o f  s ta t io n 
ary  p h a s e s  g a v e  b e tte r  se p a r a t io n s , b u t in  so m e  c a s e s  th e  
p e a k  s h a p e s  s h o w e d  m u c h  ta ilin g .

T h e  3%  O V -1 7  c o lu m n  (F ig u re  3) p r o d u c e d  p e a k s  th at  
g e n e r a lly  w e r e  c la s s  2 a n d  w e r e  w e ll-d is tr ib u te d  o v e r  th e  tim e  
r a n g e . P r o b le m s w ith  th e  se p a r a tio n  o f  m a n y  p e s t ic id e s  at 
c er ta in  t im e  in te r v a ls  w e r e  e v id e n t . A ll e x c e p t  7 o f  th e  p e s 
t ic id e s  p r o d u c e d  p e a k s .

T h e  1.5%  O V -1 7  +  1.95%  Q F -1  c o lu m n  (F ig u r e  4) p r o 
d u c e d  th e  m o st  n u m e r o u s  p e a k s , an d  o n ly  6  p e s t ic id e s  fa ile d
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to  e lu te  in th e  sp e c if ie d  t im e . In c o m p a r iso n  w ith  th e  3% O V -  
17 c o lu m n , th e  se p a r a tio n  w a s  n o t m u ch  im p r o v e d , b u t the  
p e a k s  e lu te d  m u c h  fa ste r .

E ig h t p e s t ic id e s  fa ile d  to  p r o d u c e  p e a k s  fro m  th e  4%  S E -  
30 +  6%  Q F -1  c o lu m n  (F ig u re  5 ). M o st o f  th e  p e a k s  w e re  
c la s s  2 , an d  fe w  w e r e  c la s s  1. M o st  o f  th e  p e a k s  w e r e  w e ll  
d is tr ib u te d  o v e r  th e  tim e  r a n g e , but se p a r a tio n  p r o b le m s m a y  
b e  e n c o u n te r e d  w ith  th e  r e la t iv e ly  e a r ly -e lu tin g  p e a k s .

T h e  3%  O V -1 7  +  3% O V -2 1 0  c o lu m n  (F ig u re  6) p r o d u ce d  
37 p e a k s , w h ic h  w e r e  m o s t ly  w e ll-d is tr ib u te d  in th e  r e la tiv e  
sh o r t t im e  ran ge  o f  a b o u t 45 m in , but se p a r a tio n  p r o b le m s  
w e r e  e n c o u n te r e d  at c er ta in  tim e  in te r v a ls .

T h e  sm a lle s t  n u m b er  o f  p e s t ic id e s  e lu ted  o n  th e  5% D C -200  
+  7 .5%  Q F -1  c o lu m n  (F ig u re  7 ). T h e  p e a k s  w e r e  n o t v e ry  
w e ll-d is tr ib u te d , an d  th e r e  w e r e  m a n y  se p a r a tio n  p r o b le m s.

E ig h te e n  p e s t ic id e s  fa ile d  to  p r o d u c e  p e a k s  fro m  th e  3%  
C a r b o w a x -2 0 M  c o lu m n  (F ig u re  8 ), a lth o u g h  th e  p e s t ic id e s  
th at d id  p r o d u c e  p e a k s  w e r e  w e ll-d is tr ib u te d  o v e r  th e  tim e  
r a n g e . S e p a r a tio n  p r o b le m s  w e r e  e v id e n t  at c er ta in  tim e  
in te r v a ls .

T h e  4%  R e o p le x -4 0 0  co lu m n  (F igu re 9) p erform ed  e x tre m ely  
w e ll ,  an d  th e  p e a k s  w e r e  w e ll-d is tr ib u te d  o v e r  th e  w h o le  tim e  
ra n g e . E le v e n  p e s t ic id e s  fa ile d  to  p r o d u c e  a n y  p e a k s , b u t 36  
p e a k s  w e r e  c la s s e s  1 an d  2 , w h ic h  is th e  h ig h e s t  n u m b er  for  
a n y  o f  th e  c o lu m n s  te s te d .  T h e  4%  S E -3 0  +  6%  Q F -1 h a s  
a lw a y s  b e e n  r e c o g n iz e d  in th is  la b o r a to ry  a s  an  id ea l c o lu m n  
fo r  m u lt ir e s id u e  a n a ly s is  o f  o r g a n o p h o sp h o r u s  p e s t ic id e s .  
T h e  r e s u l t s ,  h o w e v e r ,  in d ic a te  th a t th e  R e o p le x  c o lu m n  is 
a lso  w e ll-su ited  fo r  th is  a p p lica tio n , b e c a u se  it p ro d u ces  p ea k s  
o f  b e tte r  q u a lity  in a b o u t  h a lf  th e  t im e  o f  th o s e  p r o d u c e d  b y  
th e  S E -3 0  +  Q F -1  c o lu m n  ( s e e  F ig u re s  5 an d  9).
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Purge and Trap Method for Determination of Ethylene Dibromide in Whole Grains, Milled 
Grain Products, Intermediate Grain-Based Foods, and Animal Feeds

DAVID L. HEIKES
Food and Drug Administration, Total Diet Research Center, 1009 Cherry St, Kansas City, MO 64106

An improved method has been developed for the determination of 
ethylene dibromide (EDB; 1,2-dibromoethane) in whole grains, milled 
grain products, intermediate grain-based foods, and animal feeds. 
Samples are mixed with water and sparged with nitrogen for 1 h with 
stirring in a water bath at 100°C. The EDB collected on the adsorbent 
Tenax TA is eluted with hexane and determined by gas chromatography 
(GC) with electron capture detection (ECD) and confirmed with Hall 
electrolytic conductivity detection (HECD) using a second GC column. 
The highest levels of EDB were also confirmed by full scan GC/mass 
spectrometry (GC/MS). A total of 24 whole grains, milled grain prod
ucts, intermediate grain-based foods, and animal feeds analyzed by 
using this method contained EDB levels up to 840 ppb (wheat). Recov
eries from fortified samples ranged from 90 to 105%. Values from this 
method were compared with those obtained from the acetone soak 
method; for all 24 samples, this purge and trap method gave equivalent 
or superior recoveries and detected levels of EDB. Chromatograms for 
this purge and trap method were clean, enabling a quantitation level 
of 0.5 ppb to be achieved.

E th y le n e  d ib rom id e  (E D B ; 1 ,2 -d ib rom oeth an e) h a s b een  u sed  
a s a  fu m ig a n t in b o th  so il  an d  s to r e d  fo o d  c o m m o d it ie s  (1). 
H o w e v e r ,  r e c e n t  s tu d ie s  h a v e  d e te rm in e d  th a t E D B  c a u s e s

Received April 8, 1985. Accepted May 14, 1985.

c a n c e r , b irth  d e fe c t s ,  an d  g e n e t ic  an d  r e p r o d u c tiv e  d iso r d e r s  
in  t e s t  a n im a ls .

In  r e s p o n s e  to ,  a n d  in  c o n ju n c t io n  w ith , th e  s u s p e n s io n  o f  
reg istr a tio n  o f  fu m ig a tio n  p r o d u c ts  c o n ta in in g  E D B  (2) and  
th e  e s ta b lish m e n t  o f  n e w  to le r a n c e s  fo r  r e s id u e s  o f  E D B  in  
grain  p r o d u c ts  a n d  c itr u s  fru its  (3) b y  th e  U .S .  E n v ir o n m e n ta l  
P r o te c t io n  A g e n c y  (E P A ), th e  U .S .  F o o d  an d  D r u g  A d m in 
istr a tio n  (F D A ) b e g a n  a lim ited  s u r v e y  o f  E D B  in g r a in s  and  
g r a in -b a se d  p r o d u c ts .

A lth o u g h  se v e r a l m e th o d s  fo r  th e  d e te r m in a tio n  o f  E D B  
are a v a ila b le  (4 - 1 2 ) ,  th e  a c e to n e  so a k  p r o c ed u r e  d e v e lo p e d  
b y  H e u s e r  an d  S c u d a m o r e  (7) an d  C lo w e r  ( 10) w a s  c o n s id e r e d  
a p p ro p ria te  fo r  g r a in s  an d  g r a in -b a se d  p r o d u c ts . T h e  a c e to n e  
so a k  p r o c e d u r e , h o w e v e r ,  h a s  se v e r a l sh o r tc o m in g s:  (a) it is 
tim e  c o n su m in g , in th a t 48  h are  req u ired  fo r  th e  e x tr a c t io n  
s te p  a lo n e ;  (b ) th e  c h r o m a to g r a m s o fte n  c o n ta in  in te rfe r in g  
c o e x tr a c t iv e  p e a k s ; a n d  (c ) th e  lim it o f  q u a n tita tio n  is  n o t  
su ffic ie n t fo r  u ltr a -lo w  le v e ls  (< 1  ppb) o f  E D B .

In th is  s tu d y , a  p u rge  an d  trap  p r o c ed u r e  d e v e lo p e d  fo r  th e  
a n a ly s is  o f  ta b le -r e a d y  fo o d s  (13) h a s  b e e n  a p p lie d  to  24  
sa m p le s  o f  w h o le  g r a in s , m ille d  gra in  p r o d u c ts , in te rm e d ia te  
g r a in -b a se d  fo o d s ,  an d  an im al f e e d s .  R e su lts  are  c o m p a r e d  
w ith  th o s e  o b ta in e d  fro m  th e  a c e to n e  so a k  p r o c e d u r e  (1 0 ).
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Table 1. Comparative levels (ppb) of EDB in whole grains and milled 
grain products determined by acetone soak and purge and trap 

methods

Item Acetone soak Purge and trap“

Wheat 36 40, 43
Wheat 84 120, 130
Wheat 840 870, 870
Wheat mids ___b 7.0, 7.9
Corn, yellow 90 93,95
Corn, yellow 120 120,120
Oats ___ b 1.3, 1.7
Oats 17 17, 19
Soybeans ___ b ___ C

D istiller’s dry grain ___ d 1.8, 2.7

d u p lic a te  determ inations.
'Less than quantita tion lim it o f 15 ppb.
'Less than quantitation lim it o f 0.5 ppb.
'In te rfering peaks in chromatograms, calculation not possible.

Table 2. Comparative levels (ppb) of EDB in intermediate grain-based 
foods determined by acetone soak and purge and trap methods

Item Acetone soak Purge and trap“

Corn muffin mix ___ b ___ C

Corn meal ___b 0.62, 0.71
Pancake mix ___ b 0.76, 0.81
Flour ___ b ___ C

Flour ___ b 0.86, 0.93
Brownie mix, fudge ___ b 3.6, 4.1
Egg noodles (raw) ___ b 0.93, 1.2
Spaghetti (raw) ___ b 1.4, 1.6
Cake mix, yellow 33 40, 41

“Duplicate determ inations.
'Less than quantita tion lim it of 15 ppb. 
'Less than quantita tion lim it of 0.5 ppb.

METHOD

Principle
S a m p le s  in  w a te r  are  e x tr a c te d  (sp a rg e d ) w ith  a  str ea m  o f  

n itr o g en  w h ile  b e in g  stirred  v ig o r o u s ly  in  a  w a te r  b a th  at 
100°C . E D B  c o lle c t e d  o n  th e  a d s o r b e n t  T e n a x  T A  an d  e lu te d  
w ith  h e x a n e  is  d e te r m in e d  b y  g a s  c h r o m a to g r a p h y /e le c tr o n  
ca p tu re  d e te c to r  (G C /E C D ) w ith  G C /H a ll e le c tr o ly t ic  c o n 
d u c t iv ity  d e te c to r  (H E C D ) a n d /o r  G C /m a ss  sp e c tr o m e tr y  
(M S ) c o n firm a tio n .

Apparatus and Reagents
Gas-liquid chromatograph.— E q u ip p e d  w ith  180 x  0 .2  cm  

id  g la ss  c o lu m n  p a c k e d  w ith  1% S P -1 0 0 0  o n  C a rb o p a k  B  ( 6 0 -  
80  m e sh )  (S u p e lc o ,  In c .)  an d  c o n s ta n t  cu rren t 63N i E C D  
(H e w le tt-P a c k a r d  5 8 8 0 , o r  e q u iv a le n t) .  C o n d itio n s:  in je c to r , 
190°C; c o lu m n , 170°C ; d e te c to r ,  325°C ; carr ier  g a s ,  5%  m e th 
a n e  in  a rg o n ; f lo w  r a te , 4 0  m L /m in . A tte n u a te  to  o b ta in  c a  Vi 
fu ll- s c a le  d e f le c t io n  fo r  100 p g  E D B  w ith  1 m V  r eco rd er . 
S e c o n d  in str u m e n t e q u ip p e d  w ith  180 x 0 .2  c m  id  g la ss  
c o lu m n  p a c k e d  w ith  10%  S P -1 0 0 0  o n  S u p e lc o p o r t  (8 0 -1 0 0  
m e sh )  (S u p e lc o ,  In c .)  a n d  H E C D  (T r a co r  56 0 , o r  e q u iv a le n t) .  
C o n d itio n s:  in je c to r , 225°C ; c o lu m n , 100°C ; d e te c to r ,  250°C ; 
carr ier  g a s , h y d r o g e n ;  f lo w  r a te , 4 0  m L /m in . A tte n u a te  to  
o b ta in  c a  Vi fu ll- s c a le  d e f le c t io n  fo r  100 p g  E D B  w ith  1 m V  
r ec o rd er .

A d d ition a l ap p aratu s and rea g en ts  and p reparation  o f  T en a x  
T A  and E D B  sta n d a r d s a re  d e sc r ib e d  in  ref. 13.

Determination
A c c u r a te ly  w e ig h  c a  10 g  h o m o g e n e o u s ,  fr o z e n  or  p artia lly  

th a w e d  sa m p le  in to  5 0 0  m L  d o u b le -n e c k , r o u n d -b o tto m  flask  
c o n ta in in g  2 5 0  m L  d e io n iz e d  w a te r , 1 m L  a n tifo a m  B , and

Table 3. Comparative levels (ppb) of EDB in animal feeds determined 
by acetone soak and purge and trap methods

Item Acetone soak Purge and trap“

Poultry ration 97 95, 100
Poultry ration 120 140, 140
Swine ration ___ b 1.3, 1.6
Rabbit ration 210 230, 230
Cattle ration ___ C 63,68

“Duplicate determinations.
“ Less than quantita tion level o f 15 ppb.
'In terfering peaks in chromatogram, calculation not possible.

Table 4. Recoveries from whole grains, milled grain products, 
intermediate grain-based foods, and animal feeds fortified with EDB 

determined by purge and trap method

Fortification
Item level, ppb“ Ree., %

Wheat 46 98
Wheat 92 97
Corn, yellow 92 100
D istiller’s dry grain 4.6 94
Corn muffin mix 2.3 103
Flour 2.3 90
Spaghetti, raw 4.6 96
Swine ration 4.6 105
Cattle ration 92 96

“Spiking standard in deionized water.

Figure 1. Chromatogram of procedural blank from acetone soak method 
with electron capture detection (GC/ECD); 1% SP-1000 on Carbopak B 
(60-80 mesh), 180 x 0.2 cm id, 170°C. Tick indicates position of 

EDB peak.

stirrin g  bar. U s in g  u n iv e r sa l a d a p ter , p la c e  g a s  d isp e r s io n  
tu b e  in to  a n g le d  s id e  n e c k  o f  fla sk  to  d e p th  o f  c a  5 m m  a b o v e  
stirrin g  bar. C o m p le te  a s s e m b ly  o f  p u rg e  an d  trap  a p p aratu s  
b y  ad d ition  o f  L ieb ig  c o n d e n se r  w ith  s e c o n d  u n iv ersa l adapter  
an d  trap  tu b e  at to p ,  a s  illu s tra te d  in F ig u re  2 , ref. 13.

P la c e  a s s e m b le d  a p p a ra tu s  in a  b o ilin g  w a te r  b a th  p o s i
t io n e d  a b o v e  h o t  p la te  w ith  m a g n e tic  stirrer. C ir cu la te  tap  
w a te r  th ro u g h  L ie b ig  c o n d e n s e r . A d ju st  n itr o g en  f lo w  to  100
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Figure 2. Chromatogram of fudge brownie mix (3.6 ppb EDB) with elec
tron capture detection (GC/ECD); 1% SP-1000 on Carbopak B (60-80 
mesh), 180 x 0.2 cm id, 170°C: A, from purge and trap method (equivalent 
to 28 mg); B, from acetone soak method (equivalent to 1.0 mg). Ticks 

indicate position of EDB peak.

m L /m in  th ro u g h  g a s  d isp e r s io n  tu b e  an d  stir  v ig o r o u s ly  (m a x 
im u m  s p e e d , c a  1200 rpm ) to  o b ta in  s tr o n g  v o r te x .

A fte r  1 h , r e m o v e  trap  tu b e  fro m  u n iv e r sa l a d a p ter  and  
e lu te  w ith  at le a s t  1 m L  h e x a n e  in to  su ita b le  v o lu m e tr ic  fla sk . 
D ilu te  to  v o lu m e  w ith  h e x a n e  an d  q u a n tita te  E D B , u s in g  G C / 
E C D . C on firm  p r e s e n c e  o f  E D B  b y  u s in g  s e c o n d  G C  c o lu m n  
w ith  H E C D  a n d /o r  G C /M S .

Results and Discussion
T h e  d e v e lo p m e n t  o f  sp e c if ic  p ro ced u ra l p a ra m eters  h a s  

b e e n  d is c u s s e d  e ls e w h e r e  (13).

I

Figure 3. Chromatogram of oats (17 ppb EDB) with electron capture 
detection (GC/ECD); 1% SP-1000 on Carbopak B (60-80 mesh), 180 x 0.2 
cm id, 170°C: A, from purge and trap method (equivalent to 10 mg); B, 
from acetone soak method (equivalent to 1.5 mg). Ticks indicate position 

of EDB peak.

A  to ta l o f  24  sa m p le s  o f  g ra in s an d  g r a in -b a se d  p r o d u c ts  
w e r e  a n a ly z e d  b y  th e  a c e to n e  so a k  p r o c e d u r e  an d  th e  p u rge  
an d  trap  m e th o d  d e sc r ib e d  a b o v e .  W ith  th e  c h r o m a to g r a p h ic  
( G C /E C D )  c o n d i t i o n s  d e s c r ib e d  u n d e r  Apparatus and 
Reagents, th e  a c e to n e  so a k  p r o c e d u r e  h a s a  q u a n tita tio n  lim it  
o f  c a  15 p p b . U n d e r  th e  sa m e  c o n d it io n s , th e  q u a n tita tio n  
lim it in th e  p u rg e  a n d  trap  m e th o d  w a s  0 .5  p p b .
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T a b le  1 l is t s  c o m p a r a tiv e  le v e ls  o f  E D B  fo u n d  in s e v e r a l  
gra in s an d  m ille d  gra in  p r o d u c ts  b y  u s in g  th e s e  2 m e th o d s .  
C o m p a ra tiv e  r e s u lts  o f  a n a ly s is  o f  in te rm e d ia te  g ra in -b a sed  
fo o d s  an d  a n im a l f e e d s  are  g iv e n  in  T a b le s  2 and 3 , r e s p e c 
t iv e ly .

N in e  o f  th e s e  sa m p le s  w e r e  a lso  e x a m in e d  b y  th e  p u rge  
an d  trap  m e th o d  a fter  fo r tif ic a tio n  w ith  an  a q u e o u s  E D B  
sp ik in g  so lu t io n . A fte r  2 5 0  m L  w a te r , a n tifo a m , an d  10 g  
sa m p le  w e r e  a d d e d , th e  a q u e o u s  sp ik in g  so lu t io n  w a s  p ip e t
ted  in to  th e  m ix tu r e . T h e  a p p a ra tu s  w a s  im m e d ia te ly  a s s e m 
b led  an d  p la c e d  in th e  b o ilin g  w a te r  b a th . T a b le  4 l is ts  sp ik in g  
le v e ls  an d  r e c o v e r ie s ,  w h ic h  ra n g ed  fro m  9 0  to  105% .

A q u e o u s  sp ik in g  s o lu t io n s  sh o u ld  b e  a n a ly z e d  d a ily . W h en  
e q u a l v o lu m e s  o f  sp ik in g  sta n d a rd  an d  h e x a n e  are sh a k e n  
v ig o r o u s ly  1 m in , 98%  o f  E D B  is  e x tr a c te d  in to  th e  h e x a n e  
la y er . T h e  h e x a n e  e x tr a c t  is  c o m p a r e d  b y  G C  to  an  E D B  
stan d ard  so lu t io n  p r e p a r ed  in h e x a n e .

S o m e  d iff icu lty  w a s  e n c o u n te r e d  in  stirrin g  y e llo w  c o rn  
sa m p le s;  o n  se v e r a l o c c a s io n s ,  it b e c a m e  n e c e s s a r y  to  resta r t  
th e  stirrin g  bar. L a te r , th e s e  sa m p le s  w e r e  stirred  s u c c e s s 
fu lly  a t a  s o m e w h a t  s lo w e r  ra te  (c a  9 0 0  rp m ), an d  r ep ro d u 
c ib ility  an d  r e c o v e r y  w e r e  sa t is fa c to r y  w ith  th is  m o d ifica tio n .

A c e to n e  p r o d u c e d  a  v e r y  la rg e  in te rfe r in g  s o lv e n t  p ea k  
w ith  th e  G C  c o lu m n  o f  n -o c ta n e -P o r a s il  C  u s e d  in  th e  o r ig in a l 
p u rge  a n d  trap  s tu d y  (1 3 ). A  1% S P -1 0 0 0  c o lu m n  w a s  s u c 
c e s s fu l ly  su b s t itu te d . A  p r o c ed u r a l b la n k  fro m  th e  a c e to n e  
so a k  m e th o d  a n d  th e  S P -1 0 0 0  c o lu m n  is  sh o w n  in F ig u re  1.

T h e  c h r o m a to g r a m s g e n e r a te d  b y  th e  a c e to n e  so a k  p r o 
c e d u r e  w e r e  m u c h  “ d ir tie r ”  th a n  th o s e  o b ta in e d  b y  th e  p u rge  
and trap  m e th o d ;  in fa c t ,  2 sa m p le s  (d is t i l le r ’s  d ry  gra in  and  
c a ttle  ra tio n ) c o n ta in e d  in te rfe r in g  p e a k s  th a t p r e v e n te d  
q u a n tita tio n . F ig u r e s  2 a n d  3 are  r e p r e se n ta t iv e  c h r o m a to 
g ra m s o f  fu d g e  b r o w n ie  m ix  an d  o a ts ,  r e s p e c t iv e ly ,  fro m  b o th  
m e th o d s  u s in g  G C /E C D , w ith  a  1% S P -1 0 0 0  o n  C a rb o p a k  B  
c o lu m n .

A n  e x h a u s t iv e  sp a rg in g  t e s t  w a s  p e r fo rm e d  o n  a ll 24  sa m 
p le s . A fte r  th e  sa m p le s  w e re  sp arged  fo r  1 h (as in  th e  m eth od ), 
th e y  w e r e  stirred  at 100°C  o v e r n ig h t  w ith o u t  n itr o g en  flo w  
b u t w ith  a  fr e sh  T e n a x  T A  trap  in  p la c e . A  s e c o n d  h ou r  o f  
sp a rg in g  th e  fo llo w in g  d a y  p r o d u c e d  le s s  th a n  2%  o f  th e  le v e l  
o f  E D B  e x tr a c te d  b y  th e  first h o u r  o f  sp a rg in g .

In  c o n c lu s io n , th is  p u rg e  an d  trap  m e th o d  is su ita b le  fo r  
th e  rap id  a n a ly s is  o f  E D B  in a  v a r ie ty  o f  g ra in s and grain - 
b a se d  p r o d u c ts , g iv in g  b o th  g o o d  r e p r o d u c ib ility  an d  g o o d  
r e c o v e r y  fro m  fo r tif ied  sa m p le s . R e su lts  c a n  b e  o b ta in e d  in 
le s s  th a n  2 h . T h e  p r o c e d u r e  is  n o t  la b o r - in te n s iv e , in  th a t  
e x tr a c t io n s  p r o c e e d  u n a tte n d e d . E lu tio n  o f  th e  a d so rb en t  
T e n a x  T A  r e su lts  in a  r e la t iv e ly  c le a n , c o n c e n tr a te d  ex tra c t  
su ita b le  fo r  b o th  lo w  le v e l  G C  q u a n tita tio n  (0 .5  pp b ) o r  G C / 
M S  c o n firm a tio n a l a n a ly s is .  B y  c o n tr a s t ,  th e  a c e to n e  so a k  
p r o c e d u r e  r e q u ir e s  3 d a y s  to  p r o d u c e  a  le s s  c o n c e n tr a te d  
e x tr a c t  th a t o f te n  c o n ta in s  in te rfe r in g  c o e x tr a c te d  G C  p e a k s .
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Headspace Gas Chromatographic Method for Determination of Methyl Bromide in Food 
Ingredients

JONATHAN W. DeVRIES, JAMES M. BROGE, JOHN P. SCHROEDER, RAYMOND H. BOWERS,
PAUL A. LARSON, and NANCY M. BURNS
General Mills, Inc., 9000 Plymouth Ave N, Minneapolis, MN 55427

A headspace gas chromatographic (GC) method, which can be auto
mated, has been developed for determination of methyl bromide. This 
method has been applied to wheat, flour, cocoa, and peanuts. Samples 
to be analyzed are placed in headspace sample vials, water is added, 
and the vials are sealed with Teflon-lined septa. After an appropriate 
equilibration time at 32°C, the samples are analyzed within 10 h. A 
sample of the headspace is withdrawn and analyzed on a gas chroma
tograph equipped with an electron capture detector (ECD). Methyl 
bromide levels were quantitated by comparison of peak area with a 
standard. The standard was generated by adding a known amount of 
methyl bromide to a portion of the matrix being analyzed and which 
was known to be methyl bromide free. The detection limit of the method 
was 0.4 ppb. The coefficient of variation (CV) was 6.5% for wheat, 
8.3% for flour, 3.3% for cocoa, and 11.6% for peanuts.

A s a  resu lt  o f  r e g u la to r y  a c t io n s  th a t h a v e  r e m o v e d , or  are  
in th e  p r o c e s s  o f  r e m o v in g , liq u id  fu m ig a n ts  fro m  th e  ranks  
o f  a p p r o v e d  p e s t ic id e s ,  th e  u se  o f  a lte r n a tiv e  c o m p o u n d s  is  
e x p e c te d  to  in c r e a se . M eth y l b r o m id e  is o n e  su c h  a lte r n a tiv e .  
T o  a ssu r e  a fo o d  su p p ly  th at is  fr ee  o f  r e s id u e s  o f  m eth y l  
b r o m id e  a b o v e  a n y  e s ta b lish e d  to le r a n c e s ,  m e th o d o lo g y  is  
n e e d e d  w h ic h  p o s s e s s e s  th e  r eq u is ite  s e n s it iv ity ,  s e le c t iv ity ,  
s p e e d , an d  c o s t  e f fe c t iv e n e s s  fo r  ro u tin e  a p p lic a tio n  to  a  
v a r ie ty  o f  m a tr ic es .

C u rren tly  p u b lish e d  m e th o d s  fo r  th e  a n a ly s is  o f  fu m ig a n t  
r e s id u e s  in  c o m m o d it ie s  ty p ic a lly  in v o lv e  a 2 4 -4 8  h a c e t o n e -  
w a te r  (5 +  1) e x tr a c t io n  o f  th e  c o m m o d ity  fo llo w e d  b y  d irect  
in je c t io n  o f  th e  d ried  a c e to n e  e x tr a c t  o n to  a g a s  c h r o m a to 
grap h  (G C ) fo r  q u a n tita tio n  (1 , 2 ). O th er  m e th o d s  in v o lv e  
e x tr a c t in g  m e th y l b r o m id e  b y  r eflu x in g  w ith  a c id , fo llo w e d  
b y  c o ld  tra p p in g  an d  d ir e c t  G C  in je c tio n  (3); e x tr a c t in g  m eth y l  
b r o m id e  w ith  a c e t o n e - w a t e r  fo llo w e d  b y  c o n v e r s io n  o f  the  
e x tra c ted  m eth y l b rom id e  to  m eth y l iod id e  w ith  so d iu m  iod ide  
(4); o r  b y  tra p p in g  m e th y l b r o m id e  fro m  air u s in g  T e n a x  G C  
r es in  fo l lo w e d  b y  th erm a l d e so r p tio n  in to  a g a s  c h r o m a to 
grap h  (5). E a c h  o f  th e s e  m e th o d s  in v o lv e d  e x te n s iv e  sa m p le  
p rep a ra tio n  t im e , an d  r e su lte d  in m e th o d s  o f  lim ited  s e n s it iv 
ity . K in g  e t a l. (6) r ep o rte d  a n a ly z in g  fo r  m e th y l b r o m id e  in  
fruits b y  h e a d sp a c e  g a s ch ro m a to g ra p h y . T h is m eth o d  a v o id ed  
th e  n e c e s sa r ily  lo n g  so a k  p e r io d  and th e  n e e d  fo r  d ry in g  th e  
e x tr a c ts  o b ta in e d  b y  th e  a c e to n e /w a te r  so a k  m e th o d . It a lso  
r e su lte d  in in c r e a se d  s e n s it iv ity  in th e  d e te c t io n  o f  m eth y l  
b r o m id e . In  a n tic ip a t io n  o f  u s in g  th e  m e th o d  fo r  large n u m 
b ers  o f  sa m p le s  w ith  r e su lts  d e s ir e d  in m in im al e la p se d  t im e , 
w e  p u rsu e d  th e  h e a d s p a c e  m e th o d  o f  a n a ly s is .  T h is  a p p ro a ch  
w o u ld  h a n d le  a large  b a tc h  o f  sa m p le s , w o u ld  b e  c a p a b le  o f  
a u to m a tio n , w o u ld  en su re  rapid turnaroun d, and w ou ld  require  
m in im u m  a n a ly s t  tim e  p er  sa m p le .

M ETHO D

Apparatus
(a ) Gas chromatograph.— M o d e l 3700  se t  up  fo r  u se  w ith  

c a p illa r y  c o lu m n s , e q u ip p e d  w ith  e le c tr o n  ca p tu r e  d e te c to r  
(E C D ) (V a r ia n  I n c . ,  P a lo  A lto ,  C A  9 4 3 0 3 ). O p era tin g  c o n d i
tio n s: in je c to r  200°C ; d e te c to r  270°C ; c o lu m n  o v e n  40°C ;
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carr ier  g a s  n itr o g en  at 1 m L /m in  (13 p s i); in je c to r  sp lit  ra tio  
20:1; d e te c to r  m a k e u p  flo w  15 m L /m in .

(b) Column.— D u ra b o n d  D B 1 7 0 1 ; 30 m th ick  film  fu se d  
s ilic a  ca p illa r y  (P art N o .  0 8 5 7 3 , J an d  W  S c ie n t if ic  I n c . ,  R a n 
c h o  C o r d o v a , C A  95 6 7 0 ).

(c) Recorder/integrator.— C o m p a tib le  w ith  G C  sy s te m .
(d) Automated headspace sampler (optional).— W ith  

a d ju sta b le  te m p er a tu r e  bath  (M o d e l N o .  H S  2 5 0 , E rb a  In str u 
m e n ts , P e a b o d y , M A  0 1 9 6 0 ). O p era tin g  c o n d it io n s :  sy r in g e  
55°C ; bath  32°C ; a n a ly s is  tim e  8 m in; sy r in g e  c le a n  s tr o k e s  
7; sa m p le  flu sh  s tr o k e s  4; sa m p le  in je c tio n  s iz e  2 5 0  p L .

(e) Headspace sample vials.— 7 m L  (Part N o .  6 6 0 4 1 , A ll 
t e c h , D e e r f ie ld , IL  6 0 0 1 5 ) o r  5 m L  (N o . 2 4 0 0 6 2 0 0 , E rb a) 
eq u ip p e d  w ith  T e f lo n -c o a te d  s i l ic o n e  se p ta  (N o .  9 5 3 1 3 , A ll 
te c h )  and cr im p  c a p s  (N o . 6 6 3 8 , A llte c h ) .

Reagents

(a ) Methyl bromide-free blank samples.— (I) Wheat.— S tir  
100 g  w h e a t  w ith  500  m L  d is t ille d  w a te r . D ra in . R in se  w ith  
tw o  100 m L  p o r t io n s  o f  d is t ille d  w a te r . D r y  in 50°C  o v e n  fo r  
3 h o r  u n til d ry . (2) Flour.— S p rea d  sa m p le  to  d e p th  o f  n o  
g r ea te r  th a n  'A in . o n  b o tto m  o f  large  pan  o r  c o o k ie  sh e e t .  
H e a t in  50°C  o v e n  o v e r n ig h t . (3) Cocoa.— U s e  sa m e  p r o c e 
d u re  a s  fo r  flour. (4) Peanuts.— U s e  sa m e  p r o c ed u r e  a s  fo r  
w h e a t.

(b) Distilled water.— P r e te s t  to  a ssu r e  n o  p e a k  in te r fe r 
e n c e s  w ith  m e th y l b r o m id e  p ea k  b y  p la c in g  2 m L  w a te r  in to  
a h e a d s p a c e  v ia l; c a p  and se a l .  P r o c e e d  to  s te p  4 o f  p r o c ed u r e  
s e c t io n .

(c) Standard.— M eth y l b ro m id e  stan d ard  so lu t io n  (0 .2  m g/ 
m L  in m e th a n o l)  (C a t. N o .  4 -8 6 2 4 , S u p e lc o  In c . ,  B e lle fo n te ,  
P A  16823).

(d) Standard stock solutions.— (P rep are  fr esh  d a ily  and  
k e e p  t ig h tly  se a le d  to  p r e v en t rapid d is s ip a t io n  o f  m e th y l  
b r o m id e  fro m  so lu t io n  at r o o m  te m p e r a tu r e .)  (1) 4 0 0  pp b  
e q u iv a le n t  M eB r  s to c k :  D ilu te  100 p-L sta n d a rd  (c) to  100 m L  
w ith  w a te r . (2) 200  pp b  e q u iv a le n t  M eB r  s to c k :  D ilu te  25 m L  
o f  4 0 0  pp b  so lu t io n  to  50  m L  w ith  w a te r . (3) 100 p p b  e q u iv 
a len t M eB r  s to c k :  D ilu te  25 m L  o f  4 0 0  pp b  so lu t io n  to  100 
m L  w ith  w a te r . (4) 5 0  pp b  e q u iv a le n t  M eB r  s to c k :  D ilu te  25 
m L  o f  200  pp b  so lu t io n  to  100 m L  w ith  w a te r .

(e) Working standard solutions.— S ta n d a rd  A  (e q u iv a le n t  
to  4 0 0  pp b  M e B r  fo r  1 g  sa m p le ): W e ig h  1.0 g  M e B r -fre e  
sa m p le  o f  ty p e  to  b e  a n a ly z e d  ( i .e . ,  w h e a t  w h e n  w h e a t  is  to  
b e  a n a ly z e d )  in to  h e a d s p a c e  sa m p le  v ia l. P ip e t 2 m L  o f  400  
pp b  s to c k  so lu t io n  in to  v ia l. Im m e d ia te ly  se a l v ia l.

S ta n d a rd  B  (2 0 0  ppb e q u iv a le n t):  R e p e a t  p r o c e d u r e  fo r  
sta n d a rd  A  u s in g  2 0 0  pp b  s to c k  so lu t io n .

S im ila r ly  p rep a re  sta n d a rd  C (1 0 0  pp b  e q u iv a le n t)  an d  s ta n 
dard D  (5 0  pp b  e q u iv a le n t)  u s in g  100 pp b  an d  50  pp b  s to c k  
so lu t io n s ,  r e s p e c t iv e ly .

P r o c e e d  to  s te p  4  o f  th e  p r o c ed u r e  w ith  e a c h  sta n d a rd . 

Sample Preparation

S to r e  sa m p le s  in t ig h tly  se a le d  c o n ta in e r s  u n til r ea d y  fo r  
a n a ly s is .  S to r e  s e a le d  sa m p le  in fr e e z e r  i f  a n a ly s is  w ill no t  
b e  in itia te d  w ith in  24 h .
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Table 1. Detector area response for aqueous methyl bromide solutions containing various matrices

MeBr, ppb Water Wheat & water Flour & water Cocoa & water Peanuts & water

400 1846960 1896673 1579292 1746574 1497916
200 1256121 923594 1064185 957327 745551
100 524709 441457 447056 496336 308774
50 343878 324632 278904 312424 220553

Preparation of Fumigated Samples
I f  la b o r a to ry  g e n e r a t io n  o f  fu m ig a te d  sa m p le  is n e c e s s a r y ,  

th e  fo l lo w in g  p r o c e d u r e  m a y  b e  fo llo w e d :
P la c e  100 g  c le a n  m atrix  in an 8 o z  g la ss  ja r . C o v e r  ja r  

m o u th  w ith  1 la y e r  o f  parafilm . In jec t 2 m L  M e B r g a s  th rou gh  
parafilm  in to  ja r , u s in g  a  g a s-t ig h t  sy r in g e . C o v e r  m o u th  o f  
ja r  w ith  s e c o n d  la y e r  o f  p arafilm . A tta c h  sc r e w -c a p  lid  to  ja r  
and w ra p  n e c k  o f  ja r  w ith  se a lin g  ta p e . L e t  fu m ig a te d  sa m p le  
e q u ilib ra te  a t r o o m  te m p er a tu r e  o v e r n ig h t . A fte r  o v e r n ig h t  
e x p o s u r e ,  sa m p le  m a y  b e  e x p o s e d  to  w e ll v e n tila te d  air or  
trea ted  in s o m e  o th e r  d e s ir e d  fa sh io n .

Procedure
P ip et 2 m L  o f  p r e te s te d  d is t ille d  w a te r  in to  a h e a d sp a c e  

sa m p le  v ia l. A d d  1 g  sa m p le  to  b e  a n a ly z e d  to  v ia l. Im m e d i
a te ly  c a p  w ith  T e f lo n -lin e d  se p tu m  (T e flo n  s id e  to w a rd  sa m 
p le) an d  cr im p  a lu m in u m  c a p  o n  t ig h tly  w ith  c r im p in g  to o l.  
P la c e  v ia ls  c o n ta in in g  s ta n d a r d s and sa m p le s  in to  w a te r  bath  
o r  a u to sa m p le r  b a th  an d  le t e q u ilib ra te  fo r  a p p ro p ria te  tim e  
lis te d  in T a b le  2 ( i . e . , 1 h fo r  w h e a t , 2 h fo r  c o c o a  and flour, 
and 6  h fo r  p e a n u ts ) .

In jec t h e a d s p a c e  fro m  sta n d a r d s and sa m p le s  o n to  G C  
c o lu m n . M e B r  w ill  e lu te  in a p p r o x im a te ly  2 .4  m in . B e  su re  
all sa m p le s  and sta n d a r d s are  in je c te d  b e fo r e  th e  m a x im u m  
e q u ilib ra tio n  t im e  h a s  e la p se d  ( i .e . ,  10 h fo r  w h e a t  an d  p e a 

n u ts , an d  12 h fo r  c o c o a  an d  flou r). A s su r e  a g a in st  c a r r y o v e r  
b e tw e e n  sta n d a r d s a n d  sa m p le s  b y  f lu sh in g  th e  sy r in g e  w ith  
air  an  a p p ro p ria te  n u m b e r  o f  t im e s .

Calculation
P lo t p ea k  a r ea  v s  c o n c e n tr a t io n  o f  e q u ilib ra te d  w o r k in g  

sta n d a rd  fo r  m atrix  o f  in te r e s t .  P lo tt in g  p ea k  a rea  fo r  e a ch  
m atrix  is  s ig n if ica n t b e c a u s e  g e n e r a lly  th e  a rea  r e s p o n s e s  fo r  
M eB r  are so m e w h a t lo w e r  w ith  m atrix  p resen t than  fo r  m eth yl 
b r o m id e  in w a te r  o n ly ,  a s  sh o w n  in T a b le  1.

U s in g  M eB r  p ea k  a r ea  o b ta in e d  fo r  sa m p le , read  M eB r  
c o n c e n tr a t io n  d ir e c t ly  from  c a lib r a tio n  c u r v e  p lo tte d  in s te p
1. N o te :  T h is  ca lcu la tio n  p ro ced u re  a ssu m e s  c o n sta n t w e ig h ts  
fo r  b o th  sta n d a r d s  an d  sa m p le s . It is  a d v isa b le  th at id en tica l  
w e ig h ts  are  a lw a y s  u s e d  to  a ssu r e  m in im a l m atrix  e f fe c t s  on  
h e a d s p a c e  b e tw e e n  s ta n d a r d s an d  sa m p le s .

R esu lts  a n d  D iscu ssio n

A s  a n tic ip a te d , th e  h igh  v o la t il ity  o f  m e th y l b r o m id e  r esu lts  
in  a  h e a d s p a c e  m e th o d  w h ic h  is  s tr a ig h tfo rw a rd , rap id , and  
e ff ic ie n t  to  ca rry  o u t fo r  th e  m a tr ic e s  s tu d ie d . T h e  m e th o d  is  
c a p a b le  o f  d e te c t in g  m e th y l b r o m id e  at th e  0 .4  pp b  le v e l  b a sed  
o n  2 x  s ig n a l to  n o is e  o n  th e  c h r o m a to g r a m . F ig u r e s  1 and 2 
sh o w  th a t th e  c h r o m a to g r a m s are  u n c lu tte r e d  and e a s ily  
q u a n tita ted . F ig u re  1 is  th e  c h r o m a to g r a m  o f  th e  h e a d sp a c e  
o b ta in e d  from  a  sa m p le  o f  w h e a t  c o n ta in in g  0 .4  pp b  M eB r

Figure 1. Chromatogram of headspace from wheat sample: 0.4 ppb methyl 
bromide; methyl bromide retention time 2.39 min. Conditions as listed

in text.
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Figure 2. Chromatogram of headspace from peanut sample: 400 ppb 
methyl bromide; methyl bromide retention time 2.38 min. Conditions as 

listed in text.
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T i m e  ( H o u r s )

Figure 3. Equilibration study of headspace over wheat. Aqueous methyl bromide added to blank wheat.

Ti m* ( H o u r * )

Figure 4. Equilibration study of headspace over wheat. Distilled water added to fumigated wheat.

and F ig u re  2 is  th a t o f  th e  h e a d s p a c e  fro m  a sa m p le  o f  p e a n u ts  c o n s ta n t  te m p er a tu r e  b a th , an d  sa m p le d  at v a r io u s  t im e  in ter-
c o n ta in in g  4 0 0  pp b  M eB r . v a is .  T h e  ra te  o f  e q u ilib ra tio n  o f  m e th y l b r o m id e  fro m  th e

T w o  d e fin ite  c o n c e r n s  w ith  th is  h e a d s p a c e  m e th o d  are  th at so lu t io n  to  th e  m a trix  w a s  m o n ito r ed  b y  p lo tt in g  th e  c o n c e n -  
th e  h e a d s p a c e  o f  th e  sta n d a r d s b e  e q u iv a le n t  to  th e  h e a d s p a c e  tra tio n  o f  M e B r  in th e  v ia l h e a d s p a c e  a s  a  fu n c t io n  o f  t im e ,
o f  th e  s a m p le s , an d  th a t th e  v ia l h e a d s p a c e  b e  at eq u ilib r iu m  T h e  s e c o n d  c o n c e r n  w a s  a d d r e sse d  b y  d e te rm in in g  th e  tim e
w ith  th e  m a tr ix  a t th e  t im e  o f  in je c t io n . T o  a d d r e ss  th e  first req u ired  fo r  th e  m e th y l b r o m id e  from  fu m ig a te d  m atrix  to
c o n c e r n , sa m p le s  o f  m e th y l b r o m id e -fr e e  m atrix  w e r e  tr ea te d  e q u ilib ra te  w ith  th e  fu m ig a n t-fr ee  w a te r . T h e  fu m ig a te d  sa m -  
w ith  a q u e o u s  s o lu t io n s  o f  m e th y l b r o m id e , p la c e d  in th e  p ie s  w e r e  w e ig h e d  in to  sa m p le  v ia ls  an d  d is t ille d  w a te r  w a s
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Figure 5. Methyl bromide loss from fumigated wheat over time.

Table 2. Results of methyl bromide equilibration studies

Sample
matrix

Aqueous MeBr-to-sample 
equilibration w indow (h)

Fumigated sample-to- 
water equilibration window

Wheat 1-10 1-10
Flour 1-12 2-12
Cocoa 2-12 1-12
Peanuts 1-10 6-17

Table 3. Reproducibility of methyl bromide headspace method

Sample

Spiked samples Fumigated samples

CV, % Number CV, % Number

Wheat 4.4 10 6.5 6
Flour 3.4 10 8.3 4
Cocoa 4.5 10 3.3 10
Peanuts 7.8 10 11.6 10

Mean CV = 6.0%, n = 70

Table 4. Disappearance rate of methyl bromide in food commodities

Air exposure time, h

Sample Initial MeBr, ppb 6 12 24 48 240

Wheat 460 400 275 145 40 0
Flour 55 10 6 5 2 0
Cocoa 1600 1500 700 100 25 0
Peanuts 660 540 240 120 60 0

a d d ed . T h e  sa m p le s  w e r e  p la c e d  in th e  c o n s ta n t  tem p era tu re  
bath  a n d  sa m p le s  w e r e  w ith d ra w n  an d  in je c te d  at v a r io u s  
tim e  in te r v a ls .  F ig u r e s  3 an d  4  s h o w  th e  r e su lts  o f  th e se  
e q u ilib ra tio n  e x p e r im e n ts  fo r  w h e a t . E q u ilib r iu m  is  a c h ie v e d  
a fter  1 h , an d  n o  s ig n if ica n t lo s s  o f  m e th y l b r o m id e  o c c u r s  
u n til 10 h . T h u s , th e  h e a d s p a c e  o v e r  w h e a t  sa m p le s  c a n  be  
in je c te d  a n y tim e  fr o m  1 to  10 h. E a c h  o f  th e  o th e r  m a tr ic es  
w e r e  tr e a te d  in  th e  sa m e  m a n n er , w ith  sim ila r  r e su lts .

T a b le  2 su m m a r iz e s  th e  r e s u lts  o f  th e  e q u ilib ra tio n  e x p e r 
im e n ts  fo r  w h e a t , w h e a t  flou r , c o c o a ,  an d  p e a n u ts . T h e se  
r e su lts  s h o w  th at th e  sa m p le  h e a d s p a c e  fo r  w h e a t  c a n  b e  
in je c te d  b e tw e e n  1 an d  10 h . and flo u r  an d  c o c o a  c a n  be  
in je c te d  b e tw e e n  2 an d  12 h . T h e  fu m ig a te d  p e a n u ts  req u ire  
a  lo n g e r  e q u ilib ra tio n  t im e  b e c a u s e  o f  th e ir  large  p a r tic le  s iz e  
an d  h igh  fa t c o n te n t ,  b o th  o f  w h ic h  te n d  to  s lo w  th e  e q u ili
bration  p r o c e s s . T h e r e fo r e , p ea n u t sa m p le s  sh o u ld  b e  in jected  
b e tw e e n  6  an d  10 h.

B e c a u s e  o f  th e  d iff icu lty  o f  f in d in g  sa m p le s  w ith  in cu rred  
m e th y l b r o m id e , r e p r o d u c ib ility  s tu d ie s  w e r e  ca rr ied  o u t on  
sta n d a r d s ( i . e . , m e th y l b r o m id e -fr e e  sa m p le s  w ith  stan d ard  
a d d ed  to  th e  sa m p le  v ia l)  an d  o n  sa m p le s  fu m ig a te d  in th e  
la b o r a to ry  w ith  m e th y l b r o m id e  g a s . T h e  r e su lts  are  sh o w n  
in  T a b le  3 . T h e  o v e r a ll m e th o d  C V  o f  all sa m p le s  c o m b in e d  
w a s  6 .0% .

T o  m e a su r e  th e  rate  o f  d e c r e a s e  o f  m e th y l b r o m id e  in 
w h e a t , flo u r , c o c o a ,  an d  p e a n u ts  a fter  fu m ig a tio n , sa m p le s  
o f  e a c h  w e r e  fu m ig a te d  w ith  m e th y l b r o m id e  g a s . S a m p le s  
w e r e  a n a ly z e d  im m e d ia te ly  b y  th is  m e th o d  an d  th e n  a fter  
v a r io u s  tim e  in te r v a ls  o f  e x p o s u r e  o f  th e  sa m p le  to  air. F igu re  
5 s h o w s  th e  r e su lts  o f  th is  e x p e r im e n t  fo r  w h e a t . R e su lts  fo r  
th e  o th e r  m a tr ic e s  w e r e  sim ila r . T a b le  4  su m m a r iz e s  th e  
r e su lts  o f  th e  fu m ig a n t d isa p p e a r a n c e  rate  t e s t s .  T h e  m eth y l  
b ro m id e  c o n c e n tr a t io n  d e c r e a s e s  v e r y  rap id ly  in  a ll c a s e s ,  
and n o  r es id u a l m e th y l b r o m id e  c o u ld  b e  fo u n d  at th e  0 .4  ppb  
le v e l  in a n y  o f  th e  sa m p le s  a fter  2 w e e k s .  T h e  rapid  d isa p 
p e a r a n c e  o f  M eB r  in d ic a te s  th a t it is  h ig h ly  u n lik e ly  th a t an y  
res id u a l m e th y l b r o m id e  w ill rem a in  in fo o d  p r o d u c ts  i f  th e  
sta r tin g  in g r e d ie n ts  are  h e ld  an d  a e ra te d  fo r  an a p p ro p ria te  
tim e  sp a n .

O v e r a ll, th e  h e a d s p a c e  a p p ro a c h  to  th e  a n a ly s is  o f  m e th y l  
b r o m id e  in th e  4  c o m m o d it ie s  a llo w e d  large  b a tc h e s  o f  sa m 
p le s  to  b e  h a n d le d  w ith  a  m in im al a m o u n t o f  a n a ly s t  t im e  per  
sa m p le , w a s  a u to m a ta b le , an d  g a v e  an  e la p se d  sa m p le  tu rn 
aro u n d  tim e  a s  sh o r t a s  1 h.
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FEEDS
Hydrolysate Preparation for Analysis of Amino Acids in Sorghum Grains: Effect of Oxidative 
Pretreatment

ROBERT G. ELKIN and JOSEPH E. GRIFFITH'
Purdue University, Department o f Animal Sciences, West Lafayette, IN 47907

Sorghum samples were either untreated or oxidized with performic 
acid (PA) before hydrolysis, and their amino acid contents were deter
mined by cation exchange chromatography using an amino acid ana
lyzer. HC1 was used to destroy excess PA. Oxidative pretreatment of 
the samples resulted in increased yields of Cys (as cysteic acid), Met 
(as Met dioxide), and His, destroyed Tyr and Phe, and resulted in the 
appearance of an extraneous peak which most likely consisted of hal- 
ogenation by-products (HBP) of Tyr and Phe. The destruction of Tyr 
and Phe occurred despite the presence of phenol, a halogen scavenger, 
in both the PA and hydrolysis reagents. The higher His values observed 
in all oxidized samples most likely resulted from the co-elution of His 
with Tyr and Phe HBP. It was concluded that the complete (except 
Trp) amino acid content of a feedstuff cannot be accurately determined 
from only one oxidized hydrolysate preparation by using this particular 
procedure.

T h e  a c c u r a te  d e te r m in a tio n  o f  M et an d  C y s  is  p ro b a b ly  th e  
m o st d ifficu lt a sp e c t  o f  f e e d s tu f f  a m in o  a c id  a n a ly s is .  B e c a u se  
th e se  su lfu r  a m in o  a c id s  are  d e s tr o y e d  to  d iffe re n t d e g r e e s  
b y  a c id  h y d r o ly s is ,  th e y  m u st b e  c o n v e r te d  to  s ta b le  c o m 
p o u n d s  su c h  a s  c y s t e ic  a c id  (C y a ) and M et d io x id e  (M et 0 2) 
b e fo r e  h y d r o ly s is .  T h is  is  m o st  c o m m o n ly  a c h ie v e d  b y  o x i
d iz in g  sa m p le s  w ith  p e r fo rm ic  a c id  (P A ) (1 - 8 ) .  L a b ile  a m in o  
a c id s  su c h  a s  T y r , P h e , H is ,  an d  A rg  m a y  b e  d e s tr o y e d  to  
v a r y in g  e x te n ts  du rin g  th is  p r o c e d u r e  (9 ). H o w e v e r ,  in c lu s io n  
o f  p h e n o l in th e  o x id iz in g  an d  h y d r o ly s is  r e a g e n ts  h a s b e e n  
rep o rted  to  c o m p le te ly  p r o te c t  P h e , H is , and  A rg  and to  
m a rk ed ly  r e d u c e  th e  l o s s e s  o f  T y r  (1 0 , 11).

R e se a r c h e r s  a t th e  D a n ish  N a tio n a l In stitu te  o f  A n im a l 
S c ie n c e  h a v e  c o n d u c te d  an  e x h a u s t iv e  se r ie s  o f  in v e s t ig a 
t io n s  a im ed  at d e v e lo p in g  a  “ r a p id ”  m e th o d  o f  h y d r o ly sa te  
p rep a ra tio n  fo r  a m in o  a c id  d e te r m in a tio n s  in fe e d s tu ffs  (for  
su m m a ry , s e e  ref. 9 ). A  g e n e ra l o v e r v ie w  o f  th e ir  p r o c ed u r e  
(9) is  a s  fo llo w s:

S a m p le s  c o n ta in in g  10 m g n itr o g en  are o x id iz e d  w ith  P A  
(c o n ta in in g  p h e n o l)  a t 0°C  fo r  16 h b e fo r e  a c id  h y d r o ly s is .  
F o llo w in g  o x id a t io n , e x c e s s  P A  is  d e s tr o y e d  b y  th e  a d d itio n  
o f  so d iu m  d isu lf ite  an d  th e  sa m p le  is a c id -re flu x ed  fo r  23 h. 
T h e  h y d r o ly sa te  is  th e n  a d ju ste d  to  p H  2 .2 ,  d ilu ted  to  200  
m L , a n d  f iltered  o r  c e n tr ifu g e d  b e fo r e  a n a ly s is .

T h is  s tr e a m lin e d  p r o c e d u r e , w h ic h  p erm itted  th e  a c cu ra te  
d e te r m in a tio n  o f  a ll a m in o  a c id s  e x c e p t  T y r  and T rp , had  o n e  
m ajor d ra w b a ck : H y d r o ly s a te s  c o n ta in e d  h igh  c o n c e n tr a 
t io n s  o f  fo r m ic  a c id  a n d  so d iu m , w h ic h  are  d e tr im en ta l to  
se v e r a l c o m m e r c ia l  a m in o  a c id  a n a ly z e r s  (9 , 11). F u rth er 
m o r e , reg a rd in g  th e  r e c e n t  p o p u la r ity  o f  p a c k e d , s ta in le s s  
s te e l ,  n a r r o w -b o r e  c a t io n  e x c h a n g e  c o lu m n s  fo r  a m in o  a c id  
a n a ly z e r s  a n d  m o d u la r  liq u id  c h r o m a to g r a p h ic  s y s t e m s ,  the  
a p p lic a tio n  o f  th e  s tr e a m lin e d  p r o c e d u r e  m a y  b e  s e v e r e ly  
l im ite d  b e c a u s e  th e s e  e x p e n s iv e  c o lu m n s  c a n  b e  e a s ily  d a m 
a g e d  b y  h ig h  sa lt  c o n c e n tr a t io n s .

T h e  m ain  o b je c t iv e s  o f  th e  p r e se n t  s tu d y  w e r e  (I) to  m o d ify  
th e  stream lin ed  p ro ced u re  su ch  that th e  h y d ro ly sa te s  ob ta in ed
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w o u ld  b e  p o te n tia lly  le s s  d e s tr u c t iv e  to  c a t io n  e x c h a n g e  c o l 
u m n s , (2) to  d e te r m in e  i f  a c c u r a te  a n d  r ep ro d u c ib le  d a ta  co u ld  
b e  o b ta in e d  w ith  sm a ll ( le s s  th a n  1 g ) sa m p le s , and  (3) to  
ex a m in e  the  e ffe c t  o n  P he and T y r  stab ility  o f  in c lu d in g  ph en ol 
in  b o th  th e  o x id a t io n  an d  h y d r o ly s is  r e a g e n ts . In  a d d itio n , l - 
a m in o h e x a n o ic  a c id  (A h x )  w a s  u s e d  a s  an in tern a l stan d ard  
to  a c c o u n t  fo r  sm a ll v a r ia t io n s  in  sa m p le  p r ep a ra tio n , in je c 
tio n  v o lu m e , a n d /o r  c h r o m a to g r a p h y  (1 2 ). T rp , w h ic h  is  
d e s tr o y e d  b y  a c id  h y d r o ly s is  r e g a r d le ss  o f  o x id a t iv e  p re trea t
m e n t an d  is  m o s t  c o m m o n ly  d e te r m in e d  a fter  b a s ic  h y d r o ly s is  
(1 3 -1 6 ) ,  w a s  n o t a n a ly z e d .

E x p er im en ta l

Reagents and Apparatus
(a) Amino acid analyzer.— B e c k m a n  (P a lo  A lto ,  C A ) 119 

C L  a m in o  a c id  a n a ly z e r , p r e v io u s ly  d e sc r ib e d  (17) e x c e p t  
th a t a  H e w le tt-P a c k a r d  (P a lo  A lto ,  C A ) 3 3 9 0 A  in teg ra to r  
r e p la c e d  th e  M o d e l 126 d a ta  s y s te m .

(b ) Buffers and chemicals.— S o d iu m  c itr a te  b u ffer s  and  
S T D  h y d r o ly sa te  a m in o  a c id  c a lib r a tio n  s o lu t io n , C at. N o .  
3 3 8 0 8 8  (B e c k m a n  In str u m e n ts , I n c . ,  P a lo  A lto , C A ). L -C ya, 
L -M et 0 2, an d  L -A h x  (S ig m a  C h e m ic a l C o . ,  S t . L o u is ,  M O ). 
N in h y d r in  (P ie r c e  C h e m ic a l C o . ,  R o c k fo r d , IL ) . E th y le n e  
g ly c o l m o n o m e th y l e th er , 30%  h y d ro g en  p e r o x id e , 88%  form ic  
a c id , 1 -o c ta n o l, an d  h y d r o c h lo r ic  a c id  (F is h e r  S c ie n t if ic  C o .,  
F a ir  L a w n , N J ) . P h e n o l (M a llin c k r o d t C h em ic a l W o r k s , S t. 
L o u is ,  M O ).

Standard Preparation
O n e m L  o f  S T D  h y d r o ly sa te  a m in o  a c id  c a lib r a tio n  so lu 

t io n , 1 m L  o f  p H  2 .2 , 0 .2 N  so d iu m  c itr a te  b u ffer  (N a C )  
c o n ta in in g  2 .5  p.m ol e a c h  o f  L -C ya  and L -M et 0 2, an d  1 m L  
o f  N a C  c o n ta in in g  2 .5  p,m ol o f  L -A h x  w e r e  d ilu te d  to  a  to ta l 
v o lu m e  o f  5 m L  w ith  N a C  b e fo r e  in je c t io n . T h u s , th e  stan d ard  
c o n ta in e d  2 5 0  n m o l/m L  o f  L -C ys an d  500  n m o l/m L  o f  e a c h  
o f  th e  fo llo w in g :  L -A h x , L -A la , L -A rg , i .-A s p , L -C y a , l -G1u , 
G ly , L -H is , L -Ile , L -L eu , L -L y s , L -M et, L -M et 0 2. N H 3, l - 
P h e , L -P ro , L -S er , L -T hr, L -T yr, an d  L -V al.

Table 1. Dry matter, crude protein, and ether extract contents of the 5 
sorghums

Sorghum3

Harvest
Variety year

Dry matter,
%

Crude protein,
%

Ether extract,
%

RS610 1982 91.11 9.84 2.41
RS610 1983 89.97 10.77 2.86
Savanna 1982 88.99 9.23 2.27
Savanna 1983 87.80 9.39 2.97
BR64 1983 87.40 8.71 2.80

“Based on dry matter and ether extract contents, the amount of 
sorghum analyzed fo r amino acids per each 50 p.L hydrolysate injection 
was as follow s: RS610 (1982), 563 p.g; RS610 (1983), 572 p.g; Savanna 
(1982), 575 p.g; Savanna (1983), 587 p.g; BR64 (1983), 589 |ig.
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Figure 1. Calibration standard chromatogram. Each peak represents 25 nmol (Cys, 12.5 nmol). Peak 1 is buffer change peak. Cya =  cysteic acid; Met
0 2 =  Met dioxide; Ahx =  aminohexanoic acid.

Figure 2. Chromatogram of sorghum (BR64) hydrolysate not subjected to oxidative pretreatment. Peak 1 is buffer change peak. Ahx -  aminohexanoic
acid.

Figure 3. Chromatogram of sorghum (BR64) hydrolysate subjected to oxidative pretreatment. Peaks 1 and 2 are buffer change and (presumably) 
halogénation by-product peaks, respectively. Cya = cysteic acid; Met 0 2 =  Met dioxide; Ahx = aminohexanoic acid.



ELKIN & GRIFFITH: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985) 1119

Table 2. Amino acid composition of sorghum variety RS610,1982 
harvest

Amino acid Oxidized0,6 Unoxidized06
Asx6 0.702 ± 0.005 0.683 ± 0.003
Thr 0.319 ± 0.002 0.317 ± 0.006
Ser 0.436 ± 0.002 0.435 ± 0.007
Glx 2.056 0.009 2.091 ± 0.041
Pro 0.803 ± 0.005 0.821 ± 0.021
Gly 0.310 0.003 0.312 ± 0.002
Ala 0.916 ± 0.006 0.934 ± 0.016
Cys6 0.164 ± 0.004 0.093 ± 0.001
Val6 0.506 ± 0.005 0.516 ± 0.005
Met6 0.161 ± 0.004 0.139 ± 0.004
lie 0.396 ± 0.002 0.400 ± 0.006
Leu 1.371 ± 0.007 1.391 ± 0.029
Tyr6 0.024 ± 0.010 0.420 ± 0.011
Phe6 0.176 ± 0.015 0.516 ± 0.013
His6 0.247 ± 0.009 0.215 ± 0.003
Lys 0.183 0.001 0.183 ± 0.001
Arg6 0.372 0.001 0.382 ± 0.002

“Values are means ± SD in % (“as is" basis) for duplicate analyses of 
duplicate samples (thus n  = 4).

“After oxidative pretreatment and hydrolysis.
“After direct hydrolysis without oxidative pretreatment.
6P s0.05 for oxidized vs unoxidized.

Table 3. Amino acid composition of sorghum variety RS610,1983 
harvest

Amino acid Oxidized0,6 Unoxidized0,6
Asx 0.723 ± 0.017 0.711 ± 0.007
Thr 0.314 ± 0.005 0.306 ± 0.005
Ser 0.463 ± 0.017 0.480 ± 0.004
Glx6 2.140 ± 0.023 2.208 ± 0.018
Pro 0.870 ± 0.013 0.884 ± 0.008
Gly6 0.325 ± 0.005 0.333 ± 0.003
Ala6 0.960 ± 0.013 0.994 ± 0.007
Cys6 0.164 ± 0.004 0.099 ± 0.003
Val6 0.539 ± 0.009 0.553 ± 0.003
Met6 0.173 ± 0.003 0.129 ± 0.006
lie6 0.391 ± 0.006 0.401 ± 0.005
Leu6 1.461 ± 0.005 1.496 ± 0.014
Tyr6 0.020 ± 0.004 0.446 ± 0.008
Phe6 0.247 0.009 0.554 ± 0.006
His6 0.301 ± 0.004 0.241 ± 0.003
Lys 0.207 ± 0.003 0.205 ± 0.004
Arg6 0.401 ± 0.008 0.413 ± 0.001

“-"See Table 2.

Sample Preparation
(a ) Preliminary— Five different sorghum samples, repre

senting 3 varieties and 2 harvests, were finely ground in a 
Burr mill (Laboratory Construction Co., Kansas City, MO) 
and assayed for dry matter (18) and crude protein (19). Five 
g portions of each ground, dried sorghum were wrapped in 2 
Whatman No. 1 filter paper circles, 15 cm (Whatman Ltd, 
Kent, UK), and extracted with petroleum ether in a Soxhlet 
apparatus for 16 h to remove lipid before oxidation and/or 
hydrolysis.

(b ) Unoxidized samples—Two 800 mg moisture-free, 
defatted samples of each sorghum, corresponding to approx
imately 10 mg nitrogen, were placed in individual 250 mL 
round-bottom boiling flasks. Three glass beads and 125 mL 
6N HC1 containing phenol (1 mg/mL) and L-Ahx (41.98 \x g l  

mL)2 were added and flasks were placed in a reflux apparatus. 
Following a 23 h reflux, measured from the time of boiling 
(9), hydrolysates were filtered, cooled, and diluted to 200 mL 
with water. Twenty-five mL of each hydrolysate was evap
orated to near dryness in a rotary evaporator (50°C). Several 
mL of water was added, and the sample was evaporated to

2Prepared by adding equal volumes o f concentrated HC1 and a solution 
containing phenol (2 m g/m L) and L-A hx (83.96 p.g/mL) in water.

dryness. Following a second water addition and evaporation, 
the residue was dissolved in 10 mL of NaC and refrigerated. 
Each sample was filtered (Millex-HV, 0.45 p.m, Millipore 
Corp., Bedford, MA) before analysis.

(c) Oxidized samples.—Two 800 mg moisture-free, defat
ted samples of each sorghum, corresponding to approxi
mately 10 mg nitrogen, were placed in individual 250 mL 
round-bottom boiling flasks. PA was prepared by mixing 30% 
hydrogen peroxide (H20 2) and 88% formic acid (FA) contain
ing phenol (5.56 mg/mL) in the ratio of 1 part FL02 to 9 parts 
FA (1). The mixture was kept at room temperature for 60 min 
and, then the oxidizing reagent and sorghum samples were 
cooled in an ice water bath (0°C) for 15 min. Five mL of PA 
was carefully mixed with each sorghum sample using a bent- 
tip glass spatula (9, 11). The flasks, still containing the spa
tulas, were sealed with parafilm “M” (American Can Co., 
Greenwich, CT) and placed in an ice water bath in a refrig
erator at 0°C for 16 h. On completion of the oxidation, excess 
PA was destroyed by adding 1 mL concentrated HC1 to each 
flask, swirling, and then adding 4 drops of 1 -octanol to prevent 
foaming. Because chlorine gas is released during this step, 
the HC1 addition was conducted in a hood. Each flask was 
allowed to stand for 15 min at which time the glass spatulas 
were rinsed with 5 mL water and removed. Samples were 
then rotary evaporated (50°C) to dryness; extreme care was 
taken to avoid any sample losses caused by foaming. Begin
ning with the addition of 3 glass beads and 125 mL 6N HC1

Table 4. Amino acid composition of sorghum variety Savanna, 1982 
harvest

Amino acid Oxidized0,6 Unoxidized0,6

Asx6 0.656 ± 0.009 0.627 ± 0.007
Thr6 0.300 0.002 0.291 ± 0.003
Ser 0.411 ± 0.002 0.409 ± 0.004
Glx 1.949 ± 0.011 1.952 ± 0.014
Pro 0.749 ± 0.006 0.751 ± 0.007
Gly 0.294 ± 0.001 0.293 ± 0.002
Ala 0.869 ± 0.007 0.873 ± 0.005
Cys6 0.152 ± 0.001 0.084 ± 0.001
Val 0.485 ± 0.003 0.482 ± 0.002
Met6 0.159 ± 0.002 0.130 + 0.004
lie 0.371 ± 0.003 0.368 ±0.001
Leu 1.301 ± 0.010 1.298 ± 0.008
Tyr6 0.017 ± 0.002 0.393 ± 0.001
Phe6 0.291 ± 0.012 0.480 ± 0.002
His6 0.288 ± 0.002 0.204 ± 0.003
Lys 0.162 ± 0.001 0.165 ± 0.008
Arg6 0.345 0.002 0.354 ± 0.003

“- “See Table 2.

Table 5. Amino acid composition of sorghum variety Savanna, 1983 
harvest

Amino acid Oxidized0,6 Unoxidized06

Asx6 0.655 0.002 0.628 ± 0.004
Thr6 0.299 ± 0.001 0.295 ± 0.002
Ser 0.397 0.003 0.394 ± 0.004
Glx 1.785 ± 0.019 1.779 ± 0.019
Pro 0.675 ± 0.011 0.669 ± 0.008
Gly 0.315 0.001 0.316 ± 0.001
Ala 0.793 ± 0.007 0.792 ± 0.007
Cys6 0.160 ± 0.001 0.091 ± 0.002
Val 0.473 ± 0.006 0.469 ± 0.003
Met6 0.165 0.002 0.143 ± 0.001
lie 0.350 ± 0.002 0.347 ± 0.003
Leu 1.165 ± 0.012 1.155 ± 0.014
Tyr6 0.017 ± 0.002 0.365 ± 0.003
Phe6 0.239 ± 0.018 0.442 ± 0.003
His6 0.272 0.010 0.206 ± 0.003
Lys 0.202 ± 0.003 0.205 ± 0.004
Arg6 0.396 ± 0.002 0.404 ± 0.001

“-"See Table 2.
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Table 6. Amino acid composition of sorghum variety BR64,1983 
harvest

Amino acid Oxidized“-6 Unoxidized*-6
Asx6 0.593 ± 0.009 0.564 ± 0.004
Thr6 0.285 0.003 0.278 ± 0.001
Ser 0.394 ± 0.001 0.395 ± 0.002
Glx6 1.693 ± 0.005 1.711 ± 0.003
Pro" 0.689 ± 0.006 0.700 ± 0.006
Gly 0.298 ± 0.002 0.295 ± 0.003
Ala" 0.753 ± 0.004 0.765 ± 0.004
Cys6 0.163 0.001 0.099 ± 0.005
Val 0.435 ± 0.004 0.434 ± 0.004
Met6 0.164 ± 0.001 0.142 ± 0.001
lie 0.339 ± 0.001 0.339 ± 0.001
Leu6 1.133 ± 0.006 1.143 ± 0.002
Tyr6 0.041 0.001 0.357 ± 0.002
Phe6 0.097 0.012 0.447 ± 0.003
His6 0.249 ± 0.006 0.236 ± 0.003
Lys 0.192 ± 0.001 0.193 ± 0.006
Arg 0.380 ± 0.002 0.381 ± 0.005

“-"See Table 2.

containing phenol and L-Ahx to each flask, all subsequent 
steps were identical to those described for the unoxidized 
samples.
Chromatographic Procedures

Chromatographic procedures for sodium cation exchange 
chromatography have been previously described (17) except 
that the initial column temperature was 49°C and the elution 
time for the first buffer was increased from 22 to 25 min. 
Calibration runs with 50 |xL of the standard solution, corre
sponding to 25 nmol of each amino acid except Cys (12.5 
nmol) per injection were performed daily. Fifty |ulL aliquots 
of each sorghum hydrolysate were run in duplicate. The actual 
amount of sorghum analyzed per injection ranged from 563 
to 589 |xg, depending on the dry matter and ether extract 
contents of the sample (Table 1).

Statistics
Student’s t-tests (20) were performed to compare oxidized 

and unoxidized data within and across sorghums.

Results
Representative calibration standard and unoxidized and 

oxidized sorghum (BR64) hydrolysate chromatograms appear 
in Figures 1-3, respectively. Sample oxidation before hydro
lysis increased yields of Cys (as Cya), Met (as Met 0 2), and 
His, destroyed Tyr and Phe, and resulted in the appearance 
of a well resolved extraneous peak (peak 2, Figure 3) which 
most likely consisted of halogénation by-products of Tyr and 
Phe (5, 9-11, 21). The above results were consistent within 
(Tables 2-6) and across (Table 7) sorghums.

With regard to the amino acids other than Cys, Met, His, 
Tyr, and Phe, significant differences resulting from oxidative 
pretreatment were observed in 22 cases across the 5 sorghum 
samples (Tables 2-6), although in 16 of these instances the 
numerical differences between oxidized and unoxidized val
ues were less than 0.020%. This was most likely attributed 
to the excellent precision attained in this study, as 15 of the 
17 amino acid coefficients of variation (CV) averaged across 
sorghums were between 0.60 and 2.00%. Because oxidation 
markedly destroyed Tyr and Phe, these amino acids exhibited 
higher average coefficients of variation.

Discussion
HC1, rather than HBr (1,8) was used as the reducing agent 

in the present study to avoid the tendency of the latter to 
condense in the stem of the rotary evaporator before reaching

Table 7. Average amino acid composition of the 5 sorghum samples

Amino acid Oxidized“-11 Unoxidized“-6

Asx 0.666 0.047 0.643 ± 0.052
Thr 0.303 ± 0.013 0.297 ± 0.014
Ser 0.420 ± 0.028 0.422 ± 0.033
Glx 1.924 ± 0.171 1.948 ± 0.192
Pro 0.757 ± 0.075 0.765 ± 0.081
Gly 0.308 ± 0.012 0.310 ± 0.015
Ala 0.858 ± 0.079 0.871 ± 0.088
Cys6 0.160 ± 0.005 0.093 ± 0.006
Val 0.488 ± 0.036 0.491 ± 0.042
Met6 0.165 ± 0.005 0.137 ± 0.007
lie 0.369 ± 0.023 0.371 ± 0.027
Leu 1.286 ± 0.127 1.297 ± 0.140
Tyr6 0.024 ± 0.010 0.396 ± 0.035
Phe6 0.210 ± 0.070 0.488 ± 0.044
His6 0.271 0.023 0.221 ± 0.016
Lys 0.189 0.016 0.190 ± 0.016
Arg 0.379 0.021 0.387 ± 0.021

“Values are means ± SD in % (“as is” basis) (n  = 20). 
‘-"See Table 2.

the condenser (1). Although some sample foaming occurred 
during the removal of residual chlorine and FA by rotary 
evaporation, it did not pose a major problem if the flasks were 
frequently monitored. Sodium disulfite can also be used to 
destroy excess PA, but the hydrolysate must be neutralized, 
rather than concentrated by evaporation, which results in 
high sodium concentrations (9, 11, 22).

The use of HC1 to destroy excess PA increased the sample 
preparation time, but it was felt that this was justified consid
ering the alternatives of potential evaporation problems with 
HBr or shorter column life, and thus higher costs per analysis, 
with sodium disulfite. Furthermore, despite the increased 
amount of sample manipulation, accurate and reproducible 
data were obtained using small (less than 1 g) samples.

Contrary to previous reports (9, 11), the inclusion of phenol, 
a halogen scavenger, in both the oxidation and hydrolysis 
reagents did not prevent the marked destruction of Tyr and 
Phe. In addition, the higher His values observed for all oxi
dized sorghums as compared to unoxidized samples can prob
ably be attributed to co-elution with halogenation by-prod
ucts of Tyr and Phe which have been reported to interfere 
with the chromatography of His (5, 9, 11). Although Tyr can 
be mono- or dichlorinated by the action of chlorine liberated 
when H20 2 reacts with chloride (21), Tyr losses caused by 
oxidation can occur at temperatures above 0°C in the absence 
of chloride (5, 23). Therefore, the complete (except Trp) 
amino acid content of a feedstuff cannot be accurately deter
mined from only one oxidized hydrolysate preparation, using 
this particular procedure.

Considering the recent controversy over guaranteed amino 
acid levels on commercial feed labels (24-26), the variability 
of amino acid data between laboratories (6, 22, 25, 27), and 
the economic importance of analyzing feedstuffs to accu
rately formulate poultry and livestock feeds (8), a standard 
method of hydrolysate preparation would be desirable. How
ever, because of the many different chemistries and various 
instrument configurations presently being used for amino acid 
analyses, the element of systematic error (28) would remain. 
This is substantiated by a recent collaborative study on feed
stuff amino acid determination, involving a total of 30 labo
ratories from 8 European Economic Community countries
(22), where over 25% of all data obtained were rejected for 
various reasons.
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Disposable Cartridge Extraction of Retinol and a-Tocopherol from Feedstuffs

C L A U D E  F. B O U R G E O I S ,  S Y L V I E  H . H E L ,1 J E A N - P I E R R E  B E L L I O T , P H I L I P P E  R . G E O R G E ,  
a n d  C A T H E R I N E  A . S L O M I A N N Y
F. Hoffmann-La Roche et Compagnie, 59, Boulevard Pasteur, 94120 Fontenay Sous Bois, France

Automated determination of fat-soluble vitamins by modern methods 
such as liquid chromatography is hampered by the initial extraction 
step. A simple technique is proposed that allows an appreciable increase 
in the actual rates of determination. Feedstuff samples are first hydro
lyzed in an aqueous alcohol (mainly methanol)-potassium hydroxide 
solution. Instead of extracting retinol and a-tocopherol from the hydro
lysis solution by an organic solvent, an aliquot of the solution is mixed 
with a small volume of a strong antioxidant solution (ascorbic acid) 
and pipetted onto a kieselguhr disposable cartridge where it is adsorbed. 
Retinol and a-tocopherol are eluted with isooctane at normal pressure. 
The proposed method has been compared with conventional techniques 
on many feed samples.

Methods for extraction of retinol from feeds and foods have 
not progressed a great extent in previous decades. Methods 
used today (1) are quite similar to older ones (2-4). These 
methods are based on alkaline hydrolysis followed by liquid/ 
liquid partitions between aqueous alcoholic and organic sol
vent phases. The AOAC method specifies centrifugation after 
partition, and then pipetting of the lower phase (1). Our own 
former method necessitated 3 extractions with petroleum 
ether-diethyl ether and 3 water washings.

In addition, the problem of how much feed sample to weigh 
and hydrolyze has not been satisfactorily addressed. For a

Received January 30, 1984. Accepted May 16, 1985.
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la N u trition  et à l ’A lim en ta tion, D ijon , France.

retinol concentration of 5000 IU/lb, the AOAC method simply 
specifies that sample weight must be >40 g. Bourgeois recently 
demonstrated that the minimum theoretical coefficient of 
variation for a 40 g sample is equal to 16% for usual com
mercial forms of vitamin A containing 500 000 IU/g (and even 
19.5% for a 750 000 IU/g form) (5).

Tocopherol extraction techniques have also not evolved 
much. Here the situation is complicated by 2 opposite 
approaches: One consists of first extracting a-tocopherol with 
an organic solvent (such as acetone, ethanol) and then hydro
lyzing the extracted lipids with a base. The alternative approach 
is direct hydrolysis of the sample with KOH in aqueous 
alcohol and extraction of the unsaponifiable matter with an 
organic solvent.

The first approach has been employed by researchers con
cerned with vegetable tissues, cereals, grains, and oils (6-9), 
and animal tissues (10). The AOAC method (11) for foods 
and feeds consists of an overnight Soxhlet extraction with 
ethanol followed by hydrolysis of the extracted lipids. The 
alternative technique has been employed by many authors 
(12-14). We have been using this approach for about 10 years 
in foods and feeds with satisfaction.

Recently, McMurrey et al. compared both alternatives and 
found better results with the direct hydrolysis method (15). 
Yet the question remains open.

Whatever the approach, the treatment of the unsaponifiable 
fraction (containing retinol or a-tocopherol) is cumbersome.
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Figure 1. Laboratory-designed loading press for preparing columns.

The numerous liquid/liquid extractions and washings are time 
consuming, and prevent automation of fat-soluble vitamin 
determinations. Moreover, the solvents used are dangerous 
and expensive, and the frequent emulsions reduce the anal
ysis rate and affect accuracy of the results.

METHODS 

I. Proposed Procedure

Reagents
(a) Pyrogallol solution.—Dissolve 0.1 g pyrogallol in 4 mL 

water. Add 20 mL ethanol and adjust to 100 mL with meth
anol. Prepare daily.

(b) Potassium hydroxide aqueous solution.—Dissolve 700 
g KOH (86% w/w) in 600 mL water and adjust to 1 L.

(c) Ascorbic acid aqueous solution.—20% (w/v) in water. 
Prepare daily.

(d) Disposable cartridges.—Extrelut (E. Merck cartridges 
11737 and fillings 11738). Small plastic columns containing 
kieselguhr (16, 17) packing 8 cm depth, 3 cm diameter, and 
weighing about 10 g. Operate columns under normal pressure. 
Columns may be reloaded 20 times or more.

Hydrolysis
Weigh 50 or 100 g feed sample (for a-tocopherol or for 

retinol and retinol plus a-tocopherol) or 10-20 g premix in 1 
L low actinic long-neck boiling flask. Add 400 mL pyrogallol 
solution and 80 mL KOH solution. Weigh flask, attach reflux 
condenser, and heat 20 min under nitrogen. Shake flask from 
time to time or, preferably, use magnetic stirrer. Rinse con
denser with 20 mL water and weigh flask again. Bring weight 
to its initial value plus 20 g with 2-3 mL ethanol if necessary. 
Heating should last 20 min from beginning of reflux.
Preparation of Cartridges

One can employ ready-to-use columns (already filled), but 
the kieselguhr weight varies. We usually fill empty columns 
with kieselguhr powder sold in small bags. It is necessary to 
weigh 10 g. After filling, the powder is homogenized with a 
vibrating agitator.

Note: We designed a small loading-press (see Figure 1) to 
make the loading easier. This press is ca 40 cm high (plus 20 
cm for the handle) and 12 cm wide x 18 cm long at the base.

Table 1. Parallel extractions of retinol with cartridges and conventional 
liquid/liquid partition*

Sample

Conventional
technique,

lU/kg

Cartridge
technique,

lU/kg
Cart./Conv. 

x 100, %

Pig feed 5 220 5 330 102
Chick feed 9 482 9 821 103.6
Pig feed 4 487 4 840 108
Chick feed 13 330 13 500 101.3
Cattle feed 12 260 11 840 96.6
Chicken feed 5 795 6 311 109
Chicken feed 6 467 6 774 104.7
Premix 397 330 405 640 102
Premix 2000 000 2080 000 104
Premix 1700 000 1750 000 103
Growing chick feed 8 271 8 253 99.8
Chick feed 10 131 10 519 103.8
Chicken feed 9 544 9 868 103.4
Growing chick feed 8 922 9 040 101.3
Premix 2238 000 2339 000 104.5
Premix 4920 000 4935 000 100.3
Premix 1850 000 1930 000 104
Average, % 103.0
CV, % 2.8

"Results are averages of duplicate determinations.

Table 2. Parallel extractions of a-tocopherol with cartridges and 
conventional liquid/liquid partition

Conventional Cartridge 
technique, technique, Cart./Conv.

Sample Detns ppm ppm x 100, %
Broiler premix 2 331.9 364.4 109.8
Laying chick 2 33.3 38.1 114.3
Broiler feed 2 32.55 35.1 107.9
Pig feed 2 22.5 24.35 108.2
Broiler feed 2 66.0 71.9 108.2
Laying chick 2 86.5 91.45 105.7
Broiler premix 2 186.2 199.4 107.1
Laying chick 2 56.3 60.7 107.9
Minerals and vitamins 2

premix (MVP) 454.8 492.3 108.2
Milk 3 11.5 12.1 105.4
MVP 4 3 723.1 3 765.4 101.1
MVP 4 6 782.8 6 849.4 101.0
MVP 4 8 891.9 9 075.9 102.0
MVP 3 1 267 1 275.3 100.6
MVP (at 4%) 2 789.8 848.5 107.4
MVP (at 4%) 2 798.5 817.6 102.4
MVP (at 4%) 2 823.15 834.5 101.4
Liquid feed 2 3.6 3.7 102.9
Average, % 105.3
CV, % 3.6

It can load 2 columns simultaneously (it is possible to man
ufacture presses that can load more than 2 columns simulta
neously). After column is filled with kieselguhr powder and 
settled with a vibrating agitator, it is placed into the press 
and the hand-lever is lowered so as to slightly compress the 
powder.

Extraction
Let hydrolysis solution cool to room temperature; pipet

40.0 mL aliquot into 50 mL low actinic volumetric flask. 
Adjust to mark with ascorbic acid solution. Shake and trans
fer 15.0 or 20.0 mL (see discussion) of this solution onto 
cartridge. Wait 15 min, set 50 mL volumetric flask under 
column, and elute with 60 mL isooctane. Elution lasts ca 25 
min, and ca 40 mL isooctane is collected. Keep flask in freezer 
( -  18°C) and adjust volume with isooctane just before deter
mination.

Just after use, discard adsorbent, and dip column in aqueous 
solution of Mucapur® (Merz Co., GFR) for 1 h. Then column 
may be washed with rest of glassware. Column can be reloaded 
several times (at least 20).
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Table 3. Reproducibility of proposed method

Kieselguhr, g
Retinol a-Tocopherol

CV, % IU CV, % IU
8 4.4 1045 2.3 2.36

10 2.4 1074 2.0 2.38
12 3.3 1081 1.9 2.37

Table 4. Recovery of retinol

Sample
Concentration, 

IU /kg Recovery, %

Chick 1 feed 17 000 113.9
Chick 2 feed 10 000 90.2
Chick 3 feed 18 000 100.2
Starting chick feed 6 400 98.5
Dairy cow feed 3 500 94.1
Premix A 3 000 000 107.7
Premix B 1 900 000 111.0
Premix C 2100 000 93.4
Premix D 950 000 101.7
Average, % 101.2

II. Conventional Procedure for a-Tocopherol Samples 
Reagent

Diethyl ether.—Less than 1 ppm peroxides, analytical grade.

Hydrolysis
Same as in I.

Extraction
Transfer 100 mL aliquot of hydrolysis solution (I) to sep

aratory funnel. Add 50 mL water and 120 mL diethyl ether, 
and extract unsaponifiable matter. Extract twice again with 
120 mL diethyl ether. Collect ether phases and wash 3 times 
with 100 mL water. Final water phase must be neutral. Take 
aliquot of ether solution (volume depends on sample concen
tration and sensitivity of method), add 2-3 mL ethanol, and 
evaporate at 50°C under vacuum. Dissolve residue in solvent 
used for determination of a-tocopherol.

III. Conventional Procedure for Retinol Samples 
Reagent

Petroleum ether (60-80°C) and anhydrous sodium sul
fate.— Both analytical grade.

Hydrolysis
Same as in I.

Extraction
Pipet 100 mL aliquot of hydrolysis solution into separatory 

funnel. Add 60 mL water. Extract 3 times with 100 mL petro
leum ether (60-80°C). Add 20 mL diethyl ether each time, to 
break emulsion. Wash collected ether phases 3 times with 
100 mL water. Final water phase must be neutral. Filter 
through anhydrous sodium sulfate, evaporate eluate with 
rotatory evaporator, and dissolve residue with solvent used 
for determination of retinol.

Results and Discussion
We assayed retinol and a-tocopherol, but our method does 

not determine the other tocopherol homologs (18).
Since retinol and a-tocopherol are easily oxidizable, it is 

necessary to stabilize the aliquot taken from the hydrolysis 
solution with a strong antioxidant such as ascorbic acid, 
previous to the extraction. Ascorbic acid is not very soluble

in ethanol, which is commonly used as hydrolyzing solvent, 
so it is necessary to use methanol instead. Feedstuff samples 
must not be too fatty. We have compared the proposed method 
with our former liquid/liquid partition methods (called here 
“conventional methods”) for either retinol or a-tocopherol. 
Four aliquots of the same hydrolysis solution were taken: 
Two were treated according to the proposed technique and 
the other 2 were extracted according to the conventional 
technique. Finally, retinol was determined by liquid chro
matography and a-tocopherol was determined with our new 
continuous flow method (18). As can be seen on Tables 1 and 
2, the results obtained with the proposed and the conventional 
techniques are in good agreement.

Statistical Evaluation
(a) Retinol (see Table 1).—The mean value obtained with 

the proposed method is slightly higher (103%) than that obtained 
with the liquid/liquid partition method. The coefficient of 
variation (CV) of the ratio of results obtained with both meth
ods is equal to 2.8%. The paired /-test applied to results in 
Table 1 shows that the compared extraction techniques give 
significantly different results: The calculated value is equal 
to 2.36 and the /-value for 16 degrees of freedom and a 5% 
significance level is 2.12.

(b) a-Tocopherol (see Table 2).—The mean value obtained 
with the proposed method is slightly higher (105.3%) than 
that obtained with the conventional method. The CV of the 
ratio of the results obtained with both methods is equal to 
3.6%. The paired /-test applied to results in Table 2 shows 
that the compared extraction techniques give significantly 
different results: The calculated value of / is equal to 2.67 
and the /-value for 17 degrees of freedom and a 5% signifi
cance level is 2.11.

The significantly higher results for the proposed method 
mean either that these vitamins are not completely extracted 
by liquid/liquid partition, or that a small amount is destroyed 
during partition.

Reproducibility.—The coefficients of variation for the 
extractions from hydrolyzed standard solutions containing 
1100IU retinol acetate and 2.50 IU a-tocopherol acetate were 
determined with cartridges filled with either 8, 10, or 12 g

Table 5. Recovery of a-tocopherol

Sample
Concentration,

mg/kg Recovery, %

Chick feed 1 30 85.0
Chick feed 2 23 103.7
Chick feed 3 34 97.3
Starting chick feed 13 106.5
Layer feed 30 106.6
Dairy cow feed 22 106.1
Premix 1 176 111.1
Premix 2 1800 102.3
Premix 3 350 95.1
Premix 4 1700 102.5
Premix 5 335 94.4
Average, % 101

Table 6. Percentages of retinol in 10 mL isooctane fractions eluted 
from column

Fraction Retinol, % Fraction Retinol, %

1 67.7 1 64.1
2 26.1 2 27.5
3 6.2 3 7.3
4 0 4 1.1
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Table 7. Percentages of a-tocopherol in 10 mL Isooctane fractions 
eluted from column

Fraction a-Tocopherol, % Fraction a-Tocopherol, %
1 79.5 1 77.8
2 12.3 2 13.3
3 4.8 3 5.4
4 3.4 4 3.5

Table 8. Comparison of assays with 15 and 20 mL aliquots layered 
onto cartridges (standard solutions)

Vitamin 15 mL (A) 20 mL (B)
A-B/B 

X 100

Retinol 95.74 97.0 -  1.3
'102.8 101.8 +  0.8

(a-T), 98.0 97.4 + 1.0
96.6 95.7 + 0.9
96.0 99.0 -  3.0

101.0 104.0 -  2.9
(a-T)2 102.0 100.0 + 2.0

101.0 103.0 -  1.9
103.0 102.0 + 1.0

Retinol = hydrolyzed standard retinol acetate.
(a-T), = hydrolyzed standard d ,/-a-tocopherol.
(a-T)2 = hydrolyzed standard d ,/-a-tocopherol acetate. 
Results expressed in international units.

kieselguhr. Ten assays were run with the 10 g columns and 5 
with the 8 and 12 g columns. The obtained CV values and 
averages are shown on Table 3.

Recovery.—Samples were first assayed to determine actual 
levels of retinol and a-tocopherol then aliquots of standard 
solutions were added, after the alkaline hydrolysis step. The 
known amounts of added vitamins were approximately equal 
to the amounts originally present in the samples. The recov
ery factor was calculated by subtracting the result obtained 
for the unsupplemented sample from the one obtained for the 
supplemented sample and dividing by the known added amount.

Tables 4 and 5 show the results obtained from double 
determinations. The average recovery factors were 101.2% 
for retinol and 101% for a-tocopherol. When 60 mL isooctane 
is poured onto the cartridge to elute the vitamins only 40 mL 
is recovered.

To locate the point of elution, we separated eluates in four 
10 mL fractions and determined retinol or a-tocopherol in 
each fraction. This operation was carried out twice, starting 
from hydrolyzed standard solutions; 60 IU retinol and 70 pg 
a-tocopherol were layered onto the columns. As can be seen 
in Table 6, about 65% retinol elutes with the first 10 mL 
fraction, whereas only 1% remains in the last 10 mL. Table 
7 shows that about 79% a-tocopherol elutes with the first 
fraction and only 3% with the last one. Since the latter is less 
polar, it elutes faster.

Maximum Capacity of Cartridges
The amounts of retinol and a-tocopherol pipetted onto 10 

g columns are usually about 30 IU and 0.1 mg, respectively, 
for feedstuffs. We have tried to layer amounts of 300 and 
3000 IU retinol (5 assays each) as well as 5.0 and 10.0 mg a- 
tocopherol (4 assays each), from reference standard solu
tions. The recoveries were 99.2 and 100%, respectively, for 
retinol and 97 and 99.3%, respectively, for a-tocopherol.

From the results obtained in Tables 1-7, it can be con
cluded that extractions with disposable cartridges are satis
factory. Yet we had problems with several samples. In these 
cases, the aliquot layered on top of the cartridge was not 
completely adsorbed and part of it eluted prematurely. This

happened with fatty feedstuffs and large amounts (100 g). In 
these cases, one can use aliquots of 15 mL instead of 20 mL, 
or carry out a conventional liquid/liquid extraction.

Tables 8 and 9 show results obtained with 15 and 20 mL 
aliquots. The assays were run in parallel.

Pure retinol acetate was hydrolyzed and extracted accord
ing to the proposed method and aliquots of either 15 or 20 
mL were layered onto the columns. Four determinations of 
retinol were then carried out (by LC); the average results are 
given in Table 8. The average difference is only -  0.25%. 
The same procedure was applied to pure d, /-a-tocopherol (a- 
T), and pure d./-a-tocopherol acetate (a-T);. Two a-toco- 
pherol determinations were carried out after extraction. Results 
given in Table 8 are averages of these 2 determinations. The 
average difference for (a-T), and (a-T)2 together is only 0.4%.

Double determinations of retinol and a-tocopherol were 
made following extractions. The average difference was only 
+ 1.4% for retinol and + 1.7% for a-tocopherol (Table 9).

To determine how much fat the column can tolerate, we 
hydrolyzed increasing amounts of lard (a saturated fat) or 
soya-bean oil (an unsaturated fat) under the conditions given 
in the proposed procedure, and layered 20 mL aliquots onto 
the columns. The maximum amounts (in the whole hydrolysis 
solution) were 2.4 g lard or 3.6 g soya-bean oil. As can be 
seen in Tables 10 and 11, recoveries of standard retinol and 
a-tocopherol solutions were satisfactory up to these limits. 
Duplicate determinations were carried out on the extracts. 
The natural retinol content of lard and soya-bean oil was

Table 9. Comparison of assays with 15 and 20 mL aliquots layered 
onto cartridges (feedstuff solutions)

15 mL (A), 20 mL (B), A-B/B
Feedstuff IU /kg IU /kg X 100

Retinol
Sheep 5 322 5 211 + 2.1
Cattle 18 091 17 292 + 4.6
Sow 21 316 20 760 + 2.7
Broiler 8 342 8 458 -  1.3
Broiler 8 622 8 570 + 0.6
Chick 9 941 9 954 -  0.1
Av. diff. + 1.4

a-Tocopherol
Laying chick 13.7 13.8 -  0.7
Pig 59.6 57.3 +  4.0
Type unknown 61.4 62.0 -  1.0
Laying chick 12.6 12.9 -  2.3
Cattle 28.7 28.0 +  2.5
Pig 28.2 26.3 +  7.2
Pig 46.2 45.9 +  0.6
Pig 34.3 34 +  0.9
Laying chick 11.4 11.6 -  1.7
Pig 50.0 47.2 +  5.9
Sheep 55.2 52.8 +  4.5
Pig 23.8 23.4 +  1.7
Av. diff. +  1.7

Table 10. Recoveries of retinol and a-tocopherol from hydrolysis 
solutions containing soya-bean oil, after extraction on cartridges

Amt oil, g Retinol, % a-Tocopherol, %
0 100 100

2.0 100.8 98.7
3.4 100.9 98.1
3.6 104.0 97.6
3.8 __a __a

aThe 20 mL aliquot of hydrolysis solution has not been completely 
retained by the cartridge.
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Table 11. Recoveries of retinol and a-tocopherol from hydrolysis 
solutions containing lard, after extraction on cartridges

Amt lard, g Retinol, % a-Tocopherol, %

0 100 100
1.0 101.7 102.0
2.0 96.0 98.6
2.2 103.5 97.4
2.4 95.0 95.6
2.6 —3 _a

aThe 20 mL aliquot of hydrolysis solution has not been completely 
retained by the cartridge.

zero. The a-tocopherol content of soya-bean oil was deter
mined with a specific method (18). It was first estimated, then 
the value was subtracted from the results found for the stan
dard a-tocopherol solutions mixed with soya-bean oil. Thus 
it can be concluded that the column is satisfactory until the 
aliquot is no longer completely retained.

Notes: (I) Results given in Tables 1-7, 10, and 11 were 
obtained with 20 mL aliquots layered onto the columns. (2) 
When retinol and a-tocopherol concentrations in the hydro
lysis solution are sufficiently high, it is preferable to layer 15 
mL aliquots onto the column, because of the risk of unsat
isfactory column performance. (2) Use of disposable columns 
has another advantage: retinol and a-tocopherol can be 
hydrolyzed and extracted from a common feed sample together 
on the same column. We have been routinely following that 
in our laboratory for a year, with satisfaction.

Conclusions
The proposed extraction technique for retinol and a-toco- 

pherol has been shown to be at least as quantitative as con
ventional liquid/liquid partition techniques. Extraction car
tridges can be operated in series of 10 or more, with a mini
mum of manipulations; this allows appreciably increased rates 
of automated determinations (by about a factor of 2). Retinol 
and a-tocopherol can be hydrolyzed and extracted together 
from a common feedstuff sample by using the proposed tech
nique.

Premixes as well as many feedstuffs pose no problems, but 
fatty samples do pose problems, particularly for large amounts 
(100 g). These problems seem to arise from soap formation 
and obstruction of kieselguhr pores by micelles. Use of 
hydrolyzing solutions containing more ethanol and less meth
anol is recommended since ethanol is known to break up soap 
micelles. We recently obtained good results with fatty sam
ples when employing as much ethanol as methanol, but a 
general evaluation remains to be done.
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MYCOTOXINS

Rapid Screening Method for Detection of Deoxynivalenol

GAIL M. SHANNON, ROBERT E. PETERSON, and ODETTE L. SHOTWELL
U.S. Department o f Agriculture, Agricultural Research Service, Northern Regional Research Center, Peoria,
I L  61604

A rapid method for detecting deoxynivalenol (DON), also known as 
vomitoxin, was developed. DON was extracted from grains and other 
samples with acetonitrile—4% potassium chloride solution (9 + 1). 
Impurities that would interfere with detection were removed on a C is 
silica gel reverse phase column. Water was removed from eluates on a 
hydrophilic matrix column. DON was detected by thin layer chroma
tography using an aluminum chloride solution to develop the blue 
response characteristic of the mycotoxin. Total time involved is approx
imately 30 min. The method was applicable to corn, wheat, and barley 
at detection levels of 1 ppm, and oats at 1.5 ppm. It is applicable to 
environmental samples (soil, green plants, and water) at detection levels 
of 0.75 ppm.

Deoxynivalenol (DON), also known as vomitoxin, is a tri- 
chothecene mycotoxin associated with feed refusal and eme
sis in swine. The need for a rapid screening method became 
obvious when DON was reported in corn grown in the United 
States, Austria, and Canada in 1979: in wheat harvested in 
1980 from southeastern Ontario, Canada; and in wheat grown 
in 1982 in eastern Kansas and Nebraska (1). A number of 
methods have been proposed for the detection of DON and 
other trichothecenes by color reagents. Three of these reagents, 
nicotinamide and 2-acetylpyridine (2), 4-(p-nitroben- 
zyl)pyridine (3), and chromotropic acid (4) are specific to 
trichothecenes, but reported analyses have been applied to 
standards, not to mycotoxins extracted from cereal grains 
and feeds. The 3 color reagents require a number of compli
cated steps to develop the color on thin layer chromato
graphic (TLC) plates or are suitable for use only by well 
trained analysts. Several other color methods have been used 
to detect trichothecenes in cereal grains and feeds (5-7). In 
one, p-anisaldehyde was used (7) to develop a yellow response 
with DON on TLC plates, but the color is not always easy to 
differentiate from yellow formed by other substances in the 
extract. These methods (5-7) also require setting up a vacuum 
system to hasten the development of columns.

We now report a screening method applicable to com, 
wheat, barley, and oats as well as soil, green plants, and 
water, which uses relatively nontoxic, inexpensive chemicals 
and disposable equipment. It is suitable for laboratories with 
a minimum of equipment and does not require excessive 
training of personnel.

This research includes 7 types of samples spiked with stan
dard DON solution, 2 types naturally contaminated and 1 
type naturally contaminated at a low level (0.73 ppm) and 
then spiked with DON to reach a level of 1 ppm. A limit of 
detection of >1 ppm was achieved for all types, using thin 
layer chromatography for detection.

METHOD

Reagents
(a) Solvents.—Acetonitrile, ethyl acetate, chloroform, 

acetone, isopropyl alcohol.

Received February 12, 1985. Accepted A p r il 27, 1985.
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(b) Potassium chloride solution.—4%. Dissolve 40 g ACS 
grade KC1 in 1 L water.

(c) Aluminum chloride solution.—20%. Dissolve 200 g ACS 
grade A12C13.6H20 in 1 L ethanol.

(d) C18 silica gel.—Waters Associates, reverse phase, 55- 
105 p.m.

(e) Hydrophilic matrix.—Analtichem International, Har
bor City, CA.

(f) Deoxynivalenol standard.—Myco Lab Co., PO Box 321, 
Chesterfield, MO 63017. Prepare in chloroform-acetonitrile 
(4 + 1) to contain 20-25 p.g/mL.

(g) Thin layer plates— Whatman, MK 6-F, prepoured TLC 
plates.

Apparatus
(a) Hot plate.—Any hot plate that will reach and hold 

250°F.
(b) Filter paper.—24 cm S&S 588, or equivalent, and S&S 

30 glass microfiber filters, or equivalent, cut to 20 mm diam
eter circles.

(c) Dryer.—Any air dryer that delivers ambient tempera
ture air.

(d) Disposable micropipets.—Drummond, Microcaps, 10 
p,L.

(e) Extraction bottle or jar.—Dynalab Corp., PO Box 112, 
Rochester, NY 14692-0112,6 oz polyethylene dispensing bot
tle with spout and extra screw-on cap, and pint Mason jar 
with screw-on lid.

(f) Syringes.—Becton-Dickinson, 10 mL, disposable, and 
Aldrich, polypropylene, 20 mL, disposable.

(g) Pipet tips.—Disposable, cut to fit end of 20 mL syringe 
and extend 5 mm through No. 1 rubber stopper.

(h) TLC developing tank.—Glass, slide staining jar.

Samples
All samples were analyzed for DON by a modified Scott 

method (8) using gas chromatography with electron capture 
detection. Seven types of DON-free material were used in 
the spiking experiments: wheat, barley, oats, corn, soil, lake 
water, and wild green plants. All except wheat were spiked 
at 3 levels: 0.75, 1.0, and 1.5 ppm. Using this method, DON 
cannot be detected in most wheat at a level below 1.0 ppm. 
Two types of material were naturally contaminated: wheat 
and corn. Access was limited to samples of these materials 
contaminated with low levels of DON. There were only 2 
corn samples available, one at 0.73 ppm and the other at 1.4 
ppm.

The corn sample that was naturally contaminated at 0.73 
ppm was spiked with DON to equal 1.0 ppm. This was ana
lyzed 10 times to demonstrate repeatability.

The wild green plant samples were extracted in a jar due 
to the excessive bulk of this material.

Extraction
Add 50 g material to be analyzed to extraction bottle, or 

jar. Add 50 mL acetonitrile-4% KC1 solution (9 + 1). Seal
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Figure 1. Cleanup apparatus.

with screw-on cap and hand-shake 5 min. Remove cap and 
replace with spout containing small amount glass wool in tip 
and 20 mm glass fiber filter. Invert bottle and squeeze gently, 
collecting 2+ mL filtrate. If using jar, pour through filter 
paper and collect 2+ mL filtrate. Save for column cleanup. 
For water analysis, take 2 mL water sample and go to column 
cleanup step. All soil samples should be poured through filter 
paper, collecting 2+ mL filtrate for column cleanup.

Develop plate to within 5 mm of top with ethyl acetate in 
small tank. Do not let solvent depth reach area of sample 
origin. Remove and air-dry. When the solvent odor is no 
longer detected, redevelop plate the same distance in chlo
roform-acetone-isopropyl alcohol (8 + 1 + 1). Remove, air- 
dry, then dip plate quickly in aluminum chloride solution 
about equal distance. Wipe back of plate dry and put on 
preheated (250°F) hot plate for 5-7 min. Remove, let air-cool, 
and observe under longwave UV light (365 nm) for evidence 
of DON blue response in sample as compared with the DON 
standard.

Results and Discussion

The 10 analyses of a single corn sample resulted in DON 
being easily detected in each extract. It was decided not to 
spike wheat at a level lower than 1 ppm due to the results 
from the naturally contaminated wheat samples (Table 1). 
DON could only be detected in one wheat sample contami
nated at a level below 1 ppm, which was 0.8 ppm. Apparently, 
this particular sample had less interfering background mate
rial than the others.

In reference to the spiking experiments, barley and oats 
also have interfering background material (Table 2), but not 
enough to complicate analysis at levels of 1 ppm or higher. 
Detection of 1 ppm DON in all samples was possible.

Acetonitrile-water, Freon 113, and acetonitrile-citric acid 
solution were some of the experimental extraction solvents. 
Extraction of DON with acetonitrile-4% KC1 solution (9 + 
1) resulted in extracts that could be cleaned up for TLC. 
Development with ethyl acetate, drying plates, and redevel
opment with chloroform-acetone-isopropyl alcohol (8 + 1 
+ 1) separated DON from interfering substances, making 
detection possible. Pretreatment of the TLC plates used with 
the aluminum chloride solution caused a streaking problem

Column Preparation and Cleanup
A Cl8 silica gel column and a hydrophilic matrix (H. M.) 

column are needed. Prepare C,8 column by placing very small 
glass wool plug in bottom of 10 mL disposable syringe. Add 
C,8 silica gel to 4 mL gradation mark (2 g), tapping lightly to 
settle while adding, then top with another glass wool plug. 
Prepare H. M. column in same manner except add material 
up to 10 mL gradation mark.

Add 2 mL water to 2 mL filtrate. Swirl to mix. Transfer 
mixture to C,8 silica gel column. Fit C,8 column on bottom of 
20 mL syringe fitted with pipet tip through rubber stopper 
(see Figure 1). Carefully depress plunger in 20 mL syringe to 
force slow elution or filtrate mixture to top of C,8 silica gel 
layer. Collect total eluante. Rinse filtrate mixture container 
with 2 mL water and add rinse to Cl8 silica gel column. Again, 
use pressure to elute. Flush completely. Combine with orig
inal eluate.

Transfer 3 mL combined eluates to 20 mL syringe, minus 
plunger, fitted with H. M. column on bottom. Let stand 5 
min. Add 3 consecutive 4 mL ethyl acetate rinses to 20 mL 
syringe. Collect and combine rinses in small vial. Evaporate 
to dryness under air dryer, or nitrogen. Do not use heat.

Thin Layer Chromatography
Add 100 p.L chloroform-acetonitrile (4 + 1) to sample 

residue in vial and mix well. Score TLC plate with 2 vertical 
lines 8 mm apart, resulting in 3 channels. Apply 10 p.L sample 
5 mm from bottom of plate to each of 2 channels with micro
pipet. Superimpose 10 p.L DON standard on one channel to 
serve as an internal standard. Also apply 10 p.L DON stan
dard in the remaining blank channel.

Table 1. DON detection in naturally contaminated products

Product
Actual 

DON, ppm Detected8
Wheat 2.9/ +

2.55 +
2.39 4 -

1.64 +
1.35 +
0.5 (-)
1.24 +
0.87 (-)
0.56 (-)
1.77 +
0.80 +
0.53 (-)

Corn 1.4 +
0.73 +

“+ = DON presence; (-]l = not detected.

Table 2. DON detection in spiked products

Product

DON level, ppm8

0.75 1.0 1.5

Wheat + +
Barley TR + +
Oats ( - ) TR +
Water + + +
Soil + + +
Weeds + + +
Corn + + +
Corn + + +
Corn + + +
Corn + + +

8 + = DON presence; TR = trace amount of DON; (-)  = not detected.
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on the small plates, which made DON detection impossible. 
The double development of the TLC plates removes much of 
the interfering materials from the area of the DON. The use 
of a syringe as a pressure device, another as a cleanup col
umn, and a third as a dehydrator as well as the other dispos
able items gives this method additional mobility in the field.

Work is continuing on modification of this method for quan
titative analysis incorporating high pressure liquid chroma
tography and high performance TLC as detection methods.
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Screening and Quantitation of Ochratoxin A in Corn, Peanuts, Beans, Rice, and Cassava

L U C I A  M . V A L E N T E  S O A R E S  a n d  D E L I A  B . R O D R I G U E Z -A M A Y A
Universidade Estadual de Campinas, Faculdade de Engenharia de Alimentos e Agrícola, C.P. 6121, 
13100 Campinas, Sao Paulo, Brasil

To answer the need for simple, economical, rapid methods for myco
toxins, a procedure for screening and quantitation of ochratoxin A was 
developed. A methanol-aqueous KC1 extraction is used, followed by 
cleanup with clarifying agents and partition into chloroform. Part of 
the chloroform extract is used for screening and the other part for 
quantitation by thin layer chromatography (TLC). The screening pro
cedure takes 40 min, using a silica gel/aluminum oxide minicolumn 
developed for this purpose. The limits of detection are 80 and 10 pg/ 
kg, respectively, for minicolumn screening and TLC quantitation. 
Ammonium sulfate is efficient in cleaning samples of corn and cassava; 
cupric sulfate is better with peanuts, beans, and rice. Tests were con
ducted on triplicate spiked samples of yellow corn meal, raw peanuts, 
dried black beans, polished rice, and cassava flour at different levels 
(400, 200, 80, 40, and 10 pg/kg). Recoveries ranged from 86 to 160% 
and the coefficients of variation ranged from 0 to 26%.

It is generally assumed that the mycotoxin problem is more 
serious in developing countries where the climatic conditions 
and the agricultural and storage practices are considered con
ducive to fungal growth and toxin production. Yet, in these 
countries, data on mycotoxin incidence is either inadequate 
or unavailable. This is due, at least in part, to the lack of 
analytical methods suitable to existing laboratory resources 
and conditions.

Several methods are described in the literature for deter
mining ochratoxins (1-5), but they are expensive, lengthy, 
and labor-intensive. The need for simple, rapid, economical 
methods is deeply felt in developing countries where the cost 
of the analysis is often the first factor considered before a 
method is adopted. For this reason, we set out to develop a 
method for determining ochratoxin A, which is uninvolved 
and inexpensive, but would not compromise precision and 
accuracy.

The proposed method includes extraction with methanol- 
aqueous 4% KC1 (9+1)  and cleanup with either (NH4)2S04 
or CuS04. Partition into chloroform follows and the resulting 
extract is used for both screening and quantitation. The pro
cedure is simple enough to be used by unskilled personnel 
after a short training.

Received February 2, 1985. Accepted June 16. 1985.

We found no report of the use of methanol-aqueous KC1 
to extract ochratoxins and, to our knowledge, this mixture 
was used in only one case for sterigmatocystin (6). On the 
other hand, methanol-4% aqueous NaCl (6 + 4) has been 
used to extract ochratoxin A from olive oil and olives (7, 8); 
methanol-water (55 + 45) for ochratoxin A in wheat, corn, 
barley, and rice (9); and methanol-alkaline water (1 + l)for 
ochratoxin A in pig kidney (10). Ammonium sulfate (30% 
aqueous solution) has been used to clean wheat, barley, corn 
(11), and mixed feed (12) extracts in trichothecene determi
nations but not for ochratoxins. Only one minicolumn for 
ochratoxin A has been reported (13); it consists entirely of 
Florisil, and is developed with methanol followed by dilute 
H2S04. The ochratoxin band, however, diffuses throughout 
the first half of the column with consequent loss of sensitivity.

METHOD

Apparatus and Reagents
(a) Blender.—Waring, with 1 qt jar. Explosion-proof not 

necessary.
(b) TLC apparatus.—Stahl-type (Desaga, Heidelberg, GFR).
(c) TLC  plates.—20 x 20 cm glass, coated with 0.25 mm 

silica gel G 60 (E. Merck). With scriber, divide plates into 
twenty 1 cm strips. Activate plates before use in 110°C oven 
for 1 h.

(d) Ultraviolet light.—Longwave tube, 366 nm (Sylvania 
F8T5 BLB/USA) in suitable stand.

(e) Minicolumns.—8 mm (od) x 20 cm, 6 cm neck length 
after tapering to 4 mm (od).

(f) Minicolumn packing materials.—(1) Alumina, neutral, 
100-200 mesh (E. Merck). (2) Silica gel 60, 70-230 mesh (E. 
Merck). (3) Calcium sulfate, anhydrous, 20-40 mesh, pre
pared from powdered anhydrous calcium sulfate (E. Merck). 
Dry 1-2 h at 110°C and keep in desiccator.

(g) Hyflo Super-Cel.—Or equivalent product.
(h) Extraction solvents.—(1) Methanol (E. Merck). (2) 

Potassium chloride solution, 4%, 40.00 g KC1/L. (3) Chloro
form (E. Merck).
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Table 1. Evaluation of clarifying agent effectiveness

Product“ Clarifying agent TLC Minicolumn

Yellow corn meal (NH4)2S04 30% no streaking, 
single spot“

no interference, 
tight band

CUSO4 1 0% no streaking, 
additional spot

no interference, 
tight band

Cassava flour (NH4)2S04 30% no streaking, 
additional spot

no interference, 
tight band

CUS04 10% light streaking, 
additional spot

no interference, 
tight band

Raw peanuts (NH4)2S04 30% no streaking interference at 
silica/alumina 
interface

CUS0 4 10% no streaking, 
single spot

no interference, 
tight band

Dried black beans (NH4)2S04 30% ___ C —

CUS0 4 10% no streaking, 
additional spot

no interference, 
tight band

Polished rice (NH4)2S04 30% no streaking, 
single spot

no interference, 
tight band

CIJS04 10% no streaking, 
single spot

no interference, 
tight band

■Each sample was spiked with ochratoxin A to a level of 200 pg/kg. 
“Single spot corresponds to ochratoxin A.
■Partition into chloroform was not possible because of strong emulsion.

(i) Clarifying agents.—(1) Cupric sulfate solution, 10%.
100.00 g CuSCVL. (2) Ammonium sulfate, 30%, 300.00 g 
(NH4)2S0 4 /L (E. Merck).

(j) TLC developing solvent.—Toluene-ethyl acetate-formic 
acid (5 + 4 + 1).

(k) Minicolumn developing solvent.—Toluene-ethyl ace
tate-acetic acid (50 + 49 + 1).

(l) Ochratoxin A standard solutions.—10 and 1 gg/mL ben
zene (Makor Chemicals Ltd, Israel). Prepare from stock solu
tion. Determine exact concentration as described in Official 
Methods of Analysis (5).

Extraction
Prepare sample according to 26.003 (5). Weigh 50 g sample 

into blender jar. Add 270 mL methanol and 30 mL aqueous 
4% KC1 solution. Blend 5 min at low speed. Filter mixture 
through fluted qualitative filter paper. Transfer 150 mL ali
quot of filtrate to 600 mL beaker.

Cleanup
Add to this aliquot 150 mL clarifying solution ((NH4)2S04 

or CuS04, depending on sample) and 50 mL Hyflo Super-Cel, 
measured in beaker. Stir with glass rod and filter through 
fluted qualitative paper. Transfer 150 mL aliquot to separa
tory funnel and add 150 mL water. Extract twice with 10 mL 
portions of chloroform.

Screening Test
Place small plug of glass wool at end of minicolumn. Add 

calcium sulfate layer ca 5 mm in height, neutral alumina 10 
mm, silica gel 20 mm, and calcium sulfate 10 mm.

To prepared minicolumn, add 2 mL chloroform extract 
from first extraction and let drain until it reaches top of 
calcium sulfate layer, then add 4 mL toluene-ethyl acetate- 
acetic acid (50 + 49 + 1). If ochratoxin A is present, a blue, 
tight fluorescent band will be seen at silica gel/alumina inter
face. Reference minicolumn may be prepared by letting 
ochratoxin A standard solution, dissolved in 2 mL chloro
form, seep through column, followed by 4 mL toluene-ethyl 
acetate-acetic acid mixture. Detection limit for pure standard 
and spiked commodities tested is 80 p.g/kg.

Quantitation by Thin Layer Chromatography
Combine 3 mL each of first and second chloroform extrac

tions in 10 mL vial. Evaporate just to dryness in 80°C water 
bath under nitrogen stream. Redissolve residue in 200 p,L 
benzene and place closed vial in ultrasonic bath for 30 s to 
ensure complete dissolution.

On TLC plate, 2 cm from bottom, spot standards and 
samples. Place plate in unsaturated tank with toluene-ethyl 
acetate-formic acid (5 + 4 + 1 )  TLC developing solvent. 
After development, let plate dry. Visualize ochratoxin A 
under longwave ultraviolet light and compare spot intensities. 
If necessary, respot samples and standards on another plate 
to obtain closer match between sample and standard spot 
intensities. Perform calculations according to AOAC (5). For 
confirmation, derivatization as proposed by Hunt et al. (10) 
may also be used.

Results and Discussion

Cleanup
Considering its crucial role in identification, sensitivity, 

and proper quantitation by TLC, our first efforts were directed 
to delineating the cleanup step. Clarifying agents were chosen 
because of their relative low cost and for being more rapid 
than most systems except for Sep-Pak or similar cartridges. 
Preliminary tests with ammonium sulfate were satisfactory, 
but it was clear from the start that it would not serve for all 
of our samples. Cupric carbonate was among other chemicals 
tried as a second clarifying agent. Its use yielded very poor 
recoveries (below 30%), but led us to try cupric sulfate in the 
belief that the cupric ion plays the active part in the clarifying 
process. The latter yielded complete recovery. Its action may 
result from its complexing properties, independent of whether 
it causes precipitation. By complexation, it might avoid par
tition of pigments and fluorescing compounds from the aqueous 
KCI-methanol phase into chloroform.

Ammonium sulfate and cupric sulfate were compared by 
assessing the extract behavior on TLC plate and minicolumn. 
For TLC, 2 characteristics are considered desirable: the 
absence of additional spots and elimination of streaking. For 
minicolumn chromatography, the desired result is the absence
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Table 2. Recovery and reproducibility data for ochratoxin A added to 
some products

Product and
clarifying
agent

Ochratoxin added, 
P-g/kg Av. rec., % CV,* %

Yellow corn meal + 400 86 21
ammonium sulfate 200 102 4

80 111 17
40 111 17
10 89 18

Polished rice + 400 93 14
cupric sulfate 200 107 0

80 133 0
40 133 0
10 107 0

Raw peanuts + 400 107 0
cupric sulfate 200 107 0

80 133 0
40 133 0
10 160 0

Cassava flour + 400 98 16
ammonium sulfate 200 125 24

80 133 0
40 118 26
10 107 0

Dried black beans + 400 98 16
cupric sulfate 200 107 0

80 133 0
40 133 0
10 133 0

“Based on 3 determinations for each level.

of interfering coextractants at the silica gel/aluminum oxide 
interface. The results (Table 1) show that ammonium sulfate 
performs better in samples of corn and peanuts, and cupric 
sulfate is better in cassava and beans. Both perform well in 
polished rice, which hardly needs any cleanup.

For extraction, preliminary tests with pure methanol, 
methanol-water (1 + 1), and acetone-water (85 + 15) for 
ochratoxin A in corn exhibited poor recoveries (below 50%).
Minicolumn

For an ideal minicolumn, a tight band should be obtained 
and co-extractives should either elute or be located far from 
the mycotoxin band. A tight band is essential for sensitivity, 
and this is achieved when the mycotoxin is positioned at an 
interface of 2 adsorbents, which means the mycotoxin is 
unable to migrate in the second adsorbent. Several adsor
bents in several combinations plus different developing sol
vents were tried. The silica gel/neutral aluminum oxide min
icolumn in combination with toluene-ethyl acetate-acetic 
acid (50 + 48 + 1) gave the best results. Ochratoxin A 
exhibits a tight band and no interferences were observed in 
the extracts of the commodities tested. The detection limit 
was 80 p-g/kg for all samples tested. We found Holaday’s 
minicolumn (13) less sensitive probably because of spreading 
of the ochratoxin band on the minicolumn adsorbent (Flor- 
isil).

Recovery and Reproducibility Studies
The proposed quantitative method was evaluated by using 

spiked samples. Uncontaminated ground samples of yellow 
corn meal, raw peanuts, dried black beans, polished rice, and 
cassava flour were spiked to levels of 400, 200, 80, 40, and 
10 p,g ochratoxin A/kg by weighing a 50 g sample in a beaker 
and adding the desired amount of standard solution with a 
pipet. The standard solution was allowed to drop at different 
points on the center top of the mass. No mixing was done, 
to prevent standard solution from adhering to the walls of the 
container. The solvent from the standard solution was allowed

to dry naturally overnight. The spiked sample was transferred 
to the blender jar and ochratoxin A was determined as 
described. The entire procedure was repeated 3 times for 
each level of spiking for each commodity. Quantitation was 
done by an observer who was unaware of the sample con
centrations, and who matched spot intensity of ochratoxin A 
in sample with the closest standard spot.

Recoveries are shown in Table 2 together with reproduci
bility data. These results compare well with those of other 
methods that show equivalent recoveries (9) as well as against 
others which exhibit either much lower (14, 15) or variable 
(16, 17) recoveries. Recoveries were evaluated even at the 
detection limit which is not usually done.

The detection limit is 10 p-g/kg for TLC, lower than for 
most methods described in the literature (9, 13, 14, 16-21) 
and equivalent to the most sensitive (1,2). In this work, we 
also observed that the use of fluorescence enhancers such as 
aluminum chloride or sodium bicarbonate spray solutions or 
exposure to ammonium vapor actually decreased the fluores
cence. For this reason, only the ochratoxin A natural fluo
rescence was used. The best detection limits observed so far 
were reported by researchers (1,2) who also did not use 
fluorescence enhancers.

The time involved in the screening is 40 min and the whole 
procedure takes about 2'A h. The cost, moreover, is much 
lower than that of other methods that specify expensive 
reagents; reagents specified here are in common use.

Acknowledgment
The authors acknowledge with gratitude the financial sup

port given by Financiadora de Estudos e Projectos (FINEP).

R e f e r e n c e s

(1) Howell, M. V., & Taylor, P. M. (1981) J .  A s s o c .  O ff .  A n a l .  
C h e m .  64, 1356-1363

(2) Josefson, E., & Moller, T. (1977) J .  A s s o c .  O ff . A n a l .  C h e m .  
6 0 ,1369-1371

(3) Patterson, D. S. P., & Roberts, B. A. (1979)7. Assoc. O ff .  A n a l .  
C h e m . 62, 1265-1267

(4) Roberts, B. A., Glancy, E. M., & Patterson, D. S. P. (1981) 7. 
Assoc. O ff. A n a l .  C h e m .  64, 961-963

(5) O ff ic ia l  M e th o d s  o f A n a l y s i s  (1984) 14th Ed., AOAC, Arlington, 
VA, Chap. 26

(6) Shannon, G. M., & Shotwell. O. L. (1976) 7. Assoc. O ff .  A n a l .  
C h e m .  59, 963-965

(7) Le Tutour. B., Tantaoui-Elaraki, A., & Ihlal, L. (1983) 7. A m .  
O il  C h e m . S o c .  60, 835-837

(8) Le Tutour, B., Tantaoui-Elaraki, A., & Aboussalim, A. (1984) 
7. A s s o c .  O ff .  A n a l .  C h e m . 67, 611-612

(9) Scott, P. M.. & Hand, T. B. (1967)7. Assoc. O ff. A n a l .  C h e m .  
50, 366-371

(10) Hunt, D. C.. Philp, L. A., & Crosby, N. T. (1979) A n a ly s t  104, 
1171-1175

(11) Scott, P. M., Lau, P., & Kanhere, S. R. (1981)7. A s s o c .  O ff .  
A n a l .  C h e m . 64, 1364-1371

(12) Romer, T. R.. Boling, T. M., & MacDonald, J. L. (1978) 7. 
Assoc. O ff. A n a l .  C h e m .  61, 801-808

(13) Holaday, C. E. (1976)7. A m . O il  C h e m . S o c .  53, 603-605
(14) Wilson, D. W., Tabor, W. H., & Trucksess, M. W. (1976) 7. 

A s s o c .  O ff . A n a l .  C h e m .  59, 125-127
(15) Roberts, B. A., & Patterson, D. S. P. (1975)7. Assoc. O ff .  A n a l .  

C h e m .  58, 1178-1181
(16) Nesheim, S., Hardin, N. F., Francis, O. J., Jr. & Langham, W. 

S. (1973)7. A s s o c .  O ff . A n a l .  C h e m .  56, 817-821
(17) Takeda, Y., Isohata, E., Amano, R., & Uchiyama, M. (1979) 

7. A s s o c .  O ff . A n a l .  C h e m .  62, 573-578
(18) Eppley, R. M. (1968)7. Assoc. O ff. A n a l .  C h e m .  51, 74-78
(19) Balzer, I., Bogdanic, C., & Pepeljnjak, S. (1978)7. Assoc. O ff.  

A n a l .  C h e m .  61, 584-585
(20) Stoloff, L., Nesheim, S., Yin, L., & Rodricks, J. V. (1971) 7. 

A s s o c .  O ff . A n a l .  C h e m .  54, 91-97
(21) Gimeno, A. (1970) 7. A s s o c .  O ff . A n a l .  C h e m .  62, 579-585



HOOGENBOOM & RAMMELL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6. 1985) 1131

VETERINARY ANALYTICAL TOXICOLOGY
Liquid Chromatographic Determination of Strychnine in Stomach Contents

J A C O B U S  J . L . H O O G E N B O O M  a n d  C O L I N  G . R A M M E L L
Central Animal Health Laboratory, Ministry o f Agriculture and Fisheries, Upper Hutt, New Zealand

A chloroform extract of stomach contents at basic pH is concentrated 
and then extracted with 0.1M phosphoric acid. The acid extract is 
chromatographed on a 10 cm reverse phase column, using 0.005M 
phosphate buffer (pH 3.0)-acetonitrile-tetrahydrofuran (750 + 135 
+ 115) containing 0.01M octanesulfonic acid at a flow rate of 1.0 mL/ 
min for elution. Strychnine eluted in 7.3 min. Recoveries from spiked 
stomach contents averaged 92%. The method can be used without 
modification for other alkaloids.

Strychnine continues to be a relatively common cause of 
accidental and malicious poisoning in dogs (1) and, less fre
quently, in other animal species. The usual specimen sub
mitted for laboratory analysis in such cases is the stomach 
contents.

Several methods for liquid chromatographic (LC) separa
tion and determination of strychnine have been described (2-
7). Most of these methods specify chloroform extraction at 
basic pH. When biological samples are analyzed, this results 
in co-extraction of most lipids present, which is undesirable 
because the injection of large amounts of apolar lipids on a 
reverse phase partition column or of polar lipids on an adsorp- 
tion/normal phase column can adversely affect the LC sep
aration. However, by re-extracting the chloroform extract 
with 0.1M aqueous H3P04, many basic components can be 
selectively separated from the lipids. This has enabled devel
opment of a reverse phase LC method to quantitatively extract 
and determine strychnine from the stomach contents in sus
pected poisoning cases.

METHOD

Apparatus and Reagents
(a) Liquid chromatographic system.— Tracor 951 pump, 

Rheodyne 7125 valve injector with 20 p.L loop, Tracor 970 
variable wavelength detector set at 254 nm, and Perkin-Elmer 
Sigma 10 data station. Chromatographic separations were 
made on a Brownlee Labs 4.6 mm id x 10 cm MPLC RP-8 
Spheri-5 analytical column protected by a NewGuard RP-8 
column. Mobile phase was 0.005M sodium dihydrogen phos
phate buffer (pH 3.0)-acetonitrile (May and Baker, Aus- 
traliaj-tetrahydrofuran (Ajax Chemicals, Australia) (750 + 
135 + 115), containing 0.01M octanesulfonic acid sodium salt 
(Sigma Chemical Co., St. Louis, MO); flow rate 1.0 mL/min; 
temperature ambient.

(b) Standard solution.—Strychnine sulfate.5H:0  (Sigma 
Chemical Co.), 10 p.g/mL 0.005M sodium dihydrogen phos
phate buffer (pH 3.0).
Preparation of Sample

Weigh 7.5 g stomach contents into 70 mL screw-cap Nal- 
gene LPE bottle (Sybron/Nalge, Rochester, NY). Add 30 mL 
0.2M NaOH and mix. Accurately add 30 mL chloroform and 
shake mechanically 10 min. Centrifuge at 3000 rpm for 15 
min. Filter lower chloroform layer through Whatman IPS 
paper and pipet 10 mL filtrate into 25 mL pear-shape flask. 
Evaporate to dryness and quantitatively transfer residue to

Received May 18, 1985. Accepted May 30, 1985.

glass-stopper reagent tube with 2.0 mL chloroform. Accu
rately add 2.0 mL 0.1M H3P04 and shake on vortex-mixer 2 
min. Centrifuge 5 min and use upper aqueous layer for anal
ysis.

Determination and Calculation
Inject 20 p,L aliquots of both standard solution and sample. 

Use peak areas to calculate strychnine concentrations as 
shown:

|xg strychnine/g = (A JA S) x (WJWn) x 0.39 x D

where Au and As = peak areas of sample and standard, 
respectively; Ws = p.g strychnine sulfate/mL standard solu
tion; Wu = g sample extracted; D = dilution factor; and 0.39 
= factor for strychnine sulfate.5H20.

Results and Discussion
The detector response at 254 nm for strychnine was linear 

over the range tested (0-370 ng). The coefficient of variation 
was 0.9% for 6 consecutive 73 ng strychnine standard solution 
injections. The detection limit for strychnine, using the 
described analytical procedure, was 4.5 p.g per sample (8). 
The average recovery of strychnine from stomach contents 
spiked at 7.0 p,g/g was 92.0 ± 3.6%.

Figure 1 shows chromatograms from stomach contents 
with and without added strychnine. The large peak in the 
chromatogram was identified, by means of its retention time 
and ultraviolet spectrum, as tryptamine; this is often present

Table 1. Extraction of alkaloids from 0.2M NaOH Into CHCI, (A) and 
from CHCL into 0.1 M H3P 04 (B)

Alkaloid A
Extracted, %

B

Brucine 99 92
Colchicine 95 <1
Ergometrlne 74 67
Eserine 87 52
Gramme 99 99
Papaverine 99 3
Piperlne 99 <1
Reserpine 99 <1
Strychnine 99 99
Vincamine 99 75
Yohimbine 9 5 82

Table 2. Retention times of alkaloids

Alkaloid Retention time, min

Colchicine 2.38
Brucine 4.93
Eserine 5.56
Ergometrine 6.63
Strychnine 7.28
Gramine 7.87
Papaverine 10.78
Vincamine 24.06
Yohimbine 31.77
Piperine 34.99
Reserpine not eluted
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Figure 1. Chromatograms of (left) 20 p.L injection of canine stomach content extract blank, equivalent to 25 mg sample; (right) 20 pL injection of 
canine stomach content extract spiked with 7.0 ppm strychnine: A, tryptamine; B, strychnine. Conditions are given under method.
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Figure 2. Chromatogram of standard alkaloids: A, colchicine; B, bru
cine; C, eserine; D, ergometrine; E, strychnine; F, gramine; G, papaverine. 

Conditions are given under method.

in stomach contents, being derived from the bacterial decar
boxylation of tryptophan in the gastro-intestinal tract (9).

The double extraction method selectively extracts basic 
organic components; therefore, its usefulness for the extrac
tion of other alkaloids was tested. The alkaloids (10 mg/L) 
were extracted from 0.2M NaOH into chloroform and then 
into 0.1M H3P04; absorption measurements at 254 nm were 
used to calculate the proportions extracted (Table 1). The 
extraction procedure is clearly unsuitable for colchicine, 
papaverine, pipeline, and reserpine; it should work very well 
with gramine and the other strychnos alkaloid brucine, and 
would be suitable to various extents for the other alkaloids 
tested.

40 60 80 100
% acetonitrile in phosphate buffer

Figure 3. Dependence of log capacity factor for strychnine on acetoni
trile content of eluant containing no (A) and 0.01 M octanesulfonic acid

(B).

Table 2 shows the retention times for the various alkaloids 
under the standard conditions used for strychnine, and Figure 
2 shows the separation achieved. Brucine and strychnine 
gave baseline separation while gramine and strychnine showed 
a resolution of 0.97, which is adequate for quantitative anal
ysis (10). The LC system showed 2500 theoretical plates for 
the strychnine peak, using the half peak height method (11).

Incorporation of octanesulfonic acid as counter-ion in the 
eluant had a marked effect on retention characteristics and 
resulted in linear dependence of log k' on organic solvent 
concentration (Figure 3). The octanesulfonic acid also increased 
resolution by reducing peak tailing. The eluant composition 
was optimized by varying the acetonitrile-tetrahydrofuran 
ratio while keeping the phosphate buffer and octanesulfonic 
acid concentrations constant at 75% and 0.01 M, respectively.

The efficiency of the system was increased to 3500 theo
retical plates by the additional incorporation ofO.OOlM tetra- 
butylammonium hydroxide in the eluant but this reduced the 
relative differences in retention times for most alkaloids. 
However, where other alkaloids do not interfere, the incor-
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Figure 4. Chromatogram of brucine (A), strychnine (B), and gramine (C). 
Eluant: 0.005M phosphate buffer (pH 3.0)-acetonitrile-tetrahydrofuran 
(750 + 100 +  150) containing 0.01 M octanesulfonic acid and 0.001 M 

tetrabutylammonlum hydroxide; flow rate 1.0 mLVmln.

poration of both octanesulfonic acid and tetrabutylammon- 
ium hydroxide is advantageous (Figure 4).
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PESTICIDE FORMULATIONS

Normal Phase Liquid Chromatographic Determination of Pyrethrins in Formulations

RODNEY J. BUSHWAY
University o f Maine, 102B Holmes Hall, Orono, M E 04469

A liquid chromatographic method has been developed to quantitate 
pyrethrins in pesticide formulations. Samples were dissolved in tetra- 
hydrofuran (THF) and injected onto an amino column with a solvent 
system of hexane-nonstabilized THF (90 + 10) at a flow rate of 1.5 
mL/min. Detection was monitored at 240 nm and 0.4 AUFS. Total 
elution time was 7 min. Twelve products varying in concentration from 
0.05 to 3.75% and formulated with numerous other ingredients were 
analyzed. Percent coefficients of variation ranged from 1.39 to 9.68 
with the majority less than 5.00. Although piperonyl butoxide and N- 
octyl bicycloheptene dicarboximide (MGK 264) were not quantitated, 
neither interfered with the pyrethrin analysis.

Pyrethrins are a group of 6 closely related insecticides natu
rally occurring in the plant Chrysanthemum cinerarieafolium. 
They can be divided into 2 categories: (1) chrysanthemates 
comprised of pyrethrin I, cinerin I, and jasmolin I and (2) 
pyrethrates consisting of pyrethrin II, cinerin II, and jasmolin 
II. Of these 6, pyrethrins I and II predominate, followed by 
cinerins I and II and jasmolins I and II, respectively. Recently, 
the pyrethrins have been partially replaced by the synthetic 
pyrethroids, but the pyrethrins are still extensively used in 
household formulations for plants and pets.

The first method for the analysis of pyrethrin formulations 
was a titrimetric procedure (1) that is very nonspecific. It was 
not until the development of gas (2), thin layer (3), and liquid 
chromatographic (4, 5) procedures that the quantitation of 
pyrethrins became more specific. However, none of these 
methods can be used to analyze formulations that contain 
less than 0.1% pyrethrins (of which there are many).

This paper describes a modification of the LC procedure 
of Mourot et al. (6) for analyzing pyrethrin formulations rang
ing in concentrations of 0.05 to 3.75%. The synergists, pipe
ronyl butoxide and 7V-octyl bicycloheptene dicarboximide, 
along with other active and inactive ingredients do not inter
fere.

METHOD

Apparatus and Reagents
(a) Liquid chromatograph.—Waters Associates (Milford, 

MA) 6000A pump, U6K injector, and M490 detector; Schoef- 
fel variable wavelength UV detector (Westwood, NJ); and 
Omni-scribe recorder (Houston Instrument, Austin, TX). 
Operating conditions: injection volume, 5 p,L; flow rate, 1.5 
mL/min; wavelength, 240 nm; absorbance range, 0.4 AUFS; 
recorder setting, 10 mV; chart speed, 1.0 cm/min.

(b) Chromatographic column.—5 p.m amino column (IBM 
Instruments, Danbury, CT) 25 cm x 4.5 mm id stainless steel.

(c) Mobile phase.—Hexane-nonstabilized tetrahydro- 
furan (THF) (90 + 10). Both solvents LC grade (Fisher Sci
entific, Fair Lawn, NJ).

(d) Sample extraction solvent.—Stabilized ACS grade THF 
(Fisher Scientific).

(e) Standard solutions.—Pyrethrin stock standard solu
tion.—Weigh 112 mg 20% technical pyrethrin (Environmen
tal Protection Agency, Research Triangle Park, NC) into 10

Received April 10, 1985. Accepted May 29, 1985.

mL actinic volumetric flask and dilute to volume with stabi
lized THF. Working standard solution.—Take 2 mL pyreth
rin stock standard and place in 25 mL actinic volumetric flask. 
Dilute to volume with stabilized THF. Actinic glassware is 
necessary because pyrethrins degrade readily in most types 
of light.

Preparation of Sample
(a) Liquids.—Weigh sample equivalent to 4.5 mg pyrethrin 

into 25 mL actinic volumetric flask. Dissolve sample and 
dilute to volume with stabilized THF. Inject 5 p,L into LC 
system.

(b) Aerosols.—Weigh sample equivalent to 4.5 mg pyreth
rin into 25 mL actinic volumetric flask using the previous 
official method of sampling pressurized containers (7).

Determination
Inject standard, followed by 2 injections of sample, and 

finally another standard. Measure peak heights, average, and 
substitute into formula below:

% Pyrethrins = (HIH') x (W'/W) x % purity std
where H  and H' = average peak heights of sample and 
standard, respectively; W' = g pyrethrin standard/25 mL; 
and W = g sample extracted. The % pyrethrins is calculated 
on the basis of one of the major peaks (pyrethrin I) of the 
pyrethrin extract.

Results and Discussion
The liquid chromatographic (LC) method developed to 

analyze pyrethrin formulations was a modification of the 
method of Mourot et al. (6). Both procedures are normal 
phase separations, but differ in the column, mobile phase, 
and wavelength used. Mourot et al. (6) used a silica column 
with a mobile phase of hexane-ethyl acetate (90 + 10) mon
itored at 254 nm, whereas the modified method used an amino 
column with a mobile phase of hexane-THF (90 + 10) mon
itored at 240 nm. These changes were made to provide more 
stability, quicker analyses, and increased sensitivity.

Figure 1. Liquid chromatogram of 20% pyrethrin technical standard: a, 
jasmolin I; b, cinerin I; c, pyrethrin I; d, jasmolin II; e, cinerin II; f, pyrethrin

II.
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Figure 2. Liquid chromatogram of a pyrethrin formulation containing 
synergists: a, jasmolin I; b, cinerin I; c, pyrethrin I; d, piperonyl butoxide; 

e, MGK 264; f, jasmolin II; g, cinerin II; h, pyrethrin II.

Figure 3. Liquid chromatogram of a pyrethrin formulation containing 
many emulsifiers and aromatic solvents: a, jasmolin I; b, cinerin I; c, 

pyrethrin I; d, jasmolin II; e, cinerin II; f, pyrethrin II.

A typical separation of a technical pyrethrin in standard 
and 2 formulations are shown in Figures 1-3. The 6 pyrethrin 
constituents are separated within 7 min (Figure 1). Chroma
tograms depicting the 2 samples were chosen to indicate 
where other active and inactive ingredients elute. For exam
ple, the formulation represented by Figure 2 contained the 
synergists piperonyl butoxide and N-octyl bicycloheptene 
dicarboximide; the other product (Figure 3) contained numer-

Tabie 1. Comparison of calculation methods for pyrethrin 
formulations*

Sample Form., % Found, % (all 6) Found, % (Pyl) Found, % (Pyll)
Liquid 0.80 0.74 0.76 0.65
Liquid 0.80 0.75 0.78 0.67
Liquid 0.80 0.78 0.82 0.73
Aerosol 0.50 0.40 0.45 0.28
Liquid 0.33 0.30 0.31 0.25
Aerosol 0.20 0.19 0.20 0.17
Aerosol 0.18 0.19 0.18 0.16
Liquid 0.05 0.05 0.05 0.04
Pump 0.06 0.06 0.06 0.05
Pump 0.06 0.06 0.05 0.05
Aerosol 0.05 0.04 0.04 0.03

“All samples analyzed once.

ous solvents and emulsifiers. None of these ingredients inter
fere with the analysis of pyrethrins. The synergists elute after 
pyrethrin I while the inactive components come off before 
any of the pyrethrins.

There are no analytical standards available for individual 
pyrethrins, so quantitation must be based on a technical mix
ture, the purity of which must be accurately determined. To 
avoid the situation in which the technical standard and the 
technical material must come from the same source, one can 
use either the total peak height of the 6 pyrethrins or the 
height of pyrethrin I.

A comparison of 3 different calculation methods for quan
titating pyrethrins in formulations is shown in Table 1. The 
agreement is good between the 6-pyrethrin peak technique 
and pyrethrin I peak procedure. However, when pyrethrin II 
(the other major pyrethrin peak) is used, the % pyrethrin 
values are lower. The peak height method for pyrethrin I was 
selected for use in this method because pyrethrin I shows 
more consistency than the other 5 pyrethrins in different 
sources of technical pyrethrins. Therefore, as long as one 
uses either all 6 constituents or pyrethrin I for the calcula
tions, the values should be correct.

Samples for this study were chosen to give a representative 
sampling of pyrethrin formulations (Table 2). These products 
varied in the amount of pyrethrins and other pesticides along 
with the kind and amount of inactive ingredients.

The linearity of response for the pyrethrins was determined 
at 240 nm. The concentration of pyrethrins could be deter
mined by direct comparison of peak heights for a sample and 
standard because they were shown to be linear over a wide 
concentration range. In fact if the sample concentration was 
higher or lower than the standard peak, a direct comparison 
still could be made.

To demonstrate the accuracy and reproducibility of this 
LC method, 12 formulations varying in pyrethrin concentra
tions from 0.05 to 3.75% were analyzed 5 times each (Table 
2). For all but 2 samples, the percent coefficients of variation 
were below 5.0% and all were below 10.0%. The analyses 
were performed over a period of 5 days with 1 analysis per 
sample per day.

To further test this method, 4 formulations were analyzed 
using the reverse phase method of Bushway et al. (5) that 
was developed earlier (Table 3). The agreement between 
these formulations analyzed by 2 different methods is good, 
which further supports the validity of the normal phase pro
cedure. Also peak purities were checked using absorbance 
ratios which agreed with the standards.

In conclusion, this LC method for the analysis of pyrethrins 
is simple, rapid, and precise, considering the complexity of 
the pyrethrins and their formulations.
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Table 2. LC analysis of pyrethrin formulations*

Sample Form., %
Pyrethrins 

Found, % CV, % Other active ingredients

1. Liquid 0.80 0.79 2.18 1.1% rotenone
2. Liquid 0.80 0.79 2.08 1.1% rotenone
3. Liquid 0.80 0.82 1.39 1.1% rotenone
4. Aerosol 0.50 0.45 4.61 1.0% PBO,1.67% MGK 264
5. Liquid 3.75 3.97 1.68 3.75% PBO
6. Liquid 0.33 0.32 3.13 0.67% PBO,1.11% MGK 264
7 Aerosol 0.20 0.20 2.14 none
8. Aerosol 0.18 0.19 2.58 0.081% tetramethrln, 1.05%

PBO
9. Liquid 0.05 0.05 3.63 0.10% PBO,0.17% MGK 264

10. Pump 0.06 0.05 2.46 0.12% PBO,0.20% MGK 264
11. Pump 0.06 0.06 5.39 0.20% PBO,0.20% MGK 264
12. Aerosol 0.05 0.04 9.68 0.09% PBO,0.15% MGK 264

■Means of 5 determinations for each sample.

Table 3. Comparison of 2 LC methods for pyrethrin formulations*

Sample Form.,%
Normal phase Reverse phase

Found, % CV, % Found, % CV,%

Liquid 0.80 0.79 2.18 0.75 2.49
Liquid 0.80 0.79 2.08 0.77 2.38
Liquid 0.80 0.82 1.39 0.80 2.58
Aerosol 0.20 0.20 2.14 0.22 4.09

aMeans of 5 determinations for each sample.
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Capillary Gas Chromatographic Determination of Pyrethrins in Low Level Formulations

R O D G E R  W. S T R I N G H A M  a n d  R A Y  P. S C H U L Z
Purdue University, Biochemistry Department, West Lafayette, IN 47907

Low level pyrethrin formulations are extracted with tetrahydrofuran 
and determined via capillary gas chromatography with electron cap
ture detection. Quantitation is based on the sum of peak heights of the 
6 pyrethrin esters. The method was tested for precision, linearity, and 
recovery. Quadruplicate analysis of 5 formulations gave an average 
relative standard deviation of 3.3%. Linearity and recovery were excel
lent (correlation coefficient = 0.997, recovery = 101.2%). The data 
presented support the use of the method for formulations that cannot 
be analyzed by the AO AC official method.

The official AO AC method for the analysis of pyrethrins (1) 
is an excellent gas chromatographic (GC) technique which, 
unfortunately, is not applicable to shampoo products, some 
oil-containing products, or products containing less than 0.1% 
active ingredient. As the market for pyrethrins shifts to con
sumer uses, an increasing number of formulations fall into 
these categories. Liquid chromatographic methods (2, 3) may 
handle these types of samples but often require large sample 
weights which affect chromatography and thus distort the 
results. Regulatory laboratories often are forced to rely on 
the analysis of synergists in evaluating samples.

The response of an electron capture detector (ECD) to the 
6 components of pyrethrins suggests that some of these lim
itations might be overcome. The sensitivity of the ECD should 
allow the use of less sample, which will ease the miscibility 
problems associated with shampoos, some aerosols, and other 
occasional formulations. This would also be beneficial in 
cases where a low level sample is available only in a limited 
amount. The selectivity of the ECD should allow the analysis 
of oil-diluted formulations that are impossible to analyze by 
the official method. The main difficulty in using the ECD to 
determine pyrethrin levels is that the detector very quickly 
becomes fouled and must be frequently cleaned. This prob
lem can be overcome by making additional dilutions or by 
using capillary GC with split injection.

The official method provides fairly precise results despite 
basing quantitation on only 2 of the 6 components, cinerin I 
and pyrethrin I. Quantitation based on the 6 well resolved 
peaks generated by capillary gas chromatography may offset 
the imprecision inherent in the split injection technique. Thus, 
the combination of capillary GC and electron capture detec
tion may yield a method comparable to the official method 
for these problem samples. This paper investigates this com
bination. The method reported here has been tested for lin
earity, precision, and recovery.

METHOD

Apparatus
(a) Gas chromatograph.—Varian Model 3700 equipped with 

split capillary injector and fritted insert with about 1 cm 
silanized glass wool loosely packed below the frit, Varian 
Model 8000 autosampler, and electron capture detector (Var
ian Associates, Palo Alto, CA 94303), or equivalent.

(b) Chromatographic column.—Durabond DB-1 0.25 p.m 
thick bonded phase on fused silica, 15 m x 0.32 mm (Alltech 
Associates, Deerfield, IL 60015), or equivalent. Chromato
graphic conditions: temperatures: oven 190°C, detector 320°C,

Received February 11, 1985. Accepted June 7, 1985.

injector 270°C; carrier gas: helium at 70 cm/s, split ratio 30:1; 
make-up gas: nitrogen at 20 mL/min.

Reagents
(a) Tetrahydrofuran.—AR grade (Fisher Scientific, Fair 

Lawn, NJ 07410), or equivalent.
(b) Analytical standard.—Pyrocide 175 (McLaughlin 

Gormley King Co., Minneapolis, MN 55427).

Procedure
Weigh the equivalent of 5 mg standard (25 mg of 20%) into 

50 mL volumetric flask and dilute to volume with tetrahydro
furan (THF). Dilute 10 mL to 50 mL with THF. Prepare 
samples by weighing the equivalent of 1 mg pyrethrins into 
50 mL volumetric flask and diluting to volume with THF. 
Mix well and inject 1 p-L. Bracket every sample with stan
dards.

Quantitation
Figure 1 represents a typical chromatogram of a low level 

pyrethrin formulation. The 6 pyrethrin peaks are identified 
on the basis of the elution profile obtained by using the official 
method. Both this method and the official method use the 
same liquid phase and it is reasonable to assume that the 
elution orders would be the same. The resolution of capillary 
GC makes possible the use of all 6 pyrethrin peaks. The sum 
of these peak areas or heights is used in the equation:

% Pyrethrin = (RIR') x (W'/W) x (VIV)
x % standard purity

where R and R' = response for sample and standard, respec
tively; W and W' = weight of sample and standard, respec
tively; and V and V' = final volume of sample and standard, 
respectively. In the dilution scheme outlined above, V = 50 
and V' = 250.

Method Evaluation
The precision of this method was tested by analyzing 5 low 

level samples in quadruplicate. Linearity was tested by chro
matographing standards ranging from 4 to 40 pg/mL (0.2 x 
to 2.0 x target concentration). Recovery was evaluated by 
assaying 4 spiked formulation samples.

Results and Discussion
A typical chromatogram of a low level pyrethrin formula

tion is presented in Figure 1. All 6 esters are well resolved 
and elute within 10 min. Peaks corresponding to piperonyl 
butoxide and MGK 264 are also identified. The authors had 
originally intended to use this method to simultaneously assay 
these synergists, but found too much variation in the response 
of the ECD to these compounds. Injection of a series of 
standards indicated that inclusion of as many of the pyrethrin 
peaks as possible gave the best precision for quantitation (see 
Table 1). Occasionally, a formulation will give an offscale 
peak that coelutes with cinerin II; this peak must be neglected.

Table 2 presents the results of quadruplicate analyses of 5 
low level pyrethrin formulation samples. Samples used in this 
study were selected to test the method as rigorously as pos
sible. These samples included a low level aerosol, 2 pet sham
poos, an oily insect repellent, and an aqueous pet spray. The
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Figure 1. Chromatogram of diluted sample 84-27 (20 ng pyrethrin) iden
tifying: (a) cinerin I, (b) Jasmolin I, (c) pyrethrin I, (d) cinerin II, (e) jasmolin 

II, (f) pyrethrin II, (g) MGK 264, (h) piperonyl butoxide.

coefficients of variation (CV) ranged from 1.8 to 4.8% with 
an average of 3.3%. This is slightly larger than desired but 
should be expected for samples of this type. The 2 shampoos 
gave lower results than expected. Some cloudiness was 
observed in the extracts of these samples. It is possible that 
some of the pyrethrin in these samples was sequestered from 
the THF but it is also possible that these samples were under
formulated.

Linearity was tested by chromatographing dilutions of 
standard ranging from 4 to 40 (ig/mL (target standard = 20 
|xg/mL). Analysis of variance determined a regression coef
ficient of 0.994 and a correlation coefficient of 0.997. Recov
ery was evaluated by adding standard directly to 4 of the 
samples used in the study. The aerosol sample could not be 
accurately spiked. The results are given in Table 3. Recovery 
ranged from 99.8 to 104.2% with an average of 101.2%.

The accuracy of this method is difficult to assess. The 
official method is not applicable to samples used in this study. 
A comparison was made between the official method and this 
method, using flame ionization detection (FID) on higher 
level samples (Table 4). Four samples were analyzed in quad
ruplicate by each method. The capillary method gave lower 
results for 3 samples but also gave results closer to the guar
antee for 3 of the samples. This may result from improved 
resolution of pyrethrins from other compounds in the sample.

The composition of “pyrethrins” is not stringently defined. 
It is also commonly reported that pyrethrins are succeptible 
to photolysis (4). Thus, a great deal of variation in the com

Table 1. Comparison of peaks used in pyrethrin quantitation

Peaks Peak heights“ CV, %

Pyrethrin I 121.25 ± 3.30 2.7
Pyrethrins I + II 154.25 ± 4.99 3.2
All I pyrethrins 232.75 ± 2.99 1.3
Pyrethrin I +

cinerin I 203.50 ± 2.65 1.3
All 6 peaks 307.25 ± 2.36 0.8

“Sum of peak heights, average ± standard deviation across 4 injections.

Table 2. Results of quadruplicate analysis of low level pyrethrin 
samples

Av. ± SD
Sample Description Found, % (% CV)

84-24 0.05% aerosol also 0.0492 0.0477 ± 0.0023
containing 0.1% 0.0465 (4.8)
piperonyl butoxide, 0.0450
0.166% MGK 264, and 0.0499
0.5% Baygon

84-27 0.06% oil diluted also 0.0578 0.0570 ± 0.0017
containing 0.096% 0.0588 (2.9)
piperonyl butoxide, 0.2% 0.0564
MGK 264, and 0.4% MGK 0.0550
R326

84-123 0.075% shampoo also 0.0690 0.0691 ± 0.0013
containing 0.12% 0.0693 (18)
piperonyl butoxide and 0.0706
0.25% MGK 264 0.0675

84-281 0.045% shampoo also 0.0401 0.0375 ± 0.0017
containing 0.072% 0.0368 (4.5)
piperonyl butoxide and 0.0366
0.15% MGK 264 0.0366

84-748 0.06% aqueous diluted 0.0592 0.0592 ± 0.0015
also containing 0.48% 0.0571 (2.5)
piperonyl butoxide 0.0605

0.0598

position of pyrethrin formulations and standards would be 
expected. The authors have not found this to be the case. 
Five standards from different lots stored for different lengths 
of time all showed the same relative composition. Analysis 
of more than 40 formulations has revealed only slight varia
tions in composition possibly due to a common source of 
pyrethrins for these samples. The effect on analysis of cou
pling these slight compositional variations with differences 
in ECD response factors of the individual pyrethrin esters is 
difficult to predict. The linearity and relative proportion of 
each ester was evaluated by chromatographing standard dilu
tions (4-40 pg/mL). The linearity of response to individual 
peaks was excellent. A change in relative proportions would 
be indicative of differences in response factors. No such 
change was observed. The use of all 6 pyrethrin peaks should 
minimize the effect of variation in composition.

The resolution, speed, ease, and ruggedness of capillary 
GC have made it very popular. Advocates accept the impre
cision introduced by the split injection technique for their 
own uses, but hesitate to publish their findings. Various strat
egies to minimize this imprecision should be used whenever 
possible. The use of an autosampler is nearly essential. Pack
ing silanized glass wool in the insert also proved helpful. The 
use of an internal standard is highly recommended (5). The 
authors did not use an internal standard in this study because 
its use resulted in worse precision. This could be due to 
variable splitting of the internal standard used. Peak heights 
were used in this study rather than areas due to a lack of an 
integrator capable of handling capillary peaks. Itjs not known 
whether areas would give better results than peak heights. 
The selection of the injection solvent is also important (5).
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Table 3. Recovery of pyrethrin standard added to low level pyrethrin 
formulations

Sample Found, % Expected, % Recovery, %
84-27 0.0784 0.0752 104.2
84-123 0.0822 0.0819 100.3
84-281 0.0490 0.0487 100.6
84-748 0.0921 0.0923 99.8

Table 4. Comparison between official AOAC method and capillary FID 
method

Sample Sample type AOAC results" Capillary results"
84-163 1% in

petroleum
distillate

1.025 ± 0.0058 
(0.6)

0.861 ± 0.017 
(2.0)

84-251 0.15% flea mist 0.194 ± 0.0043 
(2.2)

0.138 ± 0.0046
(3.3)

84-353 0.3% shampoo 0.187 ± 0.0040 
(2.1)

0.224 ± 0.0049 
(2.2)

84-790 1% in paraffinic 
oil

1.233 ± 0.0005 
(0.4)

1.145 ± 0.0265 
(2.3)

"Average (%) ± standard deviation (% relative standard deviation).

THF was used in this study because of the range of samples 
with which it is miscible, and its lack of effect on splitting. 
Use of methanol to dissolve some shampoos gave variable

results due to splitting variations. Large sample weights 
required for some samples change the injection solvent and 
splitting will be affected.

It is hoped that the increased resolution of capillary GC 
will offset the problems introduced by split injection. Inte
gration of well resolved peaks should be better than that of 
poorly resolved peaks. The chance of contaminants coeluting 
with the peaks of interest will also be less. Resolution of 
multi-peak samples will allow the use of more components in 
defining the sample.

The results presented here demonstrate the applicability of 
capillary GC to the analysis of low level pyrethrin formula
tions. This technique offers excellent linearity and recovery 
along with acceptable precision. This method may be used 
on the increasingly common samples that cannot be analyzed 
by the official method. This method is subject to variation 
when large sample weights are used, gives low results on 
some shampoo products, and is inferior to the official method 
for higher level formulations.
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Simultaneous Liquid Chromatographic Determination of Warfarin and Sulfaquinoxaline in 
Cornmeal-Based Rodenticide

S E L I N A  A K H T A R  a n d  L E O N A R D  C . B A I L E Y '
Rutgers University, College o f Pharmacy, PO  Box 789, Piscataway, N J  08854

A method is reported for the simultaneous determination of warfarin 
and sulfaquinoxaline in a cornmeal-based commercial rodenticide by 
extraction of the 2 components with acetonitrile followed by liquid 
chromatographic separation. A reverse phase C-18 column is used with 
a simple buffered mobile phase (acetonitrile-water (50 + 50) 0.005M 
in heptanesulfonic acid sodium salt, pH 3.5) that elutes sulfaquinoxaline 
as a paired-ion and warfarin as an ion-suppressed non-ionic species. 
The 2 compounds are detected at 280 nm after separation and are 
quantitated using ethyl p-nitrobenzoate as an internal standard. The 
method compares favorably with existing methods of analysis for the 
2 compounds in terms of accuracy and precision, and is superior to 
those methods in speed as well as specificity.

Warfarin (3-(acetonylbenzyl)-4-hydroxy-coumarin) is an 
anticoagulant used as the active ingredient in numerous 
commercial rodent baits. Many of these formulas also contain 
sulfaquinoxaline (2-(p-aminobenzenesulfonamide)quinoxaline) 
as a synergist. This substance acts as an antibacterial agent 
to inhibit the growth of organisms that produce vitamin K, 
an antidote to the effects of warfarin. Upon repeated feedings, 
these drugs cause fatal hemorrhage in rats and mice and, 
thus, help control rodent infestation. The common dosage 
level is 0.025% each of warfarin and sulfaquinoxaline.

Previous work on the analysis of warfarin alone in rodent 
baits includes spectrophotometric determination at 308 nm

Received M arch 6, 1985. Accepted A p r il 25, 1985. 
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after extraction (1,2) and after column chromatographic puri
fication (3). Determinations of warfarin in matrices other than 
rodenticides have also been reported using UV spectropho
tometry (4, 5), fluorometry (6), gas chromatography (GC) (7,
8), and GC-chemical ionization mass spectrometry (9). Liquid 
chromatographic procedures were described by Vessel and 
Shively (10) and Billings et al. (11), using external standards 
for quantitation. Procedures using internal standards have 
also been reported (12-14).

Sulfaquinoxaline alone has been determined in various 
matrices by colorimetry (15, 16) and by UV spectrophoto
metry after purification by thin layer chromatography (17, 
18). Examples of analysis by LC have also been reported 
(19-21).

Methods for the simultaneous LC analysis of both warfarin 
and sulfaquinoxaline in rodenticide mixtures have been 
described by Trujillo (22) and Perez (23). Neither used an 
internal standard for quantitation, thereby making it difficult 
to achieve accurate and precise results. Moreover, the method 
of Trujillo was applied to the analysis of rodenticide concen
trates and not the actual bait itself, while the method of Perez 
was concerned with baits prepared in the laboratory and not 
those commercially available.

The purpose of the research reported here was to develop 
an accurate, reproducible, rapid quantitative LC procedure 
for the simultaneous determination of warfarin and sulfaqui
noxaline in a commercially available cornmeal-based rat bait.
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Figure 1. Typical chromatogram of an extract of a rodent bait. A, sulfa- 
quinoxaline; B, warfarin; C, Ethyl p-nitrobenzoate (internal standard).

In addition, since the method necessarily involved multiple 
extraction and transfer steps, an internal standard was desired 
to aid in quantitation and to compensate for potential losses 
of the analytes during the procedure.

METHOD

Reagents and Standards
Acetonitrile, LC grade (Fisher Scientific); heptanesulfonic 

acid sodium salt and ethyl p-nitrobenzoate (both Eastman 
Kodak); and warfarin and sulfaquinoxaline (gift from E. R. 
Squibb) were used as received. Distilled water was purified 
to a conductivity of 0.055 microsiemens, using a Water-I 
Laboratory Water System (Gelman Sciences, Inc.).
Apparatus

To accurately determine weights of samples greater than 
50 mg, use analytical balance, e.g., Sartorius Model 1601A. 
For weighing smaller samples, use suitable microbalance, 
e.g., Perkin-Elmer AD-2 Autobalance.

Set up liquid chromatograph suitable for use with stainless 
steel columns and capable of maintaining solvent flow of 1 
mL/min and pressures up to 3000 psi. Acceptable apparatus 
consists of duplex minipump (Milton Roy, Laboratory Data 
Control), fixed-loop injector with 20 pL loop (Spectra-Phys- 
ics Model HPSV-20), fixed wavelength (280 nm) UV detector 
(Laboratory Data Control Model 1205), and strip chart recorder 
(Fisher Series 5000 Recordall) operated at 10 mV. Use LC 
column 25 cm x 4.5 mm id packed with 5 pm octadecylsilane 
(Rainin Microsorb). Protect analytical column with a 2 cm x
2.6 mm id guard column (Upchurch Scientific) filled with 10 
pm C-18 packing (Waters Associates).

Before injection, remove any solid material from all sam
ples by using 13 mm Zetapor membrane disc filters with 0.45 
pm pores (Rainin Instrument Co.).

Mobile Phase
Dissolve 1.1013 g heptanesulfonic acid sodium salt in 500 

mL LC grade water. Mix with 500 mL acetonitrile and adjust 
pH to 3.5 with dilute HC1. Degas under vacuum before use.

Internal Standard Stock Solution
Dissolve exactly 6.6 mg ethyl p-nitrobenzoate in 500.0 mL 

acetonitrile to give final concentration of 0.0132 mg/mL.

Reference Standard Solution
Accurately weigh ca 1.5 mg warfarin reference standard 

and 1.5 mg sulfaquinoxaline reference standard and quanti
tatively transfer into 25 mL volumetric flask. Add 10 mL 
internal standard stock solution (IS solution), agitate to dis
solve the powders, and dilute to volume with IS solution. 
Transfer exactly 1.00 mL of this solution into 10 mL volu
metric flask and dilute to volume with IS solution.

Sample Preparation
Accurately weigh ca 0.625 g bait sample into 6 in. screw- 

cap test tube. Add 5.00 mL IS solution, cap tube, and shake 
on vortex mixer 1 min. Let mixture settle and transfer clear 
supernate to 25 mL volumetric flask. Repeat procedure 3 
more times, each time adding supernate to flask. Wash resi
due twice with 2 mL IS solution and transfer washings to 
flask. Dilute to volume with IS solution and mix thoroughly.

Prior to injection onto liquid chromatograph, filter portion 
of this solution through 0.45 pm membrane filter.

LC  Assay
Set instrument conditions so that flow rate is 1 mL/min at 

pressure of ca 2500 psig. Use suitable UV detector with 
wavelength fixed at 280 nm and detector operated at 0.04 
AUFS. Set chart speed at 0.25 cm/min and recorder range at 
10 mV. Make triplicate injections of 20 pL each of reference 
standard solution and sample solution and measure peak heights 
of sulfaquinoxaline, reference standard, and warfarin. Cal
culate sulfaquinoxaline and warfarin content of sample by 
using following equation:

% Sulfaquinoxaline (or warfarin) = (Ci/?2 x 2.5)/<Rt x W)
where C, = concentration (mg/mL) of sulfaquinoxaline (or 
warfarin) in reference standard solution; R, = peak height 
ratio of sulfaquinoxaline (or warfarin) to internal standard in 
standard chromatogram; R2 = peak height ratio of sulfaqui
noxaline (or warfarin) to internal standard in sample chro
matogram; W = weight of the sample (g).

Results and Discussion 

Chromatographic Response
At the pH of the mobile phase, sulfaquinoxaline, a weak 

base, is protonated and forms an ion-pair with the counter
ion, heptane sulfonate. However, warfarin is weakly acidic, 
so its ionization is suppressed and it remains nonpolar, and 
can therefore interact effectively with the stationary phase. 
With the mobile phase and the experimental conditions 
described, the retention time for sulfaquinoxaline was 3.2 
min, for warfarin 8.8 min, and for the internal standard 11.0 
min. A typical chromatogram is shown in Figure 1.

To determine the linearity of the chromatographic response, 
calibration curves were run in which the internal standard
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Table 1. Determination of warfarin In rat baits Table 2. Determination of sulfaquinoxallne in rat baits

Lot

LC Modified AOAC Corrected AOAC
% of 
claim“ % RSD

% of 
claim % RSD

%of
claim

1 98.8 3.2 126.4 3.80 110.0
2 94.4 0.42 109.6 9.49 92.8
3 92.8 1.72 108.0 1.85 90.8
4 97.6 2.87 113.2 3.18 98.8
5 106.1 0.75 118.0 7.46 104.8

Overall 98.0 5.31 114.8 6.27 99.2

“Mean of 3 determinations. Label claim is 0.025%.

concentration was maintained constant while the sulfaqui- 
noxaline or warfarin concentration was varied. The resulting 
responses for both calibration curves were linear (r = 0.99) 
over a range corresponding to quantities of the 2 analytes 
that would be obtained in the analysis of mixtures containing 
50-150% of the label claim (0.0125-0.0375%). In both cases, 
the intercepts were essentially zero.

Extraction Procedure
To determine the optimum conditions for extraction of the 

active ingredients from the cornmeal-based rodenticide, a 
single sample was extracted sequentially with 5 mL portions 
of the solvent, and aliquots of the clear supernate from each 
step were injected onto the LC column. Most of each solute 
appeared in the first extraction; however, significant quanti
ties were present in the second, third, and fourth portions, 
while the final extraction showed no solute peaks. As a result 
of these experiments, a final procedure was adopted which 
involved 4 extractions using 5 mL of solvent each.

The suitability of the extraction procedure was also tested 
by using the method of standard addition. Known weights of 
each of the analytes were added to samples and the quantity 
of standard material recovered by multiple extraction was 
determined by LC analysis. When the amounts of standard 
added were plotted against the amounts recovered, the plots 
were linear (r = 0.99) and the intercepts were essentially 
zero, thereby confirming the utility of the procedure.

Since the cornmeal base of the rat bait contains many 
potentially extractable substances that could interfere with 
the chromatography, a blank sample of cornmeal was extracted 
under the same conditions as the assay method. To eliminate 
the possibility that an interfering peak would be overlapped 
by the standard and thus be undetected, the extraction sol
vent contained no internal standard. The resulting chroma
togram showed no peaks that would interfere with either of 
the analytes or the internal standard.

Reference Method
To provide a validation of the accuracy and precision of 

the proposed method, all samples were analyzed both by the 
LC procedure and by a spectrophotometric procedure. For 
sulfaquinoxaline, the reference method was the official AO AC 
assay, and for warfarin, a modified version of the official 
AOAC method was used. The modifications included addi
tion of «-hexane to the ether extract of the sample before 
partitioning with aqueous sodium pyrophosphate, extraction 
of the aqueous phase with «-hexane instead of petroleum 
ether in the third step, preparation of warfarin reference 
standard in ethyl ether instead of in sodium pyrophosphate 
solution, and use of 1% sodium pyrophosphate solution as 
the blank for both standard and sample.

Lot

LC Modified AOAC Corrected AOAC
%of
claim“ % RSD

%of
claim % RSD

%of
claim

1 98.0 1.6 112.8 1.77 106.4
2 97.3 0.41 103.6 2.7 97.2
3 91.2 4.8 100.4 2.39 94.4
4 102.1 4.7 107.6 1.12 101.6
5 106.1 0.38 110.8 2.17 105.2

Overall 99.1 6.0 106.8 4.49 100.8

“Mean of 3 determinations. Label claim is 0.025%.

Analysis of Rat Baits
Five different lots of a cornmeal-based rat bait were ana

lyzed by both methods. The results are shown in Tables 1 
and 2, columns 2 through 5. Results are expressed as percent 
of label claim (0.025%) and all analyses were done in tripli
cate. By the LC method, the overall recovery of sulfaqui
noxaline was 99.1% with a relative standard deviation (RSD) 
of 6.0%; for warfarin, 98.0% was recovered and the % RSD 
was 5.31. However, by the reference methods, recovery was 
106.8% (% RSD = 4.49) and 114.8% (% RSD = 6.27) for 
sulfaquinoxaline and warfarin, respectively.

To determine the significance of the differences in the means 
obtained by the 2 methods, both paired /-tests and 2-tailed F- 
tests were performed. The F-test, which evaluates the 
hypothesis that the variances of the methods are the same, 
showed no significant difference between the variances at the 
0.05 level. The /-test, which evaluates the hypothesis that the 
difference between the method means is zero, showed a sig
nificant difference at the 0.05 level.

The significant difference between the 2 method means, 
yet the lack of difference between their variances led to the 
supposition that the methodology itself could be the source 
of the errors. Because the AOAC methods are designed for 
the determination of a single analyte and not mixtures, it was 
suspected that some cross-interference, i.e., interference in 
warfarin analysis by co-extraction of some sulfaquinoxaline 
and vice versa, was taking place. Also, there was a strong 
possibility of interference from extraction of some material 
from the matrix. To test this hypothesis, the following exper
iments were run.

(a ) Reference standard warfarin at an appropriate weight 
was carried through the assay for sulfaquinoxaline and the 
absorbance was measured at 545 nm. The absorbance cor
responded to a 2.3% error in overestimating sulfaquinoxaline.

(b ) Reference standard sulfaquinoxaline at an appropriate 
weight was carried through the warfarin assay and the absorb
ance was read at 308 nm. The measured absorbance corre
sponded to 3.5% error in overestimating warfarin.

(c) Two blank cornmeal samples at weights equivalent to 
those usually taken for the assay were carried through the 
separate pretreatment procedures for warfarin and sulfaqui
noxaline and their absorbances were read at the correspond
ing analytical wavelengths. The absorbance values corre
sponded to errors in sulfaquinoxaline of 3.7% and in warfarin 
of 10.5%.

The results of the analysis of the rat baits, which have been 
corrected for the overall errors of 6% in sulfaquinoxaline and 
14% in warfarin, are shown in Tables 1 and 2, column 6. The 
corrected values agree closely with those obtained by the LC 
method. To validate these results, F- and /-tests were run as 
before. Neither showed any significant difference between 
the means or variances at the 0.05 level.
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In summary, an LC method has been developed for the 
simultaneous determination of warfarin and sulfaquinoxaline 
in a cornmeal-based rat bait. The method has been validated 
by comparing results obtained to those generated from iden
tical samples analyzed by current official procedures for this 
type of bait material. Statistical evaluation using t- and F- 
tests to compare the means and variances, respectively, con
firmed that the results produced were similar in accuracy and 
variability to those obtained by the current official methods. 
However, the proposed method has a great advantage in 
specificity, especially for mixtures, since neither component 
interferes with the determination of the other. In addition, it 
does not produce erroneously high results due to interfer
ences from the sample matrix. Moreover, the LC method is 
significantly faster and more amenable to automated or robot
ized methods.
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Liquid Chromatographic and Gas Chromatographic Determination of tV-Nitrosodiethanolamine 
in 2,4-D Diethanolamine Pesticide Formulations

Y U K  Y. W I G F I E L D  a n d  M O N I Q U E  L A N O U E T T E
Agriculture Canada, Food Production & Inspection Branch, Laboratory Services Division, Ottawa, Ontario, 
Canada K1A 0C6

A method for the determination of A’-nitrosodiethanolamine (NDE1A) 
in diethanolamine formulations of 2,4-D herbicide has been developed. 
The NDEIA fraction was isolated from the formulation by 2 disposable 
ion exchange columns followed by an extraction column to remove the 
acid and amine that might be deleterious to the analytical system and 
to concentrate the NDEIA solution. The isolated fraction was then 
further purified on a silica gel disposable column and analyzed for 
NDEIA by using a liquid chromatographic (LC) apparatus connected 
to an ultraviolet (UV) detector in series with a thermal energy analyzer 
(TEA) detector. NDEIA was derivatized to the trimethylsilyl (TMS) 
derivative, the identity of which was confirmed by gas chromato
graphy-mass spectrometry (GC-MS) and analyzed by gas chromato
graphy with TEA detection (GC-TEA). The limit of detection of NDEIA 
by LC-TEA and LC-UV is 1 ng and by GC-TEA 0.08 ng. These values 
correspond to 0.1 ppm relative to the active ingredient in the formu
lation. The recoveries for this analytical method averaged from 91 to 
100% when the samples were spiked at the 0.30-3.47 ppm level. The 
specificity and reproducibility of these 3 methods of determination were 
compared; results suggest that NDEIA was not generated during cleanup 
or in the GC injection port.

(V-Nitrosodiethanolamine (NDEIA) has been demonstrated 
to be carcinogenic in rats (1) and has been detected in cutting 
fluids (2), cosmetics (3), tobacco (4), and pesticides (5). It has 
also been found that NDEIA can be formed easily by nitro- 
sation of either di- or triethanolamine (6). Motoi et al. exam
ined the formation of NDEIA from diethanolamine in the 
presence of inorganic pigments (7).

Received March 11, 1985. Accepted May 29, 1985.

2,4-D, a broad leaf herbicide, is sold as the aqueous solution 
of the dimethylamine and as diethanolamine salts. The pres
ence of /V-nitrosodimethylamine in 2,4-D dimethylamine for
mulations used in Canada has been investigated in the West
ern Laboratory of Agriculture Canada (8), but no studies on 
NDEIA in the diethanolamine formulations have been reported.

Most nitrosamine analyses have been concerned with res
idues in foods and human urine and have used such tech
niques as gas chromatography interfaced with thermal energy 
analyzer (GC-TEA) or liquid chromatography with thermal 
energy analyzer (LC-TEA) (9, 10). NDEIA has also been 
analyzed in cosmetics by using GC-TEA preceded by the 
formation of a trimethylsilyl (TMS) derivative (11), and by 
using LC-TEA after ion exchange chromatographic separa
tion of NDEIA (12). The use of liquid chromatography and 
ultraviolet detection (LC-UV) to detect NDEIA has also been 
described for cosmetics and compared with LC-TEA (13). 
Wolf et al. described analytical methods used to determine 
nitrosamines, other than NDEIA contamination, in pesticide 
formulations at sub-ppm levels (14). To date, however, meth
ods of extraction of NDEIA from aqueous to organic phase 
and subsequent isolation from pesticide formulations have 
not been reported. NDEIA, being a nonvolatile polar com
pound, soluble in water and partly soluble in acetone, meth
ylene chloride, and methanol, is difficult to extract from 
aqueous pesticide formulations. Thus there is a need for a 
sensitive, specific, reproducible method for isolation, detec
tion, and quantitation of NDEIA in pesticide formulations.

The procedures described in this paper involve an anion 
exchange column to retain the 2,4-D acid, followed by a
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cation exchange column to remove the diethanolamine. The 
aqueous solution is extracted with a CLIN ELUT column, 
thus avoiding the need for liquid-liquid extractions and any 
centrifugation of the resulting emulsions. The extract is then 
concentrated by evaporation, purified through a silica gel 
disposable column, and then analyzed by LC-TEA and LC- 
UV. The same extract is also derivatized to the silyl deriva
tive and analyzed by GC-TEA. The specificity and reprodu
cibility of these 3 methods are compared.

METHOD

Apparatus
(a) Liquid chromatograph.—Spectra-Physics(SP)(San Jose, 

CA) 8100 liquid chromatograph equipped with 25 cm x 4.6 
mm Spheri-5™ cyano normal phase column (Brown-Lee Labs); 
SP 8110 autosampler; SP 8440 variable wavelength detector 
connected in series by pneumatic 3-way valve (Rheodyne 
Model 5302), which was controlled by Autochrom™ solenoid 
interface, to TEA detector Model 502A (Thermo Electron 
Corp., Waltham, MA); and SP 4200 dual-channel computer 
integrator equipped with SP 9600 Labnet™ computer. Oper
ating conditions: mobile phase flow rate, 1 mL/min; UV 
wavelength, 234 nm; sensitivity, 0.02 AUFS; carrier gas, high 
purity argon, 100 mL/min; high purity oxygen, 45 mL/min; 
pyrolizer temperature, 600°C; vacuum, 1.2 torr; cold trap, 
dry ice-ethanol (50 + 50); attenuation, 8; chart speed, 0.5 
cm/min.

(b) Gas chromatograph-mass spectrometer.—Finnigan 
Model 9610 gas chromatograph with J & W Model II capillary 
on-column injector and Finnigan 4500 mass spectrometer 
with pulsed positive ion negative ion chemical ionization and 
Townsend discharge ionization. GC column: 15 m x 0.32 
mm id DB-1 (J & W Scientific, Rancho Cordova, CA) with 
precolumn extended ca 0.6 m from injector. Data acquisition 
and MS control: Finnigan 2300 INCOS data system. GC 
operating conditions: column temperature, 85°C for 0.1 min, 
then 57min to 150°C; head pressure, 3 psi; carrier gas, helium 
UHP. Mass spectrometer source pressure: 0.48 torr. Ioni
zation mode: (/) methane (UHP) positive chemical ionization 
(MPCI): temperature, 140°C; emission current, 0.34 mA, 54 
eV (Figure 1A); (2) methane negative chemical ionization 
(MNCI): temperature, 100°C, emission current 0.34 mA, 50 
eV (Figure IB); (5) oxygen (UHP) negative chemical ioniza
tion (ONCI) with Townsend discharge mode: temperature, 
100°C; discharge current 70 pA, voltage 1.5 kV (Figure 1C).

(c) Gas chromatograph- thermal energy analyzer.—Hew
lett-Packard Model 5710A gas chromatograph with Model 
18740B capillary column controller interfaced to TEA detec
tor (Model 502A, Thermo Electron Corp.) and equipped with 
Spectra-Physics SP4200 computing integrator. GC column: 
30 m x 0.315 mm DB-5 0.25 pm fused silica capillary column 
(J & W Scientific). Operating conditions: column oven tem
perature, 90 to 160°C at 87min; head pressure, 15 psi; injec
tion port, 200°C; pyrolizer temperature, 500°C with CTR™ 
gas stream filter; vacuum 0.22 torr; attenuation, 8; chart speed, 
0.5 cm/min; oxygen, 15 mL/min. Injection technique: splitless 
purge delay time, 20 s septum purge flow, 0.5 mL/min; injec
tion volume, 3 pL.

(d) Extraction tube.—CLIN ELUT™ columns unbuffered 
(part No. 1020, Analytichem International, Harbor City, CA).

(e) Ion exchange columns.—5 mL anion exchange material 
AG1-X8 (100-200 mesh) chloride ion packed with water in 
disposable 11 mL polypropylene Econo-Columns (Bio-Rad 
Laboratories) and 0.8 x 4 cm prefilled Econo-Columns packed

with 100-200 mesh cation exchange resin AG50W-X8 (H+) 
in water (Bio-Rad Laboratories).

(f) Adsorbent column.—Baker-10 SPE™ silica gel, 6 mL 
disposable columns (J. T. Baker Chemical Co.).

(g) Sample filtering unit— MILLEX-SR, 0.5 pm filter unit 
for nonaqueous solutions (Millipore Corp., Bedford, MA), 
and 5 mL FORTUNA® disposable, sterilized, nonpyrogenic, 
and all-polypropylene/polyethylene syringes (Aldrich Chem
ical Co., Inc.).

(h) UV lamp.— General Electric G15T8 germicidal, 15 watts. 
Reagents

(a) Solvents.—Butanol, reagent grade; chloroform, LC 
grade; all others, glass distilled.

(b) Standard stock solution.—104 mg NDE1A in 10 mL 
acetone (Thermo Electron Corp.).

(c) Analytical standard.—Dilute appropriate aliquot of stock 
solution to 10 mL with 25% butanol in methylene chloride to 
give final concentrations of 0.1, 0.3, 0.5, 1.0, 2.0 ng/pL, 
respectively.

(d) Mobile phase— Methanol-hexane-methylene chlo
ride (5 + 60 + 35).

(e) N-Nitrosation inhibitor.—Sodium azide solution. Weigh 
10 g sodium azide (reagent grade) in 500 mL glass-distilled 
water (purified with Milli-Q2 system).

(f) Silylating agent.—N,0-Bis-(trimethylsilyl)-acetamide 
(BSA), specially purified grade (Pierce Chemical Co.).

Extraction and Cleanup
Measure 1 mL formulation and mix with 1 mL sodium azide 

solution, and N-nitrosation inhibitor to prevent artificial for
mation, in test tube. Quantitatively transfer mixture with 10 
mL water to drained anion exchange column connected in 
series with cation exchange column which elutes directly to 
extraction tube. Wait 3 min for eluted sample to be adsorbed 
onto dry column. Place 500 mL round-bottom flask under 
column. Elute NDE1A with 20 mL 10% acetone in ethyl 
acetate, wait 1 min to ensure efficient extraction of NDE1A 
between the 2 aliquots, then elute again with 230 mL of the 
same solution. Add 0.5 mL butanol to eluate to prevent com
plete evaporation of solvent, and concentrate to 0.5-1 mL 
on rotary evaporator at 36°C. Quantitatively transfer concen
trated solution to silica gel Baker-10 column, prewashed with 
5 mL methanol and then 5 mL chloroform, using 15 mL 
chloroform and elute NDE1A with 10 mL 10% methanol in 
chloroform. Discard first 15 mL eluate and collect remainder 
in 15 mL centrifuge tube. Proceed to either LC determination 
or preparation of TMS derivative.

LC  Determination
Add 0.5 mL butanol to centrifuge tube and evaporate sol

vents under nitrogen to 0.5 mL. Dilute residue to 2 mL with 
methylene chloride and then filter through sample filtering 
unit. Transfer aliquots to sealed vials for LC analysis.

Inject 50 pL NDE1A aliquots into LC apparatus using 
autosampler. Record peak areas and retention times with SP 
4200 computing integrator. Quantitate with external stan
dard:

NDE1A (ppm of active ingredient)
= (A!A') x (W'lW) x purity of std

where A and A' = area response of sample and standard, 
respectively; W and W' = weight (pg) of standard, and 2,4- 
D sample calculated from amount of 2,4-D (% w/w) contained 
in 2,4-D diethanolamine sample as determined by LC-UV 
analysis.
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Figure 1 A. Mass spectral comparison of NDEIA-TMS derivative standard and sample using methane positive chemical ionization.
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Figure 1B. Mass spectral comparison of NDEIA-TMS derivative standard and sample using methane negative chemical ionization.

Preparation of TMS Derivative
Evaporate NDEIA extract in 15 mL centrifuge tube under 

nitrogen to dryness. Add 0.5 mL BSA reagent, shake, stop
per, and heat 30 min at 70°C (9). Cool to room temperature 
and dilute to 2 mL with acetone. To prepare standard used 
for GC quantitation, add 200 p.L standard stock solution in 
15 mL centrifuge tube, evaporate to dryness, and prepare 
silyl derivatives as above. Proceed to GC determination within 
24 h.

GC Determination
Inject 3 (jlL aliquot of NDEIA silyl derivative into GC 

apparatus. Quantitate NDEIA concentrations using external 
standard, and calculate as described in L C  Determination.

Ultraviolet Confirmatory Test
Transfer 1 mL NDEIA extract to quartz cell, and place 

within several inches of UV source. After exposure for 2 h. 
re-analyze extract by LC-TEA. Disappearance of peak cor
responding to NDEIA is good evidence of its identity.

Gas Chromatographic-Mass Spectrometric Confirmation
Using conditions under instrumental apparatus, inject 3 p.L 

aliquot of standard NDEIA silyl solution within 24 h of prep
aration and obtain mass spectrum using the 3 modes of ioni
zation described. Repeat with silylated sample solution, and 
compare mass spectrum with that of standard for confirma
tion.
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Figure 1C. Mass spectral comparison of NDEIA-TMS derivative standard and sample using oxygen negative chemical ionization using Townsend
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Figure 2. LC chromatogram showing 26 ng NDEIA standard: A, U V detec
tor; B, TEA detector.

Results and Discussion
Initial attempts to clean up the formulation were carried 

out by centrifuging the 2,4-D acid precipitated by addition of 
HC1. The filtrate was purified through a Sep-Pak C18 cartridge 
and transferred directly to the extraction column. The NDEI A 
extract was eluted, concentrated, and transferred to a silica 
gel Baker-10 column. These procedures appeared to be long 
and tedious, so they were replaced by 2 ion exchange col

umns, the anion exchange column to retain the acid and then 
the cation exchange column to retain diethanolamine. The 
entire aqueous extract along with the wash solution was 
transferred to the extraction column. The NDE1A was iso
lated from water by eluting the extraction column containing 
the aqueous extract with 10% acetone in ethyl acetate, and 
was then concentrated and purified on a silica gel disposable 
column. The elution of NDE1A standards spiked in water 
from the column gave recoveries of 100%. The same study 
(standards spiked in acetone) with a Baker-10 silica gel col
umn gave 100% recovery from 10% methanol in chloroform. 
Low recoveries (0-30%) were noticed only when NDE1A was 
evaporated to dryness on the rotary evaporator, presumably 
due to the adsorption of NDE1A on glassware surfaces (15). 
This was minimized by adding butanol to compete for adsorp
tion sites and to prevent NDEI A from evaporating to dryness.

Initially, an analytical 5 p,m silica gel column was used for 
LC analysis. Nonreproducibility of retention time of NDE1A 
necessitated changing to a bonded cyano column. The mobile 
phase conditions were very similar to those used by Motoi et 
al. (7) at a flow rate of 1 mL/min. NDEI A gave a sharp peak 
at a reproducible retention time of 8.7 min for TEA detection 
and 8.1 min for UV detection (Figure 2). The difference in 
these 2 retention times is due to the dead volume between 
the detectors.

The same cleanup procedures were conducted on the reagent 
blank, giving NDE1A levels below the limits of detectability. 
Samples of the diethanolamine before and after the prescribed 
cleanup procedures were also analyzed for NDE1A by using 
LC-TEA determination, and 0.1 ppm NDEIA was detected 
in both cases. These results demonstrate that NDEIA was 
not generated during the analytical preparation.

Recovery studies were carried out by the described method 
on 15 samples by spiking NDEIA directly into the formulation 
and shaking well before adding the other ingredients for 
extraction and cleanup. Recovery efficiencies were deter
mined by calculating the fraction (%) of spiked amount recov
ered. The lowest detectable amount found in some samples 
was 0.10 ppm and these samples were used for spiking at a
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Table 1. Percent recoveries of NDEIA from fortified formulations, using 
LC-TEA

Original Fortified
level, level. Found, Recovery,

Sample ppm ppm ppm %

1 0.10 0.35 0.46 102.0
2 0.10 0.35 0.42 90.0
3 0.10 0.35 0.42 92.0
4 0.10 0.35 0.40 87.0

Av. 0.42 92.7
SD 0.02 6.5
Range 0.40-0.46 87.0-102.0

5 0.10 0.87 0.86 87.0
6 0.10 0.87 0.83 84.0
7 0.10 0.87 0.99 102.0

Av. 0.89 91.0
SD 0.08 9.6
Range 0.83-0.99 84.0-102.0

8 0.8 1.73 2.32 88.0
9 0.8 1.73 2.31 85.0

10 0.8 1.73 2.46 96.0
11 0.8 1.73 2.51 99.0

Av. 2.40 92.0
SD 0.10 6.6
Range 2.31-2.51 85.0-99.0

12 0.1 3.47 3.12 87.0
13 0.1 3.47 4.09 115.0
14 0.1 3.47 3.67 100.0
15 0.1 3.47 3.50 98.0

Av. 3.59 100.0
SD 0.40 11.5
Range 3.12-4.09 87.0-115.0

Table 2. Level (ppm) of NDEIA relative to active ingredient found in 
2,4-D diethanolamine formulations

NDEIA, ppm

Sample LC-TEA GC-TEA UV

1 0.7 0.8 0.8
2 0.8 1.1 1.0
3 0.9 0.8 0.9
4 0.7 0.7 0.7
5 0.8 1.0 1.2
6 1.0 1.0 1.4
7 10.2 9.3 15.7
8 1.4 1.1 1.7
9 0.1 0.2 0.1

10 0.1 0.2 0.1

low level. Recovery studies were conducted at levels of 0.35, 
0.87,1.73, and 3.47 ppm, using LC-TEA determination. Results 
are shown in Table 1. Recoveries averaged from 92.7 ± 6.5% 
for 0.35 ppm to 100.0 ± 11.5% for 3.47 ppm.

The NDEIA extracts were converted to TMS derivatives 
by reaction with BSA followed by GC-TEA determination. 
The results are summarized in Table 2. The absence of TEA 
response from LC-TEA determination of all sample extracts 
after the silylation reaction indicates the completion of the 
reaction. Fan and Fine (16) have shown that nitrosamine can 
be generated in the injection port of a gas chromatograph 
under suitable conditions. Table 2 shows similar results from 
LC-TEA and GC-TEA analysis of the same samples, thus 
suggesting that NDEIA was not generated in the GC injection 
port in the present work.

Based on the criterion that the minimum detectable amount 
(MDA) of a compound gives a recorder response twice the 
baseline noise, the MDA for both LC-TEA and LC-UV detec
tions was 1 ng. With the starting sample volume of 1 mL, 
active ingredient concentration of 48% as determined by LC- 
UV and the final NDEIA extract volume of 2 mL of which 50 
p-L was analyzed, this MDA corresponds to 0.1 ppm NDEIA

A

I----------1---------- 1 I
0 4 8 12

MIN

Figure 3. Typical LC chromatogram of sample 8 containing 1.4 ppm 
NDEIA: A, UV detector; B, TEA detector.

relative to 2,4-D weight in the initial sample. The MDA for 
GC-TEA detection was 0.08 ng. Since only a 3 p.L aliquot 
was analyzed, this MDA also corresponds to 0.1 ppm NDEIA.

Table 2 outlines the results obtained from the analysis of 
10 samples. Two samples gave 0.1 ppm on both LC-UV and 
LC-TEA detection, while 8 samples gave 0.7 ppm of NDEIA 
or higher. Samples 6, 7, and 8 had been stored in the labo
ratory for at least 2 years, which may have affected the level. 
The results are usually comparable for all 3 methods of deter
mination. The UV detection results are sometimes higher 
because of some interference with retention time very close 
to that of the NDEIA. Figure 3 shows 2 chromatograms of 
sample 8 and supports this interpretation. The chromatogram 
from UV detection (Figure 3A) shows NDEIA peak at 8.1 
min and an unknown peak at 8.4 min whereas the TEA trace 
(Figure 3B) shows a single peak at 8.7 min. Sample 8 was 
irradiated and re-analyzed by LC. Figure 4B which is the 
TEA chromatogram of the irradiated sample 8 shows the
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Figure 4. LC chromatogram of sample 8 after UV irradiation: A, UV 
detector; B, TEA detector.

absence of NDE1A at 8.7 min, while Figure 4A which is the 
UV trace of the irradiated sample 8 shows the absence of 
NDE1A at 8.1 min but the continued presence of the unknown 
peak at 8.4 min. Figure 2 represents 26 ng of NDE1A standard 
at a retention time of 8.1 min for UV (2A) and 8.7 min for 
TEA detection (2B).

Two combined extracts of sample 8 as well as the stock 
NDE1A solution were subjected after silylation to mass spec
tral analysis using instrumental apparatus described. The 
presence of NDE1A in the sample extracts was confirmed by 
comparing the Cl mass spectrum of the derivatized sample 
with that of the standard NDE1A-TMS derivative. Both mass 
spectral fragmentation patterns of sample and standard were 
identical in the 3 modes of chemical ionization used. Figure 
1A shows the MPCI mode with (M + 1) at 279, Figure IB 
shows the MNCI with (M -  30) at 248, and Figure 1C shows 
ONCI mode with (M + 32) at 310. Figure 5 represents the 
typical GC-TEA chromatograms of silylated NDE1A stan
dard (5A) and sample solution (5B).

The reproducibility of the LC-TEA, LC-UV, and GC-TEA 
detection systems was also compared by injecting a standard 
7 times, giving corresponding relative standard deviations of 
12, 2, and 11.5%. Initially, the LC-TEA results were highly 
variable. This was corrected by raising the vacuum from 0.45

i---------- 1----------1 i
0  4  8  1 2

MIN

Figure 5. Typical GC-TEA chromatogram of NDEIA-TMS derivative: A, 
0.78 ng standard; B, sample 6.

to 1.2 torr by increasing the flow of the carrier gas and of the 
oxygen. The reproducibility of the GC-TEA detection could 
also be improved by using the auto injection technique.

In conclusion, the described method for LC-TEA-UV anal
ysis has been demonstrated to give specific, reliable, and 
reproducible results for NDE1A in 2,4-D diethanolamine for
mulations at a level of detection of 0.1 ppm. Since the UV 
detector offers the same sensitivity as the TEA detector, it 
can be used with a considerable degree of confidence as an 
inexpensive alternative to TEA for monitoring the levels of 
NDE1A. Where the results are above the acceptance level, 
confirmation by LC-TEA will be desirable to eliminate the 
possibility of any false positive interferences. Similar results 
are also obtained when samples are derivatized to trimeth- 
ylsilyl derivative and analyzed by GC-TEA. Since the TEA 
Model 543 could be interfaced with a gas chromatograph,
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whereas LC requires the more costly TEA Model 502A, this 
GC-TEA combination provides a less expensive alternative 
but with the same specificity as LC-TEA detection.
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DRUG RESIDUES IN ANIMAL TISSUES

Determination of Monensin Sodium Residues in Beef Liver Tissue by Liquid Chromatography 
of a Fluorescent Derivative

E L I Z A B E T H  E . M A R T I N E Z  a n d  W I L B E R T  S H I M O D A
Food and Drug Administration, Animal Drug Research Center, 500 U.S. Customhouse, Denver, CO 80202

Monensin sodium does not have an ultraviolet (UV) absorbance above 
220 nm, and therefore cannot be detected by liquid chromatography 
(LC) with a UV detector. A method was developed in which monensin 
residues are extracted from beef liver tissue, acetylated, partitioned, 
and reacted with 9-anthryldiazomethane to form a fluorescent deriv
ative for quantitation by LC. The reliable level of sensitivity is 50 ppb, 
but 15 ppb can be detected. Recoveries ranged between 71 and 96% 
with an average of 83.5%.

The antibiotic monensin is used as a coccidiostat in chickens 
and increases feed efficiency and weight gain in beef cattle. 
Methods have been published for the determination of 
monensin sodium in animal feeds, premixes, and tissues. In 
1967, Donoho and Kline (1) introduced a bioautography method 
for monensin in chicken tissue. A microbiological plate assay 
of monensin in chicken rations was introduced in 1970 by 
Kline et al. (2), and in 1973, Golab et al. (3) reported a 
colorimetric method. We recently developed a bioautography 
method for the semiquantitation of monensin sodium in ani
mal feed (4) and tissue (5).

Monensin sodium has a complex chemical structure, has a 
molecular weight of 692, and does not have ultraviolet (UV) 
absorbance above 220 nm. These factors contribute to the 
fact that monensin cannot be detected by liquid chromato
graphy (LC) under standard operating conditions.

We have modified an acetylation technique as developed 
by Chamberlin and Agtarap (6), in which the hydroxy groups 
on the monensin sodium from animal tissue are acetylated. 
The acetylated monensin is then reacted with 9-anthryldiazo
methane (ADAM) (7) to form the fluorescent derivative 
monensin-9-anthryldiazomethane. The ADAM derivative is 
determined by LC with use of a fluorometric detector to 
obtain better sensitivity. The level of quantitation is 50 ppb 
and the detection limit, although not always consistent, is 15 
ppb. The method was tested by extracting monensin residues 
from spiked beef liver tissue. Recoveries ranged between 71 
and 96% or 1.6 and 2.1 pg. In addition, animal feed containing 
monensin and liver tissue from sheep given the feed, obtained 
from the Division of Veterinary Medical Research, Center 
for Veterinary Medicine (CVM), Beltsville, MD, were tested. 
The reaction time and stability of the ADAM reagent were 
also tested.

METHOD

Reagents
(a) Solvents.—Pyridine, methanol, ethanol, methylene 

chloride, hexane, and petroleum ether, distilled-in-glass 
(Burdick & Jackson Laboratories, Inc., Muskegon, MI 49442); 
anhydrous ethyl ether, reagent grade (American Scientific 
Products, McGaw Park, IL 60085).

(b) Acetic anhydride.—Distilled-in-glass (Burdick & Jack- 
son Laboratories, Inc.).

(c) Alumina.—80-200 mesh (Fisher Scientific Co., Fair 
Lawn, NJ 07410), for 75 mm column.

Received November 8, 1984. Accepted April 25, 1985.

(d) Sephadex LH-20.—Particle size 25-100 pm (Pharma
cia Fine Chemicals, Piscataway, NJ 08854), for 75 mm col
umn.

(e) Silica gel.—Bio-Sil A, particle size 100-200 mesh (Bio- 
Rad Laboratories, Richmond, CA 94804), for 5 mm column.

(f) 9-Ant hr aldehyde.—Technical, 90% (remainder anthra
cene) (Aldrich Chemical Co., Inc., Milwaukee, WI 53233).

(g) Potassium permanganate.—(Merck & Co., Rahway, 
NJ 07065).

(h )  Hydrazine hydrate.—85% (Aldrich Chemical Co).
( i )  Manganous sulfate.—Tetrahydrate (Van Walters and 

Rogers, Denver, CO 80239).
(j) L C  eluants.—Eluant A, UV acetonitrile (J. T. Baker 

Chemical Co., Phillipsburg, NJ 08865); eluant B, water-ace
tonitrile (9 + 1). Filter both acetonitrile and water through
0.5 pm Millipore filter (Millipore Corp., Bedford, MA 01730) 
before use.

(k) Monensin sodium reference standard.—Label decla
ration, 960 pg/mg (Eli Lilly Laboratories, Greenfield, IN 
46140). (/) Stock solution.—1000 pg/mL. Weigh 10.4 mg 
monensin sodium (or, if different label declaration, weigh 
amount to give 1000 pg/mL), transfer to 10 mL volumetric 
flask, and dilute to volume with anhydrous methanol. Store 
in dark, cool place. Discard after 30 days. (2) Intermediate 
solution.—10 pg/mL. Pipet 1.0 mL stock solution (I ) into 100 
mL volumetric flask and dilute to volume with methanol- 
water (8 + 2). Prepare fresh before each use. (3) Working 
solutions.—2.5 and 5.0 pg/mL. Pipet 2.5 and 5.0 mL of inter
mediate solution (2) into individual 10 mL volumetric flasks 
and dilute both to volume with methanol-water (8 + 2). 
Prepare fresh before each use.

Apparatus
(a) Tissue homogenizer.—Tissumizer (Tekmar Co., Cin

cinnati, OH 45222).
(b) Chromatographic tubes.—20 X 300 mm, fitted with 

coarse porosity fritted glass disk and Teflon stopcock for 
Sephadex LH-20 column; 20 x 200 mm Chromaflex tube 
(Kontes Co., Vineland, NJ 08300), for alumina column; 15 
mm disposable Pasteur pipet (Fisher Scientific Co., Pitts
burgh, PA 15219), for 5 mm silica gel column.

(c) Rotary evaporator— Rotavapor R110 vacuum evapo
rator (Brinkmann Instruments, Inc., Westbury, NY 11590), 
water bath temperature 48-50°C.

(d) Receiving flasks.—100 mL pear-shape flask and 10 mL 
concentrator tubes, with 5 19/22 ground glass stoppers (K- 
570050, Kontes Co.).

(e) Analytical evaporator.—N-EVAP (Organomation 
Associates, Inc., Northborough, MA 01532), water bath tem
perature 48-50°C with nitrogen flowing into each tube.

(f) Liquid chromatograph.—Hewlett-Packard Model 1084B 
with automatic injector and 79850B LC terminal (Hewlett- 
Packard, Englewood, CO 80110).

(g) Liquid chromatography columns.—200 x 4.6 mm id, 
stainless steel column packed with RP-Cg or RP-C1S, 5 pm 
particle size (Hewlett-Packard); direct connect guard column
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with Packer fitting, packed with pellicular C,8 (Alltech Asso
ciates, Inc., Deerfield, IL 60015). Operating conditions: Flow 
rate 1.0 mL/min; 80% B; eluant temperature 40°C; chart speed 
0.50 in./min; injection 20 |xL. UV detector external signal; 
sample wavelength 340 nm; reference wavelength 600 nm; 
0.0008 AU/cm; slope sensitivity 0.10 p.A. Gradient program: 
0-7 min, 80% B; area rejection, 2000; 13-20 min, 90% B; 
stop. Mobile phase isocratic.

(h) Fluorescence detector.—Model FS-950 LC fluorome- 
ter (Kratos/Schoeffel Instruments, Westwood, NJ 07675). 
Operating conditions: wavelength drive FSA 339 GM 970 
monochromator with automatic overload reset control, exci
tation at 365 nm, 418 nm emission filter, and sensitivity at 
0 . 10.

(i) Syringes.—For preparation of samples for LC analysis: 
2 mL hypodermic reusable glass Luer-Lok syringe (V.W.R. 
Scientific Inc., Denver, CO 80239); SP Varipet, 10 mL with 
metal Luer-Lok tip-syringe type variable volume transfer 
pipet (American Scientific Products, Denver, CO 80239).

Synthesis of 9-Anthraldéhyde Hydrazone (7)
Dissolve 8.8 g 9-anthraldehyde in 150 mL absolute ethanol, 

add 8.5 g 85% hydrazine hydrate, and stir at room tempera
ture 3 h. After 10 min the color will change from yellow to 
dark yellow. Filter off solid product and dry under vacuum. 
Recrystallize from ethanol to give red-yellow crystals of 9- 
anthraldehyde hydrazone, mp 124-126°C (yield 90%).

Synthesis of Activated Manganese Dioxide (8, 9)
Dissolve 1110 g manganous sulfate (tetrahydrate) in 1.5 L 

water and add simultaneously with 1170 mL 40% NaOH 
during 1 h to a hot stirred solution of 960 g potassium per
manganate in 6 L water. Manganese dioxide precipitates as 
a fine brown solid soon after the start. Continue stirring for 
an additional 1 h and then collect solid by centrifugation. 
Wash with water until washings are colorless. Dry solid in 
100-120°C oven and grind to fine powder before use (yield 
920 g).

Preparation of 9-Anthryldiazomethane (ADAM) (10)
Weigh 0.220 g 9-anthraldehyde hydrazone and place in 

Erlenmeyer flask. Add 100 mL anhydrous ethyl ether and 
shake to dissolve crystals. Add 0.8 g activated manganese 
dioxide and 0.6 mL ethanol (saturated with potassium 
hydroxide). Stir vigorously 30 min with magnetic stirrer. Fil
ter off manganese dioxide, using microfiber glass filter, and 
collect filtrate in 150 mL pear-shape flask. Wash manganese 
dioxide on filter with 20 mL anhydrous ether and add wash 
to flask. Evaporate to reduce volume. Transfer to actinic 100 
mL volumetric flask and dilute to volume with anhydrous 
ethyl ether. Store in refrigerator in the dark. Note: Discard 
after 30 days.

Column Preparation
Prepare alumina and Sephadex LH-20 columns as previ

ously described (4). Prepare silica gel column by placing glass 
wool plug at base of 15 mm Pasteur pipet. Add silica gel to 
height of 5 mm from top of glass wool plug. Tap gently and 
add more silica gel if necessary. Prepare just before use. Do 
not restrict flow. Silica gel should be oven-dried overnight at 
110°C.

Sample Preparation
Weigh 10 g frozen tissue into 50 mL round-bottom glass 

centrifuge tube, add 20 mL methanol-water (8 + 2), and

homogenize tissue for 2-3 min. Wash homogenizer blade with 
5 mL methanol-water and add wash to tube. Centrifuge 
homogenate 15 min at 1500-1800 rpm. Decant supernate 
directly onto alumina column and elute into 250 mL separa
tory funnel. Repeat extraction by adding 25 mL methanol- 
water (8 + 2) to homogenate, mix, shake tube for 15 min on 
automatic shaker, and centrifuge 15 min at 1500-1800 rpm. 
Decant supernate directly onto alumina column and elute. 
Wash alumina column with additional 100 mL methanol- 
water (8 + 2). Collect eluates and wash in 250 mL separatory 
funnel containing 100 mL 5% NaCl. Shake vigorously and let 
mixture stand 5 min. Partition monensin into three 30 mL 
portions of methylene chloride; after addition of each 30 mL, 
shake separatory funnel for 1 min and let methylene chloride 
layer separate. Drain lower layer into 100 mL pear-shape 
flask. Combine methylene chloride portions and evaporate to 
dryness, using rotary evaporator with water bath at 48-50°C 
(4).

Dissolve residue in 1.0 mL methanol-water (8 + 2) and 
transfer to Sephadex LH-20 column. Let solution just enter 
bed of column. Begin collecting eluates immediately. Wash 
flask with two 3.5 mL portions of methanol-water (8 + 2). 
Let each portion enter bed of column. Wash with additional 
10 mL portion of solvent, and discard total 18 mL eluate. 
Add additional 10 mL portion of solvent and collect this 
fraction, which should contain monensin, in 10 mL concen
trator tube. Evaporate to dryness in analytical evaporator, 
with water bath at 48-50°C and nitrogen flowing into tube. 
Process blank control and spiked sample equivalent to 250 
ppb monensin sodium reference standard with each set of 
experimental samples.

Preparation of Acetylated Monensin
Dissolve residue in concentrator tube with 1.0 mL meth

ylene chloride and transfer to 1.0 mL crimp-top glass vial. 
Evaporate to dryness under gentle flow of nitrogen in N- 
EVAP analytical evaporator with water bath at 48-50°C. 
Wash tube with 1.0 mL methylene chloride, 0.5 mL methanol, 
and final 1.0 mL methylene chloride, evaporating each vol
ume to dryness. Add 100 p-L pyridine and 100 p-L acetic 
anhydride to monensin residue. Stopper vial with metal crimp 
top before gently swirling mixture until residue is dissolved. 
Allow reaction to proceed overnight at room temperature.

Partition acetylated monensin into petroleum and ethyl 
ether as follows: Transfer acetylated monensin into 125 mL 
separatory funnel containing 35 mL distilled water. Use addi
tional 5 mL to wash vial. Add 40 mL petroleum ether and 
shake mixture for 1.0 min. Decant aqueous phase into second 
125 mL separatory funnel and save petroleum ether fraction. 
Add 40 mL anhydrous ethyl ether, shake 1.0 min, discard 
aqueous phase, and combine both ethers into one separatory 
funnel. Shake to mix. Add 20 mL 10% HC1, shake 1.0 min, 
and discard aqueous phase. Add two 20 mL portions of water, 
shake 1.0 min after each portion has been added, and discard 
aqueous phase. Add 40 mL saturated NaCl, shake 1.0 min, 
and discard aqueous phase. Filter ethers through glass micro
fiber filter containing 20-30 g Na2S04; wash Na2S04 with 
additional 10-15 mL petroleum ether and collect total volume 
in 100 mL pear-shape flask. Evaporate total volume, using 
N-EVAP with water temperature at 48-50°C. Dissolve resi
due in 1.0 mL methanol (dried over Na2S04) and transfer to 
graduated 10 mL conical glass tube. Wash flask with three 2 
mL portions of methanol. Add washings to tube and evapo
rate contents to near dryness under nitrogen, with water 
temperature at 48-50°C.



MARTINEZ & SHIMODA: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985) 1151

Table 1. Recovery data for 10 sheep liver tissue samples, each spiked 
with 2.2 ppm monensin sodium, for quantitation by LC

Sample8 Area counts Rec., %6
Retention 
time, min

Blank

1 7264 79 14.16
2 8262 89 14.07
3 8622 93 14.09
4 6567 71 14.18
5 8880 96 14.16
6 8140 88 14.01
7 7493 81 13.98
8 6568 71 14.07
9 7677 83 14.07

10 7770 84 14.13
Ref. std rec. 8788 95 14.12
Ref. std 9250
Mean 83.5
SD 8.4096
CV. % 10.07

“Blank, beef liver tissue w ithou t monesin; samples 1-10, 2.2 ppm. 
Reference standard recovery sample, 2.2 p.g monensin sodium/mL 
carried through procedure starting with 5% NaCI-methylene chloride 
partition; reference standard, 2.2 p.g monensin sodium/mL taken 
directly from dilu tion flask and acetylated. An injection volume of 20 pL 
was used to obtain results as close to  50 ppb as possible.

‘ Percent recoveries based on LC determ ination, assuming 100% 
recovery o f 44 ppb reference standard.

Preparation of Monensin-9-Anthryldiazomethane from Diacetyl 
Monensin

Add ethanol (dried over Na2S04) to 1.0 mL in conical 
centrifuge tube to dissolve residue. Add 0.5 mL ADAM, mix, 
and stopper tube. Allow mixture to react 30 min in dark place 
(e.g., cabinet drawer). To stop reaction, evaporate to dryness 
under nitrogen, with water bath at 48-50°C.

Isolation of Derivatized Monensin
Prepare a silica gel column. Do not restrict flow throughout 

cleanup. Elute column with 5-6 mL hexane to wet silica gel.
Dissolve monensin-ADAM residue in 1.0 mL hexane and 

transfer to silica gel column. Wash tube with additional 9.0 
mL hexane, elute through column, and discard eluate. Wash 
tube with 10 mL hexane-methylene chloride (1 + 1), add to 
column, and discard eluate. Add 10 mL hexane-methylene 
chloride (2 + 8) to column, followed by 10 mL methylene 
chloride, and discard each eluate. (Elution to this point can 
be hastened by using safety pipetting bulb to apply pressure.)

Add 1.0 mL methanol to column, elute without pressure, 
and discard eluate. Add additional 1.0 mL methanol to col
umn and collect eluate in 1.0 mL crimp-top vial. Seal with 
metal crimp top for storage until eluate is injected into liquid 
chromatograph.

Results and Discussion
Recovery determinations were performed by using 10 g 

portions of blank frozen beef liver tissue spiked with 2.2 p-g 
monensin sodium. Ten spiked samples, a blank control, and 
2 reference standards were analyzed simultaneously. Recov
eries ranged between 71 and 96%, with an average of 83.5% 
(Table 1). All data are based on results obtained from 20 p-L 
injections of test samples and reference standards. The 
unknown test samples were compared with reference stan
dards equivalent to 50 ppb.

The detection limit was determined to be 15 ppb; data were 
obtained by making serial dilutions of a beef liver tissue 
sample spiked with 7.5 ppm monensin. The sensitivity, deter
mined by using beef liver tissue spiked with 2.5 ppm monen
sin, is 50 ppb. The pure monensin derivative showed linearity

between 40 and 200 ppb. In all tests, 20 p,L injections were 
used.

Sheep liver tissue samples were obtained from an experi
ment conducted by CVM in which animal feed containing 20 
g monensin/ton, 0.3-0.6% calcium, and 0.3-0.6% sodium 
phosphate was used. Results of the analysis showed that the 
addition of calcium and sodium phosphate to the diets fed to 
the sheep did not affect the retention of monensin residues. 
The treated sheep liver tissue samples were negative for 
control blank tissue spiked with 2.5 ppm monensin residues 
when compared with control blank tissue spiked with 2.5 
ppm monensin reference standard; recoveries for spiked tis
sue samples (20 p.L injections) were 94-96%. Further studies 
are needed to determine whether the presence of calcium and 
sodium phosphate in animal feed interferes with the deriva- 
tization of monensin.

Bile samples from horses administered [l4C]monensin were 
tested by using this method; results showed interference and 
poor peak integrations. The presence of monensin residues 
was confirmed in 2 of 3 samples analyzed by bioautography 
(5). The third sample showed several zones of inhibition, but 
the zones were not at the same Rr as the monensin reference 
standard. Two horse fecal samples, one wet and one dry, 
were also tested; recoveries were 94.3 and 65.2% of the 
declared concentrations of 5.30 and 6.89 |xg/mL, respec
tively. These samples were obtained from a study conducted 
by the Agricultural Research Service, U.S. Department of 
Agriculture, Fargo, ND.

The acetylation of monensin sodium was confirmed by 
mass spectroscopy (MS), infrared spectroscopy (IR) and XE- 
fast atom bombardment (FAB) (Figure 1). Data obtained by 
MS, IR, and LC suggest that monensin had been derivatized 
by the ADAM reagent, but confirmation was inconclusive 
because of the lack of the MS mass range capacity to confirm 
the molecular weight of this large compound. The pathway 
of monensin sodium, diacetyl monensin, and the suggested 
monensin-9-anthryldiazomethane derivative is shown in Fig
ure 2. The synthesis of 9-anthraldehyde hydrazone and 9- 
anthryldiazomethane was accomplished, and the results were 
confirmed by MS (Figure 3). The ADAM reagent can now be 
obtained from Sigma Chemical Co., St. Louis, MO, but was 
not commercially available when our work was performed.

The reaction time of the ADAM derivatizing agent was 
tested over a period of 2.5 h at 15 min intervals. The 30 min 
reaction time gave the best results when the Hewlett-Packard 
1084B liquid chromatograph with a Kratos fluorometer 
attachment was used. The ADAM reagent was also tested 
for stability and it was determined to be stable for 30 days. 
To confirm the technique, samples were analyzed on both 
Hewlett-Packard and Waters liquid chromatographs and results 
were comparable.

Other antibiotics, classed as ionophores, have been tested 
for interference against monensin and none interfered when 
analyzed by thin layer chromatography, bioautography, or 
as derivatized compounds. The results of this work are being 
incorporated into a multiresidue method for the determina
tion of ionophore residues in beef liver tissue.
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Figure 2. Derivatization pathway of monensin sodium to fluorescent derivative. (1) Monensin sodium molecule; (2) free monensin as an intermediate 
where each R group is a hydrogen; (3) monensin acetylated in pyridine-acetic acid at room temperature to form diacetyl monensin; (4) diacetyl monensin

reacted 30 min in the dark with ADAM to form monensin-9-anthryldiazomethane.
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FOOD ADULTERATION
Gas Chromatographic-Mass Spectrométrie Detection of Adulteration of Natural Lime Oils

ROCCO T. ALESSANDRO, JAMES M. ADAMS, and MICHAEL A. MISK1EWICZ1
U.S. Customs Laboratory, 6 World Trade Center, New York, N Y  10048

Distilled and expressed lime oils were characterized by glass capillary 
gas chromatography. Components present at concentrations greater 
than 0.1% were identified by mass spectrometry. Expressed oils con
tained less than 1% monoterpene alcohols, whereas distilled oils con
tained more than 10%. Expressed oils contained sabinene and 4 times 
as much beta-pinene as distilled oils. Adulteration was detected by 
finding component area percents and/or their ratios to be outside the 
95% confidence intervals established for pure oils.

The Tariff Schedules of the United States (TSUS) (1) list 
rates of duty applicable to each imported commodity. To 
assess the proper rate of duty on importations of lime oil, it 
is necessary to identify the product and detect any adultera
tion. Pure lime oil, whether expressed, extracted, or distilled, 
is classified under the provision for “Essential Oils.” How
ever, the addition of any substance to the oil, even a natural 
substance, requires classification under the provision for 
“Artificial Mixtures of Aromatic and Odoriferous Sub
stances,” usually at a significantly higher rate of duty. To tell 
whether a sample is adulterated, the Customs analyst must, 
therefore, identify the constituents of lime oil, and determine 
their normal concentration ranges and the quantitative rela
tions that these ranges have with respect to each other.

The purpose of this work is to establish 95% confidence 
intervals for the concentration of characteristic components 
in expressed and distilled lime oils and to use these data in a 
logical scheme to determine whether adulteration has taken 
place.

METHOD

Apparatus and Reagents
(a) GC column.—Scientific Glass Engineering Inc., Aus

tin, TX. 30 m x  0.5 mm id SCOT glass capillary column 
containing Carbowax 20M stationary phase.

(b) Gas chromatograph-mass spectrometer (GCIMS).— 
Perkin-Elmer Model 3920 equipped with flame ionization 
detector, and capillary injector system, providing 30:1 injec
tion split ratio, and interfaced via jet separator with Hitachi 
RMU-6L single focusing, low resolution, magnetic sector 
mass spectrometer. Chromatographic operating conditions: 
injector temperature, 225°C; detector temperature, 250°C; 
MS interface temperature, 250°C; initial column temperature, 
60°C, held for 4 min. then programmed at 27min to 200°C and 
held for 16 min; helium carrier gas linear flow 19 cm/s; detec
tor hydrogen and air flows 40 and 550 mL/min, respectively. 
MS operating conditions: ionization voltage, 70 eV; ioniza
tion chamber temperature, 200°C; target current, 50 p.amp; 
accelerating voltage 3200 V; source pressure during GC/MS 
runs, 5 x  10-6 torr.

(c) Chromatographic data system.—Hewlett-Packard 3353B 
laboratory automation system.

(d) Essential oils.—Imported samples submitted for Cus
toms examination and reference samples from Citrus and 
Allied Essences, Floral Park, NY 11001; Polarome, Inc.,

Received October 26, 1984. Accepted May 9, 1985.
'Present address: 52 Wellsboro Rd. Valley Stream, NY 11580.

New York, NY 10013; and Aroma Resources Inc., New 
York, NY 10001.

(e) Essential oil components.—Limonene, gamma-terpi- 
nene, linalool, linalyl acetate (IFF Inc., Hazlett, NJ 07730); 
terpinolene, c/j-beta-ocimene (Colgate Palmolive Co., Pis- 
cataway, NJ 08854); alpha-farnesene, owts-alpha-bergamo- 
tene, beta-elemene, alpha-cedrene, valencene, beta-cary- 
ophyllene, beta-terpineol, bisabolene (Roure-Bertrand-Dupont, 
Teaneck, NJ 07666); alpha-pinene, beta-pinene, camphene, 
myreene, geraniol, citral (neral and geranial), 1,8-cineole, 
para-cymene, fenchyl alcohol, nerol (Aldrich Chemical Co., 
Milwaukee, WI 53233); alpha-terpinene (PCR Research 
Chemicals Inc., Gainesville, FL 32602); alpha-terpineol 
(Eastman Kodak Co., Rochester, NY 14650); 4-terpineol 
(Applied Science Laboratories Inc., State College, PA 16801). 
Neryl acetate was prepared by acetylation of nerol with acetic 
anhydride.

Procedure
(a) Gas chromatographylmass spectroscopy.—Prepare a 

1% solution of each available known essential oil component 
by dissolving 10 p.L component in 990 p.L previously pre
pared stock solution of 1% linalool in chloroform. Inject 0.3 
p,L into GC system after first opening splitter valve for 30 s 
under described chromatographic conditions. Close injector 
splitter valve 30 s after injection. Record and measure reten
tion time and peak area for each component using GC data 
system. Calculate relative retention time (RRT) with respect 
to linalool and use these values routinely for evaluation of 
lime oil samples. Reinject 1 p.L into GC system as described. 
After chloroform peak elutes, open mass spectrometer inlet 
valve and increase source pressure to 5 x  10~6 torr. Record 
mass spectrum of component whenever total ion monitor 
curve reaches a maximum.

Inject 0.2 p.L of each neat essential oil as described for 
individual components, except open MS inlet valve imme
diately after injector splitter valve is closed. Record and 
measure spectra retention times, and peak areas as described. 
Chromatographic peaks were judged to be identified by MS 
when the 10 largest MS fragments in spectrum matched those 
in spectrum recorded at same RRT during single component 
runs, or, in case of sabinene. recorded in Eight Peak Index 
of Mass Spectra (2).

(b) Statistical analysis.—Ninety-five percent confidence 
intervals for average peak area percents and peak area per
cent ratios were calculated using the normal distribution (3) 
and confirmed by Student’s /-test or the Q-test.

Results and Discussion
The characterization of pure lime oil, especially distilled 

lime oil, is a complex problem. Many chemical reactions that 
occur during steam distillation of the crushed fruit alter the 
original composition of the oil produced by the plant. For 
instance, expressed lime oil contains significant amounts of 
sabinene and monoterpene aldehydes, while distilled lime oils 
contain no sabinene and much lower concentrations of the 
aldehydes and beta-pinene. On the other hand, the distilled 
oil contains several monoterpene alcohols, such as alpha-
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terpineol, and much higher levels of para-cymene and terpi- 
nolene than does the expressed oil. These differences in com
position, due simply to differences in processing, must be 
recognized in order to properly classify the imported product.

The reactions that cause changes in the qualitative and 
quantitative composition of lime oil depend on variables such 
as time elapsed between crushing the fruit and distillation of 
the juice, pH of the crushed fruit, and duration of the distil
lation (4-8). The Customs analyst has little, if any, informa
tion concerning these parameters when evaluating an imported 
product. In addition, lime oil may be derived from 2 plant 
species, Citrus aurantifolia and Citrus latifolia (“Persian”)
(4). The former is used primarily for distilled oils and the 
latter primarily for expressed oils. Although, most of the 
components of imported lime oils are the same, regardless of 
species, some changes in their concentrations may be expected 
because of differences in growing conditions, production 
variables, and possibly, country of origin.

Several excellent publications are available containing more 
or less complete qualitative and quantitative analyses of lime 
oils. Guenther’s (4) classical work describes production 
methods, physical characteristics, and types of adulteration, 
but gives an incomplete listing of the components and their 
concentrations. Several more recent works (5-8) have reviewed 
the current commercial production methods and the chemical 
changes that they effect on the lime and its oil. Since 1970, 
gas chromatographic (GC) and mass spectrometric (MS) data 
(5-15) have been published, which give the identities and 
concentrations of trace components of these oils. Even the 
nonvolatile, but highly characteristic, psoralens (16) have 
been characterized by liquid chromatography (LC). Finally, 
Shaw (17) has recently reviewed the whole subject of citrus 
oil quantitative analysis, including lime oils. However, none 
of these authors have provided the statistical evaluation of 
concentrations required to decide whether a particular sam
ple is truly an unadulterated lime oil.

During this study, 55 lime oil samples, including 13 refer
ence samples, were examined. Of the samples, 31 (3 reference 
samples) were distilled oils, 5 (3 reference samples) were 
expressed oils, 10 (5 reference samples) were concentrated 
distilled oils, 2 (2 reference samples) were concentrated 
expressed oils, and 7 were found to be adulterated or for
mulated oils by evaluation of the data acquired by application 
of the procedure described. Of the 7 found to be adulterated 
or formulated, 4 had been claimed to be pure lime oils.

Typical chromatograms of distilled and expressed oils are 
presented in Figures 1 and 2. The 95% confidence intervals 
for the peak area percent (95% area range) of 25 selected 
components of pure unconcentrated distilled and expressed 
lime oils are presented in Table 1. The area observed for 
these 25 peaks accounts for more than 90% of the total area 
recorded in the chromatograms of the pure expressed and 
distilled lime oils studied. The 95% area range was confirmed 
by application of Student’s i-test (3) for distilled oils or the 
2-test (3) for expressed oils. Several other components, such 
as 1,4-cineole, alpha-4-dimethylstyrene, beta-elemene, and 
several isomers of farnesene, were also identified, but their 
95% area ranges were so wide or their chromatographic purity 
so questionable that they were not included in Table 1. Twenty- 
two of the 25 components listed in Table 1 were identified by 
comparing relative retention times and mass spectra with 
those of authentic standards. Peak 4 (sabinene) was identified 
by comparing its mass spectrum with that in Aldermaston 
(2). Peaks 14 and 21 gave the same spectra in each of the lime 
products analyzed, but could not be identified more com
pletely by comparison with Aldermaston (2) or with our own

user libraries. Table 1 lists the components in order of increasing 
RRT with respect to linalool. The peak area percents for the 
7 samples believed to be adulterated or formulated oils are 
also presented.

The chromatographic peak area percent data acquired for 
all reference and imported samples examined during this study 
were evaluated using 3 increasingly selective criteria to estab
lish characteristics for products derived from natural fruit 
sources in order to identify, in turn, those oils that would be 
considered adulterated. The first approach was a broad qual
itative evaluation of the chromatograms. The curves were 
visually searched for the presence of any recorded peaks 
exceeding 0.5% of the total area, which were not generally 
present in the lime oils studied. The absence of minor peaks 
was not considered significant because the components rep
resented may have been removed or reduced below the limits 
of detection during a legitimate production process, e.g., by 
distillation or by extraction. This simple visual examination 
of the chromatogram was sufficient to distinguish samples 6 
and 7 as adulterated or formulated.

Superficially, sample 6 appeared to be a mixture of both 
distilled and expressed lime oils because it contained both 
sabinene (0.4%) and alpha-terpineol (8.2%), along with a typ
ical amount of limonene. However, the chromatogram had 
several unidentified peaks in the linalool region (near RRT = 
1.000), which were not seen in any other lime oil chromato
gram. Sample 7 appeared superficially to be an expressed oil. 
Its chromatogram exhibited sabinene at 1.7%, high concen
trations of alpha- and beta-pinene, and low concentrations of 
para-cymene, terpinolene, and alpha-terpineol. However, a 
series of late eluting peaks (RRT > 1.5) were observed that 
were probably cinnamates on the basis of the accompanying 
aroma.

The second step in the evaluation procedure involved the 
consideration of the 95% area range established for the 25 
representative peaks, each of which exceeded 0.1% of the 
total area. Area percent ranges have been relied on as the 
primary means for determining the purity of essential oils in 
similar studies of cold pressed lemon (18), lavender (19, 20), 
spike lavender, lavendin, and bitter orange tree oils (21). 
However, in the case of the lime oils, the standard deviations 
of the mean of the area percent of the components are con
siderably greater than those previously encountered, many 
exceeding 50%, leading to broader 95% area ranges.

Despite this problem, the peak area statistics from Table 1 
clearly distinguish distilled and expressed lime oils. With 
respect to the expressed oils, the distilled oils exhibit decreased 
concentrations of alpha- and beta-pinenes, sabinene (0%), 
neral, and geranial. On the other hand, the distilled oils con
tain higher concentrations of terpinolene, para-cymene, and 
the monoterpene alcohols. These differences are to be expected 
on the basis of the well documented reactions known to take 
place during the distillation of the highly acidic juice (5, 7, 8, 
11). Therefore, the final composition of the oils depends not 
so much on growing conditions as on the production condi
tions, such as the pH of the juice, the time interval between 
crushing the fruit and the start of distillation, and the duration 
of the distillation. Product 4 can be recognized as an artificial 
mixture or formulated oil, using the broad qualitative exam
ination followed by peak area percent analysis. In product 4, 
which is believed to be formulated as a distilled oil, the most 
significant and obvious deviations from the natural product 
profile are the high levels of limonene and alpha-terpinene. 
In addition, the peak areas of 17 of the 25 selected compo
nents are outside the 95% confidence intervals established 
for distilled lime oil.
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Figure 1. Chromatogram of distilled West Indian lime oil. See Table 1 for identification of peak numbers.

Figure 2. Chromatogram of expressed West Indian lime oil. See Table 1 for identification of peak numbers.
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Table 1. Composition of pure and adulterated lime oils, based on area percent of the chromatographically separated components

95% Area range Suspect oils

Peak Identity RRT Distilled Expressed 1 2 3 4 5 6 7

1 alpha-pinene 0.269 1.3- 1.9 2.7- 3.1 3.1 1.3 1.4 0.6 0.1 1.3 2.4
2 camphene 0.315 0.4- 0.6 0 -  0.5 0.8 0.5 0.9 0.1 NDe 0.3 0.1
3 beta-pinene 0.367 1.7- 5.3 4.3-23.0 3.3 4.5 4.9 1.5 0.2 4.1 9.4
4 sabinene 0.379 ND 0.4 - 4.2 0.1 ND ND ND ND 0.4 1.7
5 myrcene* 0.429 0.7- 1.1 0.8- 1.6 1.0 1.0 1.0 1.0 0.1 0.5 1.1
6 alpha-terpinene6 0.459 0.8 - 1.1 0.1- 0.4 2.2 3.3 2.5 3.7 0.4 1.3 0.2
7 limonene 0.495 42.8-52.3 43.7-56.2 44.0 41.0 38.0 64.0 4.1 46.0 64.0
8 1,8-cineole 0.504 1.8- 3.0 0.3- 0.5 2.5 3.5 4.1 4.9 0.5 2.3 ND
9 c/s-beta-ocimene 0.553 0.2 - 0.4 0.1- 0.3 0.3 0.3 0.3 ND ND ND ND

10 gamma-terpinene 0.559 6.8-11.6 2.5-16.6 9.8 12.0 6.4 1.1 0.9 4.2 6.8
11 para-cymene 0.593 1.5- 7.5 0.1- 1.3 3.2 2.4 4.0 6.3 0.3 3.8 0.7
12 terpinolene 0.615 2.9 - 7.5 0 .5 - 0.7 5.6 11.0 7.5 0.7 0.7 2.2 0.4
13 linalool 1.000 0.2- 0.3 0 .1 - 0.3 0.2 ND 0.1 0.2 ND 1.1 1.7
14 C,o H,66. H2 Oc 1.049 0.4- 1.0 ND 0.9 0.8 0.5 0.4 ND 0.8 ND
15 fenchyl alcohol 1.062 0.5 - 0.9 0 -  0.4 0.6 1.0 0.4 0.7 34.0 0.8 ND
16 bergamotene & 

4-terpineol
1.092 0.6 - 1.4 0 .7 - 1.3 0.7 2.8 0.7 0.1 0.5 2.4 0.4

17 beta-caryophyllene 1.116 0.4 - 0.8

05OId

0.4 0.3 0.2 ND ND 0.6 0.2
18 beta-terpineol 1.191 0.5 - 1.0 ND 0.9 1.0 0.9 0.9 51.0 0.9 ND
19 neral 1.212 0.2 - 0.3 0.5- 1.0 0.3 0.2 0.3 0.6 ND 0.4 ND
20 alpha-terpineol 1.230 6.1- 9.1 0 .1 - 0.4 9.4 6.0 7.8 9.4 1.3 8.2 0.6
21 Cl5 H24c 1.255 0.3- 0.4 ND ND ND 0.3 0.2 ND 0.3 0.2
22 géranial 1.284 0.2 - 0.4 0 .3 - 4.9 0.2 0.3 0.4 ND ND 4.2 1.5
23 bisabolene & 

neryl acetate
1.298 1.3- 2.1 1.5- 2.3 1.5 0.7 0.6 ND 0.5 2.7 0.6

24 geranyl acetate6 1.321 0.6 - 1.4 0.1- 1.8 1.0 0.4 0.4 0.3 0.3 1.7 0.3
25 geraniol 1.432 0.2 - 0.7 0 -  0.2 0.2 1.4 1.3 0.4 0.5 2.8 0.1

“ A small peak at m/z 138 in the mass spectrum indicates that a compound of the empirical formula C10 Hie coelutes.
6A small peak at m/z 154 in the mass spectrum indicates that a terpenoid ether of the empirical formula C10 Hie 0 , possibly 1,4-cineole, coelutes. 
'These 2 compounds could not be further characterized, but they help to  distinguish distilled and expressed oils.
‘'Small peaks at m/z 204 and m/z 189 in the mass spectrum indicate that a small amount of a sesquiterpene hydrocarbon of empirical form ula C15 H24 
coelutes.

“ Not detected.

The data obtained for products 1, 2, 3, and 5 were not 
considered sufficient at this stage to determine their status. 
Assuming from its monoterpene alcohol content that product 
1 is formulated as a distilled oil, it differs statistically from 
the pure oil only in its content of alpha-pinene, camphene, 
and sabinene. Products 2 and 3 had lower neryl acetate/ 
bisabolene values than either expressed or distilled lime oil, 
and the 2 products were higher in geraniol, terpinolene, 1,8- 
cineole, and alpha-terpinene than even the distilled oil. How
ever, the relative standard deviations (RSD) observed for the 
area percents of these components are high, and there were 
no instances in which a component of products 2 and 3 was 
outside the 95% area range when the RSD was low. Finally, 
although 19 of the 25 selected components are grossly out of 
the 95% area range of expressed or distilled lime oil for 
product 5, the presence of 2 large peaks, corresponding to 
fenchyl alcohol and beta-terpineol, accounting for more than 
85% of the total peak area, suggested that product 5 might be 
some type of concentrated natural product.

To discriminate further, a third approach to the analysis 
was developed: the establishment of 95% confidence intervals 
for ratios of certain peak area percents. This step magnifies 
small differences in peak area percents without a proportional 
increase in the RSD, since the RSD of the ratio does not 
involve the direct product of the standard deviations of the 
peak area percents. The maximum RSD of an average peak 
area percent ratio of 2 components, x and y, is given by the 
equation (3):

RSD = V(s*/Ax)2 + (syMy)2
where 5 is the standard deviation calculated assuming the 
normal distribution and A is the average peak area percent. 
The total number of such ratios which may be calculated from

a chromatogram of 25 peaks, eliminating reciprocals and ratios 
such as A JA X, is 300. These ratios are intrinsic properties of 
the oils studied, just as refractive index and density are. Thus, 
even if many ratio intervals overlap when comparing 2 types 
of oil, such as expressed lemon and expressed lime, or when 
trying to confirm adulteration in an oil, only 1 discrepancy is 
enough to confirm a difference. Therefore, it is usually nec
essary to calculate only a few of the possible ratios. Using 
these derived data, problems presented by oils that are only 
slightly outside the established ranges, and possible admix
tures of expressed lime and cold pressed lemon oils, can be 
addressed. A small number of the possible ratios are dis
played in Table 2. These data were obtained by calculating 
the average peak area percent ratio, A„/A7, where Ax is the 
average peak area percent of one of the numbered peaks listed 
in Table 1 divided by the average peak area percent of peak 
7 (limonene), for distilled lime oil, expressed lime oil, expressed 
lemon (18) oil, and the remaining 4 questionable oils. The 
equation was then applied to calculate the RSD and the 95% 
confidence intervals for ratios found in the known oils (95% 
ratio range).

Seven of the 8 tabulated ratios are outside the correspond
ing 95% ratio range when suspect product 1 (nominally a 
distilled oil) is compared with distilled lime oil. Similarly, 5 
of the 8 ratios are outside the interval for suspect product 2, 
and 6 of the 8 ratios are outside the interval for suspect 
product 3. These results explicitly confirm earlier suspicions 
that products 1,2, and 3 are adulterated.

Strictly speaking, 8 of 8 ratios are outside the range for 
suspect product 5. However, this product may be a concen
trated oil, and the ratio set, developed in Table 2, may not 
be applicable, because all of the data is referenced to limo
nene, which is present in very low concentration in product
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Table 2. Ratios of peak area percents of some components with respect to limonene for some pure and suspected adulterated oils

95% Ratio range

Peak

Lime oil Lemon oil Suspect oils

Distilled Expressed Expressed* 1 2 3 5

1 0.031-0.039 0.049-0.067 0.031-0.035 0.068 0.032 0.037 0.024
2 0.010-0.012 0.001-0.011 0.001-0.002 0.018 0.012 0.023 0
5 0.017-0.021 0.015-0.033 0.021-0.023 0.023 0.024 0.026 0.024
8 0.046-0.056 0.005-0.011 0 0.080 0.085 0.110 0.122

18 0.016-0.018 0 0 0.019 0.023 0.024 12.4
20 0.147-0.173 0.001-0.007 0.003-0.003 0.210 0.150 0.210 0.317
21 0.006-0.008 0 0 0 0 0.008 0
23 0.033-0.039 0.028-0.048 0.004-0.005 0.034 0.016 0.122 0.122

"Calculated from the area percent data reported by Prager and Miskiewicz (18).

Table 3. Composition of some concentrated lime oils, based on area percent of chromatographically separated components

Peak

(Germany)
Extracted
distilled

(Mexico)
Folded

distilled

(Mexico)
Folded

distilled

(W. Indies) 
2-Fold 

distilled

(W. Indies) 
4-Fold 

distilled

(W. Indies) 
5-Fold 

distilled

(W. Indies) 
4-Fold 

expressed

(“ Persian")
4-Fold

expressed

Suspect
product

5

1 0.9 ND* 0.2 0.3 ND 0.2 ND ND 0.1
2 0.4 ND ND 0.1 ND ND ND ND ND
3 2.2 0.3 0.6 1.9 0.1 0.7 0.2 ND 0.2
4 ND ND ND ND ND ND ND ND ND
5 0.7 ND 0.3 0.5 ND 0.1 ND ND 0.1
6 1.5 ND 1.1 1.1 0.3 0.4 ND ND 0.4
7 28.0 18.0 28.0 34.0 10.0 14.0 6.2 15.0 4.1
8 3.7 1.0 1.9 2.1 0.9 1.0 0.3 0.4 0.5
9 ND ND 0.1 0.2 ND ND ND ND ND

10 5.2 3.0 6.8 8.7 4.6 4.6 3.7 17.0 0.9
11 3.4 4.9 5.9 2.3 1.4 1.4 0.5 0.8 0.3
12 2.6 3.3 6.6 10.0 4.9 6.8 0.3 1.6 0.7
13 0.3 ND 0.3 0.3 0.5 0.5 0.6 0.8 ND
14 0.6 2.3 2.2 1.0 2.0 1.5 ND ND ND
15 0.7 0.3 0.3 1.1 1.0 1.5 0.6 0.4 34.0
16 1.0 ND 2.2 2.0 5.1 4.1 9.1 7.6 0.5
17 0.6 2.0 1.1 0.8 1.7 1.8 5.8 3.1 ND
18 0.7 2.2 1.7 1.8 3.0 2.8 0.4 0.3 51.0
19 1.2 0.4 ND 0.7 1.1 1.2 0.7 0.5 ND
20 6.6 32.0 0.2 18.0 35.0 32.0 ND 0.6 1.3
21 0.3 0.3 0.9 0.4 1.2 0.8 ND 0.2 ND
22 3.8 0.9 0.3 0.9 2.1 1.7 14.0 9.5 ND
23 2.1 0.7 0.2 1.9 0.6 4.9 15.0 11.0 0.5
24 0.8 ND 2.9 1.5 3.9 3.5 9.3 3.3 0.3
25 0.7 0.2 0.9 2.5 1.2 5.2 0.4 0.5 0.5

*Not detected.

5. Therefore, the A,5/A]8 ratio was calculated because peak 
15 (fenchyl alcohol) and peak 18 (beta-terpineol) represent 
the major components of product 5. The 95% ratio range for 
A15/A,8 is 0.791 to 1.08 for distilled lime oil, whereas the ratio 
is 0.667 for suspect product 5. The Al5/A18 ratio observed for 
7 authentic lime oil samples, concentrated by various pro
cedures and to varying degrees, ranged between 0.136 and 
1.5. However, the area percent values for fenchyl alcohol 
(peak 15) and beta-terpineol (peak 18) in these commercial 
concentrates (Table 3) are less than 6% of the values observed 
for suspect product 5. Therefore, product 5 could not be 
derived solely from natural lime oil and is believed to be a 
formulated product.

It has been observed that cold-pressed (expressed) lemon 
oil and expressed lime oil are very similar in composition. 
However, a comparison of the ratio data for cold pressed 
lemon oil derived from the area percent values of Prager and 
Miskiewicz (18) with the data derived here for expressed lime 
oil distinguishes absolutely between these lemon and lime 
oils. Thus, while the chromatograms of these 2 oils appear to 
be virtually identical under visual qualitative comparison, and 
even careful comparison of the 95% area ranges shows that 
only 2 of the ranges for the 18 components measurable for 
both oils are mutually exclusive, the oils can be readily dis

tinguished by the fact that 3 of the 8 displayed 95% ratio 
ranges are different (Table 2).
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CHEMICAL CONTAMINANTS MONITORING
Permethrin and Its Two Metabolite Residues in Seven Agricultural Crops

DONALD A. GEORGE
U.S. Department o f Agriculture, Agricultural Research Service, Yakima Agricultural Research Laboratory, 
3706 W Nob H ill Blvd, Yakima, WA 98902

M etabolite residues o f perm ethrin  are  not reported  in the literature 
fo r  m ost agricu ltu ra l cro p s. T his p ap er reports residues o f perm ethrin  
and its 2  m etabolites (dich lorovinyl acid  and m etaphenoxybenzyl alco
hol) in 7  d ifferen t agricu ltu ra l crops (Chinese cab bage, spin ach , a sp ar
agu s, rasp b erries , green  peas, turn ip  roots, and turnip  greens). P e r
m ethrin  residues declined approxim ately  8 5 %  within 7  days a fter treat
m ent in a ll crop s. In  m ost cases, the acid  m etabolite residues peaked 
at 3  d ay s, and  declined a fte r  that. Tran slocation  o f residues into turnip 
roots w as very  sligh t; the average w as less than 0 .05  ppm  fo r  perm ethrin  
and alcohol m etabolite residues and  none w as detected fo r  the acid 
m etabolite residue. Perm eth rin  residues in the turnip  greens averaged  
approxim ately  2  ppm  fo r the 0 . 1 1 2  k g  ai/ha treatm ent, and 6 ppm  for 
the 0 .224  kg ai/ha treatm ent.

Permethrin [c/'s,irans-3-phenoxyphenylmethyl-3-(2,2-dichlo- 
reothenyl)-2,2-dimethylcyclopropanecarboxylate] is a broad 
spectrum pesticide with low mammalian toxicity. It has a 
high insecticidal activity against a wide variety of pests on 
agricultural crops. The use of permethrin has been increasing 
in the last few years because of its low toxicity and its increased 
lethal ability against insects over a longer period of time. 
Natural pyrethrums and a few of the synthetic pyrethroids 
disappear rapidly from plant material, which makes the longer 
lasting effectiveness of permethrin a more valuable tool for 
insect control.

Papadopoulou-Mourkidou et al. (1) developed a new resi
due method using infrared spectroscopy and studied the per
sistence of permethrin on lettuce over a 24 h period. They 
found 1.0 ppm c/,s,?ra/j.s-permethrin on the leaf. Reichel and 
coworkers (2) developed a procedure for determining per
methrin residues in animal tissues by using gas chromato
graphy. They confirmed their results with mass spectroscopy. 
Braun and Stanek (3) achieved 0.005 ppm sensitivity for cel
ery and animal tissues. Harris et al. (4, 5) found that 79-98% 
of the permethrin residues on asparagus dissipated within 7 
days after treatment. However, on celery grown on micro
plots, permethrin residues had declined 33% in the 70 g ai/ha 
treatment, and 63% in the 2 x treatment at the end of 7 days. 
Wong et al. (6) studied the glycosyl conjugates of the alcohol 
and acid metabolites in french bean cotyledon tissue cultures 
by using mass spectral methods of identification.

Registration for the use of pesticides on agricultural crops 
in the United States requires residue data on the parent com
pound and its toxic metabolites (40 CFR 180.378). The need 
arose for additional data on residues (by performing degra
dation studies or by analyzing harvest samples) of permethrin 
and its dichlorovinyl acid and metaphenoxybenzyl alcohol 
metabolites with the increased use of permethrin insecticide. 
Very few metabolite residues of permethrin are reported in 
the literature. This paper reports these residues on a wide 
variety of crops.

Received December 26, 1984. Accepted April 30, 1985.
This paper reports the results of research only. Mention of a commercial 

product does not constitute an endorsement by the USDA.

Experimental
Reagents and Apparatus

(a) Solvents.—All solvents were redistilled in an all-glass 
system.

(b) Insecticide standard solutions.—Prepare separate 
solutions of 100 ng/mL of di-frans-permethrin, dichlorovinyl 
acid metabolite, and metaphenoxybenzyl alcohol metabolite 
(FMC, Richmond, CA) in methylene chloride. Store solutions 
in refrigerator. Dilute solutions as needed.

(c) Gas chromatograph.—Hewlett-Packard 5840A, 
equipped with electron capture detector. Operating condi
tions: temperatures (°C)—injector 250, column 210, detector 
300. Column: glass, 4 ft x  3/16 in. packed with, for permeth
rin residue, 3% QF-1 on 100-120 mesh GCQ; for alcohol and 
acid metabolite residue, 3% OV-101 on 100-200 mesh GCQ. 
Column gas: 5% methane in argone at flow rate of 60-70 mL/ 
min. (All 3 standards are eluted from column within 10 min.)

Field Treatment
Ambush® or Pounce® emulsifiable concentrate was applied 

as a water-based spray (in addition, a wettable powder for
mulation was used in the green pea experiment) at the rate 
of 0.112 kg ai/ha or 0.224 kg ai/ha, except for spinach (0.056 
kg ai/ha) and raspberries (0.224 and 0.44 kg ai/ha). Turnips 
and Chinese cabbage were sprayed at 1 week intervals for 8 
applications, and residue samples were taken immediately 
after the last application, up to 7 days later. Green peas and 
spinach received one application, and were sampled imme
diately after treatment, up to 7 days later. The asparagus was 
treated 5 times at the fern stage of growth during the summer, 
with the residue samples being taken the following spring (ca 
5 months later). Raspberry plants were treated twice at a 2 
week interval, with residue samples taken at 0 h and 3,5, and 
7 days after treatment.

Sampling Procedure and Preparation
Residue samples were randomly selected from each repli

cated pot with a sampling interval ranging from immediately 
after treatment to as long as 200 days after treatment. Most 
residue samples were taken from 0 to 7 days after treatment. 
Samples (2.2 kg) from each replicate of each treated plot and
4.4 kg from untreated plots were taken for analysis and imme
diately frozen. The samples were ground, while frozen, in a 
Buffalo® chopper, and mixed thoroughly; 50-100 g subsam
ples were weighed and returned to the freezer until analyzed 
(raspberries were not ground before subsampling).
Extraction, Cleanup, and Analysis

Samples were blended with methylene chloride and trans
ferred to a beaker, anhydrous Na2S04 was added, and the 
mixture was filtered through Na2S04. Turnips and asparagus 
required the addition of 1.5 mL concentrated HC1 for efficient 
extraction of all the residue. An aliquot was then extracted 
with 0.1N NaOH, washed with water, and filtered through 
Na2S04 (marked as A, which contains permethrin and the 
alcohol metabolite).
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Table 1. Recovery of permethrin and its 2 metabolites 
(metaphenoxybenzyl alcohol and dichlorovinyl acid) added to 7 

nontreated control crops before extraction

Crop

Average recovery, % ( ± SD)*

Permethrin Alcohol metab. Acid metab.

Chinese cabbage 97.5 ±  15 98.9 ±  13 97.3 ±  5
Spinach 87.4 ±  12 85.6 ±  14 79.4 ±  15
Asparagus 99.0 ±  8 82.4 ±  14 79.9 ±  7
Raspberries 69.6 ±  4 95.0 ±  25 82.6 ±  13
Green peas 103.3 ±  13 81.2 ±  19 85.6 ±  13
Turnip 89.3 ±  14 102.8 ±  15 93.3 ±  15
Turnip greens 105.5 ±  17 104.8 ±  14 87.5 ±  16

•5-10 determ inations each.

To the combined water wash and hydroxide solution, 5N 
HC1 was added to make the solution acid; the solution was 
extracted with methylene chloride and filtered through Na2S04 
(marked as B, which contains the acid metabolite).

The A solution was evaporated on a rotary evaporator 
(40°C bath), pentane was added, and the mixture was chro
matographed through Bakers 0536 aluminum oxide. The col
umn was washed with pentane, and the permethrin residue 
was eluted with 1.5% ethyl ether in pentane (marked as A); 
the column was further washed with 2 and 5% ethyl ether in 
pentane. The alcohol was then eluted with 10% ethyl ether 
in pentane (marked as AA). A different batch of aluminum 
oxide required a prewash of 5% ethyl ether in pentane, and 
then pentane. The elution pattern was then changed, with 
permethrin eluting from the column in the first pentane wash 
and the alcohol metabolite eluting with the 5% ethyl ether in 
pentane and continuing into the 10% ethyl ether in pentane 
eluate.

The A solution was evaporated on the rotary evaporator 
and diluted to volume with hexane for GC analysis of per
methrin residues.

The AA and B solutions were evaporated on the rotary 
evaporator, and the alcohol and acid metabolites were deri- 
vatized by the method of George et al. (7).

The asparagus samples required slight modifications in the 
cleanup procedures. After being separated and extracted with 
hydroxide, the A and B solutions were shaken with 1% mer
curic chloride solution (8), washed with water, dried with 
Na2S04, and derivatized. A separate aliquot was analyzed 
for the permethrin residues, following the original procedure.

Results and Discussion
Recovery of permethrin and its dichlorovinyl acid and 

metaphenoxybenzyl alcohol metabolites from fortified con
trol samples of each of the 7 crops is shown in Table 1. Equal 
amounts of the 3 standards were added to control samples, 
ranging from 0.01 to 5.00 ppm, depending on residues found 
in the sample. The average recovery from the 7 crops for 
permethrin ranged from 69.6 to 105.5%, from 81.2 to 104.8% 
for the alcohol metabolite, and from 79.4 to 97.3% for the 
acid metabolite. No detectable residue was found in non
treated control samples representing the same amount of 
plant material used in recoveries and samples for any of the 
7 crops. Lower limits of detection using this methodology 
were 0.01 ppm permethrin and 0.05 ppm for acid and alcohol 
metabolites. Minimum results are reported as none detected 
(no indication of residue) or as below the minimum sensitivity 
of the method (residue present, but less than the accuracy of 
the method).

No detectable permethrin residue was found in asparagus 
spears that had been treated at the fern stage the previous 
summer (Table 2). The alcohol metabolite residue was less 
than the minimum sensitivity of the method (<0.05 ppm),

while the acid metabolite residue ranged from 0.13 ppm for 
the 0.112 kg treatment to 0.05 ppm for the 0.224 kg treatment. 
Harris et al. (4) found 0.14 ppm permethrin residue with a 
0.07 kg treatment, and 0.48 ppm with a 0.14 kg treatment for 
samples taken immediately after spraying; the residues declined 
to 0.03 and 0.01 ppm, respectively, 7 days later. No metab
olite residues were reported.

Residues of permethrin and the 2 metabolites in green peas 
(vines and pods) declined approximately 20% in the first day 
after treatment, 50% in 3 days, and 85% in 7 days. There was 
no significant difference in total residue found or in the loss 
of residue between the wettable powder formulation and the 
emulsifiable concentrate formulation.

To determine the effect of various growing conditions on 
the loss of permethrin residues, turnip plants were treated in 
Vincennes, Indiana, during the summer months and in Wes
laco, Texas, during the early winter months. Permethrin res
idues in turnip greens from Vincennes gave very erratic results, 
while the Weslaco samples showed a decline of 78% within 
3 days after treatment, with no further loss in residue 5 days 
after treatment. Very little permethrin was translocated to 
the roots. The average residue in roots was less than 0.1 ppm 
from both locations. Little or no alcohol or acid metabolite 
residues were found in these samples. More acid than alcohol 
metabolite residue was found in the turnip greens. The alco
hol metabolite residue was at the lower limits of detection of 
the method (<0.05 ppm), while the acid metabolite residues 
ranged from none detected in the day 1 sample to 0.61 ppm 
in one of the day 3 samples. The acid residues peaked at the 
day 3 sampling, and declined after that. Belanger and Ham
ilton (9) reported permethrin residues in onions and carrots, 
both root crops. They found 0.03 ppm in onion and none 
detected in carrots, when the soil had been treated with a 
granular formulation of the insecticide at 0.56 kg ai/ha, and 
0.06 ppm and none detected, respectively, for the 1.12 kg 
treatment. Although the method of application is different 
than what we report, these results are similar to residues 
found in turnip roots. They did not report residues of the 
metabolites.

Initial residues of permethrin in Chinese cabbage taken 
immediately after treatment ranged from 0.29 ppm for the 
0.112 kg ai/ha treatment to 0.94 ppm for the 2x treatment. 
These residues declined approximately 80% in 3 days. Resi
dues of the 2 metabolites were less than the minimum sensi
tivity of the method (<0.05 ppm). These residues do not 
follow the same pattern reported for (head) cabbage (7). They 
reported zero hour permethrin residue at 1.34 ppm, the alco
hol metabolite residue at 1.41 ppm, and the acid metabolite 
at approximately the same rate as those reported in this paper 
for Chinese cabbage.

Residues of permethrin in spinach ranged from 1.61 ppm 
for the 0.056 kg ai/ha treatment to 2.17 ppm for the 2x 
treatment. These residues declined approximately 50% in 3 
days and 80% in 7 days after treatment. Relatively high 
metabolite residues were detected in the spinach samples. 
Belanger and Hamilton (9) reported permethrin residues in 
lettuce (another leafy vegetable) at 0.03 and 0.57 ppm for the 
soil application treatment of 0.56 and 1.12 kg ai/ha.

MacPhee et al. (10) found no permethrin residues in blue
berries when Ambush® WP was applied as a foliar spray at 
the rate of 0.4 kg ai/ha to blueberry plants. Permethrin resi
dues on raspberries (Table 2) ranged from 0.30 ppm for the 
0.224 kg ai/ha treatment to 0.70 ppm for the 0.448 kg treat
ment, when sampled 1 day after application. In 7 days, these 
residues had declined approximately 57% from the first day. 
MacPhee and coworkers did not report metabolite residues.
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Table 2. Average residues of permethrin and its 2 metabolites (metaphenoxybenzyl alcohol and dichlorovinyl acid) in 7 crops at various sampling
intervals and treatment rates

Average residue, ppm*
Rate. Sampling
kg ai/ha interval, days Permethrin Alcohol metab. Acid metab.

Asparagus

0.112 EC ca 200 ND6 ND 0.13 SD ± 0.09
0.224 EC ca 200 ND <0.05* 0.05 SD ±  0.05

Green Peas

0.112 EC 

0.112 WP

Oh
1
3
7
0 h
1 
3 
7

0.98 SD ±  0.06 
0.70 SD ±  0.11 
0.59 SD ±  0.06 
0.19 SD ± 0.02 
1.15 SD + 0.54 
1.00 SD ±  0.87 
0.50 SD ±  0.43 
0.21 SD ±  0.16

0.60 SD ± 0.03 
0.56 SD ± 0.07 
0.39 SD ± 0.07 
0.13 SD ± 0.03 
0.76 SD ± 0.34 
0.48 SD ± 0.42 
0.31 SD ± 0.29 
0.15 SD ± 0.07

0.94 SD ±  0.10 
0.61 SD ±  0.25 
0.28 SD ± 0.06 
0.14 SD ±  0.04 
1.21 SD ±  0.44 
0.98 SD ±  0.85 
0.33 SD ±  0.34 
0.18 SD ± 0.31

Turnip Roots (Vincennes, IN)

0.112 EC 1 0.09 SD ±  0.03 ND ND
3 0.01 SD ±  0.01 0.23 SD ±  0.16 ND
5 0.03 SD ±  0.03 ND ND

0.224 EC 1 0.04 SD ±  0.02 ND ND
3 0.05 SD ±  0.02 ND 0.08 SD ±  0.16
5 0.08 SD ± 0.04 ND ND

Turnip Roots (Weslaco, TX)

0.112 EC 1 0.04 SD ±  0.02 0.06 SD ± 0.08 ND
3 0.02 SD ± 0.01 ND ND
5 0.02 SD ±  0.01 <0.05 ND

0.224 EC 1 0.06 SD ±  0.04 <0.05 ND
3 0.04 SD ±  0.01 ND ND
5 0.02 SD ± 0.01 <0.05 ND

Turnip Greens (Vincennes, IN)

0.112 EC 

0.224 EC

1
3
5
1
3
5

1.79 SD ±  1.23 
1.70 SD ±  1.40 
2.22 SD ±  0.75 
7.35 SD ±  1.18 
5.98 SD ±  0.51 
3.85 SD ±  0.93

<0.05
<0.05

0.13 SD ±  0.04 
<0.05 
<0.05 

ND

0.18 SD ± 0.13 
0.38 SD ± 0.13 
0.27 SD ± 0.06 

ND
0.33 SD ± 0.20 
0.20 SD ± 0.04

Turnip Greens (Weslaco, TX)

0.112 EC 1 6.33 SD ±  1.66 <0.05 ND
3 1.43 SD ±  0.24 ND 0.43 SD ± 0.09
5 1.66 SD ±  0.20 0.07 SD ±  0.06 0.44 SD ± 0.17

0.224 EC 1 6.69 SD ± 0.67 <0.05 <0.05
3 1.43 SD ± 0.53 <0.05 0.61 SD ±  0.35
5 1.32 SD ± 0.40 0.05 SD ±  0.04 0.32 SD ±  0.20

Chinese Cabbage

0.112 EC Oh 0.29 SD ±  0.18 <0.05 <0.05
1 0.29 SD ± 0.18 <0.05 <0.05
3 0.05 SD ±  0.03 <0.05 <0.05

0.224 EC 0 h 0.94 SD ± 1.03 <0.05 <0.05
1 0.32 SD ± 0.20 ND <0.05
3 0.20 SD ±  0.16 <0.05 <0.05

Spinach

0.056 EC 0 h 1.61 SD ± 0.08 1.42 SD ±  0.30 1.26 SD ±  0.06
1 1.15 SD ± 0.13 1.39 SD ±  0.08 0.94 SD ±  0.04
3 0.79 SD ±  0.30 0.67 SD ± 0.29 0.68 SD ± 0.26
7 0.29 SD ±  0.13 0.26 SD ± 0.13 0.22 SD ± 0.11

0.112 EC Oh 2.17 SD ±  0.13 2.11 SD ± 0.45 1.82 SD ± 0.16
1 1.73 SD ±  0.09 1.64 SD ± 0.43 1.49 SD ±  0.18
3 1.02 SD ±  0.19 0.90 SD ±  0.29 0.89 SD ±  0.05
7 0.44 SD ±  0.16 0.52 SD ±  0.30 0.39 SD ±  0.25

Raspberries

0.224 EC 1 0.30 SD ±  0.17 <0.05 <0.05
3 0.29 SD ±  0.09 <0.05 ND
5 0.26 SD ±  0.04 <0.05 <0.05
7 0.13 SD ±  0.02 <0.05 ND

0.448 EC 1 0.70 SD ±  0.27 <0.05 ND
3 0.66 SD ±  0.31 <0.05 <0.05
5 0.33 SD ±  0.16 <0.05 <0.05
7 0.20 SD ±  0.07 <0.05 ND

‘ Results have been corrected fo r average recovery found. Results are an average of 4 replicated plots.
6ND = none detected.
‘ Lower lim it of sensitivity for the method: permethrin: 0.01 ppm; alcohol metab.: 0.05 ppm; acid metab.: 0.05 ppm.
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Pesticides, Selected Elements, and Other Chemicals in Infant and Toddler Total Diet Samples, 
October 1979-September 1980

MARCIA J. GARTRELL, JOHN C. CRAUN,1 DAVID S. PODREBARAC,1 and ELLIS L. GUNDERSON 
Food and Drug Administration, 200 C St, SW, Washington, DC 20204

The U .S . Food and D rug A dm inistration  (FD A ) conducts Total Diet 

Studies to determ ine the d ietary  intake o f selected pesticides, industrial 
chemicals, and elements (including radionuclides). These studies involve 
the retail purchase and an alysis  o f foods representative o f the diets o f 

infants, toddlers, and  adults. T he individual food item s are  separated  
into a  n um ber o f food grou p s, each o f which is analyzed as a  com posite. 
This report sum m arizes the results fo r infant and toddler Total Diet 
sam ples collected in 10  cities between O ctober 1979  and Septem ber 
1980. The average concentration, ran ge o f concentrations, and calcu
lated average daily  intake o f each chem ical found are  presented by 
food group . The average daily  intakes o f the chem icals are  s im ilar to 
those found in the several preceding years  and gen erally  are  within 

acceptable lim its. T he results fo r  sam ples collected durin g the sam e 
period that represen t the adult diet are  reported  separately .

Total Diet Studies (also referred to as Market Basket Pro
grams) have been conducted by the U.S. Food and Drug 
Administration (FDA) since the early 1960s. These studies 
are a part of FDA’s surveillance of the food supply and are 
designed to measure the dietary intake of selected pesticides, 
industrial chemicals, and elements (including radionuclides), 
to identify problems and trends in the intake of these chem
icals, and to determine the source of unusual residues. These 
studies also provide an additional check on the effectiveness 
of U.S. regulations concerning the levels of chemical contam
inants in foods.

The Total Diet Study initially involved determination of 
the intake of selected chemical contaminants only in the adult 
diet. Since 1974, the diets of infants (6 months old) and tod
dlers (2 years old) also have been analyzed. Levels of chem
icals in the diet are determined by collecting and analyzing 
samples (subsequently referred to as market basket samples) 
from retail markets in urban areas throughout the continental 
United States. These samples represent the typical 14-day 
diet. Approximately 120 individual food items, including 
drinking water, are collected for each market basket sample; 
the infant diet consists of about 50 of these foods, and the 
toddler diet includes about 110. Regional variations in food 
consumption patterns are reflected in slight differences among 
the foods collected and consumption values used for the 
Northeast, South, West, and North Central regions. The

Received April 4, 1985. Accepted June 4, 1985.
'Food and Drug Administration, 1009 Cherry St, Kansas City, MO 64106.

choice of foods collected for the market basket samples and 
their consumption values are based on a food consumption 
survey conducted by the U.S. Department of Agriculture in 
1965.

After collection, the samples are sent to FDA’s Kansas 
City District laboratory for preparation and analysis. Where 
appropriate, the foods are prepared in the manner in which 
they usually are consumed. Individual food items from the

Table 1. Fiscal Year 1980 Infant and toddler Total Diet sample 
collections

Sample collection 
area

Geographic
region

Date of 
collection

Cleveland, OH North Central 10/79
Boston, MA Northeast 11/79
Omaha, NE North Central 2/80
Baton Rouge, LA South 2/80
New York, NY Northeast 4/80
Sacramento, CA West 4/80
W ilm ington, DE South 6/80
Pueblo, CO West 7/80
Louisville, KY South 8/80
Boise, ID West 9/80

Table 2. Average composition of the infant and toddler Total Diet*

Av. wt, g/day 
(% of Total Diet)

Food group Infant Toddler

Drinking water 260 (19) 354 (23)
Whole milk 614 (45) 500 (32)
Other dairy products & 

dairy substitutes
147 (11) 68 (4)

Meat, fish, & poultry 49 (4) 124 (8)
Grain & cereal products 35 (3) 114 (7)
Potatoes 5 <<1) 33 (2)
Vegetables 94 (7) 74 (5)
Fruit & fru it juices 137 (10) 139 (9)
Oils & fats 4 (<1) 14 (1)
Sugar & adjuncts 12 (1) 30 (2)
Beverages 22 (2) 96 (6)
Total 1379 (100) 1546 (100)

“The average composition o f the Total Diet varies slightly from year to 
year depending on the number o f market baskets collected in each 
region. In Fiscal Year 1980, 2, 3, 3, and 2 baskets were collected in the 
Northeast, South, West, and North Central regions, respectively. The 
sum of values for percent composition does not equal 100 because of 
rounding.
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Table 3. Average concentration (ppm) and average daily intake (jig/day) of pesticides and industrial chemicals in the infant diet by food group*

O th e r  d a i r y Meat G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chemica l w a te r Whole m i lk subs t i t u  t e s p o u l t r y p r o d u c t s

BHC, a l p h a
Average  concn 0 .0 003 0 .0003 0.0001
No. p o s i t i v e 0 9 6 2 0
Range o f  concn T T -0 .001 T
Average  i n t a k e 0 .2 0 3 0 .0 255 0 .0040

Cap ta n
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

C a r b a ry l
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 NA NA NA 0

C h l o r o b e n z i l a t e
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

Chlorpropham
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

DDE
Average  concn 0 .0 003 0.0001 0 .0 014
No. p o s i t i v e 0 5 1 7 0
Range o f  concn T -0 .001 T T-0 .0 0 5
Average i n t a k e 0 .1 5 2 0 .0213 0 .0 798

D iaz in o n
Average concn 0 .0 005
No. p o s i t i v e 0 0 0 1 0
Range of  concn 0 .0 0 5
Average i n t a k e 0 .0320

D ic l o r a n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

D ic o f o l
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

D i e l d r i n
Average concn 0 .0 003 0 .0 003 0.0003
No. p o s i t i v e 0 6 5 5 0

Range of  concn T -0 .001 T T
Average i n t a k e 0 .2 2 7 0 .0 291 0 .0 119

E n d o s u l f a n  I I
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

E n d o s u l fa n  s u l f a t e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

E th io n
Average concn 0 . 0 0 0 2

No. p o s i t i v e 0 0 1 0 0
Range of  concn 0 . 0 0 2
Average i n t a k e 0 .0104

Eonofos
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

a The a v e ra g e  c o n c e n t r a t i o n  i s  b a s ed  on a l l  co m p o s i te s  a n a l y z e d  and i s  e x p r e s s e d  in  ppm. The number o f  p o s i t i v e s  i s  i n d i c a t e d  a s  NA i n  
c a s e s  i n  which  th e  a n a l y t i c a l  meth odo lo gy  u sed  was n o t  c a p a b le  o f  d e t e r m i n in g  t h a t  c h e m ic a l .  The ran g e  o f  c o n c e n t r a t i o n s  i s  f o r  th o s e  
co m p o s i te s  i n  which  th e  c h e m ica l  was d e t e c t e d  and i s  e x p r e s s e d  i n  ppm. The a v e ra g e  d a i l y  i n t a k e  i s  based  on a l l  c o m p o s i te s  a n a ly z e d  and 
i s  e x p r e s s e d  i n  p g /d a y .  D e t e c t i o n s  o f  c h e m ic a l s  whose i d e n t i t y  was c o n f i rm ed  b u t  which were p r e s e n t  a t  c o n c e n t r a t i o n s  below the  l i m i t  o f  
q u a n t i t a t i o n  were r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  o f  q u a n t i t a t i o n  v a r i e s  w i th  the  ch e m ica l  and  ty pe  of  fo o d .  When t r a c e  l e v e l  f i n d i n g s  
were r e p o r t e d ,  the  a n a l y s t  i n c l u d e d  an  e s t i m a t e  o f  the  am ount o f  the  c h e m ic a l  p r e s e n t ;  th e s e  e s t i m a t e s  were  used  in  c a l c u l a t i o n  o f  the  
a v e r a g e  c o n c e n t r a t i o n  and a v e r a g e  d a i l y  i n t a k e .
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Table 3. (continued)

P o ta t o e s V e g e ta b le s

F r u i t  &
f r u i t
j u i c e s O i l s  & f a t s

Sugar  & 
a d j u n c t s Beve rages A l l  g ro u p s

0 0 0 0 0 0 17
T -0 .001
0 .2 3 3

0

0 .0 0 1 3
0 0 0 0 1

0 .013
0 .119

0 .0 1 3
0 .1 1 9

0 0 0 NA
0 .050

1 0 l
0 .5 0
0.4 89

0 .5 0
0 .4 8 9

0 0

0 . 0 0 0 2

1 0 0 0 1
0 . 0 0 2

0 .0275
0 . 0 0 2

0 .0 2 7 5

0.0466 0 . 0 0 0 2

4 1 0 0 0 0 5
0 .0 3 5 - 0 .2 8 9 0 . 0 0 2 0 .0 0 2 - 0 . 2 8 9

0.191 0.0141 0 .205

0 . 0 0 0 1 0 .0 006
0 2 0 2 0 0 17

T-0 .001 0 . 0 0 2 - 0 . 0 0 4 T -0 .0 0 5
0 .0 137 0 . 0 1 2 2 0 .2 7 9

0.0006 <0 . 0 0 0 1

2 1 0 0 0 0 4
0 . 0 0 1 - 0 .0 0 5 T T-0 .0 0 5

0 . 0 0 2 0 0 .0027 0 .0 367

0 .0 033 0 . 0 0 0 2 0 .0 007
2 0 2 1 0 0 5

0 . 0 0 9 - 0 .0 2 4 T -0 .0 0 2 0 .0 0 7 T-0 .0 2 4
0.0377 0 .0304 0 .0 142 0 .0823

0 0 0 0 0

0 .0003
1

0 .0 0 3
0 .0 062

0 .0 0 3
0 .0062

0 . 0 0 0 1 0 . 0 0 0 1
1 0 0 2 0 0 19

0 . 0 0 1 T T-0 .0 0 1
0.0013 0.0031 0 .2 7 2

0 0

<0 . 0 0 0 1

0 0 0 1

T
0 .0055

T
0.0 055

0.0 003 0 . 0 0 0 2

1 0 1 0 0 0 2

0.0 03 0 . 0 0 2 0 . 0 0 2 - 0 . 0 0 3
0 .0 040 0 .0275 0 .0315

0 0 0 0 0 0 1

0 . 0 0 2

0 .0 1 0 4

0 .0014
0 0 0 1 0 0 1

0 .0 1 4 0 .0 1 4
0 .0 2 8 5 0 .0 285
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Table 3. (continued)

O th er  d a i r y Meat G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chem ica l wa t e r Whole mi lk s u b s t i t u t e s p o u l t r y p r o d u c t s

H e p ta c h lo r  e p o x id e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

H e x ach lo ro b en ze n e  
A verage  concn 
No. p o s i t i v e  
Range of  concn 
Average  i n t a k e

L indane
Average  concn 
No. p o s i t i v e  
Range of  concn 
Average  i n t a k e

M a la th io n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

Methoxyc h l o r  
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

O c t a c h l o r  e p o x id e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

P a r a t h i o n
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

P e n t a c h l o r o a n i l i n e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

P e n t a c h l o r o a n i s o l e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

Pen ta  c h lo r o b e n z e n e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

Pen t a c h l o r o p h e n o l  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

P e n t a c h l o r o t h i o a n i s o l e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

P e r th a n e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

P h o sa lo n e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

Q u in to z en e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 . 0 0 0 2 0 . 0 0 0 1 <0 . 0 0 0 1

0  6 3 1 0

T T T
0.1 3 6 0 .0 099 0 .0026

<0 . 0 0 0 1 <0 . 0 0 0 1 0 . 0 0 0 1

0 3 3 3 0

T T T
0.0 183 0 .0 023 0 .0064

<0 . 0 0 0 1 <0 . 0 0 0 1 0 . 0 0 0 1

0 0  2 1 1

T T 0 . 0 0 1

0.0051 0 .0 015 0 .0 0 5 0

0 .0 2 3 6
0 0 0 0 9

0 .0 0 6 -0 .1
0 .9 0 7

0 . 0 0 0 1 0 .0 007
0 1 1 0 0

T 0.0 07
0 .0 451 0 .0 888

0

<0 . 0 0 0 1

3
T

0 .0263

0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 .0 004 0 .0 0 0 7
0 0 0 1 1

T T
0 .0207 0 .0 1 9 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0
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Table 3. (continued)

P o ta t o e s Vege t a b l e s

F r u i t  &
f r u i t
j u i c e s O i l s  & f a t s

Sugar  & 
a d j u n c t s Beve rages A l l  groups

0 . 0 0 0 1

0 0 0 2 0 0 1 2

T T
0.0031 0 .1 5 2

0 0 0

0 .0009
2 0 0 1 1

0 .0 0 2 - 0 . 0 0 7
0 .0183

T-0 .0 0 7
0 .0453

0 0 0 0 0 0 4
T-0 .0 0 1
0 .0116

0 . 0 0 0 1 0 .0 3 2 0
0 1 0 1 0 0 1 1

0 . 0 0 1 0 .3 2 0 0 . 0 0 1 - 0 . 3 2 0
0.0091 0.651 1.57

0 0 0 0 0 0 2

T-0 .0 0 7
0 .1 3 4

0 . 0 0 0 0 0 3
T

0.0 2 6 8

<0 . 0 0 0 1 0 . 0 0 0 1

0 1 2 0 0 0 3
T T T

0 .0 046 0 .0193 0 .0 239

0 .0050
0 0 0 2 0 0 2

0 .0 0 7 - 0 . 0 4 3 0 . 0 0 7 - 0 . 0 4 3
0 . 1 0 2 0 . 1 0 2

0 . 0 0 1 1
0 0 0 2 0 0 2

0 .0 0 3 - 0 . 0 0 8 0 . 0 0 3 - 0 . 0 0 8
0 .0224 0 .0 2 2 4

0 .0 013
0 0 0 2 0 0 2

0 . 0 0 3 - 0 . 0 1 0 0 . 0 0 3 - 0 . 0 1 0
0 .0265 0 .0 265

0 . 0 0 2 1 0.0007
0 0 0 2 1 0 5

T-0 .0 1 6 T T -0 .0 1 6
0 .0 427 0 .0 007 0 .0 831

0 . 0 0 1 2

0 0 0 2 0 0 2

0 .0 0 3 - 0 . 0 0 9 0 . 0 0 3 - 0 . 0 0 9
0 .0244 0 .0 2 4 4

0 .0005
0 0 1 0 0 0 1

0 .0 0 5 0 .0 0 5
0 .0688 0 .0 688

0 .0008
0 0 1 0 0 0 1

T T
0 . 1 0 1 0 . 1 0 1

0 .0 008
0 0 0 2 0 0 2

0 .0 0 3 - 0 . 0 0 5 0 . 0 0 3 - 0 . 0 0 5
0 .0163 0 .0 163
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Table 3. (continued)

O th e r  d a i r y Mea t G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chem ica l w a te r Whole m i lk subs t l t u t e s p o u l t r y p r o d u c t s

Tecnazene
Average  concn
No. p o s i t i v e  
Range of  concn 
Average  i n t a k e

0 0 0 0 0

Te t r a c h l o r o a n l l l n e  
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  I n t a k e

0 0 0 0 0

T e t r a c h l o r o a n l s i d l n e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

T e t r a c h l o r o t h i o a n l s o l e  
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

Toxaphene
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

T r i - n - b u t y l  p h o s p h a te  
Average  concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 NA NA NA
0 .0 0 8 6

3
0 .0 0 3 -0 .1

0 .4 2 2

T r i s ( 2 - c h l o r o e t h y l )  
p h o s p h a te

Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

No. o f  c h e m ic a l s  d e t e c t e d 0 7 8 8 4

T o t a l  r e s i d u e s  d e t e c t e d 0 33 2 2 2 1 14
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Table 3. (continued)

P o ta  toes Vege t a b l e s

F r u i t  & 
f r u ì  t 
j u i c e s O i l s  & f a t s

S ugar  & 
a d j u n c t s Beve rages A l l  groups

0 .0007
1 0 0 0 0 0 1

0.007 0.0 07
0.0044 0 .0044

0 .0 005 0 . 0 0 0 1

1

0.0 05
0.0031

1

T
0 .0 055

0 0 0 0 2

T-0 .0 0 5
0 .0086

0 . 0 0 0 2

1

0 . 0 0 2

0.0013

0 0 0 0 0 1

0 . 0 0 2

0 .0013

<0 . 0 0 0 1

1 0 0 0 0 0 1

T T
0 . 0 0 0 1 0 . 0 0 0 1

0 .0 086
0 0 0 2 0 0 2

T -0 .0 3 6 T-0 .0 3 6
0.1 75 0 .1 7 5

0 0 0 NA NA NA 3
0 . 0 0 3 - 0 . 0 8 0

0 .422

0 . 0 0 0 2

0 0 1 0 0 0 1

0 . 0 0 2 0 . 0 0 2

0 .0287 0 .0 287

9 7 8 14 2 1 36

14 8 1 0 25 2 1 150
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Table 4. Average concentration (ppm) and average daily intake (p.g/day) of pesticides and industrial chemicals in the toddler diet by food group8

O th e r  d a i r y Meat G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chemica l wa t e r Whole m i lk subs t i t u t e s p o u l t r y p r o d u c t s

BHC, a l p h a
A verage  concn 0 .0 003 0 .0 016 0 .0004
No. p o s i t i v e 0 9 1 0 7 0

Range o f  concn T T-0 .0 0 3 T-0 .001
Average i n t a k e 0 .159 0 .1 1 5 0 .0 524

C a r b a r y l
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 NA NA NA 0

Ch lo rd an e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

C h lo r o b e n z i l a  te
A verage  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

2 - C h l o r o e t h y l  l i n o l e a t e
A verage  concn 0 .0059
No. p o s i t i v e 0 0 0 1 0

Range o f  concn 0.0 59
Average  i n t a k e 0 .7 4 5

2 - C h l o r o e t h y l  pa I m i t a t e
A verage  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

Chlorpropham
Average  concn 0 .0 003
No. p o s i t i v e 0 0 0 0 1

Range o f  concn 0 .0 0 3
Average  i n t a k e 0 .0 301

C h l o r p y r i f o s
Average concn <0 . 0 0 0 1 0.0001
No. p o s i t i v e 0 0 0 1 1

Range of  concn T 0.001
Average  i n t a k e 0.0051 0 . 0 1 0 0

DCPA
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

DDE
A verage  concn 0 .0003 0 .0015 0 .0 030
No. p o s i t i v e 0 5 8 9 0

Range of  concn T -0 .001 T-0 .0 0 4 0 . 0 0 1 - 0 .0 0 7
Average i n t a k e 0.131 0.111 0 .3 6 5

DDT
A verage  concn 0 . 0 0 0 2

No. p o s i t i v e 0 0 0 1 0
Range o f  concn 0 . 0 0 2
Average  i n t a k e 0 .0 253

D iaz in o n
Average concn 0 .0 006 0.0001
No. p o s i t i v e 0 0 0 3 1
Range o f  concn T-0 .0 0 3 0.001
Average  i n t a k e 0 .0692 0 . 0 1 0 0

D i c l o r a n
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

D i c o f o l
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

a The a v e r a g e  c o n c e n t r a t i o n  i s based  on a l l  co m p o s i te s a n a ly z e d  and i s  e x p r e s s e d in  ppm. The number of p o s i t i v e s  i s  i n d i c a t e d as  NA in
c a s e s  i n  which the  a n a l y t i c a l m e thodology u sed  was n o t  c a p a b le  o f  d e t e r m i n in g t h a t  c h e m ic a l .  The ran g e  o f  c o n c e n t r a t i o n s  i s f o r  th o s e
c o m p o s i t e s  In  w hich  th e  c h e m ic a l  was d e t e c t e d  and I s  e x p r e s s e d  In  ppm. The a v e r a g e  d a l l y  I n t a k e  i s  based  on a l l  c o m p o s i te s  a n a ly z e d  and 
i s  e x p r e s s e d  in  p g /d a y .  D e t e c t i o n s  o f  c h e m ic a l s  whose i d e n t i t y  was c o n f i rm ed  b u t  which were p r e s e n t  a t  c o n c e n t r a t i o n s  below the  l i m i t  o f  
q u a n t i t a t i o n  were  r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  o f  q u a n t i t a t i o n  v a r i e s  w i t h  the  ch e m ica l  and  ty pe  of  f o o d .  When t r a c e  l e v e l  f i n d i n g s  
were  r e p o r t e d ,  th e  a n a l y s t  i n c lu d e d  an  e s t i m a t e  o f  the  amount o f  the  ch e m ic a l  p r e s e n t ;  t h e s e  e s t i m a t e s  were used  in  c a l c u l a t i o n  o f  the  
a v e r a g e  c o n c e n t r a t i o n  and a v e ra g e  d a i l y  i n t a k e .
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Table 4. (continued)

P o ta t o e s V e g e ta b le s

F r u i t  &
f r u i t
j u i c e s O i l s  & f a t s

Sugar & 
a d j u n c t s Beve rages A l l  groups

0 0 0 0

0 .0 019
9

T-0 .0 0 6
0 .0576

0 35
T -0 .006
0 .3 8 4

0 0

0 .005
1

T
0 .479

NA 0 0 1

T
0.4 79

0 0 0

0 . 0 0 0 1

1

T
0 .0008

0 0 1

T
0 .0008

0 0

0 . 0 0 1 2

2

0 .0 0 4 - 0 . 0 0 8
0 .115

0 0 0 2

0 .0 0 4 - 0 . 0 0 8
0.1 15

0 0 0

0 .0766
2

0 .1 6 0 - 0 . 6 0 6
1.23

0 0 3
0 .0 5 9 - 0 . 6 0 6

1.98

0 0 0

0 .0056
2

0 .0 1 9 - 0 . 0 3 7
0 .0900

0 0 2

0 .0 1 9 - 0 .0 3 7
0 .0 9 0 0

0 .2 929
7

0 .0 3 2 - 1 . 6 5
9.91

0 0 0 0 0 8

0 . 0 0 3 - 1 . 6 5
9 .9 4

0 0 0 0 0 0 2

T-0 .0 0 1
0 .0 151

0

<0 . 0 0 0 1

1

T
0 .0 036

0 0 0 0 1

T
0 .0036

0 0 0

0 .0 008
5

0 . 0 0 1 - 0 . 0 0 2

0 .0105

0 0 27
T -0 .0 0 7
0.6 18

0 0 0 0 0 0 1

0 . 0 0 2

0 .0 2 5 3

0 .0 006 0 .0003 0 .0 016 0 . 0 0 0 1

2 3 0 3 1 0 13
0 . 0 0 1 - 0 .0 0 5 T -0 .0 01 T-0 .0 1 4 T T -0 .0 1 4

0.0146 0 .0 2 1 4 0 .0 297 0 .0 024 0.1 47

0.0009 0 .0093
1 0 8 0 0 0 9

0.0 09 T -0 .0 3 5 T -0 .0 3 5

0 .0 354 1.32 1.36

0 .0004
0 0 1 0 0 0 1

0 .0 0 4 0 .0 0 4
0 .0676 0 .0 676
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Table 4. (continued)

O th e r  d a i r y Meat G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chem ical wa t e r Whole m i lk subs t i  t u t e s p o u l t r y p r o d u c t s

D i e l d r i n
Average  concn 0 .0003 0 .0016 0 .0 017
No. p o s i t i v e 0 6 8 9 0
Range of  concn T-0 .0 01 T-0 .0 0 4 T-0 .0 0 4
Average  i n t a k e 0 .1 6 0 0 .1 0 5 0 . 2 0 2

E n d o s u l fa n  I
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

E n d o s u l fa n  I I
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

E n d o s u l fa n  s u l f a t e
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

E th io n
Average  concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

2 - E t h y l h e x y l  d ip h e n y l  
p h o sp h a te

Average  concn 0.0291
No. p o s i t i v e 0 0 0 2 0
Range o f  concn 0 .0 3 0 - 0 .2 6 1
Average i n t a k e 3.21

Fonofos
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

H e p ta c h lo r  e p o x id e
Average  concn 0 . 0 0 0 2 0 .0 007 0 .0 009
No. p o s i t i v e 0 6 8 8 0
Range of  concn T T-0 .0 0 2 T-0 .0 0 3
Average i n t a k e 0 .0962 0 .0 501 0 .116

H e x ach lo ro b en ze n e
Average  concn <0 . 0 0 0 1 0 .0 0 0 3 0 . 0 0 0 2
No. p o s i t i v e 0 3 9 7 0
Range o f  concn T T T
Average i n t a k e 0 .0 148 0 .0 197 0 .0257

Lindane
Average  concn 0 .0001
No. p o s i t i v e 0 0 0 3 0
Range of  concn T
Average i n t a k e 0 .0 1 6 0

Mala t h i o n
Average concn 0 .0001 0 .0 2 2 4
No. p o s i t i v e 0 0 1 0 1 0
Range o f  concn T T - 0 .0 4 5
Average  i n t a k e 0.0031 2 .6 3

Me th i d a  th io n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

NA NA NA NA 0

Methoxyc h l o r
Average  concn 0 . 0 0 0 1 0 . 0 0 1 1
No. p o s i t i v e 0 1 2 0 0
Range o f  concn T 0 . 0 0 2 - 0 .0 0 9
Average  i n t a k e 0 .0 304 0.0571

O c t a c h l o r  e p o x id e
Average  concn <0 . 0 0 0 1 0 . 0 0 0 1 0 .0003
No. p o s i t i v e 0 3 3 5 o
Range of  concn T T T-0 .001
Average  i n t a k e 0 .0 185 0 .0 088 0 .0 349

P e n t a c h l o r o a n i l i n e
Average  concn 
No. p o s i t i v e  
Range o f  concn

0 0 0 0 0

Average  i n t a k e
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Table 4. (continued)

F r u i t  & 
f r u i t Sugar  &

P o ta t o e s Vege t a b l e s j u i c e s O i l s  & f a t s a d j u n c t s B ev e rag es A l l  groups

0 . 0 0 0 1 0 .0 016 0.0017
2 4 0 7 0 0 36
T T -0 .0 1 3 T-0 .0 0 5 T-0 .0 1 3

0.0048 0 .1 4 0 0 .0 233 0 .6 3 5

0

0 . 0 0 0 1

2 0 0 0 0 2

T-0 .0 0 1
0 .0091

T-0 .001
0.0091

0

0 .0 004
2 0 0 0 0 2■<rO

 
CM

o
 o

 
• on

0
 o

1H
 O T -0 .0 0 4

0 .0302

0 . 0 0 0 2

1

0 .0009
1 0 0 0 0 2

0 . 0 0 2

0.0090
0 .009
0 .0579

0 .0 0 2 - 0 . 0 0 9
0 .0 669

0 .0006
0 0 4 0 0 0 4

T-0 .0 0 2 T-0 .0 0 2
0 .0715 0 .0 715

0 0 0 0

0 .0330
1

0 .3 3 0
1 . 0 0

0

0 .
3

.0 3 0 -0 .3 3 0
4 .2 1

0 0 0

0 .0009
2

0 .0 0 3 - 0 . 0 0 6
0 .0 099

0 0

0 ,
2

. 0 0 3 - 0 .0 0 6
0 .0 0 9 9

0 0 0

0 .0 004
5

T-0 .0 01
0 .0 054

0 0 27
T - 0 . 003 
0 .2 6 8

0 0 0

0 . 0 0 2 0

1 0

0 .0 0 1 - 0 . 0 0 4
0.0281

0 0 29
T -0 .0 0 4
0 .0 883

0 0 0 0

0.0029
8

T - 0 .009 
0 .0 916

0 1 1

T - 0 . 009 
0 .1 0 8

0

0 . 0 0 0 1

1

0 . 0 0 1

0 .0 090

0

0 .0 431
8

0 . 0 0 2 - 0 . 2 0 0

0.5 49

0 . 0 0 0 2

1

0 . 0 0 2

0 .0 056

0 2 1

T - 0 . 200 
3 .2 0

0 0

0 . 0 0 0 2

1

0 . 0 0 2

0.0271

NA NA NA 1

0 . 0 0 2

0.0271

0 0

0 . 0 0 2 0

1

0 . 0 2 0

0.271

0 0 0 4
T - 0 . 020 
0 .3 5 9

0 0 0

<0 . 0 0 0 1

1

T
0.0 004

0 0 1 2

T -0 .001
0 .0 626

0 0 0

0 .0 077
1 0

0 .0 0 3 - 0 . 0 2 4
0.1 07

<0 . 0 0 0 1

1

T
0 . 0 0 1 1

0 1 1

T - 0 . 024 
0 .1 0 8
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Table 4. (continued)

O th e r  d a i r y Meat G r a in  &
D r in k in g & d a i r y f i s h  & c e r e a l

Chemica l wa t e r Whole mi lk s u b s t i t u  t e s p o u l t r y p r o d u c t s

P e n t a c h l o r o a n i s o l e  
Average  concn
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

P e n ta c h lo r o b e n z e n e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

Pen t a c h l o r o p h e n o l
Average concn 0 .0014 0 .0032 0 . 0 0 2 1

No. p o s i t i v e 0 0 3 5 2

Range o f  concn T T T - 0 .0 1 4
Average  i n t a k e 0 .0798 0 .3 9 6 0 .2 3 8

P e n t a c h l o r o t h i o a n i s o l e
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

P e r th a n e
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0

Q u in to z en e
Average  concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

TDE
Average concn 0 . 0 0 0 2

No. p o s i t i v e 0 0 0 1 0

Range of  concn 0 . 0 0 2

Average i n t a k e 0 .0 253

Tecnazene
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

Te t r a c h l o r o a n i l i n e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

Te t r a c h l o r o a n i s i d i n e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0

T e t r a c h l o r o t h i o a n i s o l e
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0

Toxaphene
Average concn 0 .0 0 5 0
No. p o s i t i v e 0 0 0 1 0
Range o f  concn 0 .0 5 0
Average i n t a k e 0 .5 2 5

T r i - n - b u t y l  p h o s p h a te
Average concn 0 .0 1 5 8
No. p o s i t i v e 0 NA NA NA 4
Range o f  concn 0 . 0 0 3 - 0 . 1 0 4
Average i n t a k e 1.81

No. o f  c h e m ic a l s  d e t e c t e d 0 7 9 15 6

T o t a l  r e s i d u e s  d e t e c t e d 0 33 52 63 19
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Table 4. (continued)

F r u i t  & 
f r u i t Sugar  &

V e g e ta b le s j u i c e s O i l s  & f a t s a d j u n c t s Beve rages A l l  groups

0 .0023
0 0 0 1 0 0 0 1 0

0 .0 0 1 - 0 . 0 0 4 0 .0 0 1 - 0 . 0 0 4
0 .0334 0 .0 334

0 0 0

0 .0029
1 0 0 0 1 0

0 . 0 0 1 - 0 . 0 0 6
0 .0414

0 . 0 0 1 - 0 .0 0 6
0 .0414

0 .0093 0 .0 026
0 0 0 9 3 0 2 2

T-0 .0 2 4 T-0 .0 1 3 T-0 .0 2 4
0 .1 3 5 0 .0814 0 .9 3 0

0 .0033 0 . 0 0 0 1

0 0 0 1 0 1 0 1 1

0 .0 0 1 - 0 . 0 0 6 T T -0 .006
0 .0 477 0 . 0 0 1 1 0 .0488

0 0

0 .0026
1 0 0 0 1

0 .0 2 6
0 .4 6 6

0.0 26
0.4 66

0 0 0

0 .0032
1 0 0 0 1 0

T-0 .0 1 4
0 .0 514

T-0 .0 1 4
0 .0 5 1 4

0 0 0 0
'

0 0 1

0 . 0 0 2

0 .0253

0 .0 007
1

0.007
0 .0 275

0 0 0 0 0 1

0 .0 0 7
0 .0275

0 .0 005
1

0 .0 0 5
0 .0 196

0 0 0 0 0 1

0 .0 0 5
0 .0196

0 . 0 0 0 2

1

0 . 0 0 2

0.0079

0 0 0 0 0 1

0 . 0 0 2

0.0079

<0 . 0 0 0 1

1

T
0.0 008

0 0 0

0 .0426

0 0 1

T
0.0 008

0 0 0 6

T -0 .1 5 0
0 .5 6 9

0 0 7
T - 0 .1 5 0
1.09

0 0 0 NA NA NA 4
0 .0 0 3 - 0 . 1 0 4

1.81

9 7 8 18 8 0 42

17 14 19 1 1 1 25 0 353
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Table 5. Daily Intake per unit of body weight (pg/kg of body weight/day) of pesticides and industrial chemicals in Fiscal Years 1977-1980®

FA0/WH0 I n f a n t T o d d l e r

Chem ical
Accep ta b  le  

D a i l y  I n t a k e FY 1977 FY 1978 FY 1979 FY 1980 FY 1977 FY 1978 FY 1979 FY 1980

BHC ( t o t a l ) 0 .0 37 0.0 37 0 .0 3 4 0.0 29 0 .0 3 5 0 .0 3 4 0 .0 3 5 0 .0 3 6
BHC, a lp h a 0.0 31 0 .0 3 4 0 .0 3 3 0 .0 2 8 0.0 25 0 .029 0.0 29 0 .0 2 8
BHC, b e t a ND ND ND ND 0 . 0 0 2 ND ND ND
L in d an e  (BHC, gamma) 1 0 0 .0 0 6 0 .0 0 3 0 . 0 0 1 0 . 0 0 1 0 .0 0 8 0 .0 0 5 0 .0 0 6 0 .0 0 8

Cap ta n 1 0 ND ND ND 0.0 1 5 ND ND ND ND
Car b a r y 1 1 0 <0 . 0 0 1 0.0 88 ND 0.0 6 0 ND 0.0 5 0 0 .0 4 9 0 .0 3 5
C h lo rd a n e  ( t o t a l ) 1 0 . 0 0 1 0 . 0 1 0 <0 . 0 0 1 0 .0 0 3 0 .0 0 5 0.0 32 0 .0 0 3 0 .0 0 5

Ch lo rd an e <0 . 0 0 1 0.0 05 ND ND <0 . 0 0 1 0 .0 2 4 ND <0 . 0 0 1

O c t a c h l o r  e p o x id e 0 . 0 0 1 0 .0 0 5 <0 . 0 0 1 0 .0 0 3 0 .0 0 5 0 .0 0 8 0 .0 0 3 0 .0 0 5
C h l o r o b e n z i l a  te 2 0 ND ND ND 0.0 03 ND ND ND 0 .0 0 8
2 - C h lo r o e th y  1 l i n o l e a t e ND 0.0 61 ND ND ND 0.4 1 8 0 .1 9 8 0 .1 4 5
2 - C h lo r o e  thy  1 p a l m i t a t e ND 0.0 0 8 ND ND ND 0.0 1 5 0 .0 0 9 0 .0 0 7
Chlo rpropham 0.0 5 1 0.0 07 0 .0 6 0 0 .0 2 5 0.2 25 0 .0 3 4 0 .2 3 8 0 .7 2 6
C h l o r p y r i f o s 1 0 ND ND 0 . 0 0 2 ND ND ND 0.0 07 0 . 0 0 1

DCPA ND 0 . 0 2 0 0 . 0 0 2 ND ND <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1

DDT ( t o t a l ) 5 0 . 1 0 2 0.0 91 0 .1 1 3 0 .0 3 4 0 .5 4 8 0 .1 0 4 0 .0 9 0 0 .0 4 9
DDE 0 . 1 0 0 0 .0 8 8 0 . 1 1 0 0 .0 3 4 0 .3 3 2 0 .0 8 8 0 .0 8 9 0 .0 4 5
DDT 0 . 0 0 1 0 .0 0 3 ND ND 0.0 4 8 0 .0 1 3 ND 0 . 0 0 2

TDE 0 . 0 0 1 ND 0 .0 0 3 ND 0.1 68 0 .0 0 3 0 . 0 0 1 0 . 0 0 2

D ia z in o n 2 0 .0 1 4 0 . 0 0 2 0 . 0 0 2 0 .0 0 4 0.0 07 0 .0 0 7 0 .0 0 4 0 . 0 1 1
Die  lo r a n 30 0 .013 0 .016 0 .1 2 7 0 . 0 1 0 0.0 85 0.1 06 0 .0 8 8 0 .0 9 9
D i c o f o l 25 ND ND ND 0 . 0 0 1 ND ND 0.0 0 6 0 .0 0 5
D i e l d r i n 0 . 1 0 .0 4 1 0 .0 4 5 0 .0 4 8 0.0 33 0.0 42 0.039 0 .0 3 6 0 .0 4 6
E n d o s u l f a n  ( t o t a l ) 8 ND <0 . 0 0 1 0 .0 1 3 0.0 05 0 . 0 0 2 0 .0 1 5 0 .0 7 4 0 .0 0 8

E n d o s u l f a n  I ND ND 0 . 0 0 1 ND <0 . 0 0 1 0 .0 0 5 0.0 37 0 . 0 0 1
E n d o s u l f a n  I I ND <0 . 0 0 1 0 .0 0 5 0 . 0 0 1 0 . 0 0 1 0 .0 0 6 0 .0 3 7 0 . 0 0 2

E n d o s u l f a n  s u l f a t e ND <0 . 0 0 1 0 .0 0 7 0 .004 0 . 0 0 1 0 .0 0 4 ND 0 .0 0 5
E n d r in 0 . 2 ND <0 . 0 0 1 ND ND ND ND <0 . 0 0 1 ND
E t h i o n 1 0 . 0 0 1 0 .003 0 . 0 0 2 0 . 0 0 1 0 . 0 0 1 0 .0 0 4 0 .0 0 3 0 .0 0 5
2 - E t h y l h e x y l  d ip h e n y l  p h o sp h a te ND ND ND ND ND ND ND 0 .3 0 7
F en i  t r o t h i o n 1 ND <0 . 0 0 1 ND ND ND 0 . 0 0 2 ND ND
F e n th i o n 1 ND ND ND ND ND <0 . 0 0 1 ND ND
Fonofos ND ND 0 . 0 0 2 0 .003 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1
H e p t a c h l o r  e p o x id e 0 .5 0 .013 0 .023 0 . 0 2 1 0.0 19 0 .0 1 8 0 .0 1 9 0 .0 1 8 0 . 0 2 0

H ex ach lo ro b en ze n e 0.0 38 0 . 0 1 2 0 . 0 1 0 0 .006 0 . 0 2 2 0 .0 1 5 0.0 08 0 .0 0 6
Mala th io n 2 0 0 .064 0 .331 0 .1 2 6 0.1 91 0.2 09 0 .2 9 9 0 .2 5 9 0 .2 3 4
M eth ida  th io n 5 NA NA NA ND NA NA NA 0 . 0 0 2

Me th o x y c h lo r 0 .0 07 0.0 29 0 .0 1 6 0.0 16 0 . 0 0 2 0 .0 0 8 0 .0 1 5 0 .0 2 6
N o n a c h lo r ,  t r a n s ND ND ND ND 0 . 0 0 2 ND ND ND
P a r a  th io n 5 0 . 0 1 1 0 .005 0 . 0 0 2 0.0 03 <0 . 0 0 1 0 .0 0 3 0 . 0 0 2 ND
P e n t a c h l o r o a n i s o l e 0 . 0 0 1 0 .0 0 4 0 .0 0 3 0.0 03 0 .003 0.0 07 0 .0 0 3 0 . 0 0 2
P e n t a c h lo r o b e n z e n e 0 . 0 0 1 0 .005 0 .0 0 8 0.0 03 0 .0 0 3 0 .0 0 5 0 .0 0 4 0 .0 0 3
P e n ta c h l o r o p h e n o l ND ND 0 .009 0 . 0 1 0 0.0 06 ND 0.0 0 3 0 .0 6 8
P e r th a n e ND 0 . 0 1 2 0 .0 2 6 0.0 08 ND ND ND 0 .0 3 4
o -P h e n y lp h e n o l 2 0 ND ND 0 .0 6 1 ND ND ND 0.0 8 6 ND
P h o sa lo n e 6 0 . 0 1 2 0.0 37 0 .0 8 6 0 . 0 1 2 0.0 43 0 .0 1 4 0.0 08 ND
P o l y c h l o r i n a t e d  b i p h e n y l s 0 .025 0 . 0 1 1 ND ND 0.0 3 0 0 .0 9 9 ND ND
Q u in to z en e  ( t o t a l ) 7 0 .0 0 8 0 .016 0 .0 3 5 0.0 17 0 .0 1 4 0 . 0 1 1 0 .0 1 3 0 .0 1 6

Q u in to z en e 0 . 0 0 1 0 .005 0 .0 0 3 0 . 0 0 2 0 .0 0 3 0 .0 0 3 0 . 0 0 1 0 .0 0 4
P e n t a c h l o r o a n i l i n e 0 .0 0 5 0 .0 0 4 0 . 0 2 2 0 . 0 1 2 0.0 08 0 .0 0 4 0 .0 0 8 0 .0 0 8
P e n t a c h l o r o t h i o a n i s o l e 0 . 0 0 2 0.0 07 0 . 0 1 0 0.0 03 0 .0 0 3 0 .0 0 4 0 .0 0 4 0 .0 0 4

Ronnel ND ND ND ND ND <0 . 0 0 1 ND ND
Tecnazene 1 0 0 . 0 0 1 <0 . 0 0 1 0 .0 0 8 0 . 0 0 1 0 .0 0 3 0 . 0 0 1 0 .0 2 8 0 . 0 0 2
T e t r a c h l o r o a n i l i n e <0 . 0 0 1 ND 0 .0 0 3 0 . 0 0 1 <0 . 0 0 1 ND 0 . 0 1 0 0 . 0 0 1
T e t r a c h l o r o a n i s i d i n e <0 . 0 0 1 <0 . 0 0 1 0 .0 0 3 <0 . 0 0 1 0 . 0 0 1 <0 . 0 0 1 0 . 0 1 0 0 . 0 0 1
T e t r a c h i o r o a n i s o l e <0 . 0 0 1 ND ND ND <0 . 0 0 1 ND ND ND
T e t r a c h l o r o b e n z e n e 0 . 0 0 2 ND <0 . 0 0 1 ND 0 . 0 0 1 0 .0 0 8 0 . 0 0 1 ND
Te t r a c h i o r o t h l o a n I s o l e <0 . 0 0 1 ND <0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1 ND 0 . 0 0 1 <0 . 0 0 1
Toxaphene 0 .0 6 8 0.0 88 0 .0 7 2 0 . 0 2 1 0 .0 4 4 0 .0 5 9 0 .0 5 0 0 .0 8 0
T r i - n - b u t y l  p h o s p h a te NA NA NA 0.0 51 NA NA NA 0 .1 3 2
T r i s ( 2 - c h l o r o e t h y 1) 

phospha te
ND ND 0.0 1 6 0 .0 0 4 ND ND 0.0 0 9 ND

aThe FAO/WHO ADIs (3 6 )  a r e  e x p r e s s e d  h e r e  in  p g /k g  o f  body w e ig h t /d a y .  The i n t a k e  i s  p r e s e n t e d  a s  a t o t a l  in  c a s e s  i n  which the  ADI 
i s  e x p r e s s e d  a s  the  sum o f  r e l a t e d  ch e m ica l  r e s i d u e s .  The i n t a k e  i s  i n d i c a t e d  a s  ND in  c a s e s  in  which the  c h e m ic a l  was n o t  d e t e c t e d  b u t  
c o u ld  have b een  i f  i t  had been  p r e s e n t .  I t  i s  l i s t e d  a s  NA in  c a s e s  i n  which the a n a l y t i c a l  m ethodology used  was n o t  c a p a b le  of  d e t e r m i n 
ing  t h a t  c h e m ic a l .  The i n t a k e s  f o r  F i s c a l  Y ea rs  1977-1979 were r e p o r t e d  p r e v i o u s l y  ( 1 5 - 1 7 ) .  Because t r a c e  l e v e l  f i n d i n g s  were  a s s i g n e d  a 
v a l u e  o f  z e r o  i n  c a l c u l a t i o n  o f  i n t a k e s  p r i o r  to  F i s c a l  Y ea r  1978, the  i n t a k e s  shown f o r  F i s c a l  Y ea r  1977 may be s l i g h t l y  lo w er  th an  i f  
they  had been  c a l c u l a t e d  u s in g  an  e s t i m a t e  o f  the l e v e l  f o r  t r a c e  f i n d i n g s .
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market basket sample are separated into 11 groups (e.g., grain 
and cereal products), and the foods in each group are blended 
(in amounts proportional to the weight consumed) to yield a 
homogeneous mixture (composite). The composites are ana
lyzed for selected pesticides (organochlorine, organophos- 
phorus, chlorophenoxy acids, carbary 1, and o-phenylphenol), 
industrial chemicals (including polychlorinated biphenyls), 
and elements (arsenic, cadmium, lead, mercury, selenium, 
and zinc) (1-9). The elemental analyses also include selected 
minerals and radionuclides; the results of these analyses are 
presented elsewhere (10 and 11, respectively). The Total Diet 
Studies are conducted to determine levels of chemical con
taminants in foods prepared for consumption rather than to 
enforce tolerances and other regulatory limits on raw agri
cultural commodities. Therefore, the analytical procedures 
used are modified to permit quantitation at levels that are 5- 
10 times lower than those used in FDA programs for enforce
ment of tolerances (a greater equivalent sample weight is 
submitted to the final determinative step). For example, the 
limit of quantitation in the Total Diet Studies is about 0.002 
ppm for heptachlor epoxide and 0.01 ppm for cadmium (12). 
The identity of each organic chemical reported is confirmed 
by an alternative method of identification (thin layer chro
matography, element-selective gas chromatographic detec
tion, mass spectrometry, p-values, derivatization, etc.). For 
each market basket, recovery analyses are conducted for 
selected composite/analyte combinations to assure accept
able analytical performance.

Results for the infant and toddler market basket samples 
and the adult market basket samples collected between June 
1964 and September 1979 were reported previously (13-17 
and 18-33, respectively). This report presents the data for 
the infant and toddler market basket samples collected and 
analyzed between October 1979 and September 1980 (Fiscal 
Year 1980). The results for the adult market basket samples 
collected during the same period are reported separately (34).

Results
Ten infant and toddler market basket samples were col

lected and analyzed (Table 1). The average contribution from 
each of the 11 food groups to the total diet is listed in Table 
2 and is based on the 10 market basket samples collected (2, 
3, 3, and 2 baskets from the Northeast, South, West, and 
North Central regions, respectively).

Pesticides and Industrial Chemicals
The pesticides and industrial chemicals found are listed by 

food group in Table 3 for the infant diet and Table 4 for the 
toddler diet. The average concentration (ppm) of the chemi
cal, based on all 10 market baskets, is listed along with the 
number of findings and range of concentrations for compos
ites in which the chemical was identified. The concentration 
values are not corrected for recovery. Residues whose identi
ties were confirmed but which were present at levels below 
the limit of quantitation are reported as trace. The limit of 
quantitation varies with the chemical and type of food. In 
cases where residues were reported at the trace level, the 
analyst included an estimate of the amount of the chemical 
present. These estimates were used in calculation of the aver
age concentration.

Tables 3 and 4 also show the average daily intake of each 
chemical by food group ((Jig/day). The daily intake of a chem
ical is determined by multiplying the concentration of the 
chemical in each food group by the weight of that food group 
consumed in a day and then adding the intakes determined 
for each food group. The estimates reported by the analyst

for trace level findings were used in calculation of the average 
daily intake.

Table 5 shows the daily intake per unit of body weight (p.g/ 
kg of body weight/day) of the pesticides and industrial chem
icals found in the infant and toddler Total Diet. The average 
body weight is taken to be 8.2 kg (18 lb) for infants and 13.7 
kg (30 lb) for toddlers. The intakes reported previously for 
Fiscal Years 1977-1979 are presented for comparison (15— 
17).

The daily intakes per unit of body weight determined in the 
Total Diet Studies may be compared with the Acceptable 
Daily Intakes (ADIs) proposed by the United Nations’ Food 
and Agriculture Organization and the World Health Organi
zation (FAO/WHO) (35). The ADI is the maximum daily 
intake of a chemical which, during a lifetime, appears to be 
without appreciable risk. ADIs are shown in Table 5 for 
chemicals for which they have been established (36). The 
ADI is expressed as an aggregate for chemicals that are related 
as a result of manufacturing impurities or degradation of the 
pesticide (e.g., the DDT group).

Elements
The average concentration, number and range of concen

trations of positive findings, and average daily intake of the 
6 selected elements are listed by food group in Table 6 for 
the infant diet and Table 7 for the toddler diet. The values 
are not corrected for recovery. Trace level findings were 
treated the same as those for the organic chemicals in cal
culating the average concentrations and average daily intakes. 
The average daily intakes calculated for these elements in 
Fiscal Years 1977-1980 are presented in Table 8 for compar
ison with their acceptable intake limits. For cadmium and 
mercury, the Provisional Tolerable Daily Intake (PTDI) is 
listed. The PTDIs were derived from the FAO/WHO Provi
sional Tolerable Weekly Intakes (PTWIs), which are maxi
mum acceptable intakes that appear to be without appreciable 
risk (37). The PTWIs were proposed for adults and may not 
apply to infants and toddlers. The maximum acceptable intake 
of lead listed in Table 8 was proposed by the FDA and covers 
all sources, including air and pica (38).

The Total Diet analyses determine total arsenic (organic 
and inorganic). Although a number of studies have been con
ducted, no maximum acceptable intake has been agreed on 
for total arsenic. However, the FAO/WHO has estimated a 
PTDI for inorganic arsenic of 2 pig/kg of body weight (39); 
this PTDI was proposed for adults and may not apply to 
infants and toddlers.

Selenium and zinc are essential nutrients. The Estimated 
Safe and Adequate Daily Dietary Intake (ESADDI) proposed 
for selenium by the National Research Council of the National 
Academy of Sciences is presented for comparison with the 
calculated intake (40, p. 178). The Recommended Dietary 
Allowance (RDA) for zinc proposed by the National Research 
Council also is listed (40, Appendix).

Discussion

Pesticides and Industrial Chemicals
In the infant diet, pesticides and/or industrial chemicals 

were found most frequently in the whole milk and oils-fats 
groups. Thirty-six different pesticides and industrial chemi
cals (including degradation products) were identified in the 
infant diet. The greatest variety of chemicals was found in 
the oils-fats and potato groups (14 and 9 chemicals, respec
tively).
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Table 6. Average concentration (ppm) and average daily intake (^g/day) of selected elements in the infant diet by food group*

Element
D r in k in g  

wa t e r Whole m i lk

O th e r  d a i r y  
& d a i r y  

subs  t i t u t e s

Meat 
f i s h  & 
p o u l t r y

G r a in  & 
c e r e a l  

p r o d u c t s

A r s e n i c *5

Average  concn 
No. p o s i t i v e 0 0 0

0 .0 0 3
2

0 .0 2 6
7

Range o f  concn 
Average i n t a k e

T - 0 .0 2
0 .1 6 8

0 . 0 2 - 0 . 0 6
0 .7 5 9

Cadmium
Average  concn 0 .0039 0 .0 097 0 .0 028 0 .0 106 0 .0328
No. p o s i t i v e 3 4 4 5 1 0
Range o f  concn T-0 .0 2 6 T-0 .0 6 0 T -0 .018 T-0 .0 4 0 0 . 0 1 4 - 0 . 0 5 2
Average i n t a k e 1 .14 6.75 0.6 74 0.5 79 1 .1 3

Lead
Average  concn 0 .023 0 .0 0 4 0 . 0 2 2 0.0 38 0 .0 8 7
No. p o s i t i v e 5 2 7 9 1 0

Range of  concn 0 . 0 2 - 0 . 0 9 0 . 0 2 T -0 .0 7 0 . 0 2 - 0 . 1 2 0 . 0 4 - 0 . 3 3
Average  i n t a k e 7 .63 2 .9 6 2 .4 4 2 .0 4 2 .5 0

Mercury
Average  concn 
No. p o s i t i v e 0 0 0 0

0 .0 0 0 4
1

Range of  concn 
Average  i n t a k e

T
0 .0 0 7 8

S e len ium
Average  concn 0 . 0 0 2 0 .0 0 8 0.0 09 0.0 80 0 .1 9 6
No. p o s i t i v e 1 3 3 1 0 1 0
Range of  concn T T - 0 .0 3 T -0 .0 5 T -0 .1 5 0 . 0 4 - 0 . 3 3
Average  i n t a k e 0.8 79 4 .9 5 1.60 4 .2 0 7 .1 2

Zinc
Average  concn 0 .0 3 3 .7 6 5 .2 5 20 .3 19 .6
No. p o s i t i v e 2 1 0 1 0 1 0 1 0
Range o f  concn 0 . 1 - 0 . 2 3 . 3 - 4 . 3 3 . 1 - 6 . 9 1 0 . 6 - 3 5 . 2 9 . 1 - 3 3 . 4
Average  i n  ta k e  c 0 . 0 1 2 .3 4 0 .7 4 1.05 0 .6 5

a The a v e ra g e  c o n c e n t r a t i o n  i s  b ased  on a l l  co m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  i n  ppm. The ran g e  o f  c o n c e n t r a t i o n s  i s  f o r  t h o s e  c o m p o s i te s  
in  which the e l e m e n t  was d e t e c t e d  and i s  e x p r e s s e d  in  ppm. The a v e ra g e  d a i l y  i n t a k e  i s  b ased  on a l l  co m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  
in  p g /d a y .  D e t e c t i o n s  below the  l i m i t  o f  q u a n t i t a t i o n  were  r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  of  q u a n t i t a t i o n  v a r i e s  w i th  the  e l e m e n t .
When t r a c e  l e v e l  f i n d i n g s  were r e p o r t e d ,  the  a n a l y s t  i n c l u d e d  an  e s t i m a t e  o f  the  amount o f  the  e l e m e n t  p r e s e n t ;  t h e s e  e s t i m a t e s  were  u sed  
i n  c a l c u l a t i o n  o f  the  av e ra g e  c o n c e n t r a t i o n  and a v e ra g e  d a i l y  i n t a k e .

^ C a l c u l a t e d  a s  a r s e n i c  t r i o x i d e  (AS2 O3 ) .  
c E x p re ssed  in  mg/day.
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Table 6. (continued)

F r u i t  &
f r u i t S ugar  &

V e g e t a b l e s j u i c e s O i l s  & f a t s a d j u n c t s Beve rages A l l  g ro u p s

0 . 0 0 1 0 .0 0 5
0 1 0 0 1 0 1 1

T 0 .0 5 T - 0 .0 6
0.0 91 0 .0 0 5 1 . 0 2

0 .0 204 0 .0 133 0 .0 0 2 5 0 . 0 1 0 1 0 .0 053 0 .0003 0 .0003
7 9 3 2 5 1 53

0 .0 1 5 - 0 .0 4 4 T -0 .0 3 3 T -0 .0 21 0 .0 2 7 - 0 . 0 7 4 T-0 .0 3 3 T T - 0 .0 7 4
0.1 27 1.36 0 .3 4 6 0.2 06 0 .0754 0 .0062 12 .4

0 .0 2 6 0 .0 6 4 0.0 64 0 .0 0 3 0 .014 0.0 14
5 9 9 2 5 3 6 6

0 . 0 2 - 0 . 1 1 0 . 0 2 - 0 . 1 9 0 . 0 2 - 0 . 1 2 T -0 .0 2 0 . 0 2 - 0 . 0 4 0 . 0 2 - 0 . 1 0 T - 0 .3 3
0 .1 2 4 6 .4 6 8 .7 0 0.061 0 .2 3 8 0 .3 1 3 33 .5

0 . 0 0 0 2 0.0007 0 .0003
0 0 1 0 2 1 5

T T T T
0 .0275 0 .0 082 0 .0062 0 .0497

0 . 0 0 2 0 . 0 0 2

0 1 0 0 1 0 29
T T T -0 .3 3

0 .1 9 9 0 .026 19.0

1.72 3 .8 4 0 .7 6 5 .1 8 0 .2 6 0 .0 7
7 1 0 1 0 2 8 5 84

0 . 5 - 4 . 8 2 . 9 - 5 . 3 0 . 4 - 1 . 0 2 2 . 0 - 2 9 . 8 0 . 1 - 0 . 4 0 . 1 - 0 . 2 0 . 1 - 3 5 . 2
0 . 0 1 0 .3 7 0 . 1 0 0 . 1 1 <0 . 0 1 <0 . 0 1 5 .3 8
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Table 7. Average concentration (ppm) and average daily intake (p.g/day) of selected elements in the toddler diet by food group*

Element
D r in k in g  

wa t e r Whole m i lk

O th e r  d a i r y  
& d a i r y  

subs  t i t u t e s

Meat 
f i s h  & 
p o u l t r y

G r a in  & 
c e r e a l  

p r o d u c t s

A r s e n ic ^
Average concn 
No. p o s i t i v e 0 0 0

0.1 05
8

0 .0 0 9
3

Range of  concn 
Average i n t a k e

0 . 0 3 - 0 . 3 2
13.8

0 . 0 2 - 0 . 0 4
1 . 0 2

Cadmium
Average  concn 0 .0039 0.0097 0 .0 027 0 .0 053 0 .0 2 6 5
No. p o s i t i v e 3 4 5 4 9
Range o f  concn T -0 .0 2 6 T-0 .0 6 0 T-0 .0 1 0 T -0 .022 0 . 0 1 5 - 0 . 0 6 8
Average  i n t a k e 1 .44 4 .4 9 0.206 0.6 80 3 .0 6

Lead
Average  concn 0 .0 2 3 0 .004 0.0 25 0 .028 0 .056
No. p o s i t i v e 5 2 7 1 0 1 0

Range o f  concn 0 . 0 2 - 0 . 0 9 0 . 0 2 0 . 0 2 - 0 . 0 9 0 . 0 2 - 0 . 0 5 0 . 0 3 - 0 . 0 7
Average i n t a k e 8 . 6 8 1.95 1 . 6 8 3.53 6 .2 6

Mercury
Average  concn 
No. p o s i t i v e 0 0

0 . 0 0 0 1

1

0 .0 029
7

0 .0 0 0 8
4

Range of  concn 
Average  i n t a k e

T
0 .0 052

T
0.3 97

T
0 .0 8 6 9

S ele n iu m
Average  concn 0 . 0 0 2 0.0 08 0 . 0 2 1 0.1 94 0 .2 3 6
No. p o s i t i v e 1 3 5 1 0 1 0

Range of  concn T T -0 .0 3 T-0 .0 7 0 . 1 2 - 0 . 2 7 0 . 1 2 - 0 . 3 6
Average  i n t a k e 0 .8 1 8 4 .2 5 1.34 23.2 26 .8

Zinc
Average  concn 0 .0 3 3 .7 6 6 .0 8 32 .9 1 1 . 2

No. p o s i t i v e 2 1 0 1 0 1 0 1 0

Range o f  concn 0 . 1 - 0 . 2 3 . 3 - 4 . 3 4 . 7 - 8 . 4 2 7 . 6 - 3 8 . 2 6 . 7 - 1 4 . 6
Average  i n t a k e 0 0 . 0 1 1.89 0 .4 0 4 .0 5 1 .3 0

a The a v e ra g e  c o n c e n t r a t i o n  i s  b ased  on a l l  co m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  in  ppm. The ran g e  of  c o n c e n t r a t i o n s  i s  f o r  th o s e  c o m p o s i te s  
i n  which the  e l e m e n t  was d e t e c t e d  and i s  e x p r e s s e d  in  ppm. The a v e ra g e  d a i l y  i n t a k e  i s  b ased  on a l l  co m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  
i n  p g /d a y .  D e t e c t i o n s  below th e  l i m i t  of  q u a n t i t a t i o n  were  r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  of  q u a n t i t a t i o n  v a r i e s  w i th  the  e l e m e n t .
When t r a c e  l e v e l  f i n d i n g s  were r e p o r t e d ,  the  a n a l y s t  i n c lu d e d  an  e s t i m a t e  o f  the  amount o f  th e  e l e m e n t  p r e s e n t ;  t h e s e  e s t i m a t e s  were  used  
i n  c a l c u l a t i o n  o f  the a v e ra g e  c o n c e n t r a t i o n  and a v e r a g e  d a i l y  i n t a k e .

^ C a l c u l a t e d  a s  a r s e n i c  t r i o x i d e  (AS2 O3 ) .  
c E x p re ssed  in  mg/day.
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Table 7. (continued)

F r u i t  & 
f r u i t S ugar  &

P o ta t o e s V e g e t a b l e s j u i c e s O i l s  & f a t s a d j u n c t s Beve rages A l l  g ro u p s

0 .0 0 6
0 0 0 1 0 0 1 2

0 .0 6 0 . 0 2 - 0 . 3 2
0 .1 0 9 14.9

0 .0 333 0 . 0 1 0 2 0 .0030 0.0441 0 .0 078 0 . 0 0 2 2

1 0 7 4 1 0 8 3 67
0 .0 1 5 - 0 .0 6 8 0 . 0 1 0 - 0 . 0 2 2 T -0 .0 22 0 . 0 1 7 - 0 . 0 8 8 T-0 .0 2 3 T-0 .0 1 1 T-0 .0 8 8

1 . 1 2 0 .7 3 9 0 .3 3 3 0 .6 1 9 0.2 31 0.1 46 13.1

0 .032 0 .1 0 5 0 .0 6 4 0 .0 1 6 0.0 37 0.0 17
7 1 0 1 0 7 9 5 82

0 . 0 2 - 0 . 1 1 0 . 0 4 - 0 . 1 7 0 . 0 2 - 0 . 1 5 T -0 .0 4 0 . 0 2 - 0 . 0 9 T -0 .1 0 T -0 .1 7
0.8 95 7 .9 6 9 .11 0 . 2 2 1 1 . 1 2 1.95 4 3 .4

0 .0 006 0 .0 009 0 .0 006 0 .0 006
1 0 0 4 2 2 2 1

T T T T T
0.0 269 0 .0123 0 .0174 0 .0 419 0.5 88

0 . 0 1 0 0 . 0 0 2 0 . 0 1 2 0 . 0 0 2

0 4 1 3 1 0 38
T T T -0 .0 6 T T -0 .3 6

0 .7 7 5 0 .1 9 2 0 .1 7 5 0.0 56 57.6

2 . 6 6 5 .80 0 . 8 8 14 .5 3 .6 3 0 .1 4
1 0 1 0 1 0 1 0 1 0 8 1 0 0

0 . 5 - 5 . 2 4 . 1 - 1 1 . 2 0 . 6 - 1 .4 8 . 9 - 2 1 . 4 1 . 8 - 8 . 1 0 . 1 - 0 . 4 0 . 1 - 3 8 . 2
0.09 0 .4 3 0 . 1 2 0 . 2 0 0 . 1 1 0 . 0 1 8.61
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Table 8. Average daily Intake (pg/day) of selected elements in Fiscal Years 1977-1980*

Acceptable
Infant Toddler

FY FY FYintake FY FY FY FY FY
Element lim it 77 78 79 80 77 78 79 80

Arsenic" ___ C 5 2 5 1 24 18 23 15
Cadmium 57-72" 6 6 4 12 8 11 9 13
Lead 100-150" 24 25 28 34 29 35 46 43
Mercury 43" 1 <1 <1 <1 1 1 <1 1
Selenium 10-80' 15 18 15 19 46 52 45 58
Zinc9 3-10" 4 5 5 5 8 9 8 9

"The average daily intakes for Fiscal Years 1977-1979 were reported previously (15-17).
‘ Calculated as arsenic trioxide (AssOs).
‘ No maximum acceptable intake has been agreed on for total arsenic (organic and inorganic). However, the FAO/WHO (39) has estimated a PTDI for 
inorganic arsenic of 2 pg/kg of body weight (calculated as arsenic trioxide, this is equivalent to 22 pg/day for an 8.2 kg person and 36 pg/day for a 
13.7 kg person); the PTDI was proposed for adults and may not apply to  infants and toddlers.

"Provisional Tolerable Daily Intake (PTDI) calculated from the Provisional Tolerable Weekly Intake (PTWI) proposed by the FAO/WHO (37); th is lim it was 
proposed for adults and may not apply to infants and toddlers.

"The maximum intake proposed by the FDA fo r lead from all sources, including air and pica, is 100 pg/day for infants up to 6 months old and 150 pg/ 
day fo r children 6 months to 2 years old (38).

'The Estimated Safe and Adequate Daily Dietary Intake (ESADDI) proposed by the National Research Council of the National Academy of Sciences is 
10-40 pg/day fo r infants up to 6 months old, 20-60 pg/day for infants 6 months to 1 year old, and 20-80 pg/day for children 1-3 years old (40).

"All zinc intake values are expressed in mg/day.
"The Recommended Dietary Allowance (RDA) proposed by the National Research Council of the National Academy of Sciences is 3 mg/day for infants 
up to 6 months old, 5 mg/day fo r infants 6 months to 1 year old, and 10 mg/day for children 1-3 years old (40).

The food groups of the toddler diet in which pesticides and 
industrial chemicals were found most frequently were oils- 
fats, meat-fish-poultry, and other dairy products. Forty-two 
pesticides and industrial chemicals were identified in the tod
dler diet. The oils-fats and meat-fish-poultry groups displayed 
the greatest variety of residues (18 and 15 chemicals, respec
tively).

An additional procedure for the determination of organo- 
phosphorus chemicals (2) was introduced into the Total Diet 
Studies in Fiscal Year 1980. Use of this procedure resulted 
in the identification of 2 previously unreported chemicals 
(methidathion and tri-n-butyl phosphate) that may well have 
been present in earlier years but which would not have been 
identified. The number of pentachlorophenol identifications 
was substantially increased from previous years and may 
have resulted from the use of a new analytical procedure for 
chlorophenoxy acids beginning in mid-Fiscal Year 1979 (3).

The daily intakes per unit of body weight of the pesticides 
and industrial chemicals for Fiscal Years 1977-1980 (Table 
5) appear to be relatively constant. None of the intakes for 
Fiscal Year 1980 approached the FAO/WHO ADI; dieldrin 
was closest, at 33 and 46% of the ADI in the infant and toddler 
diets, respectively.
Elements

No trends are apparent in the average daily intakes of the 
6 selected elements for Fiscal Years 1977-1980 (Table 8). The 
Fiscal Year 1980 intakes of cadmium and mercury were well 
below the PTDI; as mentioned earlier, the PTDIs were pro
posed for adults and may not apply to infants and toddlers. 
The intakes of lead in the infant and toddler diets represented 
22 and 29%, respectively, of the maximum acceptable intakes 
proposed by FDA for lead from all sources.

The intakes of total arsenic in the infant and toddler diets 
were 1 and 15 pg/day, respectively, calculated as arsenic 
trioxide. As mentioned previously, no maximum acceptable 
intake has been agreed on for total arsenic. The PTDI esti
mated by the FAO/WHO for inorganic arsenic is 2 pg/kg of 
body weight (calculated as arsenic trioxide, this is equivalent 
to 22 pg/day for an 8.2 kg person and 36 pg/day for a 13.7 kg 
person); the PTDI was proposed for adults and may not apply 
to infants and toddlers.

The intakes calculated for selenium were slightly less than 
the ESADDI for the infant diet and within the range of the

ESADDI for the toddler diet. The intake of zinc calculated 
for the infant diet was the same as the RDA, whereas the 
intake calculated for the toddler diet was slightly lower than 
the RDA.

Conclusion
The dietary intakes determined in the Fiscal Year 1980 

Infant and Toddler Total Diet Study are similar to those found 
in the several preceding years and are generally within the 
acceptable limits outlined earlier. The same approach for 
sample collection and analysis was continued in the Fiscal 
Year 1981 Infant and Toddler Total Diet Study.
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Pesticides, Selected Elements, and Other Chemicals in Adult Total Diet Samples,
October 1979-September 1980

M A R C I A  J . G A R T R E L L , J O H N  C . C R A U N ,1 D A V ID  S . P O D R E B A R A C ,'  a n d  E L L I S  L . G U N D E R S O N
Food and Drug Administration, 200 C St, S V E  Washington, DC 20204

The U.S. Food and Drug Administration (FDA) conducts Total Diet 
Studies to determine the dietary intake of selected pesticides, industrial 
chemicals, and elements (including radionuclides). These studies involve 
the retail purchase and analysis of foods representative of the diets of 
infants, toddlers, and adults. The individual food items are separated 
into a number of food groups, each of which is analyzed as a composite. 
This report summarizes the results for adult Total Diet samples col
lected in 20 cities between October 1979 and September 1980. The 
average concentration, range of concentrations, and calculated average 
daily intake of each chemical found are presented by food group. The 
average daily intakes of the chemicals are similar to those found in the 
several preceding years and are within acceptable limits. The results 
for samples collected during the same period that represent the diets 
of infants and toddlers are reported separately.

Total Diet Studies (also referred to as Market Basket Pro
grams) have been conducted by the U.S. Food and Drug 
Administration (FDA) since the early 1960s. These studies 
are a part of FDA’s surveillance of the food supply and are 
designed to measure the dietary intake of selected pesticides, 
industrial chemicals, and elements (including radionuclides), 
to identify problems and trends in the intake of these chem
icals, and to determine the source of unusual residues. These 
studies also provide an additional check on the effectiveness 
of U.S. regulations concerning the levels of chemical contam
inants in foods.

Table 1. Fiscal Year 1980 adult Total Diet sample collections

Sample collection Geographic Date ot
area________________________region_____________collection
Rochester, NY Northeast 10/79
Springfield, IL North Central 10/79
San Jose, CA West 11/79
Baltimore, MD South 11/79
Binghamton, NY Northeast 12/79
Fort Wayne, IN North Central 1/80
San Diego, CA West 2/80
Beaumont, TX South 2/80
Trenton, NJ Northeast 3/80
Rockford, IL North Central 3/80
Portland. OR West 4/80
Lakeland, FL South 4/80
Erie, PA Northeast 5/80
Minneapolis, MN North Central 6/80
Salt Lake City, UT West 6/80
Nashville, TN South 6/80
Pittsburgh, PA Northeast 7/80
Milwaukee, Wl North Central 8/80
Montgomery, AL South 8/80
Richmond, VA South 8/80

Received April 4, 1985. Accepted June 4, 1985.
'Food and Drug Administration, 1009 Cherry St, Kansas City, MO 64106.

The Adult Total Diet Study involves determination of the 
intake of selected chemical contaminants in the diet of 16- to 
19-year-old males, who generally consume more food than 
other age groups and, on this basis, are considered to have 
the highest dietary intake of chemical contaminants. Levels 
of chemicals in the diet are determined by collecting and 
analyzing samples (subsequently referred to as market basket 
samples) from retail markets in urban areas throughout the 
continental United States. These samples represent the typ
ical 14-day diet. Approximately 120 individual food items, 
including drinking water, are collected for each market basket 
sample. Regional variations in food consumption patterns are 
reflected in slight differences among the foods collected and 
consumption values used for the Northeast, South, West, 
and North Central regions. The choice of foods collected for 
the market basket samples and their consumption values are 
based on a food consumption survey conducted by the U.S. 
Department of Agriculture in 1965.

After collection, the samples are sent to FDA’s Kansas 
City District laboratory for preparation and analysis. Where 
appropriate, the foods are prepared in the manner in which 
they usually are consumed. Individual food items from the 
market basket sample then are separated into 12 food groups 
(e.g., leafy vegetables), and the foods in each group are blended 
(in amounts proportional to the weight consumed) to yield a 
homogeneous mixture (composite). The composites are ana
lyzed for selected pesticides (organochlorine, organophos- 
phorus, chlorophenoxy acids, carbaryl, and o-phenylphenol).

Table 2. Average composition of the adult Total Diet*

Food group
Av. wt, 
g/day

%
(by wt) 

of Total Diet
Dairy products 758 26
Meat, fish, & poultry 262 9
Grain & cereal products 419 14
Potatoes 159 5
Leafy vegetables 56 2
Legume vegetables 74 3
Root vegetables 32 1
Garden fruits 74 3
Fruits 220 8
Oils & fats 73 3
Sugar & adjuncts 82 3
Beverages (including water) 701 24
Total 2910 (100)

*The average composition of the Total Diet varies slightly from year to 
year depending on the number of market baskets collected in each 
region. In Fiscal Year 1980, 5, 6, 4, and 5 baskets were collected in the 
Northeast, South, West, and North Central regions, respectively. The 
sum of values for percent composition does not equal 100 because of 
rounding.
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industrial chemicals (including polychlorinated biphenyls), 
and elements (arsenic, cadmium, lead, mercury, selenium, 
and zinc) (1-9). The elemental analyses also include selected 
minerals and radionuclides; the results of these analyses are 
presented elsewhere (10 and 11, respectively). The Total Diet 
Studies are conducted to determine levels of chemical con
taminants in foods prepared for consumption rather than to 
enforce tolerances and other regulatory limits on raw agri
cultural commodities. Therefore, the analytical procedures 
used are modified to permit quantitation at levels that are 5- 
10 times lower than those used in FDA programs for enforce
ment of tolerances (a greater equivalent sample weight is 
submitted to the final determinative step). For example, the 
limit of quantitation in the Total Diet Studies is about 0.002 
ppm for heptachlor epoxide and 0.01 ppm for cadmium (12). 
The identity of each organic chemical reported is confirmed 
by an alternative method of identification (thin layer chro
matography, element-selective gas chromatographic detec
tion, mass spectrometry, p-values, derivatization, etc.). For 
each market basket, recovery analyses are conducted for 
selected composite/analyte combinations to assure accept
able analytical performance.

Since 1974, FDA also has collected and analyzed market 
basket samples representing the diets of infants and toddlers. 
Results for the adult market basket samples and the infant 
and toddler market basket samples collected between June 
1964 and September 1979 were reported previously (13-28 
and 29-33, respectively). This report presents the data for 
the adult market basket samples collected and analyzed 
between October 1979 and September 1980 (Fiscal Year 1980). 
The results for the infant and toddler market basket samples 
collected during this period are reported separately (34).

Results
Twenty adult market basket samples were collected and 

analyzed (Table 1). The average contribution from each of 
the 12 food groups to the total diet is listed in Table 2 and is 
based on the 20 market basket samples collected (5, 6, 4, and 
5 baskets from the Northeast, South, West, and North Cen
tral regions, respectively).

Pesticides and Industrial Chemicals
The pesticides and industrial chemicals found are listed for 

each food group in Table 3 along with the average concentra
tion (ppm) of the chemical, based on all 20 composites ana
lyzed, and the number of findings and range of concentrations 
for composites in which the chemical was identified. The 
concentration values are not corrected for recovery. Resi
dues whose identities were confirmed but which were present 
at levels below the limit of quantitation are reported as trace. 
The limit of quantitation varies with the chemical and type 
of food. In cases where residues were reported at the trace 
level, the analyst included an estimate of the amount of the 
chemical present. These estimates were used in calculation 
of the average concentration.

Table 3 also shows the average daily intake of each chem
ical by food group (p.g/day). The daily intake of a chemical is 
determined by multiplying the concentration of the chemical 
in each food group by the weight of that food group consumed 
in a day and then adding the intakes determined for each food 
group. The estimates reported by the analyst for trace level 
findings were used in calculation of the average daily intake.

Table 4 shows the daily intake per unit of body weight (|xg/

kg of body weight/day) of the pesticides and industrial chem
icals found in the adult Total Diet. The average body weight 
of 16- to 19-year-old males is taken tobe 69.1 kg(1521b). The 
intakes reported previously for Fiscal Years 1977-1979 are 
presented for comparison (26-28).

The daily intakes per unit of body weight determined in the 
Total Diet Studies may be compared with the Acceptable 
Daily Intakes (ADIs) established by the United Nations’ Food 
and Agriculture Organization and the World Health Organi
zation (FAO/WHO) (35). The ADI is the maximum daily 
intake of a chemical which, during a lifetime, appears to be 
without appreciable risk. ADIs are shown in Table 4 for 
chemicals for which they have been established (36). The 
ADI is expressed as an aggregate for chemicals that are related 
as a result of manufacturing impurities or degradation of the 
pesticide (e.g., the DDT group).

Elements
The average concentration, number and range of concen

trations of positive findings, and average daily intake are 
listed by food group in Table 5 for the 6 selected elements. 
The values are not corrected for recovery. Trace level find
ings were treated the same as those for the organic chemicals 
in calculating the average concentration and average daily 
intake. The average daily intakes calculated for these ele
ments in Fiscal Years 1977-1980 are presented in Table 6 for 
comparison with their acceptable intake limits. For the toxic 
elements cadmium, lead, and mercury, the Provisional Tol
erable Daily Intake (PTDI) is listed. The PTDIs were derived 
from the FAO/WHO Provisional Tolerable Weekly Intakes, 
which are maximum intakes that appear to be without appre
ciable risk (37).

The Total Diet analyses determine total arsenic (organic 
and inorganic). Although a number of studies have been con
ducted, no maximum acceptable intake has been agreed on 
for total arsenic. However, the FAO/WHO has estimated a 
PTDI for inorganic arsenic of 2 (xg/kg of body weight (138 |xg/ 
day for a 69.1 kg person) (38).

Selenium and zinc are essential nutrients. The Estimated 
Safe and Adequate Daily Dietary Intake (ESADDI) for selen
ium and the Recommended Dietary Allowance (RDA) for 
zinc proposed by the National Research Council of the National 
Academy of Sciences are presented for comparison with the 
calculated intakes (39).

Discussion

Pesticides and Industrial Chemicals
Pesticides and/or industrial chemicals were found most 

frequently in the meat-fish-poultry and oils-fats groups. The 
beverage, legume vegetable, and root vegetable groups had 
the fewest residues. Fifty-four different pesticides and indus
trial chemicals (including degradation products) were iden
tified. The greatest variety of chemicals was found in the fruit 
and garden fruit groups (20 and 19 chemicals, respectively).

An additional procedure for the determination of organo- 
phosphorus chemicals (2) was introduced into the Total Diet 
Study in Fiscal Year 1980. Use of this procedure resulted in 
the identification of 4 previously unreported chemicals 
(demeton-S sulfone, dimethoate, methidathion, and tri-n-butyl 
phosphate) that may well have been present in earlier years 
but which would not have been identified. The number of 
pentachlorophenol identifications was substantially increased 
from previous years and may have resulted from the use of a
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Table 3. Average concentration (ppm) and average daily intake (pg/day) of pesticides and industrial chemicals by food group*

Chemical
D airy

p r o d u c t s

Mea t  
f i s h  & 
p o u l t r y

G ra in  & 
c e r e a l  

p r o d u c t s P o t a t o e s
Leafy

v e g e t a b l e s
Legume

v e g e t a b l e s

BHC, a l p h a
Average concn 0 .0006 0 .0006 <0 . 0 0 0 1

No. p o s i t i v e 19 16 1 0 0 0

Range o f  concn T-0 .0 0 1 T -0 .0 0 3 T
Average i n t a k e 0.441 0 .1 5 6 0 .0 162

BHC, d e l t a
Average concn
No. p o s i t i v e 0 0 0 0 0 0

Range of  concn
Average i n t a k e

Cap tan
Average concn
No. p o s i t i v e 0 0 0 0 0 0

Range o f  concn
Average i n t a k e

C a r b a r y l
Average  concn 0 . 0 0 2

No. p o s i t i v e NA NA 0 0 0 1
Range o f  concn T
Average i n t a k e 0 .1 7 2

Ch lo rd an e
Average concn
No. p o s i t i v e 0 0 0 0 0 0

Range of  concn
Average  i n t a k e

C h l o r o b e n z i l a  t e
Average  concn
No. p o s i t i v e 0 0 0 0 0 0

Range o f  concn
Average  i n t a k e

2 - C h l o r o e t h y l  l i n o l e a t e
Average  concn 0 .0 1 4 5 0.0071 0.0011
No. p o s i t i v e 0 2 1 0 0 1
Range of  concn 0 . 1 4 0 - 0 . 1 5 0 0 .1 4 2 0 .0 2 3
Average i n t a k e 3 .84 3 .0 3 0 .0 7 9 2

2 - C h l o r o e t h y l  p a l m i t a t e
Average  concn 0.0011
No. p o s i t i v e 0 0 1 0 0 0
Range of  concn 0 . 0 2 2
Average  i n t a k e 0 .4 6 9

Chlorpropham
Average  concn 0 .0007 0 .1135 0 .0 0 0 6
No. p o s i t i v e 0 0 2 18 1 0
Range o f  concn 0 . 0 0 2 - 0 . 0 1 3 0 . 0 0 4 - 0 . 6 7 2 0 . 0 1 2
Average i n t a k e 0 .3 0 7 18 .0 0 .0 3 4 8

O h lo r p y r i f o s
Average concn 0.0001
No. p o s i t i v e 0 0 1 0 0 0
Range o f  concn 0 . 0 0 2
Average i n t a k e 0 .0435

DCPA
Average concn 0 .0 016
No. p o s i t i v e 0 0 0 0 4 0
Range of  concn T - 0 .0 1 7
Average  i n t a k e 0 .0 9 2 0

DDE
Average concn 0 .0009 0 .0 0 4 8 0 .0 0 0 5 0 .0017
No. p o s i t i v e 9 18 0 4 1 0 0
Range o f  concn T -0 .0 0 6 T - 0 .0 2 4 T-0 .0 0 6 0 . 0 0 1 - 0 . 0 1 0
Average i n t a k e 0 .626 1.2 8 0 .0 847 0 .0 9 5 4

DDT
Average  concn 0 .0008 <0 . 0 0 0 1 0 . 0 0 0 2
No. p o s i t i v e 0 7 0 1 2 0
Range o f  concn T -0 .0 0 6 0.001 0 . 0 0 2 - 0 . 0 0 3
Average  i n t a k e 0 .2 1 9 0 .0 079 0 .0137

Demeton-S s u l f o n e
Average concn 0 .0028
No. p o s i t i v e NA NA 0 0 1 0
Range of  concn 0 .0 5 6
Average i n t a k e 0 .1 4 6

“ The a v e ra g e  c o n c e n t r a t i o n  I s  b ased  on a l l  c o m p o s i te s  a n a l y z e d  and I s  e x p r e s s e d  In  ppm. The number o f  p o s i t i v e s  I s  I n d i c a t e d  a s  NA In  c a se s  
In  which the  a n a l y t i c a l  m ethodology u sed  was n o t  c a p a b le  o f  d e t e r m i n in g  t h a t  c h e m ic a l .  The ran g e  o f  c o n c e n t r a t i o n s  I s  f o r  th o s e  co m p o s i te s  i n  
which the  c h e m ic a l  was d e t e c t e d  and I s  e x p r e s s e d  i n  ppm. The a v e r a g e  d a i l y  I n t a k e  I s  based  on a l l  co m p o s i te s  a n a l y z e d  and i s  e x p r e s s e d  in  
p g /d a y .  D e t e c t i o n s  o f  c h e m ic a l s  whose I d e n t i t y  was co n f i r m e d  b u t  which  were  p r e s e n t  a t  c o n c e n t r a t i o n s  below th e  l i m i t  o f  q u a n t i t a t i o n  were 
r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  o f  q u a n t i t a t i o n  v a r i e s  w i th  th e  c h e m ic a l  and  ty pe  o f  f o o d .  When t r a c e  l e v e l  f i n d i n g s  were  r e p o r t e d ,  the 
a n a l y s t  I n c l u d e d  an  e s t i m a t e  o f  th e  am ount  o f  the  c h e m ica l  p r e s e n t ;  t h e s e  e s t i m a t e s  were  used  In  c a l c u l a t i o n  o f  the  a v e r a g e  c o n c e n t r a t i o n  and 
a v e r a g e  d a i l y  i n t a k e .
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Table 3. (continued)

Root Garden S ugar  &
v e g e t a b l e s f r u i t s F r u i t s O i l s  & f a t s a d j u n c t s B ev e rag es A l l  groups

0 .0 008
2

0 .0 0 1 - 0 . 0 1 6
0 .0615

0 .0003
1

0 .0 0 6
0.0222

0.0011
17

T -0 .0 0 3
0 .0935

56
T -0 .0 1 6
0 .7 9 0

0 .0003
1

0 .0 0 6
0 .0217

1
0 .0 0 6
0 .0 217

0.0002
1

0 .004
0 .0422

1
0 .0 0 4
0 .0 4 2 2

0.002
1
T

0.1 9 3

0 .005
2

T -0 .0 5
1.11

4
T -0 .0 5
1.48

0.0002
1

0 .0 0 3
0 .0 107

1
0 .0 0 3
0 .0 107

0 .0002
1

0 .004
0 .0469

1
0 .0 0 4
0 .0469

0 .0 925
6

0 . 0 5 0 - 0 . 9 4 2
6 .7 0

10
0 . 0 2 3 - 0 . 9 4 2

13.6

0 .0047
4

0 . 0 0 6 - 0 . 0 4 5
0 .338

0 . 0 0 6 - 0 . 0 4 5
0 .8 0 7

0.0002
1

0 .0 0 4
0 .0145

0 .0007
2

0 .0 0 7 - 0 . 0 0 8
0.1 59

24
0 . 0 0 2 - 0 . 6 7 2

18 .5

<0.0001
1
T

0.0025

2
T - 0 .0 0 2
0 .0 4 6 0

0 .0001
3

0.001
0 .0 0 5 0

0 .0 006
4

0 .0 0 1 - 0 . 0 0 8
0 .0 476

11
T -0 .0 1 7
0 .1 4 5

0.0010
6

0 .0 0 1 - 0 . 0 1 3
0 .0 309

0 .0 0 0 2
3

0.001-0 .002
0 .0 185

<0 . 0 0 0 1
1
T

0 .0028

<0.0001
1

0.001
0 .0 0 4 2

52
T - 0 .0 2 4
2 .1 4

10
T -0 .0 0 6
0.2 41

1
0 .0 5 6
0 .1 4 6
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Table 3. (continued)

Meat G r a in  &
D airy f i s h  & c e r e a l Leafy Legume

Chem ical p r o d u c t s p o u l t r y p r o d u c t s P o t a t o e s v e g e t a b l e s v e g e t a b l e s

D ia z in o n
Average concn 0 .0 0 0 3 0 .0 0 0 3 0 . 0 0 0 2 0 .0 0 0 4 <0 . 0 0 0 1

No. p o s i t i v e 0 4 7 2 5 1

Range o f  concn T -0 .0 0 3 T -0 .0 0 1 T -0 .0 0 3 T -0 .0 0 2 T
Average i n t a k e 0 .0775 0 . 1 1 0 0 .0295 0 .0 2 0 9 0 .0 0 1 8

D ic l o r a n
Average  concn 0 . 0 0 1 0 0 .0007
No. p o s i t i v e 0 0 0 5 2 0

Range o f  concn 0 . 0 0 2 - 0 . 0 0 8 0 . 0 0 4 - 0 . 0 1 1
Average  i n t a k e 0 .1 6 7 0 .0 3 8 8

D ic o f o l
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0 0

D i e l d r i n
Average concn 0 .0007 0 .0 0 3 3 <0 . 0 0 0 1 0 . 0 0 0 1

No. p o s i t i v e 13 19 1 2 0 0

Range o f  concn T -0 .0 0 3 T -0 .0 3 6 0 . 0 0 1 T-0 .0 0 1
Average i n t a k e 0.5 49 0 .8 6 0 0 .0 2 1 3 0 .0 127

Dime th oa  te
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

NA NA 0 0 0 0

E n d o s u l f a n  I
Average  concn 0 .0005
No. p o s i t i v e 0 0 0 0 4 0
Range o f  concn 0 . 0 0 1 - 0 . 0 0 6
Average i n t a k e 0 .0 2 7 4

E n d o s u l f a n  I I
Average  concn 0 .0003 0 .0 0 0 5
No. p o s i t i v e 0 0 0 1 3 0
Range of  concn 0 .0 0 6 0 . 0 0 2 - 0 . 0 0 5
Average  i n t a k e 0 .0476 0 .0 2 8 4

E n d o s u l f a n  s u l f a t e
Average concn 0 . 0 0 0 2 0 .0 0 0 8
No. p o s i t i v e 0 0 0 1 4 0
Range o f  concn 0 .0 0 4 0 . 0 0 2 - 0 . 0 0 6
Average  i n t a k e 0 .0318 0 .0 4 5 2

E th io n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0 0

2 - E t h y l h e x y l  d ip h e n y l  
p h o s p h a te

Average concn 0 .0 9 8 5
No. p o s i t i v e 0 1 0 0 0 0
Range of  concn 2 . 0
Average  i n t a k e 2 5 .8

F e n i t r o t h i o n
Average  concn 0 . 0 0 0 1
No. p o s i t i v e 0 0 2 0 0 0
Range o f  concn 0 . 0 0 1 - 0 . 0 0 2
Average i n t a k e 0 .0 6 0 8

Fonofos
Average concn 0 . 0 0 0 1
No. p o s i t i v e 0 0 1 0 0 o
Range o f  concn 0 . 0 0 2
Average  i n t a k e 0 .0 409

H e p ta c h lo r  e p o x id e
Average  concn 0 .0 0 0 3 0 .0 0 0 9
No. p o s i t i v e 1 2 16 0 0 0 o
Range o f  concn T - 0 .0 0 2 T -0 .0 0 6
Average  i n t a k e 0 .2 4 4 0 .229

H ex ach lo ro b en ze n e
A verage  concn 0 . 0 0 0 1 0 .0 0 0 4
No. p o s i t i v e 8 15 0 0 0 0Range o f  concn T T -0 .0 0 2
Average i n t a k e 0 .0 6 8 3 0 .1 0 8

Lin d an e
Average concn <0 . 0 0 0 1 0 . 0 0 0 2
No. p o s i t i v e 1 8 0 0 0 0Range o f  concn T T -0 .0 0 1
Average i n t a k e 0 . 0 1 1 2 0 .0496
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Table 3. (continued)

Root
v e g e t a b l e s

Garden
f r u i t s F r u i t s O i l s  & f a t s

S ugar  & 
a d j u n c t s Bev e rag es A l l  groups

0 . 0 0 0 1 0 . 0 0 0 1 <0 . 0 0 0 1 0 . 0 0 0 1 0 . 0 0 0 1

2 2 1 3 2 0 29
0 . 0 0 1 0 . 0 0 1 T T-0 .0 0 1 0 . 0 0 1 T -0 .0 0 3
0.0029 0 .0075 0 .0085 0 .0 0 9 9 0.0081 0.2 77

0 .0063 <0 . 0 0 0 1

0 0 5 0 1 0 13
0 .0 1 4 - 0 . 0 5 8 0 . 0 0 1 0 .0 0 1 - 0 . 0 5 8

1.39 0 .0040 1 .6 0

0 0

0 .0038
9 0 0 0 9

0 .0 0 2 - 0 . 0 2 4
0 .8 2 8

0 . 0 0 2 - 0 . 0 2 4
0 .8 2 8

<0 . 0 0 0 1 0 . 0 0 1 2 <0 . 0 0 0 1 0 . 0 0 0 1

1 1 1 1 2 0 0 50
T T-0 .0 0 4 T 0 . 0 0 1 - 0 . 0 0 2 T -0 .0 3 6

0.0006 0 .0852 0 .0032 0 .0 105 1 .5 4

0 . 0 0 0 1 0 . 0 0 0 1

0 1 1 NA NA NA 2

0 . 0 0 2 0 .0 0 3 0 .0 0 2 - 0 . 0 0 3
0.0077 0 .0352 0 .0429

0 . 0 0 1 0 0 .0005
0 9 5 0 0 0 18

T -0 .0 0 4 T -0 .0 05 T -0 .0 0 6
0.0759 0 .1 1 3 0 .2 1 6

0 .0 013 0 .0018
0 1 0 7 0 0 0 2 1

0 .0 0 1 - 0 . 0 0 8 T-0 .0 1 7 T - 0 .0 1 7
0 .0 952 0.3 78 0 .5 4 9

0

0 .0 005
5

0 .0 0 1 - 0 . 0 0 4
0 .0 367

0 .0008
5

0 . 0 0 1 - 0 .0 0 7
0 .1 7 0

0 0 0 15
0 . 0 0 1 - 0 . 0 0 7

0 .2 8 4

0 .0 008
1

0 .0 1 6
0 .0263

0

0 .0003
3

0 .0 0 1 - 0 . 0 0 3
0 .0658

0 0 0 4
0 . 0 0 1 - 0 . 0 1 6

0 .0 921

o o
1.34

0 4 0
1 . 3 - 1 2 . 0  

9 9 .7
1 . 3 - 1 2 . 0
126

0 2
0 . 001- 0 .0 0 2

0 .0608

0
0 .0 0 1 5

2
T -0 .0 3 0
0.1 07

<0 . 0 0 0 1
1

0.001
0 .0040

4
T - 0 .0 3 0
0 .1 5 2

0
<0 . 0 0 0 1

1
T

0.0 018

29
T -0 .0 0 6
0 .4 7 5

0
0 .0015

14
T - 0 .0 1 5
0 .1 0 8

0 . 0 0 0 1
4
T

0 .0 0 4 5

41
T -0 .0 1 5
0 .2 8 9

0 .0 004
2

T-0 .0 0 7
0 .0268

0 .0 0 1 3
16

T-0 .0 0 8
0 .1 0 7

27
T -0 .0 0 8
0 .1 9 5

0 0
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Table 3. (continued)

Meat G r a in  &
D airy f i s h  & c e r e a l Leafy Legume

Chemica l p r o d u c t s p o u l t r y p r o d u c t s P o t a t o e s vege t a b l e s v e g e t a b l e s

L in u ro n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0 0

Mala th io n
Average concn 0 . 0 0 0 1 0 .0 2 9 9
No. p o s i t i v e 0 1 2 0 0 0 0

Range o f  concn 0 . 0 0 2 0 . 0 0 9 - 0 . 0 7 9
Average i n t a k e 0 .0 2 6 4 12.5

M e th i d a th i o n
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

NA NA 0 0 0 0

Me t h o x y c h lo r
Average concn 0 .0005 0 .0 0 0 3
No. p o s i t i v e 3 2 0 0 0 0

Range o f  concn 0 .0 0 2 - 0 . 0 0 6 0 . 0 0 3 - 0 . 0 0 4
Average i n t a k e 0 .376 0 .0909

N o n a c h lo r ,  t r a n s
Average concn <0 . 0 0 0 1

No. p o s i t i v e 0 1 0 0 0 0

flange of  concn T
Average i n t a k e 0 .0 0 7 8

O c t a c h l o r  e p o x id e
Average concn 0 . 0 0 0 1 0 .0 0 0 4
No. p o s i t i v e 3 1 0 0 0 0 0

Range o f  concn T -0 .0 01 T -0 .0 0 2
Average i n t a k e 0 .0751 0 . 1 1 2

P ara  t h io n
Average concn <0 . 0 0 0 1 0 .0 0 0 4 <0 . 0 0 0 1

No. p o s i t i v e 0 0 1 0 3 1

Range o f  concn 0 . 0 0 1 T - 0 .006 0 . 0 0 1

Average i n t a k e 0 .0203 0 .0 2 0 4 0 .0 0 3 7

P ara  th io n -m e t h y l
Average concn 0 . 0 0 0 2
No. p o s i t i v e 0 0 0 0 1 0
Range of  concn 0 .0 0 5
Average i n t a k e 0 .0126

P e n t a c h l o r o a n i l i n e
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0 0

Pen t a c h l o r o a n i  s o l e
Average  concn <0 . 0 0 0 1

No. p o s i t i v e 0 1 0 0 0 0
Range o f  concn T
Average i n t a k e 0 .0 0 5 2

P e n ta c h lo r o b e n z e n e
Average  concn 
No. p o s i t i v e  
Range o f  concn 
Average  i n t a k e

0 0 0 0 0 0

P e n ta c h lo r o p h e n o l
Average  concn 0 .0084 0 .0006
No. p o s i t i v e 0 1 2 3 0 0 0
Range of  concn T -0 .0 7 4 T
Average i n t a k e 2 . 2 0 0 .2 7 5

P e n t a c h l o r o t h l o a n i s o l e
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

0 0 0 0 0 0

P e r th a n e
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0 0

£ - P h e n y lp h e n o l
Average concn 
No. p o s i t i v e  
Range o f  concn 
Average i n t a k e

NA NA 0 0 0 0
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Table 3. (continued)

Root Garden S ugar  &
v e g e t a b l e s f r u i t s F r u i t s O i l s  & f a t s a d j u n c t s Beve rages A l l  g ro u p s

0 .0005
1

0 .0 1 0
0 .0164

1
0 .0 1 0
0 .0 164

0.0002
4

T -0 .0 01
0.0351

0 .0167
13

0 .0 0 3 - 0 . 0 8 0
1.22

0 .0 031
6

T-0 .0 3 7
0 .256

T - 0 .0 8 0
14.0

0 .0003
3

0 .0 0 2 - 0 . 0 0 3
0 .0743

0 . 0 0 2 - 0 . 0 0 3
0 .0 7 4 3

0 .0 0 2 - 0 . 0 0 6
0.4 67

1
T

0 .0078

13
T-0 .0 0 2
0 .1 8 7

0.0001
2

T -0 .0 01
0 .0057

0.0001
1

0 .0 0 3
0 .0320

8
T - 0 .0 0 6
0 .0821

1
0 .0 0 5
0 .0 1 2 6

0.0001
1

0.0 03
0 .0109

0 .0083
14

T-0 .1 2 7
0 .5 8 5

0 .0 0 0 4
4

T -0 .0 0 6
0 .0 3 2 0

19
T - 0 .1 2 7
0 .6 2 8

0.0001
1

0 .0 0 2
0 .0235

0.0012
13

T-0 .0 0 9
0 .0 872

<0 . 0 0 0 1
2
T

0 .0032

17
T - 0 .0 0 9
0.1 19

0 .0 018
9

T-0 .0 1 9
0 .1 3 0

0.0001
2

T -0 .001
0 .0 052

11
T -0 .0 1 9
0 .1 3 5

0 .0 032
8

T -0 .0 2 6
0 .2 2 8

0 .0003
1
T

0 .0240

24
T - 0 .0 7 4
2 .7 3

0 .0027
14

T-0 .0 3 1
0.1 91

0.0001
3
T

0.0 060

17
T-0 .0 3 1
0 .1 9 7

0 .0004
1

0 .0 0 8
0 .0844

1
0 .0 0 8
0 .0844

0 .0 0 5
1
T

1.0 6

1
T

1.06
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Table 3. (continued)

Meat G r a in  &
D ai ry f i s h  & c e r e a l Leafy Legume

Chemica l p r o d u c t s p o u l t r y p r o d u c t s P o t a t o e s v e g e t a b l e s vege  t a b l e s

P h o sa lo n e
Average concn 
No. p o s i t i v e  
Range of  concn 
Average i n t a k e

0 0 0 0 0 0

P o l y c h l o r i n a t e d  b ip h e n y l s
Average  concn 0 . 0 0 2

No. p o s i t i v e 0 2 0 0 0 0

Range of  concn T
Average  i n t a k e 0 .5 2 3

Q u in to z en e
Average  concn 
No. p o s i t i v e  
Range of  concn 
Average  i n t a k e

0 0 0 0 0 0

TDE
Average  concn 0 . 0 0 0 1

No. p o s i t i v e 0 3 0 0 0 0

Range o f  concn T
Average  i n t a k e 0 .0 2 6 2

Tecnazene
Average  concn 0 .0005
No. p o s i t i v e 0 0 0 1 0 0

Range of  concn 0 . 0 1 0

Average  i n t a k e 0 .0 792

T e t r a c h l o r o a n i l i n e
Average  concn 0 . 0 0 0 2

No. p o s i t i v e 0 0 0 1 0 0

Range of  concn 0 .0 0 4
Average  i n t a k e 0 .0 317

T e t r a c h l o r o a n i s i d i n e
Average  concn <0 . 0 0 0 1

No. p o s i t i v e 0 0 0 1 0 0

Range o f  concn T
Average i n t a k e 0 .0048

Te t r a c h l o r o t h i o a n i s o l e
Average  concn <0 . 0 0 0 1

No. p o s i t i v e 0 0 0 1 0 0

Range of  concn T
Average  i n t a k e 0 .0 0 4 0

Toxaphene
Average  concn 0 .0 0 2 5 0 .0 0 3 0
No. p o s i t i v e 0 0 0 0 1 2
Range o f  concn 0 .0 5 0 0 .0 3 0
Average  i n t a k e 0 .1 5 4 0 .2 4 3

T r i - n - b u t y l  p h o s p h a te
Average  concn 0 .0068
No. p o s i t i v e NA NA 9 0 0 0
Range o f  concn 0 . 0 0 3 - 0 .0 3 1
Average  i n t a k e 2 .8 5

No. of  c h e m ic a l s  d e t e c t e d 8 18 13 1 2 13 5

T o t a l  r e s i d u e s  d e t e c t e d 6 8 138 50 38 41 6
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Table 3. (continued)

Root Garden S ugar  &
v e g e ta b le s f r u i t s F r u i t s O i l s  & f a t s a d j u n c t s Beve rages A l l  g ro u p s

0.0011
1

0.022
0 .258

1
0.022
0 .258

2
T

0 .5 2 3

0 .0003
1

0 .007
0 .0253

0 .0010
14

T-0 .0 0 5
0 .0685

<0 .0001
2
T

0.0020

17
T-0 .0 0 7
0 .0958

3
T

0 .0262

1
0 .0 1 0
0 .0792

1
0 .0 0 4
0 .0 3 1 7

1
T

0 .0048

1
T

0.0 0 4 0

0 .0077
2

0 .0 7 7 - 0 . 0 7 8
0 .5 7 5

0 .0010
1
T

0.0 711

6
T -0 .0 7 8
1 .0 4

0 . 0 0 3 - 0 . 0 3 1
2 .8 5

6

14

19

60

20

55

18

124

14

62

54

656
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Table 4. Daily Intake per unit of body weight (pg/kg of body welght/day) of pesticides and industrial chemicals in Fiscal Years 1977-1980*

Chem ica l

FAO/WHO 
A c c e p t a b l e  

D a i l y  I n t a k e FY 1977 FY 1978 FY 1979 FY 1980

BHC ( t o t a l ) 0 .0 1 5 0 . 0 1 2 0 .0 1 5 0 .0 1 4
BHC, a lp h a 0 . 0 1 1 0.0 09 0 . 0 1 0 0 . 0 1 1

BHC, b e t a <0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 ND
BHC, d e l t a <0 . 0 0 1 <0 . 0 0 1 ND <0 . 0 0 1

L in d an e  (BHC, gamma) 1 0 0 .0 0 4 0 . 0 0 2 0 .0 0 4 0 .0 0 3
Cap ta n 1 0 0 .0 3 1 0 .008 0 .0 0 5 0 . 0 0 1

C arb a ry  1 1 0 ND 0.0 16 0 .0 1 6 0 . 0 2 1

C h lo rd a n e  ( t o t a l ) 1 0 .0 0 4 0 .0 0 4 0 .0 0 4 0 .0 0 3
Ch lo rd an e 0 . 0 0 1 0 . 0 0 1 ND <0 . 0 0 1

O c t a c h l o r  e p o x id e 0 .0 03 0.0 03 0 .0 0 4 0 .0 0 3
C h l o r o b e n z i l a t e 2 0 ND ND ND 0 . 0 0 1

2 - C h lo r o e th y  1 c a p r a t e ND 0.0 0 9 ND ND
2 - C h l o r o e t h y l  l a u r a t e ND 0 .0 5 6 ND ND
2 - C h l o r o e t h y 1 l i n o l e a t e 0 .0 7 8 0 .2 2 8 0 .0 7 9 0 .1 9 7
2 - C h l o r o e t h y l  m y r i s t a t e ND 0.0 2 3 ND ND
2 - C h l o r o e t h y l  p a l m i t a t e 0 . 0 1 0 0 .0 2 3 0 .0 0 5 0 . 0 1 2

Chlorpropham 0.3 1 0 0 .1 4 4 0 .3 0 0 0 .2 6 8
C h l o r p y r i f o s 1 0 ND 0.0 05 0 .005 0 . 0 0 1

DCPA 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 2

DDT ( t o t a l ) 5 0 .0 4 6 0 .0 7 0 0 .093 0 .0 3 4
DDT 0.0 0 6 0 .0 0 8 0 .0 0 4 0 .0 0 3
DDE 0.0 3 9 0 .0 6 1 0 .087 0 .0 3 1
TDE 0 . 0 0 1 0 . 0 0 1 0 . 0 0 2 <0 . 0 0 1

DEF ND ND <0 . 0 0 1 ND
Demeton-S s u l f o n e NA NA NA 0 . 0 0 2

D ia z in o n 2 0 .0 0 6 0 .0 0 4 0 . 0 1 0 0 .0 0 4
D i e l o r a n 30 0 .0 5 6 0 .0 3 3 0 .0 3 0 0 .0 2 3
D i c o f o l 25 0 .0 0 4 0 .0 0 5 0 .007 0 . 0 1 2

D i e l d r i n 0 . 1 0 .0 2 3 0 .0 1 7 0 .0 1 6 0 . 0 2 2

Dime th oa  te 2 0 NA NA NA 0 . 0 0 1

E n d o s u l f a n  ( t o t a l ) 8 0 . 0 1 0 0 . 0 1 1 0 . 0 1 0 0 .0 1 5
E n d o s u l f a n  I 0 .0 0 3 0 .0 0 3 0 .0 0 3 0 .0 0 3
E n d o s u l f a n  I I 0 .0 03 0 .0 0 3 0 . 0 0 2 0 .0 0 8
E n d o s u l f a n  s u l f a t e 0 .0 0 4 0 .0 0 5 0 .0 0 5 0 .0 0 4

E n d r in 0 . 2 <0 . 0 0 1 <0 . 0 0 1 ND ND
E th io n 1 0 .0 1 8 0 . 0 0 1 0 .0 0 5 0 . 0 0 1

2 - E t h y l h e x y l  d ip h e n y l  p h o s p h a te ND ND ND 1.82
F en i  t r o t h i o n 1 ND ND ND 0 . 0 0 1
F e n th i o n 1 ND <0 . 0 0 1 ND ND
Fonofos ND 0 . 0 0 1 <0 . 0 0 1 0 . 0 0 2

H e p t a c h l o r  e p o x id e 0 .5 0 .0 0 7 0.0 08 0 .0 0 6 0 .0 0 7
H ex ach lo ro b en ze n e 0 . 0 0 2 0.0 04 0 .0 0 3 0 .0 0 4
Lep tophos 0 . 0 0 2 ND ND ND
L in u ro n NA NA NA <0 . 0 0 1
Ma la  t h i o n 2 0 0 .154 0.1 42 0 .2 6 5 0 .2 0 3
Me t h i d a t h i o n 5 NA NA NA 0 . 0 0 1
Me th o x y c h lo r 0 .0 0 8 0.0 07 0 .0 0 3 0 .0 0 7
Ni t r o f en ND ND <0 . 0 0 1 ND
N o n a c h lo r ,  t r a n s 0 . 0 0 2 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1
P a r a  t h i o n 5 0 . 0 0 2 0 .0 0 4 0 . 0 0 2 0 . 0 0 1
P a r a  th io n -m e thy 1 1 0 . 0 0 1 ND ND <0 . 0 0 1
P e n t a c h l o r o a n i s o l e <0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 2
P e n ta c h lo r o b e n z e n e 0 . 0 0 1 0 . 0 0 2 0 . 0 0 2 0 . 0 0 2
P e n t a c h l o r o b e n z o n i t r i l e ND <0 . 0 0 1 ND ND
P e n ta c h lo r o p h e n o l 0 . 0 0 1 ND 0.0 0 6 0 .0 4 0
P e r th a n e <0 . 0 0 1 0 .0 0 5 0 .0 0 3 0 . 0 0 1
o -P h e n y lp h e n o l 2 0 0.0 04 0.038 0 .0 4 6 0 .0 1 5
P h o sa lo n e 6 0 . 0 0 1 0 .0 1 7 0 .0 0 3 0 .0 0 4
P o l y c h l o r i n a t e d  b i p h e n y l s 0 .0 1 6 0 .0 2 7 0 .0 1 4 0 .0 0 8
Q u in to z e n e  ( t o t a l ) 7 0 . 0 0 2 0.0 03 0 .0 0 5 0 .0 1 3

Q u in to z en e 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1
P e n t a c h l o r o a n i l i n e 0 . 0 0 1 0 . 0 0 1 0 .0 0 3 0 .0 0 9
Pen t a c h l o r o t h i o a n i s o l e <0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 .0 0 3

Ronne1 ND ND 0 . 0 0 1 ND
Tecnazene 1 0 0 .0 3 5 0.0 05 0 . 0 0 1 0 . 0 0 1
T e t r a c h l o r o a n i l i n e 0 .0 0 5 0 . 0 0 2 <0 . 0 0 1 <0 . 0 0 1
T e t r a c h l o r o a n i s i d i n e 0 .0 0 3 0 . 0 0 1 0 . 0 0 1 <0 . 0 0 1
Te t r a c h l o r o a n i s o l e <0 . 0 0 1 ND ND ND
Te t r a c h l o r o b e n z e n e 0 .0 0 5 <0 . 0 0 1 ND ND
Te t r a c h l o r o t h i o a n i s o l e ND 0 . 0 0 1 <0 . 0 0 1 <0 . 0 0 1
Toxaphene 0 .0 8 0 0 .1 0 7 0 .0 0 3 0 .0 1 5
T r i - n - b u t y l  p h o s p h a te NA NA NA 0 .0 4 1
V i n c l o z o l i n ND ND 0 .003 ND

“ The FAO/WHO ADIs (3 6 )  a r e  e x p r e s s e d  h e r e  i n  p g /k g  o f  body w e lg h t /d a y .  The i n t a k e  i s  p r e s e n t e d  a s  a t o t a l  i n  c a s e s  i n  which  the  ADI i s  
e x p r e s s e d  as  the  sum o f  r e l a t e d  r e s i d u e s .  The i n t a k e  I s  i n d i c a t e d  a s  HD i n  c a s e s  in  which the  c h e m ica l  was n o t  d e t e c t e d  b u t  c o u ld  have 
been i f  i t  had been  p r e s e n t .  I t  i s  l i s t e d  a s  NA i n  c a s e s  i n  which the a n a l y t i c a l  methodology used  was n o t  c a p a b l e ' o f  d e t e r m i n in g  t h a t  
c h e m ic a l .  The i n t a k e s  f o r  F i s c a l  Y ea rs  1977-1979 were  r e p o r t e d  p r e v i o u s l y  ( 2 6 - 2 8 ) .  Because t r a c e  l e v e l  f i n d i n g s  were a s s i g n e d  a v a l u e  
of  z e r o  i n  c a l c u l a t i o n  o f  i n t a k e s  p r i o r  to F i s c a l  Y ear  1978 , the  i n t a k e s  shown f o r  F i s c a l  Y ear  1977 may be s l i g h t l y  lo w er  th an  i f  they 
had been c a l c u l a t e d  u s in g  an e s t i m a t e  o f  the  l e v e l  f o r  t r a c e  f i n d i n g s .
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new analytical procedure for chlorophenoxy acids beginning 
in mid-Fiscal Year 1979 (3). Linuron was reported for the 
first time as a result of the characterization of a previously 
unidentified analytical response.

The daily intakes per unit of body weight of the pesticides 
and industrial chemicals for Fiscal Years 1977-1980 (Table 
4) appear to be relatively constant. None of the intakes for 
Fiscal Year 1980 approached the FAO/WHO ADI; dieldrin 
was closest, at 22% of its ADI.
Elements

No trends are apparent in the average daily intakes of the 
6 selected elements for Fiscal Years 1977-1980 (Table 6). The 
Fiscal Year 1980 intakes of cadmium, lead, and mercury were 
well below their PTDIs. The intake of total arsenic was 63 
p.g/day, calculated as arsenic trioxide. As mentioned previ
ously, no maximum acceptable intake has been agreed on for 
total arsenic. The PTDI estimated by the FAO/WHO for 
inorganic arsenic is 2 (xg/kg of body weight (for a 69.1 kg 
person, this is equivalent to 182 |xg/day, calculated as arsenic 
trioxide). The intake calculated for selenium was within the 
range of the ESADDI. The intake calculated for zinc was 
slightly higher than the RDA.

Conclusion
The dietary intakes determined in the Fiscal Year 1980 

Adult Total Diet Study are similar to those found in the 
several preceding years and are within the acceptable limits 
outlined earlier. The same general approach for sample col
lection and analysis was continued in the Fiscal Year 1981 
Adult Total Diet Study.

Acknowledgments
The authors acknowledge the contributions of all members 

of the Total Diet Section, FDA Kansas City District Office. 
They also thank Phyllis Frano and Joanna Shaw for typing 
the manuscript.

References
(1) Pesticide Analytical Manual (1968 and revisions) Vol. I, Food 

and Drug Administration, Washington, DC, secs 211.1, 212.1, 
221, 231.1, 232.1, and appendix

(2) Carson, L. J. (1981)7. Asjoc. Off. Anal. Chem. 64, 714-719
(3) Hopper, M. L. (1979) Laboratory Information Bulletin No. 2306, 

Food and Drug Administration, Rockville, MD 20857
(4) Official Methods o f  Analysis (1984) 14th Ed., AOAC, Arlington, 

VA, secs 29.100-29.103'

(5) Fiorino, J. A., Jones, J. W., & Capar, S. G. (1976) Anal. Chem. 
48, 120-125

(6) Jones, J. W., Gajan, R. J., Boyer, K. W., & Fiorino, J. A. (1977)
7. Assoc. Off. Anal. Chem. 60, 826-832

(7) Official Methods o f Analysis (1984) 14th Ed., AOAC, Arlington, 
VA, secs 25.134-25.135

(8) Heikes, D. L., & Griffith K. R. (1979) Bull. Environ. Contam. 
Toxicol. 21, 98-101

(9) Heikes, D. L., & Griffith K. R. (1979) 7. Assoc. Off. Anal. 
Chem. 62, 786-791

(10) Pennington, J. A. T., et al. (1984) 7. Am. Diet. Assoc. 84, 771 — 
780

(11) Stroube, W. B., Jr, Jelinek, C. F., & Baratta, E. J., Health 
Physics (in press)

(12) FDA Compliance Program Guidance Manual (1979) Food and 
Drug Administration, Washington, DC 20204

(13) Duggan, R. E., Barry, H. C., & Johnson, L. Y. (1966) Science 
151, 101-104

(14) Duggan, R. E., & McFarland, F. J. (1967) Pestic. Monit. 7.1(1),
I -  5

(15) Duggan, R. E., Barry, H. C., & Johnson, L. Y. (1967) Pestic. 
Monit. 7. 1(2), 2-12

(16) Martin, R. J., & Duggan, R. E. (1968) Pestic. Monit. 7. 1(4),
I I -  20

(17) Corneliussen, P. E. (1969) Pestic. Monit. 7. 2, 140-152
(18) Corneliussen, P. E. (1970) Pestic. Monit. 7. 4, 89-105
(19) Corneliussen, P. E. (1972) Pestic. Monit. 7. 5, 313-330
(20) Manske, D. D., & Corneliussen, P. E. (1974) Pestic. Monit. 7.

8, 110-124
(21) Manske, D. D., & Johnson, R. D. (1975) Pestic. Monit. 7. 9, 

94-105
(22) Johnson, R. D., & Manske, D. D. (1976) Pestic. Monit. 7. 9, 

157-169
(23) Manske, D. D., & Johnson, R. D. (1977) Pestic. Monit. 7. 10, 

134-148
(24) Johnson, R. D., & Manske, D. D. (1977) Pestic. Monit. 7. 11, 

116-131
(25) Johnson, R. D., Manske, D. D., & Podrebarac, D. S. (1981) 

Pestic. Monit. 7. 15, 54-69
(26) Johnson, R. D., Manske, D. D., New, D. H., & Podrebarac,

D. S. (1984) 7. Assoc. Off. Anal. Chem. 67, 154-166
(27) Podrebarac, D. S. (1984) 7. Assoc. Off. Anal. Chem. 67, 176- 

185
(28) Gartrell, M. J., Craun, J. C., Podrebarac, D. S., & Gunderson,

E. L. (1985) 7. Assoc. Off. Anal. Chem. 68, 842-861
(29) Johnson, R. D., Manske, D. D., New, D. H., & Podrebarac, 

D. S. (1979) Pestic. Monit. 7. 13, 87-98
(30) Johnson, R. D., Manske, D. D., New, D. H., & Podrebarac, 

D. S. (1981) Pestic. Monit. 7. 15, 39-50
(31) Johnson, R. D., Manske, D. D., New, D. H., & Podrebarac,

D. S. (1984)7. Assoc. Off. Anal. Chem. 67, 145-154
(32) Podrebarac, D. S. (1984) 7. Assoc. Off. Anal. Chem. 67, 166— 

175
(33) Gartrell, M. J., Craun, J. C., Podrebarac, D. S., & Gunderson,

E. L. (1985) 7. Assoc. Off. Anal. Chem. 68, 862-875
(34) Gartrell, M. J., Craun, J. C., Podrebarac, D. S., & Gunderson, 

E. L. (1985) 7. Assoc. Off. Anal. Chem. 68, 1163-1183



1196 GARTRELL ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985)

Table 5. Average concentration (ppm) and average daily intake (pg/day) of selected elements by food group*

Element
D airy

p ro d u c t s

Meat 
f i s h  & 
p o u l t r y

G r a in  & 
c e r e a l  

p r o d u c t s P o t a t o e s
Leafy

v e g e t a b l e s
Legume

v e g e t a b l e s

A r s e n ic ^
Average concn 0 .2 0 4 0 . 0 2 2 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1

No. p o s i t i v e 0 2 0 15 1 1 1

Range o f  concn 0 . 0 4 - 0 . 5 2 T -0 .0 6 0 . 0 2 0 . 0 2 T
Average i n t a k e 5 3 .5 9 .0 2 0.1 59 0 .0 5 0 0 .0 4 1

Cadmium
Average concn 0 .0034 0 .0083 0 .0 2 4 6 0 .0 373 0 .0 3 4 2 0 .0 056
No. p o s i t i v e 8 13 2 0 2 0 2 0 8

Range of  concn T-0 .0 2 3 T -0 .0 6 2 0 . 0 1 6 - 0 . 0 3 4 0 . 0 1 4 - 0 . 0 7 3 0 . 0 1 1 - 0 . 1 2 8 T - 0 . 070
Average i n t a k e 2 .55 2 .19 10.3 5.92 1.92 0 .4 4 3

Lead
Average concn 0 . 0 1 0 0 .0 4 2 0 .0 4 8 0 .0 1 8 0 .0 1 6 0 .1 8 0
No. p o s i t i v e 8 2 0 19 1 2 1 1 2 0

Range of  concn 0 . 0 2 - 0 . 0 5 T - 0 .1 4 0 . 0 2 - 0 . 2 1 0 . 0 2 - 0 . 0 8 0 . 0 2 - 0 . 0 5 0 . 0 4 - 0 . 3 6
Average i n t a k e 7 .52 1 1 . 0 19.8 2 . 8 6 0 .8 7 8 1 3 .4

Mercury
Average concn 0 . 0 1 2 2 0 . 0 0 2 1 0 .0 006 0 . 0 0 0 1 0 . 0 0 1 0

No. p o s i t i v e 0 19 9 3 1 2

Range of  concn T-0 .0 3 3 T T T T
Average i n t a k e 3.21 0 . 8 8 8 0 .1 0 3 0 .0 0 9 2 0 .0 7 3 3

S ele n iu m
Average concn 0 .0 1 4 0 .2 0 4 0 .1 7 4 0 . 0 1 0 0 .0 0 8 0 .0 0 7
No. p o s i t i v e 8 2 0 19 6 3 5
Range o f  concn T - 0 .0 6 T -0 .5 2 0 . 0 6 - 0 . 3 9 T -0 .0 6 T - 0 .08 T - 0 . 07
Average i n t a k e 10.4 53 .5 72 .9 1.51 0 .4 7 8 0 .5 5 1

Zinc
Average concn 4 .5 6 31.1 8.91 3 .5 6 1 .9 7 8 .0 8
No. p o s i t i v e 2 0 2 0 2 0 2 0 2 0 2 0
Range of  concn 3 . 2 - 5 . 9 2 6 . 9 - 3 8 . 0 7 . 1 - 1 3 . 7 1 . 5 - 5 . 7 1 . 4 - 2 . 9 4 . 9 - 1 7 . 1
Average  i n t a k e 0 3 .44 8 .15 3 .7 3 0 .5 7 0 . 1 1 0 .5 9

a The a v e ra g e  c o n c e n t r a t i o n  i s  based  on a l l  c o m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  i n  ppm. The r a n g e  of  c o n c e n t r a t i o n s  i s  f o r  th o s e  c o m p o s i te s  
i n  which the  e l e m e n t  was d e t e c t e d  and i s  e x p r e s s e d  in  ppm. The a v e ra g e  d a i l y  i n t a k e  i s  based  on a l l  co m p o s i te s  a n a ly z e d  and i s  e x p r e s s e d  i n  
Mg/day. D e t e c t i o n s  below the  l i m i t  of  q u a n t i t a t i o n  were  r e p o r t e d  a s  t r a c e  ( T ) .  The l i m i t  of  q u a n t i t a t i o n  v a r i e s  w i th  th e  e l e m e n t .  When 
t r a c e  l e v e l  f i n d i n g s  were r e p o r t e d ,  th e  a n a l y s t  i n c l u d e d  an  e s t i m a t e  o f  the  amount of  the  e l e m e n t  p r e s e n t ;  t h e s e  e s t i m a t e s  were  used  i n  c a l 
c u l a t i o n  o f  th e  a v e r a g e  c o n c e n t r a t i o n  and a v e ra g e  d a i l y  i n t a k e .

^ C a l c u l a t e d  a s  a r s e n i c  t r i o x i d e  (AS2 O3 ) .  
c E x p re ssed  in  mg/day.
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Table 5. (continued)

Root
v e g e t a b l e s

Garden
f r u i t s F r u i t s O i l s  & f a t s

S ugar  & 
a d j u n c t s Bev e rag es A l l  g ro u p s

0 .0 0 6 0 . 0 0 1

2 0 0 0 1 0 41
T-0 .1 1 0 . 0 2 T -0 .5 2
0.1 89 0.0 81 6 3 .0

0 .0 225 0 .0 137 0 . 0 0 1 0 0 .0090 0 .0046 0 .0 0 2 3
19 16 3 14 1 2 6 159

T-0 .0 8 2 T -0 .0 6 8 T-0 .0 1 4 T -0 .0 2 3 T -0 .0 1 5 T - 0 .0 2 0 T -0 .1 2 8
0.7 19 1 . 0 2 0 .2 4 0 0 .6 5 2 0 .3 7 8 1.56 27.9

0 .0 54 0 . 1 1 1 0 .0 4 2 0 .0 0 9 0 .0 3 0 0 .0 0 8
17 2 0 16 5 17 5 170

0 . 0 2 - 0 . 2 1 0 . 0 3 - 0 . 3 4 T - 0 .1 3 T -0 .0 5 0 . 0 2 - 0 . 0 6 0 . 0 2 - 0 . 0 7 T - 0 .3 6
1 .7 3 8 .1 8 9 .4 0 0 .6 4 7 2 .4 6 5 .0 0 8 2 .9

0 .0 003 0.0001 0 .0019 0 .0 004 0.0001
0 1 1 7 3 1 47

T T T T -0 .0 0 4 T T - 0 .0 3 3
0 .0 2 5 0 0 .0320 0 .1 4 3 0 .0 329 0 . 1 1 0 4 .6 3

0.0 07 0 .0 0 6 0 . 0 0 1 0 . 0 0 2

4 4 1 0 0 2 72
T -0 .0 5 T - 0 .0 5 T T T - 0 .5 2
0 .1 9 7 0 .4 3 8 0 .1 0 6 1.31 141

2.37 2 .7 0 0 .8 4 4 .5 2 1.97 0 .4 8
2 0 2 0 2 0 2 0 2 0 2 0 240

1 . 6 - 3 . 6 1 . 5 - 5 . 2 0 . 6 - 1 .5 2 . 9 - 5 . 4 0 . 9 - 5 . 0 0 . 2 - 1 . 8 0 . 2 - 3 8 . 0
0 .0 8 0 . 2 0 0 .1 8 0 .3 3 0 .1 6 0 .3 3 17.9

Table 6. Average dally intake (pg/day) of selected elements in Fiscal Years 1977--1980*

Element
Acceptable 
intake limit

FY
1977 .

FY
1978

FY
1979

FY
1980

Arsenic" ___ C 72 59 62 63
Cadmium 57-72" 37 31 32 28
Lead 429" 79 95 82 83
Mercury 43" 6 3 5 5
Selenium 50-200“ 110 156 152 141
Zinc' 15» 18 17 18 18

"The average daily intakes for Fiscal Years 1977-1979 were reported previously (26-28). Intake data for selenium and zinc were presented previously in 
a report covering the Total Diet Study analyses for minerals (10). The intakes reported here are based on a diet providing 3900 kcal/day, whereas those 
presented in the previous report were calculated based on a 2850 kcal/day diet. The diet of 3900 kcal/day was selected to show the maximum 
exposure to toxic residues, whereas the report using the diet of 2850 kcal/day focuses on nutritional adequacy.

"Calculated as arsenic trioxide (As203).
‘No maximum acceptable intake has been agreed on for total arsenic (organic and inorganic). However, the FAO/WHO (38) has estimated a PTDI for 
inorganic arsenic of 2 pg/kg of body weight (for a 69.1 kg person, this is equivalent to 182 pg/day calculated as arsenic trioxide).

"Provisional Tolerable Daily Intake (PTDI) calculated from the Provisional Tolerable Weekly Intake (PTWI) proposed by the FAO/WHO (37).
“Estimated Safe and Adequate Daily Dietary Intake (ESADDI) proposed by the National Research Council of the National Academy of Sciences (39).
'All zinc intake values are expressed in mg/day.
»Recommended Dietary Allowance (RDA) proposed by the National Research Council of the National Academy of Sciences (39).

(35) Pesticide Residues in Food: Report o f  the 1975 Joint Meeting 
o f  the F  AO  Working Party o f  Experts on Pesticide Residues and 
the WHO Expert Committee on Pesticide Residues (1976) Food 
and Agriculture Organization of the United Nations, Rome, 
Italy, p. 40

(36) Guide to Codex Recommendations Concerning Pesticide Res
idues, Part 2: Maximum Limits fo r Pesticide Residues (1984) 
Food and Agriculture Organization of the United Nations/World 
Flealth Organization, Rome, Italy

(37) Evaluation o f  Certain Food Additives and the Contaminants 
Mercury, Lead, and Cadmium—16th Report o f  the Joint F AO!

WHO Expert Committee on Food Additives (1972) World Health 
Organization, Geneva, Switzerland

(38) Evaluation o f  Certain Food Additives and Contaminants—27 th 
Report o f  the Joint FAO/WHO Expert Committee on Food 
Additives (1983) World Health Organization, Geneva, Switzer
land

(39) Recommended Dietary Allowances (1980) 9th Ed., National 
Academy of Sciences, Washington, DC 20418, p. 178, Appendix
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FLAVORS
Liquid Chromatographic Determination of Vanillin and Related Flavor Compounds in Vanilla 
Extract: Cooperative Study

PHILIP A. GUARINO and SUSAN M. BROWN 
McCormick & Co., 11104 McCormick Rd, Hunt Valley, MD 21031

Vanillin and related flavor compounds present in vanilla extract were 
determined by reverse phase liquid chromatography. Results com
pared favorably with the official AOAC spectrophotometric method. 
Compounds such as p-hydroxybenzaldehyde and ethyl vanillin known 
to interfere in the official method were resolved from vanillin. The 
method was evaluated by 6 industrial laboratories under the aegis of 
the Technical Committee of the Flavor and Extract Manufacturers 
Association. The method is suggested for AOAC collaborative study.

The principal flavoring component in vanilla extract is vanil
lin. Vanillin develops as a result of fermentation during the 
sun-curing process to which vanilla beans are subjected after 
picking. The variety of bean and the quality of curing dictate 
the amount of vanillin produced and hence the quality of the 
finished extract.

Climatic conditions and curing practices vary with the source 
of origin and greatly affect the quality of the beans. Poor 
extracts containing low vanillin levels do not command high 
prices which, in some cases, leads to economic adulteration. 
Adulteration by the addition of ethyl vanillin or bourbonal is 
recorded as early as 1874 (1).

Jurgens (2) showed a correlation between the 4-hydroxy- 
benzaldehyde and vanillin contents in beans originating in 
Madagascar. He proposed that this ratio could be used to 
identify the geographic origin of beans in an extract.

In 1982, Herrmann and Stockli reported a method for the 
control of vanilla products on the basis of identification and 
quantitation of 4-hydroxybenzyl alcohol, aldehyde, and acid, 
and vanillyl alcohol, vanillin, ethyl vanillin, and coumarin
(3).

Wallace in 1983 (4) identified, by liquid chromatography 
(LC), several other phenolic compounds including syringal- 
dehyde and acetovanillone produced during the manufacture 
of vanillin from pulp mill effluents.

The current AOAC method (5) for determination of vanillin 
in the presence of ethyl vanillin is time-consuming and is not 
frequently used. The method most often used by the flavor 
industry determines vanillin only, which is quantitated by 
absorbance of an alkaline solution of the extract at 348 nm. 
Both ethyl vanillin and p-hydroxybenzaldehyde interfere at 
this wavelength.

The presently reported LC method was developed with the 
following objectives: (1) elimination of interferences in the 
AOAC method for vanillin; (2) quantitation of additional com
ponents present in vanilla extracts; (3) use of standard LC 
apparatus; (4) minimal analyst involvement; and (5) rapid 
analysis time. Member laboratories of the Flavor and Extract 
Manufacturers Association (FEMA) agreed to supply repre
sentative samples of commercially available extracts and to 
analyze these samples by the proposed method. The intent 
of this study was to document the capability of the method 
in laboratories which routinely assess the quality of flavoring 
extracts.

Received January 21, 1985. Accepted May 23, 1985.

Experimental

Apparatus and Reagents
(a) Liquid chromatograph.—Meeting the following ana

lytical capabilities: flow rate 2.5 mL/min, UV detection at 
254 nm fixed wavelength.

(b) Column— Stainless steel, 25 cm x 4.6 mm, packed 
with totally porous irregular particles, C8 packing, 10 p,m size 
(LiChrosorb, E. Merck, or equivalent).

(c) Solvents.—LC grade methanol, LC grade water, 95% 
nondenatured ethanol, 40% nondenatured ethanol, and gla
cial acetic acid.

(d) Mobile phase.—Methanol-acidified water (10 + 90) 
pumped at 2.50 mL/min. Acidify water by adding 10 mL 
glacial acetic acid per 800 mL.

(e) Sample filters.— 0.45 pm, alcohol-compatible.
(f) Standards.—Vanillin (Matheson Coleman and Bell),

4-hydroxybenzoic acid (Kodak), 4-hydroxybenzaldehyde 
(Kodak), vanillic acid (Kodak).

Standard Preparation
Weigh 1.2000 g vanillin, 0.0800 g vanillic acid, 0.0200 g 

4-hydroxybenzoic acid, and 0.0600 4-hydroxybenzaldehyde 
into 100 mL volumetric flask and dilute to volume with 95% 
ethanol. Dilute 10 mL aliquot to 100 mL with 40% ethanol, 
and inject 10 pL into chromatograph.

Sample Preparation
If vanillin content is less than 0.3 g/100 mL extract, filter 

and inject 10 pL. If content is above 0.3 g/100 mL, dilute 
extract to below that level with 40% ethanol, filter, and inject 
10 pL; record appropriate dilution factor.

Discussion
Ethyl Vanillin, present in some imitation vanilla extracts, 

elutes at 2.2 relative to vanillin. 4-Hydroxybenzaldehyde, 4- 
hydroxybenzoic acid, and vanillic acid are also adequately 
resolved under the specified conditions (Figure 1).

The equipment used with the exception of the C8 column 
is standard equipment for most LC work. Detection at 254 
nm is adequate, although sensitivity is greater at 280 nm for 
vanillin and ethyl vanillin; however, the response for p- 
hydroxybenzoic acid is reduced. The response factor for 
vanillin at 280 nm is nearly 4 times that at 254 nm, while the 
response factor for p-hydroxybenzoic acid decreases by nearly 
600%. Vanillin, however, is present in most extracts at SO
TS times the level of p-hydroxybenzoic acid and, therefore, 
minor changes in the response of vanillin are not as significant 
as for p-hydroxybenzoic acid. The trade-off was not consid
ered appropriate, given the initial intent to use standard 
equipment.

The use of a C8 vs C18 column was preferred because a 
greater number of samples could be analyzed without loss of 
column resolution. In both this laboratory and others using 
the method on a routine basis, the resolution of p-hydroxy- 
benzaldehyde and vanillic acid decreases measureably over
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Figure 1. Chromatogram of working standard for 1-fold extracts.
Figure 2. Comparison of vanillin content of vanilla extracts determined 

by AOAC-UV method and proposed LC method.

Table 1. Linearity data at 254 nm for naturally occurring compounds in vanilla extract

p-Hydroxybenzoic acid:
M-g Injected 0 0.103 0.172 0.343 0.686 1.715 3.430
Area*

p-Hydroxybenzaldehyde:
0 4,065 6,930 13,825 28,221 69,989 147,321

p.g Injected 0 0.190 0.316 0.632 1.264 3.160 6.320
Area*

Vanillic acid:
0 2,412 4,166 8,690 17,674 44,621 94,091

ng Injected 0 0.260 0.433 0.866 1.732 4.330 8.660
Area’

Vanillin:
0 5,150 8,633 17,556 35,447 89,250 188,471

og Injected 0 3.709 6.181 12.362 24.724 61.810 123.62
Area’ 0 22,928 38,223 76,993 156,024 389,331 814,826

’Average of triplicate injections.

Table 2. Results for p-hydroxybenzoic acid (mg/100 mL) in selected commercial extracts

Sample

Laboratory
X S1 2-A* 2-B 3 4 5 6

1 3 2 2 3 2 2 2 2.3 0.49
2 3 3 3 2 2 2 2 2.4 0.53
3 3 3 3 2 3 2 2 2.6 0.54
4 26 24 27 30 26 19 20 24.6 3.90
5 2 1 2 2 1 1 1 1.4 0.54
6 1 1 1 1 1 1 1 1.0 —
7 3 3 4 3 5 3 3 3.4 0.79
8 3 3 3 3 3 2 3 2.9 0.38
9 7 6 8 4 6 4 5 5.7 1.50

10 9 9 10 12 8 6 8 8.9 1.86
11 2 2 2 2 2 2 2 2.0 —
12 4 4 4 4 3 3 3 3.6 0.53
13 3 3 3 3 3 2 3 2.9 0.38

’Two analysts from same laboratory submitted results.

Table 3. Results for p-hydroxybenzaldehyde (mg/100 mL) in selected commercial extracts

Sample

Laboratory
X S1 2-A’ 2-B 3 4 5 6

1 11 11 11 12 11 10 11 11.0 0.58
2 10 10 9 11 11 9 9 9.9 0.90
3 12 12 11 11 12 11 11 11.4 0.53
4 109 110 87 120 109 102 87 103.4 12.39
5 3 3 3 3 3 3 3 3.0 —
6 11 12 10 12 13 11 12 11.6 0.98
7 12 12 11 12 18" 11 11 11.5 0.55
8 12 12 11 13 13 12 12 12.1 0.69
9 26 24 27 24 27 24 24 25.1 1.46

10 34 34 34 49" 35 33 32 33.7 1.03
11 17 16 15 19 18 16 18 17.0 1.41
12 15 15 13 17 16 14 14 14.9 1.35
13 13 12 11 13 13 12 12 12.3 0.76

“Two analysts from the same laboratory reported results. 
"Rejected from statistical compilation on basis of Dixon's test.
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Table 4. Results for vanillic acid (mg/100 mL) in selected commercial extracts

Sample

Laboratory
X S1 2-Aa 2-B 3 4 5 6

1 10 8 9 10 9 8 8 8.9 0.90
2 10 9 9 9 9 9 8 9.0 0.58
3 12 10 11 10 11 10 9 10.4 0.98
4 117 102 100 120 109 99 79 103.7 13.66
5 4 4 4 5 4 4 3 4.0 0.58
6 6 6 5 6 6 5 5 5.6 0.53
7 15 13 13 14 20° 13 12 13.3 1.03
8 14 12 12 14 13 12 12 12.7 0.95
9 23 18 21 18 20 19 16 19.3 2.29

10 36 30 33 36 32 30 429" 32.8 2.71
11 11 9 10 11 10 9 9 9.9 0.90
12 18 15 15 17 18 15 14 16.0 1.63
13 13 11 11 13 12 11 11 11.7 0.95

“Two analysts from same laboratory submitted results.
“Rejected from statistical compilation on basis of Dixon's test.

Table 5. Results for vanillin (g/100 mL) by LC and by AOAC-UV methods In selected commercial extracts

Sample

Laboratory
X S cv, % AOAC-UV1 2-Aa 2-B 3 4 5 6

1 0.149 0.146 0.146 0.168 0.166 0.147 0.150 0.153 0.010 6.27 0.163
2 0.160 0.155 0.154 0.157 0.153 0.155 0.155 0.156 0.002 1.47 0.174
3 0.163 0.158 0.157 0.160 0.178 0.159 0.162 0.162 0.007 4.44 0.183
4 1.438 1.436 1.210 1.530 1.534 1.430 1.258 1.405 0.126 8.94 1.629
5 0.024 0.028 0.030 0.033 0.027 0.026 0.025 0.028 0.003 11.25 0.029
6 0.207 0.200 0.180 0.218 0.226 0.203 0.203 0.205 0.015 7.09 0.219
7 0.165 0.161 0.160 0.164 0.167 0.161 0.161 0.163 0.003 1.61 0.189
8 0.171 0.166 0.163 0.179 0.179 0.167 0.171 0.171 0.006 3.65 0.193
9 0.326 0.316 0.306 0.322 0.354" 0.318 0.305 0.316 0.008 2.69 0.355

10 0.467 0.454 0.432 0.471 0.483 0.457 0.448 0.459 0.017 3.63 0.522
11 0.185 0.183 0.176 0.194 0.195 0.180 0.204 0.188 0.010 5.16 0.204
12 0.198 0.195 0.183 0.204 0.216 0.197 0.197 0.199 0.010 5.01 0.225
13 0.183 0.178 0.158" 0.190 0.190 0.178 0.180 0.183 0.006 3.07 0.201

“Two analysts from same laboratory submitted results. 
“Rejected from statistical compilation on basis of Dixon's test.

several months of use on a C)8 column, while no loss was 
observed on a C8 column. Costs for the 2 types of columns 
are similar.

The majority of samples including several multi-fold extracts 
are simply filtered and injected, requiring only several moments 
of analyst time. The high polarity of the mobile phase retains 
many organic compounds common to the extract until flushed 
with greater than 50% methanol, thereby allowing run times 
under 20 min for pure vanilla extracts and less than 40 min 
for artificial extracts containing ethyl vanillin. In addition, 
this method was readily adaptable to automation.

Applicability of the AOAC UV method for vanillin ranges 
up to or slightly above the quantity present in a 1-fold extract. 
Many extracts available commercially contain vanillin levels 
above this range and require further dilution. The LC method 
proposed here not only minimizes dilutions, but also has a 
greater linear range.

Over the intended range, the detector response was linear 
when the p,g/injection was compared with peak area (Table 
1). Applying a linear least squares fit, the correlation coeffi
cient was 0.99 or better for each of the 4 components. The 
maximum quantity of vanillin injected corresponds to an extract 
containing 1.24 g/100 mL, or a 5-fold extract.

At this laboratory, 17 extract samples were analyzed by 
both the current UV method (5) and the LC procedure set 
forth in this paper (Figure 2). Comparison of the results con
firms the earlier statement that p-hydroxybenzaldehyde pres
ent in extracts interferes when the AOAC procedure is used.

Thirteen samples of commercially available extracts were 
analyzed by 6 FEMA membership laboratories (Tables 2-5). 
At the request of the participating laboratories, all samples 
were diluted to a 1-fold level and analyzed. This is in keeping 
with standard practices in the extract industry. The samples 
were also evaluated by one laboratory using the AOAC vanil
lin procedure (Table 5).

Statistical analysis of the data showed an average coeffi
cient of variation of 7.3% for vanillin. The range of the data 
may be due to the extended time over which the samples 
were analyzed (9 months), the use of only single determina
tions, the dilution of samples to 1-fold, and the lack of famil
iarity with the method.

This method provides an additional means of determining 
vanillin content in vanilla extract and offers potential as a 
useful tool for evaluation of the overall authenticity of extracts. 
It also has the capability to quantitatively determine the pres
ence of related flavor compounds.

Based on the data presented above, we recommend a col
laborative study under AOAC guidelines be initiated.
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PARTICIPATE IN THE 
1986 AOAC SPRING TRAINING WORKSHOP

POSTER SESSIONS
The 1986 AOAC Spring Training Workshop will be held April 
27-30, 1986, at the Stouffer Madison Hotel in Seattle, Washington. 
Your participation in the Poster Sessions is invited.

Papers will be accepted in the following categories:

•  Pesticides
•  Instrumentation
•  Food/Dairy Chemistry
•  Food/Dairy Microbiology
•  Nutrients in Foods
•  Food Toxins
•  Microanalytical
•  Toxicology

•  Antibiotics
•  Drugs
•  Drug Residues
•  Hazardous Waste/ 

Priority Pollutants
•  Drinking/Ground Water
•  Feeds
•  Fertilizers

Send your request for participation, including name, organization, address, phone, paper 
title, and 150-word abstract by February 1, 1986, to: Juan Muniz, Oregon Department o f  
Agriculture, 635 Capitol Street NE, Salem, OR 97310-0110.
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FRUITS AND FRUIT PRODUCTS
Spectral Characteristics of Florida Orange Juice and Orange Pulpwash. Collaborative Study

D O N A L D  R . P E T R U S  an d  J O H N  A . A T T A W A Y
Florida Department o f  Citrus, University o f  Florida Agricultural Research and Education Center, Lake Alfred, 
FL 33850

Collaborators: A. Caragay; M. Dougherty; L. Hood; M. Rhodes; J. Sullivan; C. Vandercook

Visible and ultraviolet absorption and room temperature fluorescence 
excitation and emission spectra, obtained from alcoholic solutions of 
Florida orange juice (OJ) and orange pulpwash (PW), were used to 
characterize the collaborative study samples. The absorbance sum at 
443, 325, and 280 nm and absorbance 443/325 nm ratio were used to 
estimate the percent total citrus material (TCM), OJ, PW, and dilution 
of the samples. Six laboratories participated in the study. Known 
samples of OJ and PW were given to each laboratory for familiarization 
and instrumental verification. Ten unknown samples (various combi
nations of OJ and PW) were analyzed by each laboratory. Three 
duplicate and 2 “ closely matched pair” sample set combinations were 
reported. The results revealed that the method successfully detected 
the differences in sample formulations. The UV/vis and fluorescence 
spectrophotometric method has been adopted official first action for 
detecting adulteration of Florida orange juice with orange pulpwash.

Adulterations of citrus juices have progressed from simple 
dilutions with water, sugar, and acids to sophisticated meth
ods using adulterants designed to obscure product purity. 
Juice adulteration appears to be a world-wide economic and 
regulatory problem. Numerous reports (1-3) have revealed 
extensive adulteration of citrus juices from retail markets in 
Europe and the United States. A microbiological method (4) 
has been developed to help detect adulteration, by dilution, 
of orange juice. Stable carbon isotope ratio analysis for 
detecting illegal addition of high fructose corn syrup to honey 
(5) and apple juice (6) has been applied to orange juice (7).

Orange juice may also be adulterated by the addition of 
orange pulpwash (water extraction of soluble fruit solids from 
orange pulp). The present paper reports a collaborative study 
on the use of visible and ultraviolet absorption and fluores
cence excitation and emission to qualitatively detect orange 
pulpwash addition to orange juice (3). Currently, no other 
methods are available for this determination.

Collaborative Study
The results of 6 participating laboratories are reported. The 

Associate Referee results are not included. Each laboratory 
received a known sample each of orange juice and orange 
pulpwash (with absorption and fluorescence spectra) for 
familiarization and instrumental verification. Ten unknown 
samples were then analyzed by each laboratory for total citrus 
material (TCM), orange juice (OJ), and pulpwash (PW), and 
dilution. Materials were supplied as 3 duplicate sample com
binations and 2 “ closely matched pair” sample combinations. 
All samples were reconstituted to 11.8° Brix and kept frozen 
until ready for sample preparation. Two pints of USI absolute 
alcohol were also provided for sample preparation.

Submitted for publication August 25, 1983.
The recommendations of the Associate Referee. D. R. Petrus, were approved 

by the General Referee and the Committee on Foods II and were adopted by 
the Association. See the General Referee and Committee reports, J. Assoc. 
Off. Anal. Chem. (1986) 69, March issue.

Adulteration of Processed Florida Orange Juice 
UV/Vis and Fluorescence Spectrophotometric Method 

First Action

Principle
Orange juice produced or packed in Florida cannot contain 

pulpwash solids. Adulteration by diln and/or addn of pulp
wash is qualitatively detected by comparison of UV/vis 
absorption and fluorescence excitation and emission spectra, 
by measuring sum of A at 443, 325, and 280 nm, and by ratios 
of A at 443/325 nm.

Apparatus
(a) UV/vis spectrophotometer.—Coleman Model 124 UV/ 

vis recording spectrophtr (Perkin-Elmer Corp.) or equi v. with 
capability to scan from 600 to 200 nm with spectral bandwidth 
of 2 nm, and interfaced to recorder having scale expansion 
capabilities.

(b) Fluorescence spectrophotometer.—Farrand Mark I ratio 
spectrofluorometer or equiv. instrument stdzd with solid Pyrex 
std with excitation at 315 nm and emission at 355 nm, range 
setting 0.3, sample-ratio switch on sample, and fluorescence 
intensity adjusted with gain to 0.180 p.amp.

Orange Juice and Pulpwash Standards
Authentic frozen concentrated orange juice (FCOJ) and 

pulpwash samples with ref. UV/vis and fluorescence spectra 
may be obtained from State of Florida Dept, of Citrus, 700 
Experiment Station Rd, Lake Alfred, FL 33850. Use authen
tic products and ref. spectra for method familiarization and 
to verify instrumental performance. Reconstitute FCOJ and 
pulpwash stds to 11.8° Brix as in 22.026.

Reagents
Alcohol.—Absolute EtOH (U.S. Industrial Chemicals or 

equiv.).

Preparation o f Sample
Concentrated orange juice.—Reconstitute com. frozen 

coned orange juice according to product label directions, 
using graduated cylinder for vol. measurements; mix thoroly, 
and det. total sol. solids (°Brix)as in 22.026. Dil. reconstituted 
samples further with equal vol. of H20 . Take 5 mL of this 
sample, dil. to 50 mL with absolute EtOH, and place in dark 
at room temp, for <24 h. Following storage, centrf. sample 
at 1500rpmfor5 min to sep. flocculent ppt from serum (soln). 
Use serum directly for UV/vis spectrophotometry; mix equal 
vols of serum and 90% EtOH for fluorescence characteriza
tion.

Single-strength orange juice.—Det. total sol. solids CBrix) 
of single-strength juice by 22.026. Prep, single-strength juice 
sample by dilg thoroly mixed juice with equal vol. of H20. 
From this point, prepn procedure is same as for coned orange 
juice, viz., “ Take 5 mL of this sample . . .” .
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Analysis
(a) UV/vis analysis.—Transfer aliquot of clear serum into 

10 mm quartz cuvet; scan (spectral bandwidth of 2 mm) serum 
from 600 to 200 nm at 60 nm/min; use appropriate A range 
settings for different portions of spectrum: 600-370 nm, 0- 
0.5 absorbance; 370-300 nm, 0-2 absorbance; 300-200 nm, 
0-5 absorbance. Record sample A at 443, 325, and 280 nm 
and sum (434 + 325 + 280); also calc, and record 443/325 
nm A ratio. Multiply A sum of sample by 1.085 (ratio of 12.8/ 
11.8° Brix) to give adjusted absorbance sum (AAS). AAS 
value is required to relate results to data in JAOAC 63, 
1317(1980), which were obtained during Florida’s 12.8° Brix 
reconstitution requirement.

1.085 x (443 + 325 + 280)Jomp/f = AAS

(b) Fluorescence analysis.—Det. fluorescence excitation 
and emission spectra of EtOH-dild serum sample at room 
temp, by using following parameters:

Excitation, nm 
340 
302 
290 
283 
270 
230

Emission, nm 
423 
353 
343 
333 
333 
310

Range setting 
0.1 
0.1 
0.1 
0.1 
0.1 
0.03

Fluorescence spectra are qual. and confirmatory in combi
nation with UV/vis spectra. Fluorescence spectra confirm 
adulteration of orange juice by pulpwash addn or FLO diln.

Interpretation
To distinguished types of adulteration, description of spec

tral shifts and intensity is outlined:
Adulteration by dilution:

(a) UV/vis spectra.—Simple diln causes noticeable shift of 
223 nm peak to shorter wavelength; dild sample will register 
peak in region extending from 223 to 206 nm; diln causes 
adjusted A (AAS) to occur near or below lower end of distri
bution range for authentic samples (2.002-2.992; 2.410 ± 
0.164).

(b) Fluorescence spectra.—Diln causes reduction in inten
sity of 340 nm (excitation) and 423 nm (emission) peaks; 
nondild orange juice samples show fluorescence intensity of 
0.06-0.07 for both these wavelengths.
Adulteration by addition o f pulpwash:

(a) UV/vis spectra— Pulpwash addn causes the following: 
reduction in 443/325 nm ratio, normal range of OJ is 0.09- 
0.23 (0.144 ± 0.026); increased AAS; lack of resolution for 
443 and 425 nm peaks; increased resolution of 280 nm peak; 
shift in 223 nm peak toward 230 nm; A > 1.0 for 325 nm peak 
strongly indicates adulteration. Fluorescence excitation and 
emission characterization of orange juice and pulpwash:
Excitation, nm Emission, nm Range

setting
Excitation spectra 

Orange juice Pulpwash
340 423 0.1 strong much stronger
302 353 0.1 inflection strong max.
290 343 0.1 strong max. min. or inflection
283 333 0.1 strong max. min.
270 333 0.1 inflection shoulder or max.
230 310 0.03 weak weaker

Adulteration by addition o f pulpwash and by dilution:
(a) UV/vis spectra.—Adulteration causes the following: 

decrease in 443/325 nm ratio and lack of resolution of 443 nm 
peak; A at 325 and 280 nm (indicative of polyphenols and 
flavonoids) may appear normal because of combined effects

of pulpwash addn and diln; increased resolution of 280 nm 
peak; pulpwash addn alone causes upward shift in 223 nm 
peak toward 230 nm; diln alone causes shift downward toward 
206 nm; suspected pulpwash-contg sample with 223 nm peak 
indicates diln also.

(b) Fluorescence spectra.—Dild, pulpwash-added juice 
shows deformities in excitation-emission curves (see table). 
Complete substitution o f pulpwash for orange juice:

(a ) UV/vis spectra.—Adulteration causes the following: 
AAS ranges from 2.617 to 4.991 (3.781 ± 0.473); 443/325 ratio 
ranges from 0.017 to 0.112 (0.048 ± 0.020); poor resolution 
of 443 and 425 nm peaks; absorbance at 325 and 280 nm is 
stronger and more resolved than for OJ.

(b) Fluorescence spectra.—See table on differences between 
orange juice and pulpwash; see also JAOAC 63, 1317(1980).

Results and Discussion
The participating laboratories were asked to qualitatively 

evaluate the absorption and fluorescence spectra, obtained 
of each sample, for the presence of PW by entering Yes, No, 
or ?. Seventy-eight percent of the samples were correctly 
evaluated by absorption and 67% by fluorescence character
istics. If a question mark was assumed to indicate a positive 
response, then 95% of the samples were correctly evaluated 
by absorption and 80% by fluorescence. Laboratory famil
iarization with the method should improve the qualitative 
evaluations.

Laboratory instrumental variations indicated that absorb
ance sum (at 443, 325, and 280 nm) and ratio (at 443/325 nm) 
values required a correction factor for interlaboratory com
parisons. This was accomplished by the following expres
sions:

± Av. A sum correction = [(£known OJ -  £DOC OJ) 
+ (Iknown PW -  XDOC PW)]/2

where £ is the laboratory absorbance sum of the known OJ 
and PW, and DOC is Department of Citrus absorbance sum. 
And

± Av. A ratio correction = [(J? known OJ
-  R DOC OJ) + (R known PW -  R DOC PW)]/2

where R is the laboratory absorbance ratio of the known and 
DOC is Department of Citrus absorbance ratio.

Collaborative reported absorbance sum and ratio data were 
corrected and % TCM, OJ, PW, and dilution were calculated. 
Corrected results are presented in Tables 1, 2, and 3. Each 
laboratory reported 3 duplicate sample combinations: sam
ples 1 and 6, 3 and 10, and 5 and 9. Each laboratory also 
reported 2 “ closely matched pair” sample combinations: 
samples 2 and 8, and samples 4 and 7.

The AOAC committee statistician provided the following 
evaluations: Dixon’s outlier test and Youden’s rank test were 
applied and no aberrant values were detected, nor was a 
pronounced systematic error indicated for any laboratory.

Statistical evaluations of percent TCM data are presented 
in Table 4. One-way analysis of variance revealed a significant 
difference (P < 0.05) among laboratory means (reproducibil
ity) of sample combination 1 and 6. The F-max. test detected 
no significant difference (P > 0.05) among repeatability mea
sures (variability within laboratories) for percent recovery 
data. A 2-way analysis of variance on percent recovery data 
revealed a significant difference (P < 0.01) among laboratory 
means and sample means. No significant (P > 0.05) interac
tion was detected.

Statistical evaluations of percent OJ data are presented in 
Table 5. No significant difference (P > 0.05) was found among
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Table 1. Collaborative determination of percent total citrus material*

Lab.
Sample

1,6
Sample

2
Sample 

3, 10
Sample

4
Sample

5,9
Sample

7
Sample

8

1 85 101 109 98 95 97 100
84 108 94

2 88 105 115 100 99 98 101
84 111 103

3 78 92 99 88 90 93 96
74 107 104

4 89 112 102 107 104 96 105
84 107 107

5 83 105 107 101 95 104 106
90 118 107

6 104 111 111 106 98 93 98
96 125 96

*1 and 6 = 80% TCM; 2 = 100%; 3 and 10 = 100%; 4 = 90%; 5 and 9 = 100%; 7 = 90%; 8 = 100%.

Table 2. Collaborative determination of percent orange juice*

Lab.
Sample

1,6
Sample

2
Sample 

3,10
Sample

4
Sample

5,9
Sample

7
Sample

8

1 57 83 0 40 100 31 83
54 0 94

2 54 80 0 30 100 24 82
46 0 100

3 51 80 0 20 90 20 84
43 0 100

4 50 85 0 39 100 15 83
43 0 100

5 51 70 0 35 100 36 87
63 0 100

6 53 76 0 31 100 23 85
54 0 100

*1 and 6 = 50% OJ; 2 = 80%; 3 and 10 = 0%; 4 = 30%; 5 and 9 = 100%; 7 = 25%; 8 = 85%.

Table 3. Collaborative determination of percent pulpwash*

Sample Sample Sample Sample Sample Sample Sample
Lab. 1,6 2 3, 10 4 5,9 7 8

1 27 17 100 58 0 66 17
30 100 0

2 34 20 100 70 0 74 18
38 100 0

3 27 20 100 67 0 73 16
31 100 0

4 39 15 100 67 0 81 17
41 100 0

5 31 30 100 67 0 68 13
28 100 0

6 51 24 100 76 0 70 15
42 100 0

*1 and 6 = 30% PW; 2 = 20%; 3 and 10 = 100%; 4 = 60%; 5 and 9 = 0%; 7 = 65%; 8 = 15%.

Table 4. Statistical evaluation for recovery of percent total citrus material

Statistic

Samples 
1 and 6 
(80%)

Samples 
3 and 10 
(100%)

Samples 
5 and 9 
(100%)

Samples 
2 and 8 
(100%)

Samples 
4 and 7
(90%)

Mean% 86.6 109.9 99.3 102.7 98.4
Reproducibility 8.15 7.05 5.57 5.96 5.65
CV, % 9.4 6.4 5.6 5.8 5.7
Repeatability 3.77 5.94 5.55 4.58 5.24
CV, % 4.4 5.4 5.6 4.5 5.3

Average % recovery 108.2 109.9 99.3 102.7 109.4
Reproducibility 10.19 7.05 5.57 5.96 6.29
CV, % 9.4 6.4 5.6 5.8 5.7
Repeatability 4.72 5.94 5.55 4.58 5.82
CV, % 4.4 5.4 5.6 4.5 5.3
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Table 5. Statistical evaluation for recovery of percent orange Juice

Statistic

Samples 
1 and 6 
(50%)

Samples 
3 and 10 

(0%)

Samples 
5 and 9 
(100%)

Samples 
2 and 8 

(80 & 85%)

Samples 
4 and 7 

(30 & 25%)
Mean % 51.6 0.0 98.7 81.5 28.7

Reproducibility 5.77 0.0 3.37 4.94 7.46
CV, % 11.2 0.0 3.4 6.1 26.0
Repeatability 5.25 0.0 3.37 4.94 6.37
CV, % 10.2 0.0 3.4 6.1 22.2

Average % recovery 103.2 0.0 98.7 98.7 103.9
Reproducibility 11.55 0.0 3.37 5.60 27.04
CV, % 11.2 0.0 3.4 5.7 26.0
Repeatability 10.50 0.0 3.37 5.60 22.45
CV, % 10.2 0.0 3.4 5.7 21.6

Table 6. Statistical evaluation for recovery of percent pulpwash

Statistic

Samples 
1 and 6 
(30%)

Samples 
3 and 10 
(100%)

Samples 
5 and 9 

(0%)

Samples 
2 and 8 

(20 & 15%)

Samples 
4 and 7 

(60 & 65%)
Mean % 34.9 100.0 0.0 18.5 69.8

Reproducibility 7.68 0.0 0.0 4.94 5.58
CV, % 22.0 0.0 0.0 26.7 8.0
Repeatability 3.35 0.0 0.0 4.94 4.77
CV, % 9.6 0.0 0.0 26.7 6.8

Average % recovery 116.4 100.0 0.0 105.8 111.6
Reproducibility 25.61 0.0 0.0 24.36 8.75
CV, % 22.0 0.0 0.0 23.0 7.8
Repeatability 11.19 0.0 0.0 24.36 7.13
CV, % 9.6 0.0 0.0 23.0 6.4

Table 7. Statistical evaluation for recovery of percent dilution*

Statistic

Samples 
1 and 6 
(20%)

Samples 
2 and 8

(0%)

Samples 
4 and 7 
(10%)

Mean % 13.8 0.0 2.8
Reproducibility 7.38 0.0 3.74
CV, % 53.6 0.0 135.9
Repeatability 3.20 0.0 2.14
CV, % 23.3 0.0 77.9

Average % recovery 68.8 0.0 27.5
Reproducibility 36.88 0.0 37.37
CV, % 53.6 0.0 135.9
Repeatability 16.01 0.0 21.41
CV, % 23.3 0.0 77.9

“Recovery = % dilution/% dilution found by collaborators x 100%.

laboratory means for any sample combination. An overall 
view revealed the repeatability measure decreased as the 
sample value increased. The variability among laboratories 
and within laboratories was greatest for sample combination 
4 and 7 (closely matched pairs). No significant difference (P 
> 0.05) was found among laboratory means or among sample 
means, tested by a 2-way analysis of variance, on percent 
recovery data.

Statistical evaluations of percent PW data are presented in 
Table 6. One-way analysis of variance revealed a significant 
difference (P < 0.01) only among laboratory means for sample 
combination 1 and 6. The variability within laboratories tends 
to decrease as the sample value increases. The F-max. test 
revealed a significant difference (P <  0.05) within laboratories 
for percent recovery of “ closely matched pair” sample com
binations 2 and 8, and 4 and 7. Variability among laboratories 
is greater for sample combination 2 and 8 than for combina
tion 4 and 7. Two-way analysis of variance detected no sig
nificant difference (P > 0.05) among laboratory means or 
sample means of percent recovery data sets.

Statistical evaluations of percent dilution data are pre
sented in Table 7. One-way analysis of variance revealed a

Table 8. Coefficients of determination— calculated vs actual values

Lab.
r1

%OJ
r*

% PW

1 0.986 0.998
2 0.997 0.988
3 0.986 0.993
4 0.981 0.973
5 0.966 0.989
6 0.997 0.958

All labs 0.983 0.980

significant difference {P < 0.05) among laboratory means for 
sample combination 1 and 6 (duplicates), and 4 and 7 (closely 
matched pairs). The F-max test revealed no significant dif
ference (P > 0.05) within laboratories.

Regression analysis of calculated vs actual values of % OJ 
and % PW are presented in Table 8. Individual laboratory 
data produced very high coefficients of determination. All 
laboratory data also produced very high and significant (F < 
0.01) coefficients of determination for % OJ and % PW, indi
cating 98% of the variation in actual OJ and PW values was 
explained by the calculated values.

The overall results of the study indicate good agreement 
with known formulated sample values. The method success
fully detected the differences in sample formulations. Addi
tion of pulpwash to orange juice is illegal (3) regardless of the 
amount added. Currently, this is the only method available 
for its detection.

Recommendations
Laboratories using the method should become familiar with 

the absorption and fluorescence characteristics of orange juice 
and orange pulpwash. Laboratories must obtain orange juice 
and orange pulpwash, with spectra, for instrument verifica
tion and standardization from the Florida Department of Cit
rus. It is recommended that this visible and ultraviolet 
absorption and fluorescence excitation and emission method 
be adopted official first action.
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Amperometric Determination of Phenazopyridine Hydrochloride in a Flowing Stream at the 
Glassy Carbon Electrode

F A T H A L L A  B E L A L 1
University o f Georgia, Department of Chemistry, Athens, GA 30602

A flow-injection method is described for the determination of phena
zopyridine hydrochloride, based on electrochemical oxidation at the 
glassy carbon electrode. The suggested method is highly specific and 
can be used to determine phenazopyridine HC1 in the presence of most 
drugs commonly found in pharmaceutical dosage forms or adminis
tered therapeutically. Applying a constant potential of +950 mV vs 
Ag/AgCl/3.5M KCI reference electrode, the calibration curve was lin
ear in the 1-30 pg/mL range, with minimum detectability of 0.2 ng 
(signal-to-noise ratio 2). Good accuracy and precision were obtained 
when the method was applied to some dosage forms containing phen
azopyridine HC1. Although automation was not used in this study, an 
automated system could be incorporated because the method uses the 
technique of continuous analysis in a flowing stream.

Phenazopyridine, 2,6-diamino-3-phenylazopyridine, is a widely 
prescribed urinary antiseptic and analgesic. It has been ana
lyzed by diverse methodologies, including spectrophotome
try (1-3), coulometry (4), gravimetry (5), partition chroma
tography (6), and ion-exchange chromatography (7). All of 
these methods lack specificity, sensitivity, or both.

Phenazopyridine was reported to be reduced at the mer
cury pool electrode with a half-wave potential of -  400 mV 
vs SCE, and this fact has been the basis of the coulometric 
procedure for its quantitation (4). There appear to be no data 
in the literature on electrochemical oxidation of this drug.

Flow-injection analysis is a relatively new analytical pro
cess which shows considerable potential for high-speed, pre
cise analysis of discrete samples. However, the application 
of this technique in pharmaceutical analysis was not reported 
until Shah and Stewart (8-10) described its use to determine 
some pharmaceutical compounds.

Our report describes amperometric determination of phen
azopyridine HC1 in a flowing stream, based on oxidation at 
the glassy carbon electrode. The proposed method detects 
the drug in the 1-30 gg/mL range with good accuracy and 
precision, and is applicable to the analysis of phenazopyridine 
HC1 in dosage forms.

Experimental

Apparatus
Voltammograms were obtained using a conventional 3- 

electrode system, consisting of a glassy carbon working elec
trode, a platinum auxiliary electrode, and a Ag/AgCl/3.5M 
KCI reference electrode. All potentials were recorded against 
this reference electrode. Cyclic voltammograms were obtained 
using a Bioanalytical Systems Model CV-1A potentiostat, 
with output monitored by a digital oscilloscope (Nicolet 
Instrument Corp., Model 200). Subsequent hard copies were 
obtained from an X-Y recorder (Houston Omnigraphic 
recorder, Model 200). A 3-electrode, wall-jet type electro
chemical cell constructed in our laboratory was used for flow- 
injection analysis.

Received October 22, 1984. Accepted June 3, 1985.
’Permanent address: Mansoura University, College of Pharmacy, Depart

ment of Analytical Chemistry, Mansoura, Egypt.

Mobile phase was pumped through the cell at a fixed flow 
rate of 1 mL/min. Samples were manually injected with a 
microsyringe (B-D, 1 cm, tuberculin syringe, Becton Dick
inson and Co.) into an electrically activated sample injector 
(Valeo Instruments Inc., Houston, TX) equipped with a 50 
pL injection loop. The pump (Varian HPLC, 8500), injector, 
and electrochemical cell were connected with HPLC stainless 
steel tubing and fittings. Potentials were monitored with a 
Data Precision Digital Multimeter, Model 935. Cell currents 
were recorded at ambient temperature with a strip chart 
recorder (Fisher Scientific recorder, Series 5000).

Chemicals
Phenazopyridine HC1 powder and dosage forms were pro

vided by Hoffmann-La Roche, Nutley, NJ. All other chem
icals were commercially available and were used as received.

Sample Preparation
A stock solution containing 1.0 mg phenazopyridine HC1/ 

mL was prepared (1 + 1) in methanol-aqueous pH 7 phos
phate buffer containing 2% sodium acetate. Further dilutions 
of stock solution were made to provide working standards in 
the 1-30 pg/mL range.

Procedure
Pump 1 + 1 mixture of methanol-aqueous pH 7 phosphate 

buffer containing 2% sodium acetate through the electro
chemical cell at a flow rate of 1.0 mL/min. Inject aliquots of 
the drug solution in the same solvent mixture into the flowing 
stream, and measure the current with an applied potential of 
+ 950 mV vs Ag/AgCl/3.5M KCI reference electrode.

To determine whether other drugs commonly found in dos
age forms with phenazopyridine interfere with the assay by 
altering the current flow of the drug or through oxidation at 
the glassy carbon electrode, the following study was per
formed: Prepare individual solutions (0.1 mg/mL) of sulfa
methoxazole, sulfisoxazole, nitrofurantoin, oxytetracycline, 
ampicillin sodium, tobramycin, amikacin sulfate, neomycin 
sulfate, gentamycin sulfate, kanamycin sulfate, acetylsali- 
cylic acid, paracetamol (acetaminophen), vancomycin HC1, 
atropine sulfate, and hyoscyamine sulfate. Accurately pipet 
aliquots of these solutions and use them to prepare various 
mixtures containing the individual drugs in the 1-30 pg/mL 
range with the phenazopyridine HC1 concentration kept at 15 
pg/mL. Assay each mixture for phenazopyridine HC1 con
tent.

The data obtained were then compared to those of a pure 
solution of phenazopyridine HC1 to calculate the degree of 
interference, if any, at the various concentration levels of the 
added drugs.

Analysis of Solid Dosage Forms
Grind 20 tablets containing phenazopyridine HC1 and dis

solve by sonication with the same solvent mixture. Filter the 
resulting solution and dilute the filtrate to the 1-30 pg/mL 
range. Assay an aliquot of the diluted solution for phenazo
pyridine HC1 content as described above.
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Figure 1. Cyclic voltammogram of phenazopyridine HCI (1 x 10"3M) in 
1 + 1 methanol-aqueous 0.01 M phosphate buffer pH 7 containing 2% 

sodium acetate. Scan rate 500 mV/s.

Results and Discussion

The presence of the aromatic amino groups suggested that 
phenazopyridine can be oxidized at positive potentials, by 
analogy to the behavior of various substituted phenolic and 
aromatic amine species (11). Oxidative cyclic voltammetric 
scan was initiated at 5.0 mV to switch potential of +1450 
mV. Figure 1 shows the cyclic voltammogram of phenazo
pyridine HCI (10" 3M) at the glassy carbon electrode in meth- 
anol-0.01M pH 7 phosphate buffer (1 + 1). The voltammo
gram indicates that phenazopyridine exhibits an oxidative 
wave (at Ep = + 750 mV), and the electrode process is com
pletely irreversible because no cathodic wave was observed 
in the reverse scan mode.

Figure 2 shows the hydrodynamic voltammogram of phen
azopyridine HCI (20 p.g/mL) when subjected to electrochem
ical oxidation at the glassy carbon electrode. A potential of 
+ 950 mV was selected for the amperometric determination 
because it represented the least potential on the plateau at 
which maximum drug sensitivity could be obtained.

At the optimum electrode potential of +950 mV vs Agl 
AgCl/3.5M KC1 reference electrode, a phenazopyridine HCI 
calibration curve was obtained in the 1-30 jig/mL range. 
Linear regression analysis of the calibration data gave typical 
slope, intercept, and correlation coefficient of 77.2, -1.40, 
and 0.9997 (« = 12), respectively. To estimate the reprodu
cibility of the electrode response by the amperometric method, 
6 replicate injections were made at phenazopyridine HCI 
concentrations of 5, 10, 15, and 20 p.g/mL. Mean peak cur
rents of 385.5 ± 1.72, 772.3 ± 1.92, 1160 ± 1.84, and 1550 
± 1.90, respectively, were obtained. The precision of these 
measurements is expressed by relative standard deviations 
of 0.44, 0.25, 0.16, and 0.19%, respectively.

Figure 2. Hydrodynamic voltammogram of phenazopyridine HCI (20 pg/ 
mL) in 1 +  1 methanol-aqueous 0.01 M phosphate buffer pH 7 containing 

2% sodium acetate. Flow rate 1.0 mL/min.

Interference studies were performed to establish the spec
ificity of the method for phenazopyridine HCI in the presence 
of other drugs that might be found in its combination dosage 
forms, or administered in the same therapeutic situation (12). 
Nitrofurantoin, ampicillin sodium, amikacin sulfate, tobra
mycin, kanamycin sulfate, vancomycin HCI, atropine sulfate, 
hyoscyamine sulfate, and acetylsalicylic acid did not interfere 
in the assay of phenazopyridine, even at 10-fold concentra
tion (Table 1). Gentamycin sulfate, doxycycline, paraceta
mol, and sulfa drugs showed appreciable interference when 
their concentrations were equal to or greater than the phen
azopyridine level. This would indicate that these interfering 
compounds would have to be separated from phenazopyri
dine HCI before amperometric determination.

Application of the proposed method to the assay of phen
azopyridine HCI in commercial dosage forms was then stud
ied. After sample preparation and dilution to the p.g/mL cal
ibration range, the drug solutions were analyzed, and the 
concentration in each dosage form was calculated using the 
slope and intercept values obtained from linear regression 
analysis of the phenazopyridine HCI calibration curve. The 
results in Table 2 indicate that phenazopyridine HCI content 
in dosage forms can be conveniently determined by the 
amperometric method described here with good accuracy and 
precision. Also, there is good agreement between the results 
obtained by using the proposed method and those by the 
official USP method (1). By using the parameters established 
for the assay, phenazopyridine samples can be injected into 
the flowing stream at the rate of 60 samples/h (Figure 3). The 
sensitivity of the assay, based on signal-to-noise ratio of 2, is 
0.2 ng of the drug. Electrode fouling was not encountered in 
the case of phenazopyridine, because the concentration of 
this analyte would be much smaller (>10pM) and the swift

Table 1. Determination of phenazopyridine HCI in synthetic drug mixtures

Compound
Concentration, pg/mL*

5.0 10.0 20.0 30.0
Nitrofurantoin 99.3 ± 1.02 99.4 ± 0.72 100.2 ± 0.87 101.0 ± 1.05
Atropine sulfate 99.5 ± 0.53 99.5 ± 0.49 100.5 ± 0.30 100.9 ± 0.42
Amikacin 99.7 ± 0.19 99.6 ± 0.37 99.9 ± 0.39 100.2 ± 0.51
Tobramycin 99.5 ±0.15 99.5 ± 0.31 101.1 ± 0.33 100.3 ± 0.32
Kanamycin sulfate 99.3 ± 0.27 99.3 ± 0.52 100.5 ± 0.61 100.8 ± 0.33
Atropine sulfate 99.4 ± 0.42 98.7 ± 0.55 100.8 ± 0.43 101.3 ± 0.72

"Concentration of each drug in mixtures that also contained 10 pg/mL of phenazopyridine HCI. Results are mean percent recovery ± SD of 
phenazopyridine HCI in drug mixture, quadruplicate determinations of each mixture.
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Table 2. Determination of phenazopyridine HCI in tablets

Product components
Phenazopyridine
declared/tablet

Recovery,“ %
Proposed Official 
method method (1)

Phenazopyridine HCI 100 mg 99.43 100.2
(0.51) (0.29)

Phenazopyridine HCI 200 mg 99.10 99.7
(0.67) (0.80)

Phenazopyridine HCI, 100 mg 101.5 100.1
hyoscyamine HCI, (0.39) (0.41)
atropine sulfate,
scopolamine HBr

Phenazopyridine HCI, 150 mg 101.7 100.15
hyoscine HBr, barbital (0.49) (0.50)
sodium

“Each result is the average of 8 separate determinations. Values in 
parentheses are coefficients of variation (%).

1150 ¿¿A
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Figure 3. Replicate injections of phenazopyridine HCI (15 pg/mL) Into 
the flowing system at a rate of 60 samples/h.

linear flow rate of eluant across the face of the electrode 
would provide some degree of mechanical cleaning.

The amperometric method described here has several prin
cipal advantages that should make it useful in meeting the 
need for a fast, reliable procedure for phenazopyridine. High 
sensitivity, simplicity, good reproducibility, use of inexpen
sive equipment, and no need for reagents help make the 
method ideal for routine analysis.
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Titrimetric and Spectrophotometric Determination of Acetylenic Hypnotics, Using 
Brominating Agents

M O H A M E D  I. W A L A S H , M O H A M E D  S . R I Z K , a n d  A M I N A  E L - B R A S H Y  
Mansoura University, Chemistry Department, Faculty o f Pharmacy, Mansoura, Egypt

Titrimetric and spectrophotometric titration methods are described for 
the quantitative determination of acetylenic hypnotics ethchlorvynol, 
ethinamate, and meparfynol carbamate as pure substances and in 
dosage forms. The methods involve the use of different brominating 
agents. A known excess of the reagent is added and, after the specified 
time, the residual reagent is determined iodometrically. These proce
dures permit semimicro determination (1-20 mg) of the drug. Recov
eries ranged from 98.48 ±  0.76 to 102.74 ± 2.60%. The procedures 
have been successfully applied to pharmaceutical dosage forms; the 
results agree well with those for compendial methods.

Ethchlorvynol, ethinamate, and meparfynol carbamate are 
monosubstituted acetylene derivatives which are used as sed
ative and hypnotic drugs (1). The official methods (2, 3) spec
ify addition of excess silver nitrate reagent and titration of 
the equivalent liberated acid. Among the methods used for 
determination of these acetylenes, either as pure drug sub
stance or in biological media, are titrimetry (4,5), colorimetry
(6), spectrophotometry (7-10), nuclear magnetic resonance 
spectrometry (11), spectrofluorometry (10), and gas chro
matography (12-15).

The proposed methods involve the use of 1,3-dibromo-5,5- 
dimethylhydantoin, N-bromosuccinimide, and potassium

Received November 15, 1983. Accepted April 24, 1985.

bromate/potassium bromide solution as titrants. These reagents 
have been used to determine a considerable number of com
pounds in our laboratories, especially compounds of phar
maceutical interest (16-25).

The reaction conditions were thoroughly studied and the 
molar ratio of the reaction was calculated.

METHOD

Apparatus and Reagents
(a) Spectrophotometer.—Pye Unicam SP 1800 equipped 

with matched pair of 1 cm quartz cells.
(b) 1,3-Dibromo-5,5-dimethylhydantoin.—Prepare accord

ing to method described by Burry et al. (26). Prepare 5 x 
10_3M solution by dissolving 1.43 g pure crystalline powder 
in 1 L water.

(c) N-Bromosuccinimide.—1 x 10_2M. Prepare by dis
solving 1.78 g freshly crystallized powder in 1 L water.

(d) Potassium bromate/potassium bromide.—5 x 10~3M 
solution. Prepare by dissolving 0.15 g potassium bromate and 
0.75 g potassium bromide in 1 L water. Standardize these 
brominating agents iodometrically by adding potassium iodide 
solution in the presence of HCI, and titrating the liberated 
iodine with sodium thiosulfate solution, using starch as indi
cator.
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Table 1. Molar ratios and times of reaction between acetylenic hypnotics and brominating agents

Compound

Dibromohydantoin N-Bromosuccinlmide Bromate/bromide

Time,
min

Molar
ratio

Time,
min

Molar
ratio

Time,
min

Molar
ratio

Ethchlorvynol 30 1:1 30 1:2 5 1:1
60 1:2

Ethinamate 90 1:1 90 1:2 30 1:1
Meparfynol 90 1:1 90 1:2 30 1:1

carbamate

(e) Sodium thiosulfate.—Prepare 2 x 10_2M solution by 
dissolving 4.96 g in 1 L water.

(f) Potassium iodide.—4% (w/v) in water.
(g) Hydrochloric acid.—10% (w/v) in water.
(h) Starch mucilage.
(i) Drugs.—Ethchlorvynol (BP grade, Abbott Laborato

ries Ltd, Queensborough, Kent, UK). Ethinamate (NFgrade, 
CID Laboratories, Giza, Egypt). Meparfynol carbamate 
(Latema Laboratories, 11, bis rue Bolzae, Paris 8, France). 
Prepare each drug in 10% HC1 to contain 1 mg/mL. The purity 
of these drugs was established by applying official methods 
(2, 3); drug purity was > 98% of the active ingredients pres
ent.

Procedure A: Analysis o f Pure Samples— Titrimetry
Add an aliquot (1-20 mg) of the acetylenic compound to a 

known volume of 0.005M dibromohydantoin or 0.01M N- 
bromosuccinimide or 0.005M bromate/bromide solution in a 
glass-stopper Erlenmeyer flask. Shake mixture occasionally 
and, after the specified time (Table 1), add 10 mL 4% potas
sium iodide solution. Titrate the liberated iodine with 0.02M 
sodium thiosulfate solution (V2). Carry out a blank experi
ment in the same manner (Vj). Calculate the amount of drug 
from the equation:

Drug (mg) = [(V, -  V2) MR]/N

where V, = volume of sodium thiosulfate consumed in blank 
titration (mL); V2 = volume of sodium thiosulfate consumed 
in experiment (mL); M  = relative molecular mass of drug; R 
= molarity of brominating agent; and N  = number of moles 
of brominating agent per mole of sample.

Procedure B: Spectrophotometric Titration
Transfer known volumes of solutions containing 1-5 mg 

acetylenic compound to each of ten 25 mL volumetric flasks. 
Add brominating solution to each succeeding flask in increas
ing increments differing by 1 mL, followed by sufficient 10% 
HC1 to bring volume to 25 mL. Measure absorbance at 
X3?8 nm against 10% HC1. Plot absorbance, A, against volume
V. Two straight lines are obtained; their intersection corre
sponds to the equivalence point.

Procedure C: Analysis o f Commercial Dosage Forms
Transfer an accurately weighed amount of powdered tab

lets, contents of capsules, or measured volume of drops 
equivalent to 100 mg drug to 100 mL volumetric flask, add 50 
mL 10% HC1, and then shake thoroughly. Dilute the mixture 
with HC1 and filter if necessary. Analyze an aliquot of this 
solution according to procedure A or B.

Results and Discussion
The percentage recoveries of these acetylenic compounds 

and their dosage forms are summarized in Tables 2 and 3. 
The results obtained by the proposed methods were com
pared with those obtained by the official methods (2, 3) and

were in good agreement. The results were subjected to sig
nificance tests (27) to calculate the Student’s r-test and vari
ance ratio (Table 2). The tests showed no significant differ
ences between the results of the 2 procedures, and proved 
the results to be satisfactorily valid. However, the proposed 
method has the advantage that it can be used to determine 
semimicro quantities, 1-20 mg, of the acetylenic compounds; 
not less than 100 mg is required for assay by the official 
procedures (2, 3).

Direct titration of the studied compounds with the organic 
brominating agents, in neutral or acid medium, and with 
methyl red, methyl orange, amaranth, and indigotin indica
tors, was not practicable. This may be because the indicators 
were more easily attacked by the brominating agent than were 
the investigated drugs, or because of a rather decreased reac
tion velocity. Therefore, we studied the indirect titration 
reactions in neutral and acidic media with the different brom
inating agents. This was successful when the medium was 
made acidic with 10% HC1 or H2S04.

/V-Bromosuccinimide provides bromine in a slow, steady- 
state concentration (28). The formation of a low concentra
tion of bromine from /V-bromosuccinimide can reasonably be 
accompanied by the ionic reaction with hydrogen bromide as 
follows:

dL>------- CO
! X NBr -11Sht .

CH2 ---
I

--- CO \  .N + Br
CH2 -------CO ^ CHj — ---CO'''

N-Bromosuccinimide

Br* + H-R --------- HBr + R*

CHj------ CO^
HBr + | NBr

CHj------ Co''
Br,

CH~
I
CHj

CO.
HH

■ CO/

S u c c in im id e

The liberated bromine from 2 moles of ./V-bromosuccinim
ide adds at the double bond in olefins (28, 29).

Ethinamate and meparfynol carbamate form 1-cyclo-hex- 
enyl-methyl ketone and (1-methyl-l-propenyl)methyl ketone, 
respectively, when treated with acids (9, 10). These com
pounds contain an olefine linkage which adds bromine that 
originates from N-bromosuccinimide (Br) or dibromohydan
toin (2Br) or bromate/bromide (2Br), with the molar ratio 
shown in Table 1.

For ethchlorvynol, the molar ratio is 1:2, which could be 
explained by the fact that one mole adds to the olefinic bond 
and the other to the acetylenic bond in the compound 3-ethyl-
2-penten-4-ynal, which is the hydrolyzed product of ethchlor
vynol in acids (9, 30).

Addition of the brominating agents to the studied com
pounds shows absorption spectra of 250-290 nm. So, the
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Table 2. Comparison of compendial and proposed methods for acetylenic hypnotics

Indirect Titration

Compound

Amt
taken,

mg

Dibromohydantoin W-Bromosuccinimide Bromate/bromide
Compendial 
method (2,3)

Found,
mg Rec.,* %

Found,
mg Rec.,“ %

Found,
mg Rec.,“ % Rec., %

Ethchlorvynol 1 1.0122 101.22 1.0122 101.22 1.0122 101.22 103.4
2 2.0244 101.22 2.0022 100.11 2.0244 101.22 102.7
5 4.9885 99.77 5.061 101.22 5.013 100.26 100.6

10 9.905 99.05 10.050 100.50 9.905 99.05 . 98.5
15 15.762 105.08 14.8935 99.29 14.8215 98.81 99.4
20 21.038 105.19 19.882 99.41 19.882 99.41 100.9

Mean ± SD" 101.92 ± 100.29 * 99.99 ± 100.92 ±
2.63 0.85 1.07 1.88

Student's f-test 0.32(2.23)“ 0.36(2.23) 0.62(2.23)
Variance ratio 1.96(5.05)" 4.91(5.05) 3.08(5.05)

Ethinamate 1 1.0032 100.32 1.0032 100.32 1.0199 101.99 102.4
2 1.9646 98.23 1.9506 97.53 2.0064 100.32 102.8
5 5.058 101.16 4.849 96.98 5.016 100.32 102.2

10 9.823 98.23 10.200 102.00 9.865 98.65 99.1
15 14.7136 98.09 15.4005 102.67 15.3825 102.55 99.95
20 19.688 98.44 19.60 98,00 20.378 101.89 102

Mean ± SD 99.08 ± 99.58 ± 100.95 ± 101.41 ±
1.32 2.43 1.46 1.51

Student's f-test 1.99(2.23) 0.71(2.23) 0.36(2.23)
Variance ratio 1.31(5.05) 2.59(5.05) 1.07(5.05)

Meparfynol 1 1.059 105.9 0.9884 98.84 0.9884 98.84 98.2
carbamate 2 2.0474 102.37 1.9768 98.84 1.9768 98.84 98.9

5 4.9065 98.13 4.9285 98.57 4.942 98.84 98.6
10 9.9546 99.546 9.814 98.14 9.813 98.13 100.3
15 15.1125 100.75 15.375 102.5 14.8725 99.15 101.7
20 20.016 100.08 19.734 98.67 19.416 97.08 100.7

Mean ± SD 101.13 ± 99.26 ± 98.48 ± 99.73 ±
2.72 1.61 0.76 1.38“

Student’s f-test 0.45(2.23) 0.36(2.23) 1.55(2.23)
Variance ratio 3.92(5.05) 1.37(5.05) 3.24(5.05)

Spectrophotometric Titration

Ethchlorvynol 1 1.0303 103.03 1.0305 103.05 1.0324 103.24 103.4
2 2.0262 101.31 2.0262 101.31 2.0282 101.40 102.7
3 2.9877 99.59 3.042 101.40 2.9499 98.33 100.6
4 4.122 103.05 4.1104 102.76 4.1668 104.17 98.5
5 5.9375 104.75 4.9835 99.67 5.162 103.24 99.4

100.9
Mean ± SD 102.35 ± 101.64 ± 102.08 ± 100.92 ±

1.96 1.35 2.32 1.88
Student's t-test 0.64(2.26)“ 0.41(2.26) 0.63(2.26)
Variance ratio 1.095(6.26)" 1.94(6.26) 1.53(6.26)

Ethinamate 1 1.0157 101.57 1.0132 101.32 1.045 104.5 102.4
2 2.0314 101.57 2.0264 101.32 2.095 104.5 102.8
3 3.0498 101.66 3.0699 102.33 3.018 100.60 102.2
4 4.0756 101.89 4.1772 103.43 3.9712 99.28 99.1
5 5.2165 104.33 5.066 101.32 5.2415 104.83 99.95

102
Mean ± SD 102.20 ± 101.94 ± 102.74 ± 101.41 ±

1.20 0.94 2.60 1.51
Student's t-test 0.67(2.26) 0.49(2.26) 0.46(2.26)
Variance ratio 1.59(6.26) 2.58(6.26) 2.99(6.26)

Meparfynol 1 1.0336 103.36 0.9884 98.84 0.9884 98.84 98.2
carbamate 2 3.0242 101.21 2.0474 102.37 2.0474 102.37 98.9

3 3.0147 100.49 3.0663 102.21 3.0852 102.84 98.6
4 3.89 97.25 4.0644 101.61 4.0576 101.44 100.3
5 5.134 102.68 5.134 102.68 5.0305 100.61 101.7

100.7

Mean •*- SD 100.99 ± 101.54 ± 101.22 ± 99.73 ±
2.39 1.56 1.58 1.38“

Student's f-test 0.51(2.26) 1.39(2.26) 1.13(2.26)
Variance ratio 3.01(6.26) 1.29(6.26) -  1.33(6.26)

“Mean recovery for 3 determinations.
"Standard deviation.
“Tabulated t (at P =  0.05) related to the official methods. 
"Tabulated variance ratio (at P  = 0.05).
“As in B r it is h  P h a rm a c o p o e ia  (2) for ethchlorvynol.
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Table 3. Determination of acetylenic hypnotics In various dosage forms*

Indirect Titration Method

Preparation
No. of 
detns

Proposed procedure Compendial method (2, 3)

Dibromohydantoin N-Bromosuccinimide Bromate/bromide
No. of 
detns

Amt found, 
mg Ree., %

Amt found, 
mg Ree., %

Amt found, 
mg Ree., %

Amt found, 
mg Ree., %

Ethchlorvynol 9 507.9 101.58± 516.55 103.31 ± 510.95 102.19± 8 510.90 102.18 +
capsules, 500 mg 2.20 1.91 2.93 2.00

Ethinamate 9 520.4 104.08 ± 521.1 104.22 + 518.3 103.66 ± 8 504.65 100.93 ±
tablets, 500 mg 1.51 0.97 0.84 1.39

Meparfynol carbamate 9 20874 104.37 + 20756 103.78 + 20568 102.84 ± 8 20036 100.18 +
drops, 20% 1.42 1.87 1.41 1.25

Meparfynol carbamate 9 313.2 104.4 ± 308.19 102.73± 309.24 103.08± 8 307.53 102.51 +
tablets, 300 mg 0.84 1.96 0.71 0.70

Spectrophotometric Titration Method

Ethchlorvynol 8 515.99 103.198 ± 508.6 101.72± 510.95 102.19± 8 510.90 102.18 +
capsules, 500 mg 2.48 2.16 0.23 2.00

Ethinamate 8 501.35 100.27 ± 512.1 102.42 ± 519.35 103.87 + 8 504.65 100.93 ±
tablets, 500 mg 3.49 1.58 1.36 1.39

Meparfynol carbamate 8 20284 101.42 + 20299 101.495 + 20338 101.69 ± 8 20036 100.18 +
drops, 20% 2.84 1.97 3.34 1.25

Meparfynol carbamate 8 302.76 100.92 + 302.31 100.77 + 302.31 100.77 + 8 307.53 102.51 ±
tablets, 300 mg 2.57 1.48 1.70 0.70

“Mean recovery ± standard deviation.

excess brominating agent is measured at \ 378 „ m ,  which is that 
of bromine, without interference.

The results of quantitative assays (Tables 2 and 3) clearly 
demonstrate the utility of indirect and spectrophotometric 
titration methods for analysis of the drug compounds and 
commercial dosage forms. The validity of the method for 
pharmaceutical preparations as well as the effect of interfer
ence was demonstrated by assaying authentic samples con
taining the drug and common additives and excipients, e.g., 
lactose, magnesium stearate, and starch. The percent recov
ery was satisfactory.
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Synthesis, Identification, and Acute Toxicity of a-Benzylphenethylamine and a-Benzyl-A- 
Methylphenethylamine. Contaminants in Clandestine Preparation of Amphetamine and 
Methamphetamine

F. T A Y L O R  N O G G L E , J r , C . R A N D A L L  C L A R K ,1 T I M O T H Y  W . D A V E N P O R T ,1 
a n d  S A M U E L  T. C O K E R 1
Alabama Department o f Forensic Sciences, Wire Rd, Auburn, AL 36849

Amphetamine samples obtained from clandestine laboratories often 
contain other by-product amines. The most common of these are the 
a-benzyiphenethylamine derivatives. This article reports the indepen
dent synthesis of reference samples of these amines, spectrophotometric 
and chromatographic methods for their identification, as well as acute 
toxicological studies. The utility of the analytical methods is demon
strated by the analysis of several amphetamine samples containing these 
a-benzylphenethylamines.

Amphetamine and methamphetamine continue to be 2 of the 
more frequently encountered drugs produced in clandestine 
laboratories. Drugs produced in clandestine laboratories often 
contain impurities resulting from incomplete reactions and 
inadequate purification of intermediates and final synthetic 
products.

Because of U.S. Federal control of the synthetic precursor 
for amphetamine and methamphetamine, phenylacetone 
(methyl benzyl ketone, phenyl-2-propanone, or P-2-P), one 
of the most attractive methods of obtaining phenylacetone is 
preparation from phenylacetic acid. The base-catalyzed con
densation of phenylacetic acid and acetic anhydride results 
in the production of phenylacetone and a second ketone, 
dibenzylketone (l,3-diphenyl-2-propanone). Thus, the reduc
tive amination of these ketones by using the Leuckart pro
cedure not only produces amphetamine and methamphet
amine but also a-benzylphenethylamine and ct-benzyl-iV- 
methylphenethylamine, respectively (1).

Knowledge of impurities in clandestine drug synthesis is 
important for several reasons. One important reason is the 
potential for additional harmful effects produced by the 
impurity. Information concerning synthetic methods used to 
produce the drug, including chemicals and equipment, can 
also be obtained. In addition, the presence or absence of 
impurities can aid in identifying drug samples of common 
origin and in distinguishing samples of legitimate and illicit 
manufacture. Impurities contained in clandestinely manufac
tured methamphetamine are well documented (2). Ultraviolet 
(UV), infrared (IR), nuclear magnetic resonance (NMR), and 
combined gas chromatography/mass spectrometry (GC-MS) 
have been used to identify the impurities (1,2).

Liquid chromatography (LC) has proven to be an effective 
method for detection and separation of pharmaceutical prep
arations and biological samples. LC is a nondestructive tech
nique which allows the analyst to recover the sample follow
ing the analysis and perform other confirmatory tests such as 
thin layer chromatography (TLC), gas chromatography (GC), 
IR and UV spectrophotometry, and mass spectrometry (MS). 
Many pharmaceutically important amines such as metham
phetamine and amphetamine have low molar absorptivities 
in the UV region. In addition to the problem of UV detecta
bility, amphetamine and methamphetamine exhibit poor 
chromatographic properties in many cases. Derivatization 
procedures (3-5) are often used to enhance the UV absorp
tivity and to improve the chromatographic properties of these
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compounds. The structural elucidation of low molecular weight 
primary and secondary amines as phenylisothiocyanate (PIT) 
derivatives by using IR, MS, and NMR has been reported
(6). Phenylisothiocyanate derivatives have also been used in 
LC to enhance detectability and chromatography (7). Phen
ylisothiocyanate derivatization procedures are characterized 
by their relative ease and result in stable, nonhygroscopic 
derivatives.

The purpose of this paper is to report the results of using 
phenylisothiocyanate derivatives for the determination of the 
primary and secondary amines amphetamine, methamphe
tamine, a-benzylphenethylamine, and a-benzyl-N-methyl- 
phenethylamine in clandestinely produced samples. Also 
reported are the results of acute toxicity studies in mice for 
the above amines.

Experimental

Reagents and Chemicals
Samples of d,/-amphetamine sulfate and ¿./-methamphe

tamine hydrochloride were obtained from Sigma Chemical 
Co., St. Louis, MO. LC grade methanol, hexane, acetonitrile, 
and phenylisothiocyanate (reagent grade) were obtained from 
Fisher Scientific Co., Fair Lawn, NJ; 1,3-diphenyl-2-propa- 
none (practical) was obtained from Eastman Kodak Co., 
Rochester, NY. The water used in the chromatographic mobile 
phases was double distilled. All other reagents and chemicals 
were obtained from their representative manufacturers and 
used without further purification. Illicit samples containing 
amphetamine, a-benzylphenethylamine, methamphetamine, 
and a-benzyl-iV-methylphenethylamine were submitted to the 
Alabama Department of Forensic Sciences by various Ala
bama law enforcement agencies.

Instrumentation
The liquid chromatograph consisted of a Waters Associates 

(Milford, MA) Model 6000A pump, Model U6K injector, 
Model 440 UV detector with dual wavelength accessory oper
ated at 254 and 280 nm, and Houston Instrument (Austin, 
TX) OmniScribe dual pen recorder. IR spectra were recorded 
on a Perkin Elmer (Norwalk, CT) Model 1500 Fourier trans
form infrared spectrophotometer (FTIR). NMR spectra ('H) 
were determined in CDC13 solution using a Varian T-60A 
spectrometer (Varian Instruments, Palo Alto, CA) with an 
internal standard of tetramethylsilane. Elemental analyses 
(C, H, and N) were performed by Atlantic Microlab Inc., 
Atlanta, GA.

Chromatographic Procedures
All separations were carried out on a 30 cm x 3.9 mm id 

|j.Bondapak C18 column (Waters Associates) with a water- 
acetonitrile-acetic acid (49 + 50 + 1) or water-methanol- 
acetic acid (39 + 60 + 1) mobile phase. The analytical column 
was preceded by a 7 cm x 2.1 mm id guard column dry- 
packed with CO:Pell ODS (Whatman Inc., Clifton, NJ). The 
mobile phase flow rate was 1.5 mL/min and the UV detector 
was operated at 2.0 AUFS. Sample solutions were prepared
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in LC grade acetonitrile and all separations were made at 
ambient temperature. Absorbance ratios were calculated from 
the average peak height measurements of a minimum of 3 
injections for each compound.

Synthesis of a-Benzylphenethylamine (l,3-Diphenyl-2- 
Propylamine)

This amine was prepared using a modification of the method 
of Borch et al. (8). A 10.0 g (0.05 mole) portion of 1,3-diphen- 
ylacetone was dissolved in about 200 mL methanol and the 
resulting solution was added to 500 mL 3-necked flask fitted 
with a reflux condenser and a magnetic stirrer. To the stirring 
solution was added 30 g ammonium acetate and 3.0 g (0.05 
mole) of sodium cyanoborohydride. The resulting mixture 
was stirred at ambient temperature for 48 h. The solution was 
then made strongly basic with saturated sodium hydroxide 
and subjected to gentle reflux for 2 h. The volatiles were 
removed under vacuum evaporation and the resulting residue 
was suspended in 100 mL water and extracted with chloro
form (3 x 100 mL). The extracts were combined, dried over 
magnesium sulfate, and evaporated to yield a yellow oil. The 
oil was distilled under vacuum (1.3 mm Hg) to yield a color
less liquid, bp 136-138°C. Infrared and nuclear magnetic res
onance spectra (!H) were consistent with structure. Elemen
tal analysis (C, H, N): theory, %C = 85.26, %H = 8.11, %N 
= 6.63; found, %C = 85.16, %H = 8.13, %N = 6.57.

The hydrochloride salt was prepared by dissolving about 3 
g of the free base in 25 mL dry diethyl ether followed by the 
dropwise addition of a solution of HC1 in ether. The resulting 
precipitate was collected by filtration and recrystallized from 
a 10:1 mixture of isopropyl ether and ethanol to yield white 
crystals, mp = 199-201°C. Elemental analysis (C, H, N): 
theory, %C = 72.71, %H = 7.32, %N = 5.65; found, %C = 
72.74, %H = 7.34, %N = 5.63.

Synthesis of a-Benzyl-N-Methylphenethylamine (TV-Methyl-1,3- 
Diphenyl-2-Propylamine)

A 5 g sample of 1,3-diphenylacetone was dissolved in 50 
mL methylamine (40% aqueous solution) contained in a 250 
mL 3-neck flask fitted with a reflux condenser and magnetic 
stirrer. The solution was warmed to ca 80°C for 1 h followed 
by the portion-wise addition of 2 g sodium borohydride over 
a period of 20 min. The resulting mixture was stirred for an 
additional hour. Then 100 mL of 3N sodium hydroxide was 
added and the mixture refluxed gently for 2 h. The solution 
was cooled and extracted with chloroform (3 x 50 mL), and 
the combined extracts were dried over magnesium sulfate. 
The solvent was evaporated to yield a reddish oil which was 
distilled under vacuum (1.1mm Hg) to yield a colorless liquid, 
bp 129-131°C. Infrared and nuclear magnetic resonance ('H) 
spectra were consistent with structure. Elemental analysis 
(C, H, N): theory, %C = 85.28, %H = 8.50, %N = 6.22; 
found, %C = 85.12, %H = 8.54, %N = 6.17.

The hydrochloride salt was prepared as previously described 
and recrystallized from isopropyl ether to yield white crys
tals, mp = 192-194°C. Elemental analysis (C, H, N): theory, 
%C = 73.40, %H = 7.70, %N = 5.35; found, %C = 73.47, 
%H = 7.71, %N = 5.31.

Formation of Phenylisothiocyanate Derivatives
The phenylisothiocyanate (PIT) derivatives were prepared 

by extraction of ca 10 mg amine or amine combination from 
dilute sodium hydroxide into hexane or chloroform (2 x 20 
mL). Phenylisothiocyanate (10 p.L) was added to the organic 
layer and the organic layer was evaporated to dryness under

a stream of air. For LC studies, the residues were dissolved 
in acetonitrile. For IR studies, the PIT derivatives were 
recrystallized from hexane.

Acute Toxicity Studies
The relative toxicity of the amphetamines and the corre

sponding a-benzylphenethylamines were compared by deter
mining the lethal dose 50 (LD50) and the convulsive dose 50 
(CD50) for each of the 4 compounds. These studies were 
conducted using male ICR Swiss mice obtained from South
ern Animal Farms, Prattville, AL.

Food and water were available to the animals ad libitum. 
The compounds were administered intraperitoneally (IP) as 
the HC1 salts (except amphetamine sulfate) in normal saline 
solution. Three dosing levels were used with 6 animals per 
dose. Mortality was determined after 24 h for the LD50 mea
surement and convulsions were defined as a mixture of tonic- 
clonic type seizures of 3 to 5 s duration in the CD50 study. A 
computer program of the Litchfield and Wilcoxon method (9) 
was used to calculate the LD50 and CD50 values with upper 
and lower limits at the 0.05 level of significance for each 
compound.

Results and Discussion

Samples of the desired a-benzyl analogs of amphetamine 
and methamphetamine were prepared from l,3-diphenyl-2- 
propanone (1,3-diphenylacetone) by a reductive amination 
procedure. The general outline for the synthetic method is 
shown in Scheme I.

/ R

S c h e m e  I

The N-methyl analog was prepared by condensation 
of the ketone with methylamine to form the Schiff base 
followed by NaBH4 reduction to yield the corresponding 
amine. In the case of the primary amine, ammonium 
acetate was used as the nitrogen source and NABH3CN was



NOGGLE ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985) 1215

Figure 2. IR spectrum of a-benzyl-N-methylphenethylamine (base).
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Figure 3. IR spectrum of a-benzyl-N-methylphenethylamine hydrochloride.
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Figure 4. IR spectrum of a-benzylphenethylamine hydrochloride.
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Figure 6. IR spectrum of a-benzylphenethylamine phenylisothiocyanate.
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2

TIME (Minuit*)

Figure 9. LC séparation of PIT derivatized amines using solvent System 
1. Peaks: 1, d,/-methamphetamine; 2, d ,/-amphétamine; 3, a-benzyl-N- 

methylphenethylamine; 4, a-benzylphenethylamine.

used as the reducing agent according to the method of Borch 
et al. (8). The advantage of this procedure lies in the selectiv
ity of the reducing agent. NaBH3CN is a selective reagent for 
reducing imines (Schiff-bases) and under the reaction con
ditions does not reduce the ketone. The (BH3CN) reduction 
of aldehydes, ketones, and imines is pH dependent and proper 
control of the pH allows for selectivity in these competing 
reactions. Negligible reduction of aldehydes and ketones occurs 
under neutral conditions in water or methanol (8). Thus, the 
desired amine is obtained even though the immonium inter
mediate is the unfavored species in the ketone-imine equilib
rium. The secondary alcohol reduction product of 1,3-diphen- 
ylacetone is not obtained from NaBH3CN at pH 7. The 
NaBH3CN procedure can also be used to prepare the N- 
methyl analog. The product amines were purified by vacuum

-|----- 1------ 1------- 1-------1------- 1-------r
30 25 20 15 10 5 0

TIME (Minutes)

Figure 10. LC separation of PIT derivatized amines using solvent system 
2. Peaks: 1, d ,/-amphetamine; 2, d,f-methamphetamine; 3, a-benzylphen- 

ethylamine; 4, a-benzyl-N-methylphenethy lamine.

distillation and the hydrochloride salts were prepared in the 
usual manner. Elemental analysis (C, H, N) data consistent 
with structure were obtained for both the free bases and the 
HC1 salts. The NMR (’H) spectra were consistent with the 
assigned structure.

After a-benzylphenethylamine and cx-benzyl-A-methyl- 
phenethylamine were synthesized, the infrared spectra of the 
2 compounds were determined by FTIR. Since the free bases 
of the 2 amines were oils, the infrared spectra were prepared 
by placing the oils as a thin film on a blank KBr disk. The 
infrared spectrum of a-benzylphenethylamine base is shown 
in Figure 1 and the spectrum of a-benzyl-A-methyl-phen- 
ethylamine base is shown in Figure 2. The infrared spectra 
of the hydrochloride salts of the 2 amine compounds were 
also prepared. Figure 3 illustrates the spectrum of a-benzyl-
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1

Figure 11. LC separation of PIT derivatlzed components of a "mlniben- 
nie” tablet identified as containing 1, caffeine, 2, d,/-amphetamine, and 3, 

a-benzylphenethylamine. Solvent system 2.

iY-methylphenethylamine hydrochloride and Figure 4 shows 
the infrared spectrum of a-benzylphenethylamine hydrochlo
ride. These spectra are readily distinguishable from the cor
responding amphetamines.

The IR studies for the PIT derivatives of the amines were 
conducted by preparing KBr disks from the recrystallized 
compounds. Figure 5 shows the spectrum of ¿./-amphetamine 
PIT and Figure 6 the spectrum of a-benzylphenethylamine 
PIT. The spectra are considerably different in the region from 
1500 to 400 cm“ 1 as expected, while the PIT absorption bands 
dominate both spectra in the 1700-1500 cm“ 1 region. Figure 
7 is the spectrum of ¿./-methamphetamine PIT and Figure 8 
the spectrum of a-benzyl-/V-methylphenethylamine PIT. The 
marked differences between Figures 7 and 8 are obvious. 
Furthermore, the absence of the N-H absorption in the 3300

TIME (Minute«)

Figure 12. LC separation of PIT derivatlzed powder from a clandestine 
laboratory. Peaks: 1, d,f-methamphetamine; 2, a-benzyl-N-methylphene- 

thylamine. Solvent system 2.

to 3400 cm“ 1 range for both Figures 7 and 8 show the ease of 
IR differentiation between PIT derivatives of primary and 
secondary amines.

Reference samples of the amine-PIT derivatives were pre
pared and used to develop a liquid chromatographic proce
dure for screening amphetamine and/or methamphetamine 
samples suspected of containing their respective a-benzyl 
analogs. Adequate separation of the 4 amine-PIT derivatives 
was achieved using a reverse phase chromatographic system 
consisting of a C,8 stationary phase and either of 2 solvent 
systems. Solvent system 1 was a mixture of methanol-water- 
acetic acid (60 + 39 + 1) and solvent system 2 was a mixture 
of acetonitrile-water-acetic acid (50 + 49 + 1). Figure 9 
shows the separation of the 4 amine-PIT derivatives in solvent 
system 1 and Figure 10 illustrates the separation of the same 
compounds in solvent system 2. A comparison of Figures 9 
and 10 clearly shows enhanced resolution in the acetonitrile 
mobile phase (solvent system 2) with essentially equivalent 
analysis time. A second interesting point of comparison 
between the chromatograms in Figures 9 and 10 is the elution 
order reversal between the 2 amphetamines and the 2 a- 
benzyl compounds. For each set of compounds the primary
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Table 1. Chromatographic data for PIT derivatives of amphetamines and a-benzylphenethylamines

Solvent
system* Drug

Elution 
time, min

Absorbance ratio
(A254/A280)

1 Amphetamine 9.0 3.498
1 Methamphetamine 8 .2 4.156
1 a-Benzylphenethylamine 26.4 3.315
1 a-Benzyl-N-methylphenethylamine 24.8 3.583
2 Amphetamine 9.0 3.111
2 Methamphetamine 10 .0 3.776
2 a-Benzylphenethylamine 21.4 2.979
2 a-Benzyl-N-methylphenethylamine 24.2 3.330

“Solvent system 1, methanol-water-acetic acid (60 + 39 + 1); solvent system 2, acetonitrile-water-acetic acid (50 + 49 + 1).

Table 2. Acute toxicological evaluation of amphetamine, 
methamphetamine, a-benzylphenethylamine, and a-benzyl-N- 

methylphenethylamine in male mice

C H - N H -
I
CH,
I
R

R/

Compound* LD50“ CD50“
R = R' = H 91.14 mg/kg 88.35 mg/kg
d,/-Amphetamine SO» (86.55-95.97)“ (83.56-94.41)“
R = H, R' = CH3 57.19 mg/kg 56.96 mg/kg
cf,/-Methamphetamine HCI (52.51-62.28) (51.29-61.73)
R = C6H5, R' = h 63.25 mg/kg 45.59 mg/kg
a-Benzylphenethylamine HCI (60.95-65.62) (42.23-49.23)
R = C6H5, R' = CH3 78.20 mg/kg 54.09 mg/kg
a-Benzyl-N-methylphenethylamine

HCI
i (73.69-82.98) (50.86-57.53)

•The drugs were given IP in saline solution at 3 dose levels with 6 
animals per dose.

“Lethal dose 50.
“Convulsive dose 50.
“Values in parentheses are the lower and upper limits of significance at 
the 0.05 level.

amine PIT derivatives elute first in Figure 10 while the N- 
methyl analogs elute first in Figure 9. However, the amphet
amines show much lower capacity factors than the a-benzyl 
compounds in both reverse phase separations.

In addition to comparison of elution times, further proof of 
the identity of the individual amines may be obtained from a 
comparison of the ratio of absorbances at 254 and 280 nm 
(A254/A280). Baker et al. (10) have used this ratio to determine 
the identity of drugs having similar elution characteristics in 
an LC system. The elution times and absorbance ratios for 
the 4 amine-PIT derivatives are given in Table 1. The absorb
ance ratios for the compounds are similar because the PIT- 
moiety common to all the derivatives is a strong chromo- 
phore. In all cases the secondary amine-PIT derivatives have 
higer AvJAisa ratios than do the corresponding primary amine- 
PIT.

Figure 11 demonstrates the separation and detection of 
the PIT derivatized contents of a “ minibennie” tablet 
identified as containing caffeine, am phetamine, and 
a-benzylphenethylamine. Caffeine does not form the PIT 
derivative and thus is unchanged by the derivatization reac
tion. Figure 12 illustrates the separation and detection of a

PIT derivatized sample of gummy brown powder removed 
from a baking dish discovered at the scene of a suspected 
clandestine methamphetamine laboratory. Positive identifi
cation was achieved by comparison of elution times and 
absorbance ratios with known compounds. Further identifi
cation of the peaks in this sample was achieved by collecting 
the chromatographic effluent, rendering the effluent basic 
with sodium hydroxide, and extracting with chloroform. The 
chloroform was evaporated to dryness under a stream of air 
and the resulting residue was recrystallized from hexane. The 
infrared spectrum of the residue corresponding to each peak 
was determined and compared with previously prepared known 
spectra.

The acute toxicity of the a-benzylamines was compared to 
their amphetamine counterparts by determining the lethal 
dose (LD50) and convulsive dose (CD50) in mice. The com
pounds were administered intraperitoneally (IP) in saline. 
Lethality was determined at 24 h after dosing and convulsions 
were defined as tonic-clonic seizures of at least 3 s duration. 
The data for amphetamine and methamphetamine were deter
mined using the racemic mixture (¿./-pair), not an individual 
enantiomer. Table 2 shows that both a-benzyl compounds 
have lower LD50 values than does ¿./-amphetamine. The LD50 
for ¿./-methamphetamine is the lowest of the 4 compounds 
studied. In the course of the lethality studies it was noted 
that the animals treated with the a-benzyl compounds exhib
ited very different nonlethal symptoms compared with ani
mals given the corresponding amphetamines. In doses well 
below the LD50, animals treated with the a-benzyl compounds 
exhibited marked convulsive episodes characterized by clonic 
and tonic seizures. This observation prompted an investiga
tion of the CD50 values for these compounds. Table 2 shows 
that the CD50 values for the a-benzyl compounds are signifi
cantly lower than the LD50 for the same compound and less 
than the corresponding amphetamine. The CD50 observed for 
the amphetamines is essentially equivalent to the LD50. The 
CD50 study indicates that the a-benzyl compounds cause greater 
CNS stimulation at the brain stem and cord levels as noted 
by the clonic and tonic seizures. These convulsions were not 
seen with the primary cortical stimulants amphetamine and 
methamphetamine except at or near LD50 dosing levels. This 
limited acute animal toxicity study certainly points out the 
potential danger of street drugs containing substantial amounts 
of the stimulant/convulsant a-benzylphenethylamines.
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Fluorometric and Spectrophotometric Determination of Pirbuterol Hydrochloride in Authentic 
and Dosage Forms

M O H A M E D  E . M O H A M E D  a n d  H A S S A N  Y. A B O U L - E N E I N 1
King Saud University, College o f Pharmacy, Pharmaceutical Chemistry Department, PO Box 2457, 
Riyadh-11451, Saudi Arabia

P irb u tero l hydrochloride has been assayed  in alkalin e m edium  by using 
a  fluorom etric m ethod to m easure fluorescence intensity at 3 7 2  nm  with 
excitation  at 3 1 0  nm  and b y  the A A  m ethod at 242 n m .Th e lin earity  
ran ges a re  0 .5 - 4  g g /m L  and 10 - 5 0  p g/m L , respectively . A n  authentic 
p irb uterol H C 1 sam ple w as analyzed by nonaqueous potentiom etric 
titration  using 0 .1N  perchloric acid , and the results w ere com pared 
w ith  those fo r fluorom etric and  A A  m ethods. The m ean percent recov
eries fo r the authentic sam ple w ere 98 .72  ±  1 . 1 3  and 99.24 ±  0 .85 , 
respectively . W hen applied to com m ercial capsules containing 10  m g 
and 1 5  m g each, the fluorom etric m ethod gave m ean percent recoveries 
o f 1 0 1 . 1 1  ±  1 .0 5  and 9 8 .12  ±  0 .9 3 ; the AA m ethod gave m ean percent 
recoveries o f 10 0 .5 7  ±  0 .83 and 97.80 ±  0 .7 5 , respectively.

Pirbuterol is a relatively new bronchodialatcr (1) which is 
orally effective in patients with reversible chronic bronco- 
spastic disease (2, 3). Falkner and Mcllhenny (4) determined 
the plasma levels of pirbuterol in humans and animals by a 
gas chromatographic-mass spectrometric method using a tri- 
methylsilylation (TMS) derivatization technique and an external 
standard accordingly. Pharmacokinetic properties of pirbu
terol after sublingual administration to dogs were investigated 
by Constantine et al. (5). The purpose of the present study is 
to establish reliable analytical methods for the determination 
of pirbuterol hydrochloride in pharmaceutical formulations.

OH

P i r b u t e r o l

Since pirbuterol HC1 is a pyridine derivative with a phe
nolic group, its acidic solutions when rendered alkaline undergo 
spectral changes with regard to intensity of absorption and 
absorption maxima. Thus the AA spectrophotometric method
(6) can be applied with the advantage of eliminating irrelevant 
absorption that is insensitive to change of pH.

Pirbuterol HC1 alkaline solution, unlike phenols, exhibits 
strong fluorescence intensity, and accordingly a fluorometric 
method has been elaborated for the analysis of pirbuterol 
HC1. The fluorometric method, which is more sensitive than 
the AA method, can be used as a basis for quantitation of 
pirbuterol HC1 in biological fluids after a suitable extraction 
procedure.

Received September 7, 1984. Accepted June 5, 1985.
'Present address: King Faisal Specialist Hospital & Research Centre, PO 

Box 3354, Riyadh 11211, Saudi Arabia.

Experimental

R e a g e n ts  a n d  M a te r ia ls

Authentic pirbuterol HC1 (Batch No. 10, 234-22-1F) and 
commercial capsules (Exirel®), 10 mg and 15 mg, were donated 
by Pfizer, Inc., Groton, CT, and Pfizer Taito Co., Tokyo, 
Japan, respectively.

Analytical grade H2S04 (0. IN) and NaOH (0. IN) were used 
as solvents in the fluorometric and spectrophotometric exper
iments. For nonaqueous potentiometric work, potassium 
hydrogen phthalate and glacial acetic acid were analytical 
grade; perchloric acid and mercuric acetate were general 
purpose reagents.

A p p a ra tu s

Perkin-Elmer 650-10S fluorescence spectrophotometer, 
Varian DMS 90 double beam UV-Vis spectrophotometer, and 
1 cm quartz cuvets were used for the fluorometric and spec
trophotometric measurements. The nonaqueous potentio
metric titrations were performed with an automatic potentio- 
graph Model E576 (Metrohm, Herisau, Switzerland) and a 
combined glass-calomel electrode.

S ta n d a rd  a n d  S a m p le  P re p a ra tio n

Stock solution for the standard was prepared fresh daily 
by dissolving about 50 mg authentic pirbuterol HC1, accu
rately weighed, in water in a 50 mL calibrated flask. Standard 
solutions were prepared by diluting the stock solution.

For commercial capsules, 20 capsules were weighed, emp
tied, and contents were saved. Then the empty shells were 
cleaned with a gentle stream of air. The weight of the clean 
capsules was subtracted from the gross weight to obtain the 
net fill weight, which was divided by 20 to obtain the net fill 
weight per capsule.

For each type of capsule (10 and 15 mg), an amount of 
powder containing 50 mg pirbuterol HC1 was accurately 
weighed and quantitatively transferred into a 50 mL cali
brated flask. Thirty mL water was added, and the mixture 
was shaken >30 min and allowed to settle. Water was added 
to volume. The mixture was finally shaken and then filtered 
through Whatman No. 40 paper, 11 cm diameter. The first 2- 
3 mL of filtrate was rejected.

A. N o n a q u e o u s  P o te n tio m e tr ic  D e term in a tio n  o f  A  u th en tic  
P irb u te ro l H C l

Three samples, each containing about 80 mg pirbuterol 
HCl, were accurately weighed. Each sample was quantita-
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wave/enytk

Figure 1. Relative excitation spectra of pirbuterol in 0.1 N NaOH (—) and 
in 0.1NH2SO4 (—)■

Wavelength

Figure 2. Relative emission spectra of pirbuterol in 0.1 N NaOH (— ) and 
in O.INH2SO4 (— ).

tively transferred into a 100 mL beaker, and about 25 mL 
glacial acetic acid and 15 mL 5% w/v mercuric acetate in 
glacial acetic acid were added. The potentiometric titration 
curve for each sample was recorded using the potentiograph. 
The volume of titrant (0.1N perchloric acid in glacial acetic 
acid) at the end point was estimated graphically by the method 
of parallel tangents (7).

The percentage of pirbuterol HC1 in each sample was cal
culated from the following expression:

% pirbuterol hydrochloride = — X x 100weight sample, mg

where V = mL 0.1N perchloric acid at the end point; F = 
the factor of the standard acid; and 15.6605 = mg pirbuterol 
HC1 chemically equivalent to 1 mL 0.1N perchloric acid.

The mean percentage of 3 determinations was taken as the 
purity of authentic pirbuterol HC1.

B. Fluorometric Method
A volume of 10 mL of the standard stock solution (1 mg/ 

mL) was pipetted into a 100 mL calibrated flask and 0.1N 
NaOH was added to give a final solution of 0.1 mg pirbuterol 
HCl/mL. Using 0.1N NaOH as solvent, serial dilutions of 
this final solution were prepared containing 50-400 pug/100 
mL. Fluorescence intensity was measured at 372 nm using 
the excitation wavelength 310 nm and 0.1N NaOH as blank. 
A calibration curve was plotted.

A volume of 10 mL of the sample solution was pipetted 
into a 100 mL calibrated flask and 0. IN NaOH was added to 
give a final solution of pirbuterol HC1 of 0.1 mg/mL nominal 
concentration. From this final solution, 6 samples were pre
pared containing 50-400 p.g pirbuterol HC1/100 mL. The flu

orescence intensity was measured for each sample solution 
under the same experimental conditions used for the stan
dard. The concentrations of the sample solution were calcu
lated from the calibration curve, and the percentage of the 
active ingredient was computed. Alternatively, the percent
age of the drug can be obtained from the following expression:

~  x 100Fs

where F, and Fs are the fluorescence intensities for the test 
and standard solutions, respectively.

C. A4 Method
Into two 100 mL calibrated flasks, two 20 mL portions 

were transferred from the sample solution. One flask labeled
(a) and the other labeled (b) were diluted to volume with 0. IN 
H2S04 and 0.1N NaOH, respectively. The absorbances, Ab 
and Aa, of the diluted sample solutions were measured at 242 
nm against a proper blank. The difference AA = Ab -  Aa was 
calculated and the concentration of pirbuterol HC1 was com
puted from the linear equation or an equivalent standard 
curve. The latter was established as above using solutions of 
final concentrations 10,20, 25, 30,40, and 50 p,g/mL prepared 
from the standard stock solution.

Results and Discussion
Figures 1 and 2 show the relative excitation and emission 

spectra of pirbuterol in acidic and alkaline media; the fluo
rescence in alkaline medium is appreciably greater. Prelimi
nary investigations indicated that fluorescence intensity was 
a linear function of the concentration over the range 0.02-4 
|ig/mL. However, under the experimental conditions
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Table 1. Fluorometrlc and spectrophotometric determination of
pirbuterol HCI

Compound Method

%  Found 
± SD 

(n = 6)
Authentic pirbuterol 
HCI

nonaqueous potentio- 
metric titration 

fluorometry 
AA method

99.2

98.72 ± 1.13 
99.24 ± 0.85

10 mg Capsules fluorometry 
AA method

101.11 ± 1.05 
100.57 ± 0.83

15 mg Capsules fluorometry 
AA method

98.12 ± 0.93 
97.80 ± 0.75

Figure 3. Absorption spectra of pirbuterol in 0.1 N NaOH (—) and in 0.1 N 
H2SO4

described, the concentration range adopted was 0.5-4 p,g/ 
mL. Above 4 p,g/mL the inner-filter effect builds up and 
consequently linearity no longer holds. Below 0.02 p,g/mL 
the solvent interference becomes appreciable.

The mean percent recovery of 6 determinations of an 
authentic sample was 98.72 ±1.13 (Table 1). When applied 
to the 10 and 15 mg capsules, the fluorometric method gave 
meanpercentrecoveriesofl01.il ± 1.05 and 98.12 ± 0.93, 
respectively.

Figure 3 shows the absorption spectra of pirbuterol hydro
chloride in 0.1N H2S04 and 0.1N NaOH. A bathochromic 
shift from 230 to 242 nm can be observed when the medium 
changes from acidic to alkaline. The difference at 242 nm, 
which coincides with maximum AA curve, can be used for 
the analysis of pirbuterol HC1 to correct for interference that 
may be present and which is insensitive to change of pH.

To check the stability of pirbuterol HC1, the stock solution 
was kept in the dark at room temperature (25°C). Absorbance 
readings were taken over a period of 48 h for concentrations 
ranging from 10 to 50 p,g/mL in 0.1N H2S04 and 0.1N NaOH. 
From Table 2, it can be deduced that the stock solution 
probably deteriorates gradually with time. Consequently, only 
freshly prepared solutions of pirbuterol HC1 are recom
mended for use.

The existence of UV-absorbing impurities, as a result of 
synthesis or for other reasons, causes distortion of the UV 
absorption spectrum. Figures 4 and 5 represent log A vs X 
curves for authentic pirbuterol HC1 and sample in 0. IN H2S04.

Table 2. Absorbance (At cm) readings for several dilutions of pirbuterol 
HCI stock solution over 48 h

Concn,
M-g/mL

Solvent: 0.1 N H2S04 
Xnax 294 nm

Solvent: 0.1N NaOH 
m̂ax 242 nm

Start 24 h 48 h Start 24 h 48 h

10 0.308 0.296 0.298 0.390 0.395 0.385
20 0.608 0.580 0.584 0.796 0.782 0.782
30 0.900 0.880 0.878 1.162 1.169 1.167
40 1.182 1.160 1.158 1.545 1.568 1.532
50 1.450 1.445 1.425 1.888 1.888 1.882

Figure 4. Log A vs X, 50 pg/mL authentic pirbuterol HCI in 0.1 N H2S 04. 
Maximum log A reading = 0.155.

Figure 5. Log A vs X, 40 |xg/mL sample solution in 0.1 N NaOH. Maximum 
log A reading = 0.069.

The 2 curves can be superimposed, suggesting the absence 
of interference by UV-absorbing impurities.

As with all spectrophotometric measurements, substantial 
errors arise when absorbances lie outside a satisfactory range. 
Thus, the concentration range of choice was 10-50 p,g/mL. 
The calculated molar absorptivity (e) was 1.1 x 104 L mole “ 1 
cm-1 in alkaline medium at 242 nm compared with 9.1 x 103 
L mole' 1 cm ' 1 in acidic medium at 294 nm.
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Table 3. F - and f-Tests: statistical analysis

Compound Method
No. of

experiments
Variance ratio,

Fo.o5-test"
Student's
fo.o5-testa

10 mg fluorometry 6 1.60 (5.05) 2.21 (2.23)
capsules AA method 6

15 mg fluorometry 6 1.54 (5.05) 1.47 (2.23)
capsules AA method 6

“Calculated levels; significant levels in parentheses.

The linear relationship between AA and concentration (C, 
p.g/mL) was described by the equation AA = 3.02 x 10“2 
C-0.003; the correlation coefficient, r, was 0.995 at 95% 
confidence limits.

The mean percent recovery of 6 determinations for an 
authentic sample was 99.24 ± 0.85. For the AA method, when 
applied the 10 and 15 mg capsules, the mean percent recov
eries (6 determinations) were 100.57 ± 0.83 and 97.80 ± 
0.75, respectively (Table 1).

According to the F- and r-tests (Table 3), there is no sig
nificant difference between the fluorometric and AA methods 
with regard to precision and accuracy. This implies that the

2 methods are suitable for quantitation of pirbuterol HC1; the 
fluorometric method is the more sensitive.
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TECHNICAL COMMUNICATIONS
Determination of Fat in Vegetable Foods

I O N E L  R O S E N T H A L , U Z I  M E R I N , G IT A  P O P E L , a n d  S O L A N G E  B E R N S T E I N
The Volcani Center, Agricultural Research Organization, Department of Food Science, PO Box 6,
Bet Dagan 50250, Israel

The fat in vegetable foods—tree nuts, peanuts, sunflower seeds, avo
cado, and olives—can be determined volumetrically by acid digestion 
of the material and separation of the fat. The assay can be performed 
conveniently by using the equipment developed for fat determination 
of milk (Gerber method). The results agree well with those obtained 
by Soxhlet extraction. The advantages of using the Gerber method for 
vegetable foods are simplicity, speed, low operation cost, and elimi
nation of the use of inflammable solvents.

The determination of fat is one of the most frequently encoun
tered analyses of food. The test, which serves as a basis for 
determining payment (milk), for defining harvesting time 
(avocado), for processing (soybean, corn, sunflower seeds, 
etc.), or for nutritional information (nuts, peanuts) often 
requires rapid and accurate results. The conventional and 
almost universal method for fat determination in solid foods 
is based on solvent extraction, usually in ether or petroleum 
ether. Occasionally, hydrolysis or drying of the product must 
precede the extraction. The whole procedure requires from 
a few hours to several days (1). Faster volumetric methods 
were developed for determination of fat in fluid milk products. 
Two basically similar tests are in use: the Gerber and Babcock 
methods (2).

The Gerber method is official in most European countries 
and in other parts of the world, while in the United States, 
the Babcock test is widely used and the Gerber test is used 
only in certain states. In the Gerber method, 11 mL milk 
followed by 1 mL isoamyl alcohol are added to a Gerber glass 
butyrometer containing 10 mL sulfuric acid (specific gravity 
1.82). A lock-stopper is inserted and the bottle is shaken until 
the curd dissolves and the content is homogeneous. The 
butyrometer is centrifuged 4 min, submerged to the top of 
the graduated stem in 63 ± 2°C water for 5 min, and the fat 
content (%) is read.

In addition to fluid milk products, the Gerber test can be 
used for the assay of fat in cheese, cream, condensed milk, 
and ice cream, provided special butyrometers with both ends 
open are used. The very similar Babcock method, with var
ious digestion reagents, has been applied satisfactorily to fish 
products (3), and the Gerber method has been applied to 
sausages (4).

We found that the speed, simplicity, and low expense of 
operation of the Gerber method can be extended to the anal
ysis of numerous foods of vegetable origin: macadamia nuts 
and pecans, avocados, olives, peanuts, and sunflower seeds.

METHOD

Apparatus and Reagents
(a) Butyrometers.—K. Schneider & Co., Ltd, Zurich, 

Switzerland. Two kinds of glassware were used: cheese 
butyrometers (Van Gulik type) with 2 openings, graduated 
from 0 to 40% fat; and condensed-milk butyrometers, grad

Received March 1, 1985. Accepted May 9, 1985.
Contribution from the Agricultural Research Organization, The Volcani 

Center, Bet Dagan, Israel, No. 1317-E, 1984 series.

uated from 0 to 20% fat. Both types were equipped with glass 
beakers with holes to fit 3 g cheese samples (Figure 1).

(b) Centrifuge— Model K-100, used for Gerber method, 
allows butyrometers to be spun in the swing-out bushing, and 
has 30 min timer and thermostatically-controlled heater to 
maintain temperature at 65 ± 1°C. When fully loaded, cen
trifuge can produce, within 2 min, a relative centrifugal force 
of 350 ± 50 x g at outer end of large stopper (K. Schneider 
& Co., Ltd).

(c) Water bath.—Thermostatically controlled to maintain 
temperature of 65 ± 2°C, provided with stand to hold butyr
ometers in vertical position.

(d) Sulfuric acid.—d20 = 1.615 g/mL, 70% aqueous (m/m). 
Acid should be colorless or not darker than pale amber and 
should not contain any impurity to affect determination.

(e) Homogenizer.—Ultra-Turrax, equipped with 18 mm shaft 
(Janke & Kunkel KG, Switzerland).

Sample Preparation
Samples were either finely grated (macadamia nuts, pecans, 

peanuts, unripe avocados) or ground in a blender to a fine 
powder (soybeans, sunflower seeds, peanuts). Ripe fruits, 
like avocados and olives, were homogenized to a paste, which 
was freeze-dried for Soxhlet extraction.

Procedure
Weigh into separate butyrometer glass beakers, samples 

prepared as described above. Insert glass beakers with rubber 
stoppers into large opening of each butyrometer, and secure 
tightly. Gently shake butyrometers to loosen samples to avoid 
formation of lumps, which impede digestion. Add 12 mL 
sulfuric acid through narrow opening of each butyrometer 
positioned vertically in stand, and then place stand with 
butyrometers into warm water bath. Shake butyrometers every 
10-15 min until complete digestion (see Table 1). When liquid 
mass appears homogeneous, fill butyrometers with acid to

BUTYROMETER

Figure 1. Gerber butyrometer.
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Table 1. Experimental conditions for oil determination in vegetable foods by using Gerber method

Butyrometer Digestion

Sample Graduation, %
Scale

precision, %“ Code8
Temp.,

°C“
Time,
min

Sample 
wt, g Factor“

Avocado 0-20 ± 0.1 103-20 55 30 2.0 2.5
Macadamia nuts 0-40 ± 0.25 238-40 65 120 1.5 2
Pecans 0-40 ± 0.25 238-40 65 120 1.5 2
Peanuts 0-40 ± 0.25 238-40 65 120 1.5 2
Olives 0-20 ± 0.1 103-20 65 120 1.5 3.3
Sunflower

seeds 0-40 ± 0.25 238-40 65 120 1.5 2

‘Described in catalog for Gerber equipment (K. Schneider & Co., Ltd).
“In 70% sulfuric acid (m/m), used for all assays.
“% oil = oil reading x factor.

Table 2. Linear regression of oil determination in some vegetable foods, according to Soxhlet extraction and Gerber methods

Sample
Linear equation, 

Y = b  +  aX1
r,

cale.
r,

tab.û df“
SD 

of B“
SE 

Of B‘
Mean, %

Soxhlet Gerber
Avocado Y = 0.57 + 0.989X 0.926 0.607 26 0.081 0.0066 13.60 13.17
Peanuts Y = 2.15 + 0.962X 0.957 0.597 27 0.055 0.0030 48.95 48.64
Pecans y = 0.36 + 0.991 X 0.966 0.607 26 0.050 0.0025 61.23 61.41
Macadamia

nuts y = -1.81 + 1.022X 0.914 0.490 44 0.068 0.0047 76.55 76.67

’ Y = Soxhlet, X = Gerber.
“Tabulated r  (correlation coefficient) at 99.9% and at given degrees of freedom. 
“Degrees of freedom.
“Standard deviation of butyrometer reading.
‘Standard error of butyrometer reading.
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Figure 2. Relationship between oil content of avocados and pecans, Figure 3. Relationship between oil content of macadamia nuts and pea-
determined by Soxhlet extraction and Gerber method (o = avocados; nuts, determined by Soxhlet extraction and Gerber method (o =  peanuts;

+  =  pecans). +  = madadamia nuts).

15% and 30% graduation marks in 20% and 40% butyrome- 
ters, respectively. Plug narrow openings of butyrometers with 
stoppers. Place butyrometers in heated centrifuge and spin 
15-20 min. Remove butyrometers from centrifuge and place 
them in water bath for 3-5 min.

Read height of column in graduated neck by subtracting 
reading obtained at bottom from that obtained at top of fat 
column (lower meniscus). Slightly move large stopper in or 
out to bring bottom of fat column, with minimum movement 
of column, to nearest graduation mark. Multiply reading by 
factor given in Table 1 to obtain fat content in g fat/100 g 
sample. The optimal assay conditions for various foods are 
summarized in Table 1.

Results and Discussion
In all these determinations, the assays had perfect appear

ances: the color of the fat column was colorless to straw- 
yellow; the ends of the fat column were clearly and sharply 
determined; the fat was free of specks and sediments.

The difference between the results of 2 determinations 
carried out simultaneously did not exceed a value corre
sponding to half the smallest scale division. The results obtained 
by the present assay were compared with those secured by 
the alternative method of Soxhlet extraction with petroleum 
ether for macadamia nuts, peanuts, sunflower seeds, olives, 
avocados, and soybeans. About 30 samples of each food were 
submitted to parallel assays, and the results agreed within
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the limits of the experimental error. The experimental error 
is the product of scale precision of the butyrometer times the 
multiplication factor. The fat content of the materials tested 
ranged from 5% in some unripe avocado samples (others 
reached 22%) to 80% in macadamia nuts. Fat contents of 
peanuts (44-54%), pecans (54-69%), and macadamia nuts 
(68-80%) are within this range.

A linear regression of the analytical data was performed 
for each of the foods tested, and the results are summarized 
in Table 2. The statistical analysis shows no significant dif
ference between the Soxhlet extraction (the dependent vari
able = Y) and the Gerber method (independent variable = 
X). All the data were plotted from the same regression anal
ysis, which is presented in Figures 2 and 3. It should be noted 
that the spread of results for the same food is caused by the 
different varieties tested. Ten different varieties of avocados, 
3 peanut varieties, and 2 pecan and macadamia nut varieties 
were tested.

We failed to define the experimental conditions for fat 
determination in soybeans by the present method. In this 
case, although fat was well separated from other components,

erratic, irreproducible, and consistently lower results were 
obtained. We assumed that acid digestion and the total release 
of fat in this material are difficult to achieve. The use of more 
concentrated sulfuric acid, higher temperature, or longer 
digestion time did not solve the problem.

Preliminary results indicate good correlation between the 
Gerber and Soxhlet extraction methods for olives (28-33% 
fat) and sunflower seeds (44-46% fat).

The advantages of using the Gerber method in vegetable 
foods are simplicity, speed, low cost of operation, and elim
ination of the use of inflammable solvents.

R e f e r e n c e s

(1) Midkiff, V. A. (1984) J .  A s s o c .  O ff . A n a l .  C h e m . 67, 851-860
(2) Atherton, H. V., & Newlander, J. A. (1977) C h e m is t r y  a n d  T e s t 

in g  o f  D a ir y  P r o d u c ts  (4th Ed.) Avi Publishing Co., Inc., West- 
port, CT, Chap. 4

(3) O ff ic ia l  M e th o d s  o f  A n a ly s i s  (1984) 14th edition, AO AC, Arling
ton, VA, sec. 18.045

(4) Pearson, D. (1970) T h e  C h e m ic a l  A n a ly s i s  o f  F o o d s ,  6th Ed., J. 
& A. Churchill, London, UK, p. 14

Comparison of Ether and Chloroform for Soxhlet Extraction of Freeze-Dried Animal Tissues

N I G E L  L . F I R T H , D E B O R A H  A . R O S S , a n d  M I C H A E L  L . T H O N N E Y  
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C h loro form  w as a satisfactory  replacem ent fo r ether in solvent ex trac
tion fo r  lipid determ ination in freeze-dried anim al tissues, although 
values obtained w ere not identical. F a t content o f tissues used in this 
study ran ged  from  less than 10  to m ore than 9 5 % . C hloroform  has the 
great advan tage o f being fireproof, but p roper fum e hoods should be 
used. A n  antifoam ing agent should be added to chloroform , both in 
the Soxhlet ap p aratu s and when it is redistilled .

Extraction with nonpolar solvent is the only satisfactory 
method for determination of total lipid in most solids. Nor
mally, the loss of weight of an extracted sample is measured. 
Alternatively, one may recover the extract by evaporating 
the solvent, although volatiles such as terpenes may be lost 
in this way. Woodward et al. (1) measured the change in 
density of the solvent.

Complete extraction is best achieved by repeated washing 
with pure solvent; the first automatic apparatus for doing this 
was designed in Germany by Franz von Soxhlet (2). The 
Soxhlet extractor is still used today, though other designs 
such as those of Goldfisch or Butt extract more quickly and 
may be more suitable on a semimicro or micro scale. If the 
lipids are to be characterized further, extraction with chlo
roform-methanol such as described by Folch et al. (3) or 
Bligh and Dyer (4) is the more usual approach.

The standard extraction solvent for crude fat determination 
has for many years been diethyl ether. More recently, petro
leum ether (which is mainly pentane) has been used as an 
alternative. These are still recommended solvents (5, 6). 
Probably diethyl ether was chosen in the nineteenth century 
because at that time it was an inexpensive solvent, made by 
reacting ethanol with sulfuric acid. Only later, with the devel
opment of the oil industry, did paraffins such as petroleum 
ether become economically advantageous.

Received April 30, 1984. Resubmitted March 11, 1985. Accepted May 9, 
1985.

A disadvantage of diethyl ether and pentane is that they 
are highly flammable and easily make explosive mixtures with 
air. Ether in addition is liable to form peroxides which can 
detonate without warning. For shipping ether, a small per
centage of ethanol or butylated hydroxytoluene is usually 
added because these reducing agents decompose peroxides. 
Peroxides usually are not a danger in the ether extraction of 
plant or animal tissues because these tissues contain enough 
unsaturated lipids (such as glycerides of oleic or linoleic acids) 
to destroy peroxides.

Laboratory safety would be improved if a nonflammable 
solvent could be used for fat extraction. In the oilseed indus
try many solvents, flammable and otherwise, have been tried 
(7, 8). Papers on studies comparing different solvents on 
duplicate analytical samples of animal tissue may have been 
published, but the authors have so far failed to find them. We 
therefore decided to compare ether, a standard solvent, with 
chloroform, which is nonflammable, in Soxhlet extraction. 
Chloroform was chosen because it is already widely used as 
a solvent, it is more stable than carbon tetrachloride, and its 
price per liter is about the same as that of ether. Chloroform 
is carcinogenic (metabolized to phosgene in the liver) but 
with proper fume hoods and careful handling it is not dan
gerous. It was used in hospitals for many years as a general 
anesthetic.

Ether is not without biological hazard. It causes cellular 
abnormalities in yeast (9), inhibits multiplication of hamster 
lung fibroblasts by causing abnormal mitosis (10), and dam
ages DNA in Escherichia coli (11). DNA damage was caused 
by “ aged” ether but not by the freshly distilled solvent, 
suggesting that peroxides rather than ether itself were respon
sible (11), and this may also apply to the yeast and fibroblasts.

Experimental
Tissues of sheep were dried, ground, and extracted with 

ether or chloroform in large Soxhlet extractors (Coming Glass
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Table 1. Percentage extractable lipid from body tissues

Animal* Duplicate

Body tissue of Dorset rams

Carcass Non-carcass

Omental
and

mesenteric
fat Muscle

Ether Chloroform Ether Chloroform Ether Chloroform Ether Chloroform

1 1 73.38 72.82 26.30 25.59 98.39 98.11 11.61 11.48
2 73.82 73.07 26.10 24.30 98.24 98.36 10.90 11.59

2 1 46.61 47.00 32.17 30.39 96.30 95.92 20.53 22.25
2 46.80 46.83 31.32 29.50 92.75 95.46 22.23 21.80

3 1 67.87 66.59 44.02 42.71 97.88 98.04 22.41 22.45
2 66.30 65.77 44.08 43.10 96.24 97.57 21.81 22.08

4 1 32.76 32.98 29.02 26.77 96.98 98.61 15.96 17.11
2 31.16 33.01 29.78 26.85 97.76 98.68 15.50 17.74

5 1 70.19 71.18 39.97 37.85 97.88 98.23 10.63 11.26
2 70.40 70.85 40.14 38.02 98.30 98.13 8.60 10.98

6 1 55.56 56.07 37.84 37.05 98.17 98.68 13.85 15.98
2 55.62 56.12 38.03 36.76 97.76 98.41 13.26 16.38

7 1 32.13 30.88 32.90 34.21 95.58 94.54 15.50 19.28
2 32.37 31.63 32.93 33.42 94.51 96.47 21.47 21.66

8 1 72.00 74.07 33.49 30.99 95.73 97.25 15.76 16.93
2 72.50 73.10 32.36 32.71 97.72 97.03 17.23 17.08

9 1 48.97 49.14 25.15 25.29 97.08 98.06 10.76 12.13
2 48.81 49.73 24.98 24.22 98.45 97.58 10.37 10.73

10 1 46.63 47.54 32.58 32.20 96.25 93.73 22.74 24.03
2 47.57 48.01 32.25 31.80 96.33 96.62 24.44 22.36

11 1 39.93 39.72 35.29 34.10 95.57 96.83 14.73 15.59
2 40.07 39.91 35.46 33.98 96.90 97.51 15.04 14.35

12 1 25.61 25.32 25.73 25.62 92.11 93.32 20.43 20.16
2 25.68 26.66 25.39 25.58 91.35 92.82 21.20 21.64

13 1 61.66 61.48 30.88 27.45 92.56 93.50 18.92 16.83
2 61.67 61.64 30.22 27.36 90.67 91.81 18.31 19.37

14 1 44.54 45.06 15.65 11.69 98.07 98.65 9.33 9.82
2 44.71 44.63 14.52 11.41 97.65 98.33 9.81 9.63

15 1 15.65 11.54 27.42 27.27 98.23 98.42 16.83 15.51
2 14.52 12.10 28.01 27.23 97.72 98.29 15.88 16.83

16 1 25.04 25.20 26.80 24.05 97.77 98.40 11.11 8.87
2 25.75 25.19 26.36 24.68 98.19 98.05 11.34 11.67

17 1 38.74 38.48 31.30 27.78 97.60 98.19 8.61 12.31
2 38.40 38.80 29.48 27.67 97.98 98.20 9.21 11.64

18 1 39.71 40.05 40.21 39.77 98.09 98.04 10.17 10.85
2 39.86 38.64 39.93 39.17 97.54 97.39 8.18 12.00

19 1 45.10 43.38 30.25 31.09 97.66 97.45 7.67 9.22
2 46.27 43.27 32.59 30.29 97.89 98.09 5.77 6.66

20 1 38.01 37.90 34.36 33.83 98.55 97.64 13.25 14.88
2 38.49 38.48 34.60 32.70 98.43 97.98 12.65 14.04

21 1 63.40 63.98 32.18 32.45 92.61 96.12 7.91 10.80
2 63.99 64.26 31.99 32.38 95.50 94.37 7.65 9.24

22 1 62.44 61.28 29.88 26.66 97.23 97.68 18.08 18.89
2 61.60 63.81 30.11 27.45 97.66 96.10 16.84 18.55 '

23 1 58.41 59.15 50.37 46.93 97.06 96.85 14.76 14.41
2 58.28 59.72 49.78 46.85 97.52 97.64 13.71 14.83

“Each tissue came from a different set of animals.

Works, Corning, NY). Samples were obtained from sheep 
ranging in live weight from 14 to 65 kg and represented omen
tal and mesenteric fat (adipose tissue), skeletal muscle, car
cass, and non-carcass tissues. Sheep were the same as those 
used in an experiment described by Firth (12). “ Carcass” 
means one side of the carcass as prepared commercially, and 
“ non-carcass” means all other parts of the animal, excluding 
contents of digestive tract and bladder which are not consid
ered parts of the body. Carcass and non-carcass materials 
were cut into pieces and ground 7 times through an industrial 
meat grinder (Paul Autio, Astoria, OR). Samples were freeze- 
dried, and then ground with dry ice in a Wiley mill (Model 2; 
Arthur H. Thomas Co., Philadelphia, PA). From the other 
side of each carcass, several individual muscles were taken, 
freeze-dried, and ground dry in a Waring Blendor (Waring 
Products Div., Dynamics Corp. of America, New Hartford, 
CT). Fat from the mesentery and kidney depots was freeze- 
dried and cut into small pieces by knife.

Samples were held in groups of 17 per extractor for one 
week. Extraction was done only during business hours, to 
allow supervision. Thus, extraction proceeded for about 40

working hours, with sample chambers full of solvent over
night. Previous experience in this laboratory had shown that 
animal tissues high in fat (adipose tissue, carcass) require 
extraction times of this length. The 2-5 g samples were held 
in porous clay (alundum) thimbles by glass wool. Solvents 
were distilled to remove fat when their appearance darkened 
or became cloudy. Ether was not treated with sodium to keep 
it anhydrous. With low levels of sugars normally found in 
animal tissues, traces of water in ether would not noticeably 
change results by extracting sugars or other non-lipid con
stituents.

When thimbles were taken out of the extractors they were 
stood on paper towels in a fume hood to dry before being put 
in desiccators. If a stain was left on the towel, extraction was 
not complete and the thimbles were returned to the apparatus 
for 3 days. This seldom happened, but was more likely to 
occur with ether than with chloroform.

Results and Discussion
Twenty-three samples of each of the 4 tissue groups were 

extracted in duplicate in each solvent, giving a balanced data
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loo 4 Table 2. Mean and repeatability for each tissue and solvent
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Figure 1. Means of duplicate samples extracted with each solvent.

set. The samples were chosen at random, except that an 
attempt was made to include animals from all parts of the 
weight range. Results are listed in Table 1 and plotted in 
Figure 1. Table 2 shows mean values for each tissue and 
solvent, and repeatabilities (intraclass correlations) as described 
by Snedecor and Cochran (13).

For each tissue type, ether extract percentage was regressed 
on chloroform extract percentage to obtain an equation to 
predict ether values from chloroform values:

Ether extract = intercept + slope x (chloroform extract)

Table 3 lists the intercepts and slopes. Had the solvents given 
identical results, the intercepts would be 0 and the slopes 
would be 1.

High r2 values indicate closely clustered data points which 
were well fitted by the least-squares line. As a check, the 
residuals from the regressions were plotted against the inde
pendent variable. The plots appeared random, with correla
tions of 0.32 or less, suggesting that the model was adequate.

The means and standard deviations for the intercepts and 
slopes were used to test whether the latter differed signifi
cantly from 0 and 1. The intercept for muscle was the only 
measure in this test, which was significantly different from 
its “ null” value as expected from the null hypothesis. Ether 
gave an intercept for muscle which was 2 percentage units 
lower than that given by chloroform. This was against expec
tation because ether, which is more polar than chloroform, 
extracts polar lipids more readily and should give values the 
same as or higher than those of chloroform. Apart from this 
discrepancy, it appeared that chloroform and ether gave simi
lar results.

Individual data values provided enough degrees of freedom 
to estimate the variance for each solvent. Thus we were able 
to answer the question: Do the 2 solvents show about the 
same variability in extract values, or does one give results 
more variable than the other? This was tested from the ratio 
of the solvent variances, since this ratio will follow the F- 
distribution if the original data are Gaussian. (A histogram of 
the residuals from the regression showed an approximately 
Gaussian distribution.) No significant difference could be 
shown. The highest standard deviations for any tissue were 
1.17 and 0.97 for ether and chloroform, respectively.

Because the extract values for both solvents were random 
variables, the orthogonal regression approach described by 
Cramer (14) and Waldo et al. (15) was more appropriate. In 
orthogonal regression the squares of deviations at right angles 
to the regression line are minimized, rather than the squares

Tissue Solvent Mean, % Repeatability**

Carcass ether 48.02 0.9991
chloroform 47.96 0.9989

Non-carcass* ether 32.27 0.9938
chloroform 30.86 0.9955

Fat* ether 96.66 0.8031
chloroform 97.03 0.8335

Muscle* ether 14.42 0.9453
chloroform 15.30 0.9558

•Means significantly different at P < 0.05 with standard errors of the 
difference of 0.25 (non-carcass), 0.14 (fat), and 0.23 (muscle). For 
carcass the SED was 0.22.

"Intraclass correlation (see reference 13).

of the vertical (F) deviations as in conventional regression. 
That is, the shortest distance between an observation and the 
fine is the quantity whose square is minimized. Regression 
coefficients calculated by this method, which avoided the 
assumption that chloroform values were fixed and known 
without error, are given in Table 4. No method was available 
for calculating standard deviations for these coefficients, but 
the r2 values were the same as for the conventional regression 
since they are functions of the X  and Y values only. Orthog
onal regression would be the method of choice for converting 
values between solvents.

Perhaps the most searching test for differences between 2 
analytical methods is the paired i-test on values for the same 
samples by each method. The differences between solvents 
for all tissues combined and for carcass tissue separately were 
nonsignificant (P > 0.6). For non-carcass, fat, and muscle 
the differences were significant (P < 0.05). As shown in Table 
2, the chloroform value for non-carcass was lower by 1.41 
percentage units, and for fat and muscle the chloroform value 
was higher by 0.37 and 0.88 percentage units, respectively. 
These differences, although small, mean that chloroform and 
ether values cannot directly replace each other. But in any 
given study the conclusions reached about treatment differ
ences should not be affected by which solvent was used 
(Figure 1). We conclude that chloroform is a satisfactory 
replacement for ether for Soxhlet extraction of animal tissues.

Disadvantages of Chloroform
Chloroform has a higher boiling point than does ether (62°C 

against 35°C) and much of it will condense before reaching 
the condenser as used in official methods unless the middle 
part of the apparatus is insulated. We used Fiberglas as sold 
for insulating buildings (Owens-Corning Co.).

When a solvent contains large amounts of fat it is liable to 
foam when it boils. Chloroform was worse than ether in this 
respect and in preliminary trials sometimes foamed suddenly 
and violently. We used stone boiling chips (Hengar Granules, 
Arthur H. Thomas Co., Philadelphia, PA). Chips made of 
compressed carbon, although excellent for water solutions, 
were not dense enough for chloroform which has a specific 
gravity of 1.48, and were lifted from the bottom by convection 
currents. Film strength can be reduced by long-chain alco
hols. 1-Octanol is a standard additive and is miscible with 
chloroform (its boiling point is 194°C). Silicones and sulfon- 
ated oils are available, which probably work in the same way. 
We used a silicone anti-foam spray (ref. 1130-D, Arthur H. 
Thomas Co.). Use of a nonvolatile additive raises the possi
bility that the additive may increase the extracted dry weight 
of the samples, introducing a bias. This would be particularly 
so if the additive collected preferentially on the samples or 
thimbles, rather than remaining uniformly distributed in the
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Table 3. Conventional regression coefficients Table 4. Orthogonal regression coefficients

Tissue Intercept
SD of 

intercept Slope
SD of 
slope r2

Carcass 1.26 0.81 0.979 0.015 0.995
Non-carcass 2.15 1.1 0.975 0.035 0.974
Fat -10.7 7.8 1.11 0.080 0.901
Muscle -2.19" 0.66 1.07 0.043 0.967

" P  <  0.01.

solvent. We do not believe that such a bias is likely because 
the nonvolatile additive would not evaporate from the heated 
flask along with the solvent, and therefore would not reach 
the sample chamber. Furthermore, the small differences 
between solvents were not always in the same direction. Thus 
it is unlikely that the nonvolatile additive we used during 
chloroform extraction affected the results.

When thimbles were removed from the extractor, time was 
required for residual solvent to evaporate from them. More 
time was required for this with chloroform than with ether. 
Four hours in a gentle draft in a fume hood was adequate.
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Re-Evaluation of Selectivity of Malachite Green Test for Presence of Sulfite in Mechanically 
Deboned Poultry
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U.S. Department o f Agriculture, Food Safety and Inspection Service, 4300 Goodfellow Blvd, Bldg 105-D, 
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A study was undertaken to determine whether free chlorine or sulfide 
anions could yield positive results for the malachite green test in meat 
samples when sulfite was not present. Malachite green solution was 
added to a mechanically deboned poultry (MDP) sample spiked with 
either chlorine or sulfide ions. The presence of chlorine in MDP samples 
at any concentration tested did not yield a positive reaction for the 
malachite green test. When sulfide ions were introduced into MDP 
samples, positive results were observed at 40 pg sulfide ion/g MDP and 
above. Because aqueous solutions of sulfide at the levels mentioned 
have a relatively high pH, it was necessary to determine whether the 
pH or the presence of the sulfide ions had caused this positive reaction 
to the malachite green test. After a comparison of a solution of sulfide, 
and a solution of a matching pH, it was observed that the sulfide present 
caused the positive reaction to the malachite green test.

Sodium sulfite has been used to enhance the appearance of 
red meat even though the product may be in a decomposed 
or decomposing state. The use of such compounds to artifi
cially enhance the appearance of red meat has been consid
ered a misleading practice (1), and adverse reactions to sul- 
fited foods have also been investigated (2).

To detect the presence of sulfite in foods, the dye malachite 
green has been used. In the presence of sulfite, malachite 
green undergoes a reaction to yield its colorless leuco form
(3).

Received October 1, 1984. Accepted May 5, 1985.

The selectivity of the malachite green test was questioned 
when several mechanically deboned poultry samples were 
found to be positive for the presence of sulfite by this pro
cedure, but when the Monier-Williams test was performed 
on the same meat samples, sulfite did not appear to be pres
ent. Chloride and sulfide were investigated as possible inter
fering anions because solutions of these compounds also cause 
malachite green to undergo a reaction, forming its leuco ana
log. Because a chlorinated water washing procedure is to be 
used to prevent bacterial growth on poultry products, chlo
ride ions appear to be the most likely anions to cause false 
positive results for the malachite green test.

Experimental
The malachite green test procedure used on poultry sam

ples spiked with chlorine or sulfide can be found in secs 
20.129-20.130, Official Methods o f Analysis (14th Ed., 1984, 
AOAC). Part of the experiment also involved measuring the 
pH change due to the presence of sulfide anions in an aqueous 
solution, using standard instrumental methods.

Results and Discussion
Chlorine solutions with concentrations as high as 5% avail

able chlorine were thoroughly mixed into a mechanically 
deboned poultry (MDP) sample, as described in the experi
mental section. The treated meat samples yielded the same
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results as the unspiked meat samples in that both retained 
their bluish-green coloring caused by the dye indicator. When 
malachite green was added to a chlorine solution, however, 
the color disappeared. These results seem to indicate that 
chlorine may have a high tendency to chemically bind to sites 
in a MDP sample, causing the substance of interest to be 
inaccessible for a reaction with malachite green.

An attempt was also made to investigate the chemical inter
ference of sulfide in the malachite green test. Initial experi
ments indicated that sulfide in aqueous solutions caused the 
decolorization of malachite green. Because sulfide solutions 
tend to have high pH values, it was necessary to determine 
whether hydroxide ions or sulfide ions were causing the con
version of this dye to its leuco form. A 100 ppm solution of 
sulfide ions, on the average, had a pH of 11.1. When 30 mL 
distilled water was adjusted to this pH with C.1N NaOH, the 
addition of several drops of malachite green turned the solu
tion blue. This solution was compared with a solution of 
distilled water with the same volume of malachite green added. 
The adjusted pH solution appeared to be somewhat decolor
ized when compared with the solution of malachite green and 
water. The 100 ppm sulfide solution remained clear even after 
larger amounts of the dye indicator were added. The results 
lead to the conclusion that the sulfide anions contributed to 
a much greater extent to the decolorization of the malachite

green dye than did the hydroxide ions. MDP samples were 
treated with varying volumes of sulfide solution, which made 
the content of this anion in the meat sample either 40, 80, or 
120 ppm. All samples spiked at these levels displayed the 
characteristic decolorization of the malachite green dye, while 
the unspiked MDP samples remained blue. To observe any 
effect that decomposition may have on the malachite green 
test, untreated MDP samples were left at room temperature 
for 2 days. Even though the presence of mercaptans were 
readily apparent, these meat samples appeared to remain 
bluish-green when malachite green solution was added.

According to these results, the malachite green test is not 
specific for sulfite, because of this indicator’s tendency to 
react with sulfide ions. Because malachite green does not 
convert to its leuco form in the presence of the most fre
quently occurring interfering substance in meat samples, 
namely, chlorine, results of this test may still be valid in a 
majority of cases.
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Photodegradation of Sulfa Drugs by Fluorescent Light

O W E N  W . P A R K S
U.S. Department o f  Agriculture, Agricultural Research Service, Eastern Regional Research Center, 
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T hin  layer chrom atographic and liquid chrom atographic procedures 

w ere used to show that sulfonam ides containing a heterocyclic am ine 
m oiety and free N 1 acidic hydrogen w ill photodegrade under fluorescent 
light in m odel system s containing riboflavin . The photodegradation 
product w as characteristic  o f the d ru g . In-depth studies on sulfam eth
azine showed that the drug also photodegraded in the presence of 
lum ichrom e and flavin m ononucleotide; the rate  o f photodegradation 
depended on the photosensitizer and its concentration. C ru de polar 
liver extracts sensitized the photodegradation o f sulfam ethazine, but 
to a degree less than expected on the basis o f reported riboflavin  content 
o f livers . It  is recom m ended that procedures for quantitating su lfa 
drugs and  their m etabolites be perform ed in subdued lighting and/or 

that am ber or low actinic vessels be used to prevent losses due to 
photochem ical reactions.

In the course of studies on the development of procedures 
for sulfa drugs and their metabolites in swine and chicken 
livers (1, 2), unexplained losses of the drugs and/or metabo
lites occasionally occurred during the isolation procedure. 
Preliminary investigations into the source of these decreased 
values led to the observation that sulfa drugs are susceptible 
to photochemical reactions by fluorescent light in the pres
ence of polar extracts of liver tissues. Since previous studies 
have demonstrated that vitamin B: (riboflavin) catalyzes pho
tochemical reactions in a variety of biological materials (3, 4) 
and liver contains relatively large amounts of this vitamin (5), 
studies on the susceptibility of sulfa drugs tc photochemical 
reactions by fluorescent light in model systems were initiated. 
This communication reports the results of studies on a num-

Received September 25, 1984. Accepted June 6, 1985.
Reference to brand or firm name does not constitute endorsement by the 

U.S. Department of Agriculture over others of a similar nature not mentioned.

ber of sulfa drugs and alerts the analyst to a potential problem 
in analyzing for these drugs in tissue samples.

Experimental

Irradiation
Aqueous methanol solutions of sulfa drugs or their deriv

atives, 1 mL in 60 x 17 mm screw-cap flint glass vials, were 
exposed to fluorescent light (250 ft-candles) for 5-60 min at 
ambient temperature in the presence of riboflavin (J. T. Baker 
Chemical Co., Phillipsburg, NJ 08865), flavin mononucleo
tide (FMN) sodium salt (Sigma Chemical Co., St. Louis, MO 
63178), or lumichrome (Pfaltz and Bauer, Stamford, CT 06902). 
The light source consisted of two 15 watt cool white fluores
cent bulbs (Westinghouse F15T8/cw) positioned 15.25 cm 
above the sample vials which were placed in a horizontal 
position.

Thin Layer Chromatography (TLC) Studies
Approximately 75-100 qg drug and 35 qg riboflavin in 1 

mL 50% aqueous methanol was exposed to fluorescent light 
for 60 min. Following exposure, 1-2 |u.L samples were sub
jected to TLC on 2.5 x 10.0 cm glass plates with 250 qm 
layer of silica gel G (Analtech, Newark, DE 19711). Plates 
were developed to 0.5 cm initially, dried in a hot air oven at 
50°C, and redeveloped to 5 cm. Developing solvents: (a) 
chloroform-ethyl acetate-methanol (5 + 5 + 1), and (b) 
chloroform-methanol (1 + 1) or upper layer of butanol- 
acetic acid-water (4 + 1 + 5). Sulfa drugs, A7-methyl deriv
atives, and photodegradation products containing a primary 
aromatic amine were visualized with the Bratton-Marshall 
(B-M) spray reagent previously described (6). /V4-Acetyl com-
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Figure 1. TLC chromatograms of 1, sulfamethazine + riboflavin control; 
2, sulfamethazine +  riboflavin exposed to 250 ft-candles fluorescent light 
for 1 h; and 3, sulfamethazine exposed to 250 ft-candles fluorescent light 
for 1 h. Solvent systems: A, chloroform-ethyl acetate-methanol (5 + 5 

+ 1); B, upper layer N-butanol-acetic acid-water (4 + 1 + 5).

pounds were visualized with the N-chlorination procedure of 
Schwartz and Sherman (7). 7V4-Glucopyranosylsulfametha
zine and its photodegradation product were visualized with 
the B-M spray reagent following acid hydrolysis (1). Photo
degradation was considered positive when the color intensity 
of the parent compound obviously decreased and/or an addi
tional spot(s) appeared within 1 h of light exposure.

Liquid Chromatography (LC) Studies
A solution of 3.54 p.g sulfamethazine and 3.6 p.g riboflavin 

or 2.3 p.g lumichrome in 1 mL methanol-water (30 + 70) was 
exposed to fluorescent light as described above; 3.54 p.g sul
famethazine in 1 mL aqueous methanol solution served as a 
control. At predetermined intervals, 50 p.L samples were 
subjected to LC. Sulfamethazine remaining in the exposed 
solutions was determined by comparing peak heights at the 
appropriate retention time. The LC system consisted of an 
Altex Model 100 A pump (Altex Scientific, Inc., Berkeley, 
CA 94710) connected to a Schoeffel Model SF 770 Spectro- 
flow variable wavelength detector operated at 254 nm; Altex 
Model 210 sampling valve with a 50 p.L loop; 25 cm x  4.6 
mm id column of 5 p.m Alltech Ci8 (Alltech Associates, Deer
field, IL 60015); mobile phase methanol-water (30 + 70); 
flowrate 1 mL/min. Retention times: sulfamethazine 8.8 min; 
riboflavin 15.0 min; lumichrome 55.8 min.

Polar Liver Extracts
An aliquot of 5 g frozen, ground swine or chicken liver was 

shaken 45 min (Ika-Vibrax VXR shaker, Tekmar Co., Cin
cinnati, OH 45222) with 20 mL water, methanol, or acetone 
in 50 mL polypropylene screw-cap centrifuge tube. The sam
ples were centrifuged at 3000 rpm for 5 min. The aqueous 
supernate was recovered and filtered through a plug of glass 
wool. The methanol and acetone supernates were recovered 
and evaporated to near dryness at 50°C under a stream of 
nitrogen. The residues were taken up in 15 mL water and 
filtered. The aqueous suspensions were passed through a 5 
cm column of Duolite ES-863 resin (Diamond Shamrock Corp., 
Cleveland, OH 44114) prepared as previously described (1). 
Preliminary studies showed that riboflavin and FMN were 
readily removed from aqueous solutions by the resin. The 
columns were washed with 15 mL water and the flavins eluted 
with 5 mL methanol. The effluents were extracted with 5 mL 
hexane and evaporated to near dryness. One mL of 50% 
aqueous methanol containing 54 (jug S-methazine was added 
and the samples were exposed to fluorescent light for 1 h. 
Following exposure, 2 (xL samples were subjected to TLC.

Results and Discussion
The role of riboflavin in the photodegradation of sulfa drugs 

by fluorescent light in model systems is demonstrated by the 
TLC results in Figure 1, in which there is a concurrent loss 
of sulfamethazine and appearance of a polar B-M positive 
compound. The appearance of a singular sulfamethazine pho
todegradation product is further illustrated by the LC tracings 
in Figure 2. As determined by TLC, as little as 0.1 p.g ribo- 
flavin/mL solution was found to sensitize the photochemical 
reaction and the rate of photodegradation of sulfamethazine 
was demonstrated to be a function of the riboflavin concen
tration and light intensity. The degradation of sulfamethazine 
in the presence of 3.6 pg riboflavin/mL solution was a first- 
order type reaction, where K(s“1) = 1.86 x  10"3. An equi
molar concentration of lumichrome, shown by LC to be the 
major photodegradation product of riboflavin in these studies, 
also catalyzed sulfamethazine photodegradation but at a slower 
rate [X fs'1) = 4.72 x  10 4]. Significantly, lumichrome is not 
further degraded in the process.

A compilation of the results on a variety of sulfa drugs and 
drug derivatives in aqueous methanol solutions subjected to 
fluorescent light for 1 h in the presence of riboflavin is as 
follows:

Compounds Photodegraded
Sulfamethazine
Sulfamerazine
Sulfadiazine
Sulfapvridine
Sulfathiazole
Sulfadimethoxine

Sulfaquinoxaline
Sulfaethoxypyridazine
Sulfabromomethazine
N4-Acetylsulfamethazine
A^-Acetylsulfamerazine
A^-Glucopyranosylsulfamethazine

Compounds Not Photodegraded
Sulfaguanidine
Sulfanilamide
Sulfabenz

Sulfanitran
W-Methylsulfamethazine
W-Methylsulfamerazine

With the exception of sulfathiazole, which photodegraded 
to several compounds, all photodegraded drugs resulted in 
one product, characteristic of the drug. All sulfa drugs and 
derivatives gave negative results in the absence of riboflavin, 
and degradation stopped on removal of the light source. An 
analysis of these results suggests that the sulfonamide must 
contain a heterocyclic amine moiety and free N' acid hydro-



1234 PARKS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 6, 1985)

TIME (mm) TIME (min) TIME (min)

Figure 2. LC chromatograms of A, sulfamethazine + riboflavin control; B, sulfamethazine + riboflavin exposed to 250 ft-candles of fluorescent light 
for 15 min; and C, sulfamethazine exposed to 250 ft-candles of fluorescent light for 15 min. Retention times: photodegradation product, 2.3 min;

sulfamethazine, 8.8 min; and riboflavin, 15 min.

gen on the -S 0 2NH- linkage to undergo photodegradation. 
The results are unaffected by substituents on the N 4 amino 
group.

TLC of polar liver extracts, spiked with sulfamethazine 
and exposed to fluorescent light for 1 h, showed the presence 
of the same photodegradation product as observed in model 
systems of sulfamethazine. The extent of the photodegrada
tion was not as extensive as expected on the basis of reported 
riboflavin levels of swine and chicken livers (5). Spiking the 
tissue extracts with an additional 7.2 pig riboflavin increased 
the amount of photodegradation but not to the same extent 
observed in model systems, indicating the relatively crude 
extracts contained compounds that inhibited or competed 
with the photodegradation of sulfamethazine. Riboflavin 
appeared to be photodegraded more readily to lumichrome 
in the liver extracts which may explain, in part, the slower 
rate of photodegradation compared with the model system. 
A further explanation in chicken livers may lie in the obser
vations of Reyes et al. (8) that 85% of riboflavin in chicken 
liver is present as FMN, which was shown by TLC of model 
systems to sensitize the photodegradation at a rate compa
rable to lumichrome.

In conclusion, the results reported herein indicate that it is 
necessary for the analyst to take precautionary measures to

protect liver extracts in which riboflavin, FMN, or lumi
chrome and sulfa drugs and/or their metabolites are present 
to prevent losses due to photodegradation as the result of 
fluorescent light. Protecting such solutions from direct nat
ural light is self-evident. It is recommended that analyses be 
conducted in subdued lighting and/or that solutions be main
tained in protective amber or low-actinic vessels.
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Inventory of IDF/ISO/AOAC Adopted Methods of Analysis for Milk and Milk Products: 
1985 Update

M A R G R E E T  T U I N S T R A - L A U W A A R S , E D W A R D  H O P K I N ,1 a n d  S J O U K E  B O E L S M A 2
AOAC European Representative, Langhoven 12, 6721 SR Bennekom, The Netherlands

This inventory is intended to provide a complete catalog of 
adopted methods of analysis prepared by IDF (International 
Dairy Federation), ISO (International Organization for Stan
dardization) (ISO/TC 34/SC 5), and AOAC for milk and milk 
products. At the request of the FAO/WHO Committee on the 
Code of Principles for Milk and Milk Products, the 3 bodies 
have been cooperating for many years in the preparation of 
the methods of analysis needed to support the compositional 
standards associated with the Code of Principles. The present 
list includes not only these methods, but also indicates stan
dard or adopted methods issued separately by the 3 organi
zations, and also methods under study by these organiza
tions.

Received July 1, 1985.
'Present address: International Dairy Federation, 41 Square Vergote, 1040 

Brussels, Belgium.
2Present address: ISO/TC 34/SC 5, RIKILT, Bomsesteeg 45, 6708 PD Wag- 

eningen, The Netherlands.

The inventory is intended for use by the 3 organizations, 
by FAO/WFIO (Code of Principles and the Codex Commit
tees on Methods of Analysis and Sampling), and others (for 
example, the Inter-Agency meeting). Different users will have 
different requirements; accordingly, the inventory includes 2 
lists, one classified on the basis of the products to which the 
methods apply (Table 1), and the other classified on the prop
erty or component being examined or analyzed (in alphabet
ical order) (Table 2).

The designations “ reference” and “ routine” in relation to 
the methods have not been included. Similarly, the classifi
cation scheme for methods devised by the Codex Committee 
on Methods of Analysis and Sampling has not been applied. 
On the other hand, it has been indicated whether a method 
has undergone an interlaboratory study to establish its pre
cision.

Although work has not been completed, there are plans to 
compile an appendix, for use by IDF, ISO, and AOAC, listing 
those methods still required for the Code of Principles Stan
dards.

Key to Symbols and Abbreviations
(Symbols tor units and well known abbreviations, for example, TLC = thin layer chromatography, not included)

Column Symbol/abbrev. Explanation
Description/principle RMP Reichert-Meissl-Polenske value

BDI Bureau of Dairy Industries, USA
Collab. study + method has been subjected to interlaboratory study (Youden and 

Steiner and/or ISO 5725 statistics)
— Interlaboratory study not appropriate or method has not been 

subjected to a fully rigorous interlaboratory study
FAO/WHO B4:1967 (example) Standard B4 associated with the Code of Principles concerning 

Milk and Milk Products, published 1967
19th.App. IX-F (example) Appendix IX-F to the report of the 19th session of the Committee 

of Government Experts on the Code of Principles concerning 
Milk and Milk Products

CCEI Codex Committee on Edible Ices
submitted 1982 method in question was submitted to the Code of Principles 

Committee at the 1982 session (20th) but did not appear in an 
appendix to the report of the meeting

IDF 6A:1969 (example) IDF Standard 6A, published 1969
(rev.) standard uncler revision by a joint IDF/ISO/AOAC group of experts
Q 983/E (example) Questionnaire 983/E latest draft

IDF, ISO, and AOAC IDF/ISO/AOAC Group E 33 (example) method is under consideration by joint IDF/ISO/AOAC Group E 33
ISO 1740:1980 (example) ISO Standard 1740, published 1980

DIS Draft International Standard
DP Draft Proposal

AOAC OMA Official Methods of Analysis, 13th edition (1980); 14th edition 
(1984)

16.237 (example) Chapter 16, paragraph 237 in OMA
n o t method referred to is not the same as those listed in the IDF and 

ISO columns
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Table 1. (continued)

Product Property/component Description/principle
Collab.
study

fat gravimetric (Roese-Gottlieb) +
fat IR (automated method) -
fat butyrometers requirements (Gerber) -
fat, protein, lactose, total solids automated

freezing point (see a ls o  a d d e d cryoscoplc (thermistor) +
w a te r)

freezing point cryoscopic, Hortvet +
hydrogen peroxide qualitative +
hypochlorites, chloramines qualitative +
iodide -
lactic acid spectrophotometric +
lactose enzymatic +
lactose gravimetric +
lactose infrared
lactose infrared +
lactose polarimetric +
lactose titrimetric, with chloramine T and Kl -
lead
lead anodic stripping voltammetry +
nitrogen (protein) dye-binding (Orange 12) +
nitrogen (protein) dye-binding (Amido Black) +
nitrogen (protein) infrared

nitrogen (protein) titrimetric, Kjeldahl +

penicillin (see  a ls o  a n t ib io t ic s ) zones of inhibition of B a c il lu s +
s te a ro th e rm o p h ilu s  (disk assay)

penicillins affinity quantitative +
penicillins
penicillins qualitative disk II +
penicillins quantitative disk ( B a c il lu s +

s te a ro th e rm o p h ilu s )
penicillins quantitative overnight method +
penicillins zones of inhibition of B a c il lu s +

s u b t ilu s  (field disk assay)
phosphatase, reactivated and differential test for phosphatase +

residual activity
phosphatase, residual colorimetric or spectrophotometric, +

650 nm
phosphatase, residual dialysis, spectrophotometric, 550 +

phosphatase, residual (raw milk) photometric, 610 nm
phosphorus photometric, NH4 -

phosphomolybdate
preservatives, formaldehyde, various methods +

benzoic or salicylic acid
protein-reducing substances spectrophotometric +
psychrotrophic organisms colony count at 6, 5°C, 10 days -
psychrotrophic organisms colony count at 21°C, 25 h -
quaternary ammonium qualitative and quantitative +

compounds methods
somatic cell count automatic counter +
specific gravity (see  a ls o  d e n s ity ) pycnometer or std hydrometer
strontium-89 and strontium-90 ion exchange +
total solids infrared +
total solids lactometer +
total solids microwave, IR (automated methods)



AOAC AOAC
FAO/WHO IDF ISO (14th Ed.) (13th Ed.)

B6:1967 1B: 1983 1211:1984 16.064 16.059
IDF/ISO/AOAC Group E 29

105:1981 488:1983
IDF/ISO/AOAC Group E 29

16.083-16.092 16.078-16.097
submitted 108:1982 DIS 5764 16.096-16.100 16.100-16.104

1982
16.095 16.099
20.083 20.066
16.107 16.111

IDF/ISO/AOAC Group E 15
16.027-16.031 16.027-16.031
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16.057 16.057
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(rev.)
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standing committees, 1 9 8 5 , 346 
state and provincial participation 

committee, report, 341 
statistics committee, report, 342 
symposia and special programs committee, 

report, 342 
transactions, 295 
Treasurer’s report, 320 
ways and means committee, report, 343 
Wiley Award address, 1 9 8 4 , determination 

and isotope-ratio analysis of different 
forms of nitrogen in soils, 155 

Wiley Award winner, 1 9 8 5 , 128A 
Apples and apple products 

See Fruits and fruit products 
Artificial sweeteners

See Preservatives and artificial sweeteners 
Ascorbic acid

review of analytical methods for 
determining ascorbic acid in biological 
samples, food products, and 
pharmaceuticals, 1

Atomic absorption spectrophotometry
AAS determination of cobalt in foods, 511 
AAS determination of liver copper: 

collaborative study, 44 
AAS determination of tin in canned foods, 

using H N O 3 - H C I  digestion and 
N 2 O -C 2 FI2  flame: collaborative study, 
(Corr.), I l l  A, 209

electrothermal AAS determination of 
chromium in plant tissues: 
interlaboratory study, 495 

methods of analysis for infant formula:
Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

simple automated wet digestion of animal 
tissues for determination of 7 elements by 
AAS, 218 

Atropine
determination of small quantities of 

atropine in commercial preparations by 
LC with fluorescence detection, 1042 

Automated methods 
advances in automated analysis of soil 

phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794

automated methods for determination of fat 
and moisture in meat and poultry 
products: collaborative study, 876 

microwave oven drying determination of 
total solids in processed tomato products: 
collaborative study, 1081 

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. C. automated 
methods, 1 1 2

performance criteria proposed for 
automated determination of direct 
available P2O5 in fertilizers, 466

Bacon
effect of (V-nitrosothiazolidine-4-carboxylic

acid on formation of N -  

nitrosothiazolidine in uncooked bacon, 
1077

Baked goods
improved method for extraction of light 

filth from 90% rye bran crisp bread, 17 
purge and trap method for determination of 

ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

Baking powders and baking chemicals
Changes in Methods, no changes 

Barbaloin
LC determination of barbaloin (aloin) in 

foods, 493 
Benzo[a]pyrene

LC determination of benzo[a]pyrene in 
total particulate matter of cigarette 
smoke, 935 

Benzoic acid
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

rapid quantitative method for simultaneous 
determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

Beverages
See Alcoholic beverages; Nonalcoholic 

beverages 
Bioassays

assessment of protein quality methodology 
for infant formulas, 680 

comparison of interlaboratory variation in 
amino acid analysis and rat growth 
assays for evaluating protein quality, 52 

comparison of LC and bioassay procedures 
for determining depletion of 
intramuscularly injected tylosin, 413 

corrected relative net protein ratio
(CRNPR) method based on differences 
in rat and human requirements for sulfur 
amino acids, 689 

Bioautography
antibiotic identification by high voltage 

electrophoresis bioautography, 1018 
methods for determination of ionophore- 

type antibiotic residues in animal tissues, 
971

Biochemical methods
Changes in Methods, no changes 
Committee G report, 313 
referee report, 285 

Biological samples
See also Drug residues in animal tissues;

Veterinary analytical toxicology 
LC determination of carbadox and 

desoxycarbadox in medicated feeds and 
in porcine gastrointestinal tract, 658 

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

quantitative LC method using fluorescence 
detection for determining zearalenone 
and its metabolites in blood plasma and 
urine, 632

simple automated wet digestion of animal
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tissues for determination of 7 elements by 
AAS, 218

trace level detection of chlorinated
paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427 

Bisacodyl
reverse phase LC determination of 

bisacodyl in dosage forms, 529 
Blood

See Biological samples 
Books in Brief, 15A, 59A, 83A, 103A, 125A 
Boric acid

assay of calcium borogluconate veterinary 
medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

Bread
See Baked goods 

Butanediol
GC detection of D-(—)-2,3-butanediol and 

butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

Butyric acid
GC detection of D-(—)-2,3-butanediol and 

butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

Bylaws, 329

Cacao products
Changes in Methods, no changes 
Committee D report, 304 
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
headspace GC method for determination of 

methyl bromide in food ingredients, 1 1 1 2  

rapid hydrophobic grid membrane filter 
method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

Calcium
advances in automated analysis of soil 

phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794 

Calcium borogluconate
assay of calcium borogluconate veterinary 

medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

Calcium gluconate
assay of calcium borogluconate veterinary 

medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

Candling procedures
detection of parasites in fish muscle by 

candling technique, 549 
Canned foods

AAS determination of tin in canned foods, 
using HNO 3 -HCI digestion and 
N 2 O-C 2 H 2  flame: collaborative study, 
(Corr.), 111 A, 209

GC detection of D-(—)-2,3-butanediol and 
butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

Carbadox
LC determination of carbadox and

desoxycarbadox in medicated feeds and 
in porcine gastrointestinal tract, 658 

LC determination of carbadox residues in 
animal feed, 653

LC monitoring of depletion of carbadox 
and its metabolite desoxycarbadox in 
swine tissues, 665 

Carbon
isotopic composition of carbon in vinegars, 

449
radiocarbon l4C differentiation of sparkling 

and carbonated wines, 440 
Carbon tetrachloride

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloridc, and ethylene 
dibromide in grain and grain-based 
products, 759 

Carr-Price analysis
comparison of Carr-Price analysis and LC 

analysis for vitamin A in fortified milk,
56

Cassava
screening and quantitation of ochratoxin A 

in corn, peanuts, beans, rice, and cassava, 
1128

Cassia bark
volatile oil analysis of cassia bark

(cinnamon): investigation of systematic 
errors, 622 

Catheters
rapid GC determination of ethylene oxide, 

ethylene chlorohydrin, and ethylene 
glycol residues in rubber catheters, 506 

Centennial committee 
report, 326 

Cereal foods 
See also Grains 
Changes in Methods, 376 
Committee D report, 304 
referee report, 256
determination of total dietary fiber in foods 

and food products: collaborative study, 
677

effect of cooking on levels of ethylene 
dibromide residues in rice, 710 

electrothermal AAS determination of 
chromium in plant tissues: 
interlaboratory study, 495 

GC determination of ethylene dibromide in 
flour products, 203 

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

improved method for extraction of light 
filth from 90% rye bran crisp bread, 17 

improved polarographic method for
determination of glyphosate herbicide in 
crops, soil, and water, 76 

occurrence of mycotoxins in cereals and 
animal feedstuffs in Natal, South Africa, 
839

oxidation and hydrolysis determination of 
sulfur amino acids in food and feed 
ingredients: collaborative study, 826 

spectrophotometric determination of 
phosphine residues in rice, 205 

Changes in Methods, 369 
Cheese

See Dairy products 
Chemical contaminants monitoring

disappearance of organochlorine residues 
from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

effect of cooking on levels of ethylene 
dibromide residues in rice, 710 

FDA Surveillance Index for pesticides: 
establishing food monitoring priorities 
based on potential health risk, 1 2 2  

focus on chemical contaminants in foods: 
some analytical considerations, 1069 

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

occurrence of mycotoxins in cereals and 
animal feedstuffs in Natal, South Africa, 
839

organochlorine pesticides and PCBs in 
sediment and fish from wetlands in the 
north central United States, 712 

permethrin and its 2  metabolite residues in 
7 agricultural crops, 1160 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1978-September 1979, 862 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1979-September 1980, 1184 

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September 
1979,842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September 
1980,1163

Chemical/waste interactions in soil
Changes in Methods, no changes 
Committee E report, 305 
referee report, 261 

Chloramphenicol
microbiological assay for chloramphenicol 

residues, 1037
review of chromatographic methods for 

chloramphenicol residues in milk, eggs, 
and tissues from food-producing animals, 
990

trace analysis of chloramphenicol residues 
in eggs, milk, and meat: comparison of 
GC and radioimmunoassay, 984 

Chlordane
capillary GC determination of technical 

chlordane in emulsifiable concentrates 
and aqueous dilutions, 175 

Chlordimeform
GC determination of chlordimeform in 

pesticide formulations: collaborative 
study, 589 

Chloride
comparison of the Volhard and 

potentiometric methods for the 
determination of chloride in meat 
products: collaborative study, 480 

Chlorinated hydrocarbons
trace level detection of chlorinated

paraffins in biological and environmental 
samples, using GC-M S with negative-ion 
chemical ionization, 427 

Chlorophenols
analysis of phenols by chemical

derivatization. IV rapid and sensitive
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method for analysis of 2 1  chlorophenols 
by improved chloroacetylation procedure, 
422

Chlorophenoxy herbicides
LC and GC determination of N -  

nitrosodiethanolamine in 2,4-D 
diethanolamine pesticide formulations, 
1142

problems and results of trace analysis of
2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters, 917 

Chlorpheniramine
use of 7,7,8,8-tetracyanoquinodimethane in 

the colorimetric determination of some 
antihistamines, 1057 

Chlorphoxim
evaluation of LC methods for analysis of 

chlorphoxim formulations, 887 
Chlorpromazine

LC method for identity, assay, and content 
uniformity of 5 tricyclic drugs, 168 

Chlorthalidone
validation of LC method for assay of 

chlorthalidone in tablet formulations, 96 
Chocolate

See Cacao products 
Chromium

electrothermal AAS determination of 
chromium in plant tissues: 
interlaboratory study, 495 

Cigarettes
LC determination of benzo[a]pyrene in 

total particulate matter of cigarette 
smoke, 935 

Cimetidine
polarographic determination and aqueous 

potentiometric titration of cimetidine in 
tablets, 1060 

Cinnamon
See Spices and other condiments 

CIPAC
28th annual meeting, report, 609 

Citric acid
enzymatic-UV determination of L-citric 

acid in wine: collaborative study, 1024 
Cleanup procedures

disposable cartridge extraction of retinol 
and a-tocopherol from feedstuffs, 1 1 2 1  

simple, rapid cleanup method for analysis 
of aflatoxins and comparison with 
various methods, 458 

Clostridium perfringens 
comparison of rapid perfringens medium 

and lactose sulfite medium for detection 
of C lo s t r id iu m  p e r f r in g e n s , 807 

rapid detection of C lo s t r id iu m  p e rfr in g e n s:  
comparison of lactose sulfite broth with 
tryptose-sulfite-cycloserine agar, 881 

Cobalt
AAS determination of cobalt in foods, 511 

Cocoa
headspace GC method for determination of 

methyl bromide in food ingredients, 1 1 1 2  

Codeine
spectrophotometric analysis of mixtures of 

acetaminophen, salicylamide, and 
codeine phosphate in tablets, 1048 

Coffee and tea
Changes in Methods, no changes 
Committee C report, 301 
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41

GC determination of oxalic acid in foods, 
108

Colchicine
LC determination of colchicine in 

pharmaceuticals: collaborative study, 
1051 

Colistin
sensitive enzyme immunoassay of colistin 

and its application to detect residual 
colistin in rainbow trout tissue, 661 

Collaborative interiaboratory studies 
committee report, 327 

Collaborative studies: summaries 
determination of mass per unit volume, 

alcohol, reducing sugars, total acids, and 
volatile acids in wine by the methods of 
the International Office of Vine and 
Wine: summary of collaborative study, 
141

EPA project summary: study of EPA 
method 609 for Category 4 chemicals in 
wastewaters, 19A

EPA project summary: study of EPA 
method 612 for Category 3 chemicals 
(chlorinated hydrocarbons) in 
wastewaters, 35A

EPA project summary: study of EPA 
method 601 for determining halocarbons 
in waters, 130A

EPA project summary: study of EPA 
method for 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in wastewaters, 87A 

EPA project summary: study of proposed 
EPA method 604 for Category 8  

chemicals (phenols) in wastewaters, 63A 
publication by AOAC of summaries of 

studies conducted by other organizations, 
19A

Color additives
Changes in Methods, no changes 
Committee G report, 313 
referee report, 288
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 7. 
comparison of methods for extraction of 
synthetic dyes from yogurt, 143 

LC determination of 2,4-dinitroaniline and 
2-naphthol in D&C Orange No. 17, 474 

LC determination of intermediates in D&C 
Yellow No. 7 and D&C Yellow No. 8 , 
471

LC determination of 2-(2-quinolinyl)-lif- 
indene-l,3-[27/]-dione and other 
organic-soluble matter in D&C Yellow 
No. 10, 477 

Colorimetry
quantitative colorimetric method for 

sulfamethazine in swine feeds, 214 
Confectionery

LC determination of barbaloin (aloin) in 
foods, 493 

Constitution
committee report, 328 

Copper
AAS determination of liver copper: 

collaborative study, 44 
Corn

See Grains
Corrections, 21 A, 65A, 111 A, 131A 
Cosmetics

Changes in Methods, no changes 
Committee G report, 313 
referee report, 289

Cottonseed
negative ion chemical ionization MS 

method for confirmation of identity of 
aflatoxin B|: collaborative study, 636 

Cypermethrin
capillary GC determination of 

cypermethrin in formulations: 
collaborative study, 592

Dairy products
Changes in Methods, 376 
Committee C report, 301 
referee report, 236
AAS determination of tin in canned foods, 

using HNO 3 -HCI digestion and 
N 2 O -C 2 H 2  flame: collaborative study, 
(Corr.), 111 A, 209

calibration of skim milk-test bottles, 605 
comparison of Carr-Price analysis and LC 

analysis for vitamin A in fortified milk,
56

cooperation between IDF, ISO, and AOAC 
in developing methods for analysis of 
milk and milk products, 343 

determination of acrylonitrile in foods by 
headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

determination of nitrate in dried foods by 
GC-thermal energy analyzer, 41 

determination of phosphorus in processed 
cheese: collaborative study, 1 0 2  

extraction of organic acids by ion-pair 
formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

extraction of organic acids by ion-pair 
formation with tri-n-octylamine. part 7. 
comparison of methods for extraction of 
synthetic dyes from yogurt, 143 

fractionation of radioactivity in the milk of 
goats administered 1 4C-aflatoxin Bi, 456 

improved LC determination of riboflavin in 
milk and dairy products, 693 

inventory of IDF/ISO/AOAC adopted 
methods of analysis for milk and milk 
products: 1985 update, 1235 

LC determination of vitamin D in milk and 
infant formula, 177

LC determination of vitamins D2  and D3 in 
fortified milk and infant formulas, 183 

multiresidue method for determination of 8  

neutral /3-lactam penicillins in milk by 
fluorescence-liquid chromatography, 968 

oxidation and hydrolysis determination of 
sulfur amino acids in food and feed 
ingredients: collaborative study, 826 

rapid hydrophobic grid membrane filter 
method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

rapid reverse phase LC determination of 
aflatoxin M] in milk, 462 

rapid TLC determination of aflatoxin Mi in 
powdered milk, 952 

sampling barrel cheese for moisture 
analysis: comparison of methods, 718 

simple, rapid cleanup method for analysis 
of aflatoxins and comparison with 
various methods, 458 

TLC determination of sterigmatocystin in 
cheese, 643 

D&C colors 
See Color additives
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Decomposition and filth in foods (chemical 
methods)
Changes in Methods, no changes 
Committee C report, 301 
referee report, 236
determination of histamine in fish by LC 

with post-column reaction and 
fluorometric detection, (Corr.), 65A 

LC determination of hypoxanthine content 
in fish tissue, 444 

Dehydroacetic acid
LC analysis of dehydroacetic acid and its 

application to wines, 650 
simultaneous GC determination of

carboxylic acids in soft drinks and jams, 
902

Dénaturants
paper chromatographic method for 

identification and semiquantitative 
determination of pyridine and a-picoline 
in denatured spirit, french polish, and 
their derived preparations, 105 

Density
determination of mass per unit volume, 

alcohol, reducing sugars, total acids, and 
volatile acids in wine by the methods of 
the International Office of Vine and 
Wine: summary of collaborative study, 
141

Deoxynivalenol
assessment of extraction procedures in 

analysis of naturally contaminated grain 
products for deoxynivalenol (vomitoxin), 
645

deoxynivalenol in hard red winter wheat: 
relationship between toxin levels and 
factors that could be used in grading, 954 

rapid screening method for detection of 
deoxynivalenol, 1126 

Derivatization procedures 
analysis of phenols by chemical 

derivatization. IV. rapid and sensitive 
method for analysis of 2 1  chlorophenols 
by improved chloroacetylation procedure, 
422

quantitative colorimetric method for 
sulfamethazine in swine feeds, 214 

Diaminotoluenes 
electron capture detection-GC 

determination of diaminotoluenes in 
polyurethane foam as heptafluorobutyryl 
derivatives, 746 

Diazepam
LC determination of diazepam in tablets: 

collaborative study, 545 
Diazinon

analysis of diazinon for impurities and 
degradation materials, 929 

Dibenzodioxins
determination of polychlorinated dibenzo- 

p-dioxins in technical pentachlorophenol, 
583

EPA project summary: study of EPA 
method for 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in wastewaters, 87A 

problems and results of trace analysis of
2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters, 917 

Dietary fiber
determination of total dietary fiber in foods 

and food products: collaborative study, 
677

Digestion procedures
digestion of food samples for total mercury 

determination, 891 
focus on sample preparation for 

chromatography of amino acids: acid 
hydrolysis of proteins, 811 

Dihydrostreptomycin
overview of physical-chemical methods for 

determining aminoglycoside antibiotics 
in tissues and fluids of food-producing 
animals, 1007 

Dioxins
determination of polychlorinated dibenzo- 

p-dioxins in technical pentachlorophenol,
583

EPA project summary: study of EPA 
method for 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in wastewaters, 87A 

problems and results of trace analysis of
2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters, 917 

Diphenhydramine
use of 7,7,8,8-tetracyanoquinodimethane in 

the colorimetric determination of some 
antihistamines, 1057 

Disinfectants 
Changes in Methods, 369 
Committee F report, 311 
referee report, 279
statistical examination of AOAC use- 

dilution method for testing disinfectant 
efficacy, 763 

Dixon’s outlier test 
critical values, 327 

Drug and device related microbiology 
Changes in Methods, no changes 
Committee F report, 312 
referee report, 280 

Drug residues in animal tissues
See also Biological samples; Veterinary 

analytical toxicology 
Changes in Methods, no changes 
Committee G report, 314 
referee report, 289
antibiotic identification by high voltage 

electrophoresis bioautography, 1018 
antibiotic residues in animal-derived food, 

966
chromatographic methods for

determination of macrolide antibiotic 
residues in tissues and milk of food- 
producing animals, 980 

comparison of LC and bioassay procedures 
for determining depletion of 
intramuscularly injected tylosin, 413 

determination of monensin sodium residues 
in beef liver tissue by LC of a fluorescent 
derivative, 1149

determination of neomycin in animal 
tissues, using ion-pair LC with 
fluorometric detection, 29 

enzyme immunoassay for screening 
sulfamethazine residues in swine blood, 
172

identification and quantitation of
sulfamethazine metabolites by LC and 
GC-MS, 1000

LC assay of tetracyclines in tissues of food- 
producing animals, 1013 

LC monitoring of depletion of carbadox 
and its metabolite desoxycarbadox in 
swine tissues, 665

methods for determination of ionophore- 
type antibiotic residues in animal tissues, 
971

microbiological assay for chloramphenicol 
residues, 1037

normal phase LC determination of ng 
quantities of ivermectin in cattle blood or 
plasma, 36

overview of physical-chemical methods for 
determining aminoglycoside antibiotics 
in tissues and fluids of food-producing 
animals, 1007

photodegradation of sulfa drugs by 
fluorescent light, 1232 

quantitative GC-MS assay of 5
sulfonamide residues in animal tissue, 23 

review of chromatographic methods for 
chloramphenicol residues in milk, eggs, 
and tissues from food-producing animals, 
990

screening tests for sulfa drugs and/or 
dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20

sensitive determination of ethopabate 
residues in chicken tissues by LC with 
fluorometric detection, 27 

sensitive enzyme immunoassay of colistin 
and its application to detect residual 
colistin in rainbow trout tissue, 661 

symposium on physical-chemical methods 
for determining antibiotic residues in 
tissues and milk of food-producing 
animals, 965

trace analysis of chloramphenicol residues 
in eggs, milk, and meat: comparison of 
GC and radioimmunoassay, 984 

Drugs
See also Drug residues in animal tissues;

Drugs in feeds; Veterinary drugs 
performance characteristics of methods of 

analysis used for regulatory purposes. I. 
drug dosage forms. C. automated 
methods, 1 1 2

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. D. HPLC methods, 
191

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. E. miscellaneous 
methods, 830

polarographic determination and aqueous 
potentiometric titration of cimetidine in 
tablets, 1060

quantitation of indomethacin, naproxen, 
and ibuprofen in pharmaceutical dosage 
forms by first and second derivative UV 
spectrometry, 535 

Drugs, acidic 
Changes in Methods, 392 
Committee B report, 299 
referee report, 231 
colorimetric determination of

sympathomimetic amines methyldopa 
and noradrenaline, 91 

fluorometric and spectrophotometric 
determination of pirbuterol 
hydrochloride in authentic and dosage 
forms, 1 2 2 2

LC determination of primidone in tablets: 
collaborative study, 85 

LC determination of sulfasalazine in tablets
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and bulk powder, 803 
LC method for identity, assay, and content 

uniformity of 5 tricyclic drugs, 168 
normal phase LC determination of 

sulfamethoxazole in tablets: collaborative 
study, 8 8

rapid microchemical identification of 4 
phenothiazine antiemetics with gold 
bromide and I2-K I reagents: 
collaborative study, 527 

spectrophotometric analysis of mixtures of 
acetaminophen, saiicylamide, and 
codeine phosphate in tablets, 1048 

validation of LC method for assay of 
chlorthalidone in tablet formulations, 96 

Drugs, alkaloids and related bases 
Changes in Methods, 394 
Committee B report, 299 
referee report, 232 
amperometric determination of 

phenazopyridine HC1 in flowing stream 
at glassy carbon electrode, 1207 

amperometric determination of 
propantheline bromide in a flowing 
stream at the glassy carbon electrode,
165

analysis of USP epinephrine injections for 
potency, impurities, degradation 
products, and rf-enantiomer by LC, using 
ultraviolet and electrochemical detectors, 
163

capillary GC separation of various 
stimulants, 809

determination of reserpine in commercial 
tablets by LC with fluorescence 
detection, 542

determination of small quantities of 
atropine in commercial preparations by 
LC with fluorescence detection, 1042 

LC determination of colchicine in 
pharmaceuticals: collaborative study,
1051

LC determination of major alkaloids in 
gum opium, 801

LC determination of morphine sulfate and 
some contaminants in injections and bulk 
drug material, 523

spectrophotometric analysis of mixtures of 
acetaminophen, saiicylamide, and 
codeine phosphate in tablets, 1048 

use of 7,7,8,8-tetracyanoquinodimethane in 
the colorimetric determination of some 
antihistamines, 1057 

Drugs, general 
Changes in Methods, 391 
Committee B report, 300 
referee report, 233
dc polarographic assay of piperazines, 532 
ion-pair column chromatographic 

determination of trimethobenzamide 
HC1 in capsule and injection dosage 
forms: collaborative study, 1055 

LC determination of organic nitrogenous 
bases in dosage forms: a progress report, 
539

reverse phase LC determination of 
bisacodyl in dosage forms, 529 

titrimetric and spectrophotometric 
determination of acetylenic hypnotics, 
using brominating agents, 1209 

Drugs, illicit
Changes in Methods, 395 
Committee B report, 300

referee report, 234 
capillary GC separation of various 

stimulants, 809
LC determination of diazepam in tablets: 

collaborative study, 545 
synthesis, identification, and acute toxicity 

of a-benzylphenethylamine and a -  

benzyl-7V-methylphenethylamine. 
contaminants in clandestine preparation 
of amphetamine and methamphetamine, 
1213

Drugs, neutral
Changes in Methods, no changes 
Committee B report, 300 
referee report, 235
colorimetric determination of stanozolol in 

pharmaceutical formulations, 98 
Drugs in feeds 

Changes in Methods, 396 
Committee G report, 314 
referee report, 290 
LC determination of carbadox and 

desoxycarbadox in medicated feeds and 
in porcine gastrointestinal tract, 658 

LC determination of carbadox residues in 
animal feed, 653

LC determination of morantel tartrate in 
cattle feed, 598

LC determination of narasin in feed 
premixes, 417

LC determination of nicarbazin in feed,
596

LC method for determination of 
furazolidone in premixes and complete 
feeds: collaborative study, 1033 

quantitative colorimetric method for 
sulfamethazine in swine feeds, 214 

Dyes
See Color additives 

Edifenphos
reverse phase LC determination of 

edifenphos in technical and emulsifiable 
concentrate formulations, 138 

Editorial board 
annual report, 321 

Eggs and egg products 
Changes in Methods, no changes 
disappearance of organochlorine residues 

from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

rapid hydrophobic grid membrane fdter 
method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

ELISA
See Immunoassays 

Enzymatic methods
enzymatic-UV determination of glucose 

and fructose in wine: collaborative study, 
1021

enzymatic-UV determination of L-citric 
acid in wine: collaborative study, 1024 

Enzyme-linked immunosorbent assays 
See Immunoassays 

EPA project summaries 
study of EPA method 612 for Category 3 

chemicals (chlorinated hydrocarbons) in 
wastewaters, 35A

study of EPA method 609 for Category 4

chemicals in wastewaters, 19A 
study of EPA method 601 for determining 

halocarbons in waters, 130A 
study of EPA method 613 for 2,3,7,8- 

tetrachlorodibenzo-p-dioxin in 
wastewaters, 87A

study of proposed EPA method 604 for 
Category 8  chemicals (phenols) in 
wastewaters, 63A 

Epinephrine
analysis of USP epinephrine injections for 

potency, impurities, degradation 
products, and d-enantiomer by LC, using 
ultraviolet and electrochemical detectors, 
163

Erythromycin
chromatographic methods for 

determination of macrolide antibiotic 
residues in tissues and milk of food- 
producing animals, 980 

Ethanol
determination of ethanol in wine by 

titrimetric and spectrophotometric 
dichromate methods: collaborative study, 
188

Ethchlorvynol
titrimetric and spectrophotometric 

determination of acetylenic hypnotics, 
using brominating agents, 1209 

Ethinamate
titrimetric and spectrophotometric 

determination of acetylenic hypnotics, 
using brominating agents, 1209 

Ethopabate
sensitive determination of ethopabate 

residues in chicken tissues by LC with 
fluorometric detection, 27 

Ethylene dibromide 
effect of cooking on levels of ethylene 

dibromide residues in rice, 710 
GC determination of ethylene dibromide in 

flour products, 203 
improved codistillation method for 

determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

purge and trap method for determination of 
ethylene dibromide in table-ready foods, 
431

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

Ethylene dichloride
improved codistillation method for 

determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759 

Ethylene oxide
rapid GC determination of ethylene oxide, 

ethylene chlorohydrin, and ethylene 
glycol residues in rubber catheters, 506 

Ethylenethiourea
determination of ethylenethiourea in grapes 

and wine, 741 
Executive Director 

annual report, 315 
Extraction procedures 

assessment of extraction procedures in 
analysis of naturally contaminated grain



1272 SU BJEC T INDEX: J. ASSOC. OFF. ANAL. C H EM . (VOL. 68, NO. 6, 1985)

products for deoxynivalenol (vomitoxin), 
645

comparison of ether and chloroform for 
Soxhlet extraction of freeze-dried animal 
tissues, 1228

determination of fat in vegetable foods, 
1226

formulas for calculation of extraction 
volumes for commonly used pesticide 
residue extraction procedures, 437 

Extraneous materials in foods and drugs
Changes in Methods, 403 
Committee F report, 312 
referee report, 281
brine saturation technique for extracting 

light filth from ground cinnamon: 
intralaboratory study, 1093 

brine saturation technique for extraction of 
light filth from rubbed, ground, and 
whole sage: collaborative study, 894 

determination of internal insect infestation 
of oats: collaborative study, 699 

extraction of light filth from unground 
marjoram: collaborative study, 899 

extraction of light filth from whole 
peppermint leaves: collaborative study, 
697

improved method for extraction of light 
filth from 90% rye bran crisp bread, 17

See also Meat, poultry, and meat and 
poultry products; Oils and fats 

automated methods for determination of fat 
and moisture in meat and poultry 
products: collaborative study, 876 

comparison of ether and chloroform for 
Soxhlet extraction of freeze-dried animal 
tissues, 1228

determination of fat in vegetable foods,
1226

Fatty acids
GC determination of tr a n s  unsaturation in 

margarine: collaborative study, 46 
Feeds

See also Drugs in feeds 
Changes in Methods, no changes 
Committee A report, 295 
referee report, 2 2 1  

amino acid analysis of feedstuff
hydrolysates by cation exchange HPLC, 
1028

assessment of extraction procedures in 
analysis of naturally contaminated grain 
products for deoxynivalenol (vomitoxin), 
645

focus on sample preparation for 
chromatography of amino acids: acid 
hydrolysis of proteins, 811 

hydrolysate preparation for analysis of 
amino acids in sorghum grains: effect of 
oxidative pretreatment, 1117 

occurrence of mycotoxins in cereals and 
animal feedstuffs in Natal, South Africa, 
839

oxidation and hydrolysis determination of 
sulfur amino acids in food and feed 
ingredients: collaborative study, 826 

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

quantitative amino acid analysis of 
feedstuff hydrolysates by reverse phase 
LC and conventional ion-exchange 
chromatography, (Corr.), 21A 

residue methodology for Amdro fire ant 
insecticide (AC 217,300) in pasture grass 
and crops, 71 

Fenitrothion
GC method for determination of 

fenitrothion in technical and in 
emulsifiable concentrate and water- 
dispersible powder formulations: 
collaborative study, 576 

Fenthion
impurity problems in chromatographic 

method studies for fenthion formulations,
925

Fertilizers
correlation of analytical methods and 

biological activity of various sulfur- 
coated urea fertilizer products, 785 

determination of total and free water in 
triple superphosphate fertilizers by using 
thermal analysis, 788

focus on influence of AOAC fertilizer 
analysis methods beyond North America, 
611

performance criteria proposed for 
automated determination of direct 
available P2O5 in fertilizers, 466 

Fertilizers and agricultural liming materials 
Changes in Methods, 369 
Committee A report, 295 
referee report, 2 2 1  

Filth
See Extraneous materials in foods and 

drugs
Finance committee

annual report, 320 
Fish and other marine products

Changes in Methods, 376 
Cammittee C report, 301 
referee report, 237 
capillary GC determination of some 

chlorobiphenyls in eel fat: interlaboratory 
study, 756

detection of low numbers of poliovirus 1 in 
oysters: collaborative study, 884 

detection of parasites in fish muscle by 
candling technique, 549 

determination of histamine in fish by LC 
with post-column reaction and 
fluorometric detection, (Corr.), 65A 

GC determination of picloram in fish, 59 
indirect enzyme-linked immunosorbent 

assay for saxitoxin in shellfish, 13 
LC determination of hypoxanthine content 

in fish tissue, 444
LC determination of polycyclic aromatic 

hydrocarbons in fish and shellfish, 942 
organochlorine pesticides and PCBs in 

sediment and fish from wetlands in the 
north central United States, 712 

Flavors
Changes in Methods, no changes 
Committee D report, 304 
referee report, 256 
GC-MS detection of adulteration of 

natural lime oils, 1154 
LC determination of quinine, hydroquinine, 

saccharin, and sodium benzoate in 
quinine beverages, 782 

LC determination of vanillin and related

flavor compounds in vanilla extract: 
cooperative study, 1198 

Flour
See also Cereal foods
GC determination of ethylene dibromide in 

flour products, 203
headspace GC method for determination of 

methyl bromide in food ingredients, 1 1 1 2  

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

Fluorometry
fluorometric and spectrophotometric 

determination of pirbuterol 
hydrochloride in authentic and dosage 
forms, 1 2 2 2  

Focus papers
chemical contaminants in foods: some 

analytical considerations, 1069 
control of chemical contaminants in foods: 

past, present, and future, 1063 
influence of AOAC fertilizer analysis 

methods beyond North America, 611 
sample preparation for chromatography of 

amino acids: acid hydrolysis of proteins, 
811

Food additives
See also Preservatives and artificial 

sweeteners
Changes in Methods, 376 
Committee C report, 301 
referee report, 238
determination of acrylonitrile in foods by 

headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

determination of nitrate in dried foods by 
GC-thermal energy analyzer, 41 

effect of (V-nitrosothiazolidine-4-carboxylic 
acid on formation of N -  

nitrosothiazolidine in uncooked bacon, 
1077

effect of pH on absorbance of azo dye 
formed by reaction between nitrite and 
sulfanilamide/N - (  1 - 
naphthyl)ethylenediamine in residual 
nitrite methods for foods, 485 

extraction of organic acids by ion-pair 
formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

extraction of organic acids by ion-pair 
formation with tri-«-octylamine. part 7. 
comparison of methods for extraction of 
synthetic dyes from yogurt, 143 

improved procedure for determination of 
acrylonitrile in foods and its application 
to meat, 606

LC determination of barbaloin (aloin) in 
foods, 493

LC determination of quinine, hydroquinine, 
saccharin, and sodium benzoate in 
quinine beverages, 782 

new FDA migration cell used to study 
migration of styrene from polystyrene 
into various solvents, 770 

re-evaluation of selectivity of malachite



SU BJEC T INDEX: J. ASSOC. OFF. ANAL. C H EM . (VOL. 68, N O . 6, 1985) 1273

green test for presence of sulfite in 
mechanically deboned poultry, 1231 

simultaneous GC determination of 
carboxylic acids in soft drinks and jams, 
902

Food adulteration
See specific analyte or matrix 

Food microbiology 
See also Microbiological methods 
Changes in Methods, 404 
Committee F report, 312 
referee report, 281 

Food packaging
determination of acrylonitrile in foods by 

headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

improved procedure for determination of 
acrylonitrile in foods and its application 
to meat, 606

new FDA migration cell used to study 
migration of styrene from polystyrene 
into various solvents, 770 

Foods
See also specific food or class of food 
focus on chemical contaminants in foods: 

some analytical considerations, 1069 
focus on control of chemical contaminants 

in foods: past, present, and future, 1063 
purge and trap method for determination of 

ethylene dibromide in table-ready foods, 
431

Forensic sciences
Changes in Methods, no changes 
Committee G report, 314 
paper chromatographic method for 

identification and semiquantitative 
determination of pyridine and a-picoline 
in denatured spirit, french polish, and 
their derived preparations, 105 

For Your Information, 19A, 33A, 63A, 87A, 
108 A, 128A 

Fructose
enzymatic-UV determination of glucose 

and fructose in wine: collaborative study, 
1021

Fruits and fruit products
Changes in Methods, no changes 
Committee D report, 304 
referee report, 256
determination of ethylenethiourea in grapes 

and wine, 741
determination of fat in vegetable foods,

1226
determination of phosphine: comparison of 

rates of desorption by purge-and-trap 
method and by sulfuric acid treatment,
61

improved polarographic method for 
determination of glyphosate herbicide in 
crops, soil, and water, 76 

interlaboratory variability of methods used 
for detection of economic adulteration in 
apple juice, 672

LC determination of barbaloin (aloin) in 
foods, 493

LC determination of A'-methylcarbamate 
insecticides and metabolites in crops. I. 
collaborative study, 726 

LC determination of A^-methylcarbamate 
insecticides and metabolites in crops. II. 
analytical characteristics and residue 
findings, 734

Luke et al. method for determining

multipesticide residues in fruits and 
vegetables: collaborative study, 64 

rapid LC determination of patulin in apple 
juice, 950

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

spectral characteristics of Florida orange 
juice and orange pulpwash: collaborative 
study, 1 2 0 2  

Furazolidone
LC method for determination of 

furazolidone in premixes and complete 
feeds: collaborative study, 1033

Gas chromatography
See also Thermal energy analyzer-GC 

methods
analysis of diazinon for impurities and 

degradation materials, 929 
analysis of d-phenothrin and its optical 

isomers in technical preparations and 
formulations, (Corr.), 131 A, 911 

analysis of phenols by chemical
derivatization. IV. rapid and sensitive 
method for analysis of 2 1  chlorophenols 
by improved chloroacetylation procedure, 
422

capillary GC determination of 
cypermethrin in formulations: 
collaborative study, 592 

capillary GC determination of prometryn 
and its degradation products in parsley, 
750

capillary GC determination of pyrethrins in 
low level formulations, 1137 

capillary GC determination of some 
chlorobiphenyls in eel fat: interlaboratory 
study, 756

capillary GC determination of technical 
chlordane in emulsifiable concentrates 
and aqueous dilutions, 175 

capillary GC separation of various 
stimulants, 809

determination of acrylonitrile in foods by 
headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

determination of ethylenethiourea in grapes 
and wine, 741

electron capture detection-GC
determination of diaminotoluenes in 
polyurethane foam as heptafluorobutyryl 
derivatives, 746

GC detection of D-(-)-2,3-butanediol and 
butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

GC determination of alachlor in
formulations: collaborative study, 573 

GC determination of CCRL583
perfluorinated alcohol fumigant residues, 
749

GC determination of chlordimeform in 
pesticide formulations: collaborative 
study, 589

GC determination of ethylene dibromide in 
flour products, 203 

GC determination of metolachlor in 
pesticide formulations: collaborative 
study, 570

GC determination of oxalic acid in foods, 
108

GC determination of pentachlorophenol in 
gelatin: collaborative study, 419 

GC determination of picloram in fish, 59 
GC determination of tr a n s  unsaturation in 

margarine: collaborative study, 46 
GC method for determination of 

fenitrothion in technical and in 
emulsifiable concentrate and water- 
dispersible powder formulations: 
collaborative study, 576 

GC relative retention data for pesticides on 
9 packed columns: I. organophosphorus 
pesticides, using flame photometric 
detection, 1 1 0 0

headspace GC method for determination of 
methyl bromide in food ingredients, 1 1 1 2  

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

impurity problems in chromatographic 
method studies for fenthion formulations.
925

LC and GC determination of N -  

nitrosodiethanolamine in 2,4-D 
diethanolamine pesticide formulations, 
1142

Luke et al. method for determining 
multipesticide residues in fruits and 
vegetables: collaborative study, 64 

MS and identification of sterols in 
vegetable oils as butyryl esters and 
relative quantitation by GC with flame 
ionization detection, 701 

multiresidue GC method for determining 
organochlorine pesticides in meats: 
validation study for swine and beef fats, 
941

multiresidue method for quantitative 
determination of organophosphorus 
pesticides in foods, 1095 

purge and trap method for determination of 
ethylene dibromide in table-ready foods, 
431

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

rapid GC determination of ethylene oxide, 
ethylene chlorohydrin, and ethylene 
glycol residues in rubber catheters, 506 

residue methodology for Amdro fire ant 
insecticide (AC 217,300) in pasture grass 
and crops, 71

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

trace analysis of chloramphenicol residues 
in eggs, milk, and meat: comparison of 
GC and radioimmunoassay, 984 

Gas chromatography-mass spectrometry 
analysis of diazinon for impurities and 

degradation materials, 929 
capillary GC-MS determination of 

fluoroacetate residues in animal tissues, 
722

determination of polychlorinated dibenzo- 
p-dioxins in technical pentachlorophenol, 
583

GC-MS detection of adulteration of 
natural lime oils, 1154
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identification and quantitation of
sulfamethazine metabolites by LC and 
GC-MS. 1000

problems and results of trace analysis of
2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters. 917

quantitative GC-MS assay of 5
sulfonamide residues in animal tissue. 23 

trace level detection of chlorinated
paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427 

Gelatin
GC determination of pentachlorophenol in 

gelatin: collaborative study, 419 
Gelatin, dessert preparations, and mixes 

Changes in Methods, no changes 
Gel permeation chromatography

multiresidue method for quantitative 
determination of organophosphorus 
pesticides in foods, 1095 

General Referee reports, 221 
Gentamicin

overview of physical-chemical methods for 
determining aminoglycoside antibiotics 
in tissues and fluids of food-producing 
animals, 1007 

Gerber method
determination of fat in vegetable foods,

1226
Ginger

See Spices and other condiments 
Glucose

enzymatic-UV determination of glucose 
and fructose in wine: collaborative study, 
1021

Glyphosate
improved polarographic method for 

determination of glyphosate herbicide in 
crops, soil, and water. 76 

Grains
See also Feeds
assessment of extraction procedures in 

analysis of naturally contaminated grain 
products for deoxynivalenol (vomitoxin), 
645

deoxynivalenol in hard red winter wheat: 
relationship between toxin levels and 
factors that could be used in grading, 954 

determination of internal insect infestation 
of oats: collaborative study, 699 

GC determination of CCRL583
perfluorinated alcohol fumigant residues, 
749

headspace GC method for determination of 
methyl bromide in food ingredients, 1 1 1 2  

improved cleanup for GC determination of 
propiconazole residues in soil, wheat 
grain, straw, and leaves, 602 

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

LC determination of barbaloin (aloin) in 
foods, 493

LC determination of a-zearalenol and 
zearalenone in corn: collaborative study,
958

modification of the rapid screening method 
for aflatoxin in corn for quantitative use, 
453

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

rapid screening method for detection of 
deoxynivalenol, 1126

screening and quantitation of ochratoxin A 
in corn, peanuts, beans, rice, and cassava, 
1128

simple, rapid cleanup method for analysis 
of aflatoxins and comparison with 
various methods, 458

Halocarbons
EPA project summary: study of EPA 

method 601 for determining halocarbons 
in waters, 130A 

Halogenated pesticides 
See Pesticide formulations; Pesticide 

residues
Hazardous substances

Changes in Methods, no changes 
Committee A report, 296 
referee report, 2 2 2  

High performance (pressure) liquid 
chromatography 
See Liquid chromatography 

Histamine
determination of histamine in fish by LC 

with post-column reaction and 
fluorometric detection, (Corr.), 65A 

Honey
determination of acrylonitrile in foods by 

headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

Hydrophobic grid membrane filter methods 
rapid hydrophobic grid membrane filter 

method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

Hydroquinine
LC determination of quinine, hydroquinine, 

saccharin, and sodium benzoate in 
quinine beverages, 782 

Hypoxanthine
LC determination of hypoxanthine content 

in fish tissue, 444

Ibuprofen
quantitation of indomethacin, naproxen, 

and ibuprofen in pharmaceutical dosage 
forms by first and second derivative UV 
spectrometry, 535

IDF (International Dairy Federation)
cooperation between IDF, ISO, and AOAC 

in developing methods for analysis of 
milk and milk products, 343 

inventory of IDF/ISO/AOAC adopted 
methods of analysis for milk and milk 
products: 1985 update, 1235 

Imipramine
LC method for identity, assay, and content 

uniformity of 5 tricyclic drugs, 168 
Immunoassays

enzyme immunoassay for screening 
sulfamethazine residues in swine blood, 
172

indirect enzyme-linked immunosorbent 
assay for saxitoxin in shellfish, 13 

sensitive enzyme immunoassay of colistin 
and its application to detect residual 
colistin in rainbow trout tissue, 661

Indomethacin
quantitation of indomethacin, naproxen, 

and ibuprofen in pharmaceutical dosage 
forms by first and second derivative UV 
spectrometry, 535

Inductively coupled plasma emission 
spectrometry
assay of calcium borogluconate veterinary 

medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

use of microwave oven and nitric acid- 
hydrogen peroxide digestion to prepare 
botanical materials for elemental 
analysis by inductively coupled argon 
plasma emission spectroscopy, 766 

Industrial chemicals
analysis of phenols by chemical 

derivatization. IV. rapid and sensitive 
method for analysis of 2 1  chlorophenols 
by improved chloroacetylation procedure, 
422

detection of tricresyl phosphates and 
determination of tri-o-cresyl phosphate 
in edible oils, 1074

disappearance of organochlorine residues 
from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

electron capture detection-GC 
determination of diaminotoluenes in 
polyurethane foam as heptafluorobutyryl 
derivatives, 746

EPA project summary: study of EPA 
method 609 for Category 4 chemicals in 
wastewaters, 19A

EPA project summary: study of EPA 
method 612 for Category 3 chemicals 
(chlorinated hydrocarbons) in 
wastewaters, 35A

EPA project summary: study of proposed 
EPA method 604 for Category 8  

chemicals (phenols) in wastewaters, 63A 
FDA Surveillance Index for pesticides: 

establishing food monitoring priorities 
based on potential health risk, 1 2 2  

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

organochlorine pesticides and PCBs in 
sediment and fish from wetlands in the 
north central United States, 712 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1978-September 1979, 862 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1979-September 1980, 1184 

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September
1979,842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September
1980,1163

trace level detection of chlorinated
paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427
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Industrial process waste
Changes in Methods, no changes 
Committee E report, 305 
referee report, 262 

Infant foods
assessment of protein quality methodology 

for infant formulas, 680 
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
LC determination of thiamine in infant 

formula products by using UV detection, 
1087

LC determination of vitamin D in milk and 
infant formula, 177

LC determination of vitamin K] tr a n s -  and 
m-isomers in infant formula, 684 

LC determination of vitamins D2 and D3 in 
fortified milk and infant formulas, 183 

methods of analysis for infant formula:
Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September
1979,842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September
1980,1163

vitamin A and vitamin E content of infant 
formulas produced in the United States, 
509

Instructions to Authors, 70A, 94A, 113A, 146, 
412

Instrumental methods and data handling
committee report, 335 

Interim methods 
1 9 8 5 , 90A, 111A 

International coordination
committee report, 336 

Ion-exchange chromatography
oxidation and hydrolysis determination of 

sulfur amino acids in food and feed 
ingredients: collaborative study, 826 

quantitative amino acid analysis of 
feedstuff hydrolysates by reverse phase 
LC and conventional ion-exchange 
chromatography, (Corr.), 21A 

Ion-pair chromatography
ion-pair column chromatographic 

determination of trimethobenzamide 
HC1 in capsule and injection dosage 
forms: collaborative study, 1055 

Ion-pair extraction
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

extraction of organic acids by ion-pair 
formation with tri-n-octylamine. part 7. 
comparison of methods for extraction of 
synthetic dyes from yogurt, 143 

ISO (International Organization for 
Standardization)
cooperation between IDF, ISO, and AOAC 

in developing methods for analysis of 
milk and milk products, 343 

inventory of IDF/ISO/AOAC adopted 
methods of analysis for milk and milk 
products: 1985 update, 1235 

Isotope measurements
isotopic composition of carbon in vinegars.

449
radiocarbon l4C differentiation of sparkling 

and carbonated wines, 440 
Ivermectin "

normal phase LC determination of ng 
quantities of ivermectin in cattle blood or 
plasma, 36

Laboratory quality assurance
committee report, 338 

Lasalocid
methods for determination of ionophore- 

type antibiotic residues in animal tissues, 
971

Levulinic acid
LC determination of protein acid 

hydrolysate content in blended soy sauce, 
618

Liaison representatives
1 9 8 5 , 347 

Lime oils
GC-MS detection of adulteration of 

natural lime oils, 1154 
Liquid chromatography

amino acid analysis of feedstuff 
hydrolysates by cation exchange HPLC, 
1028

analysis of ¿-phenothrin and its optical 
isomers in technical preparations and 
formulations, (Corr.), 131 A, 911 

analysis of fat-soluble vitamins. XXIX. LC 
determination of vitamin D in AD 
concentrates: collaborative study, 822 

analysis of USP epinephrine injections for 
potency, impurities, degradation 
products, and ¿-enantiomer by LC, using 
ultraviolet and electrochemical detectors, 
163

comparison of Carr-Price analysis and LC 
analysis for vitamin A in fortified milk,
56

comparison of LC and bioassay procedures 
for determining depletion of 
intramuscularly injected tylosin, 413 

determination of aflatoxins in vegetable 
oils, 136

determination of histamine in fish by LC 
with post-column reaction and 
fluorometric detection, (Corr.), 65A 

determination of monensin sodium residues 
in beef liver tissue by LC of a fluorescent 
derivative, 1149

determination of neomycin in animal 
tissues, using ion-pair LC with 
fluorometric detection, 29 

determination of reserpine in commercial 
tablets by LC with fluorescence 
detection, 542

determination of small quantities of 
atropine in commercial preparations by 
LC with fluorescence detection, 1042 

evaluation of LC methods for analysis of 
chlorphoxim formulations, 887 

extraction of organic acids by ion-pair 
formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

identification and quantitation of 
sulfamethazine metabolites by LC and 
GC-MS, 1000

improved LC determination of riboflavin in 
milk and dairy products, 693 

impurity problems in chromatoeranhic

method studies for fenthion formulations, 
925

LC analysis of dehydroacetic acid and its 
application to wines, 650 

LC and GC determination of N -  

nitrosodiethanolamine in 2,4-D 
diethanolamine pesticide formulations, 
1142

LC assay of tetracyclines in tissues of food- 
producing animals, 1013 

LC determination of aminocarb in 
technical and formulated products: 
collaborative study, 567 

LC determination of barbaloin (aloin) in 
foods, 493

LC determination of benzoja] pyrene in 
total particulate matter of cigarette 
smoke, 935

LC determination of carbadox and 
desoxycarbadox in medicated feeds and 
in porcine gastrointestinal tract, 658 

LC determination of carbadox residues in 
animal feed, 653

LC determination of colchicine in 
pharmaceuticals: collaborative study,
1051

LC determination of diazepam in tablets: 
collaborative study, 545 

LC determination of 2,4-dinitroaniline and 
2-naphthol in D&C Orange No. 17, 474 

LC determination of hypoxanthine content 
in fish tissue. 444

LC determination of intermediates in D&C 
Yellow No. 7 and D&C Yellow No. 8 , 
471

LC determination of major alkaloids in 
gum opium, 801

LC determination of morantel tartrate in 
cattle feed, 598

LC determination of morphine sulfate and 
some contaminants in injections and bulk 
drug material, 523 

LC determination of narasin in feed 
premixes, 417

LC determination of nicarbazin in feed,
596

LC determination of A'-methylcarbamate 
insecticides and metabolites in crops. I. 
collaborative study, 726 

LC determination of (V-methylcarbamate 
insecticides and metabolites in crops. II. 
analytical characteristics and residue 
findings, 734

LC determination of organic nitrogenous 
bases in dosage forms: a progress report, 
539

LC determination of polycyclic aromatic 
hydrocarbons in fish and shellfish, 942 

LC determination of primidone in tablets: 
collaborative study, 85 

LC determination of protein acid
hydrolysate content in blended soy sauce, 
618

LC determination of quinine, hydroquinine, 
saccharin, and sodium benzoate in 
quinine beverages, 782 

LC determination of 2 -(2 -quinolinyl)-l //- 
indene-l,3-[2//]-dioneand other 
organic-soluble matter in D&C Yellow 
No. 10, 477

LC determination of strychnine in stomach 
contents, 1131

I C  d e t e r m in a tm n  r»f c i lfn p n ln r ,:—  •-
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and bulk powder, 803 
LC determination of tenuazonic acid and 

alternariol methyl ether in tomatoes and 
tomato products, 640 

LC determination of thiamine in infant 
formula products by using UV detection, 
1087

LC determination of triadimefon in 
technical and formulated products: 
collaborative study, 586 

LC determination of vanillin and related 
flavor compounds in vanilla extract: 
cooperative study, 1198 

LC determination of vitamin D in milk and 
infant formula, 177

LC determination of vitamin Ki tr a n s - and 
fix-isomers in infant formula, 684 

LC determination of vitamins D2 and D3 in 
fortified milk and infant formulas, 183 

LC determination of a-zearalenol and 
zearalenone in corn: collaborative study, 
958

LC method for determination of
furazolidone in premixes and complete 
feeds: collaborative study, 1033 

LC method for identity, assay, and content 
uniformity of 5 tricyclic drugs, 168 

LC monitoring of depletion of carbadox 
and its metabolite desoxycarbadox in 
swine tissues, 665

methods for determination of ionophore- 
type antibiotic residues in animal tissues, 
971

multiresidue method for determination of 8  

neutral /3-lactam penicillins in milk by 
fluorescence-liquid chromatography, 968 

normal phase LC determination of ng 
quantities of ivermectin in cattle blood or 
plasma, 36

normal phase LC determination of 
pyrethrins in formulations, 1134 

normal phase LC determination of
sulfamethoxazole in tablets: collaborative 
study, 8 8

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. D. HPLC methods, 
191

quantitative amino acid analysis of 
feedstuff hydrolysates by reverse phase 
LC and conventional ion-exchange 
chromatography, (Corr.), 21A 

quantitative LC method using fluorescence 
detection for determining zearalenone 
and its metabolites in blood plasma and 
urine, 632

rapid LC determination of patulin in apple 
juice, 950

rapid quantitative method for simultaneous 
determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

rapid reverse phase LC determination of 
aflatoxin Mj in milk, 462 

residue methodology for Amdro fire ant 
insecticide (AC 217,300) in pasture grass 
and crops, 71

reverse phase LC determination of 
bisacodyl in dosage forms, 529 

reverse phase LC determination of
edifenphos in technical and emulsifiable 
concentrate formulations, 138 

sensitive determination of ethopabate

residues in chicken tissues by LC with 
fluorometric detection, 27 

simplified cleanup and LC determination of 
oxamyl residues in potato tubers, 753 

simultaneous LC determination of rotenone 
and pyrethrins in formulations, 580 

simultaneous LC determination of warfarin 
and sulfaquinoxaline in cornmeal-based 
rodenticide, 1139

validation of LC method for assay of 
chlorthalidone in tablet formulations, 96 

Long-range planning 
committee report, 339

Magnesium
advances in automated analysis of soil 

phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794

assay of calcium borogluconate veterinary 
medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

Malachite green test 
re-evaluation of selectivity of malachite 

green test for presence of sulfite in 
mechanically deboned poultry, 1231 

Margarine
GC determination of tr a n s  unsaturation in 

margarine: collaborative study, 46 
Marijuana

LC determination of benzo[a]pyrene in 
total particulate matter of cigarette 
smoke, 935 

Mass spectrometry
See also Gas chromatography-mass 

spectrometry
MS and identification of sterols in 

vegetable oils as butyryl esters and 
relative quantitation by GC with flame 
ionization detection, 701 

negative ion chemical ionization MS 
method for confirmation of identity of 
aflatoxin Bf collaborative study, 636 

Meat, poultry, and meat and poultry products 
See also Drug residues in animal tissues 
Changes in Methods, 378 
Committee C report, 302 
referee report, 240
AAS determination of tin in canned foods, 

using HNO 3 -HCI digestion and 
N 2 O-C 2 H 2 flame: collaborative study, 
(Corr.), 111 A, 209

automated methods for determination of fat 
and moisture in meat and poultry 
products: collaborative study, 876 

comparison of the Volhard and 
potentiometric methods for the 
determination of chloride in meat 
products: collaborative study, 480 

disappearance of organochlorine residues 
from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

effect of (V-nitrosothiazolidine-4-carboxylic 
acid on formation of N -  
nitrosothiazolidine in uncooked bacon, 
1077

effect of pH on absorbance of azo dye 
formed by reaction between nitrite and 
sulfanilamide/7V-(1- 
naphthyl)ethylenediamine in residual

nitrite methods for foods, 485 
improved enrichment for recovery of 

S h ig e l la  so n n e i from foods, 552 
improved procedure for determination of 

acrylonitrile in foods and its application 
to meat, 606

multiresidue GC method for determining 
organochlorine pesticides in meats: 
validation study for swine and beef fats, 
941

rapid hydrophobic grid membrane filter 
method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

rapid quantitative method for simultaneous 
determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

re-evaluation of selectivity of malachite 
green test for presence of sulfite in 
mechanically deboned poultry, 1231 

Medical devices
rapid GC determination of ethylene oxide, 

ethylene chlorohydrin, and ethylene 
glycol residues in rubber catheters, 506 

Membrane filter methods
rapid hydrophobic grid membrane filter 

method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

Meparfynol carbamate
titrimetric and spectrophotometric 

determination of acetylenic hypnotics, 
using brominating agents, 1209 

Mercury
digestion of food samples for total mercury 

determination, 891 
Metals and other elements

Changes in Methods, 378 
Committee E report, 306 
referee report, 265
AAS determination of cobalt in foods, 511 
AAS determination of liver copper: 

collaborative study, 44 
AAS determination of tin in canned foods, 

using HNO 3 -HCI digestion and 
N 2O -C 2 H 2 flame: collaborative study, 
(Corr.), 111A, 209

digestion of food samples for total mercury 
determination, 891

electrothermal AAS determination of 
chromium in plant tissues: 
interlaboratory study, 495 

elemental analysis of plant tissue by plasma 
emission spectroscopy: collaborative 
study, 499

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

methods of analysis for infant formula: 
Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1978-September 1979, 862 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1979-September 1980, 1184 

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September 
1979, 842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September



SU B JEC T INDEX: J. ASSOC. OFF. ANAL. C H EM . (VOL. 68, N O. 6, 1985) 1277

1980,1163
simple automated wet digestion of animal 

tissues for determination of 7 elements by 
A AS, 218

use of microwave oven and nitric acid- 
hydrogen peroxide digestion to prepare 
botanical materials for elemental 
analysis by inductively coupled argon 
plasma emission spectroscopy, 766 

Method performance
detection and determination of error in 

analytical methodology, part IIB. direct 
calculational technique for making 
corrigible systematic error corrections, 
199

focus on chemical contaminants in foods: 
some analytical considerations, 1069 

interlaboratory variability of methods used 
for detection of economic adulteration in 
apple juice, 672

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. C. automated 
methods, 112

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. D. FIPLC methods, 
191

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. E. miscellaneous 
methods, 830

volatile oil analysis of cassia bark
(cinnamon): investigation of systematic 
errors, 622 

Methods committees 
1 9 8 5 , 351
annual reports, 295 

Methyl bromide
headspace GC method for determination of 

methyl bromide in food ingredients, 1112 
Methyldopa

colorimetric determination of
sympathomimetic amines methyldopa 
and noradrenaline, 91 

Metolachlor
GC determination of metolachlor in 

pesticide formulations: collaborative 
study, 570

Microbiological methods
See also Drug and device related 

microbiology; Food microbiology 
antibiotic identification by high voltage 

electrophoresis bioautography, 1018 
comparison of rapid perfringens medium 

and lactose sulfite medium for detection 
of C lo s t r id iu m  p e r f r in g e n s , 807 

detection of low numbers of poliovirus 1 in 
oysters: collaborative study, 884 

GC detection of D-(—)-2,3-butanediol and 
butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

improved enrichment for recovery of 
S h ig e l la  so n n e i from foods, 552 

methods of analysis for infant formula: 
Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

microbiological assay for chloramphenicol 
residues, 1037

rapid detection of C lo s t r id iu m  perfrin gen s-. 
comparison of lactose sulfite broth with

tryptose-sulfite-cycloserine agar, 881 
rapid hydrophobic grid membrane filter 

method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

Microchemical methods 
Changes in Methods, no changes 
rapid microchemical identification of 4 

phenothiazine antiemetics with gold 
bromide and I2 -KI reagents: 
collaborative study, 527 

Microwave oven methods
automated methods for determination of fat 

and moisture in meat and poultry 
products: collaborative study, 876 

microwave oven drying determination of 
total solids in processed tomato products: 
collaborative study, 1081 

Migration cell
new FDA migration cell used to study 

migration of styrene from polystyrene 
into various solvents, 770

Milk
See Dairy products 

Milk-test bottles
calibration of skim milk-test bottles, 605 

Moisture
automated methods for determination of fat 

and moisture in meat and poultry 
products: collaborative study, 876 

sampling barrel cheese for moisture 
analysis: comparison of methods, 718 

Molds
See Analytical mycology of foods and drugs 

Monensin
determination of monensin sodium residues 

in beef liver tissue by LC of a fluorescent 
derivative, 1149

methods for determination of ionophore- 
type antibiotic residues in animal tissues, 
971

Monitoring studies
See Chemical contaminants monitoring 

Morantel
LC determination of morantel tartrate in 

cattle feed, 598 
Morphine

LC determination of morphine sulfate and 
some contaminants in injections and bulk 
drug material, 523 

Multielement methods
elemental analysis of plant tissue by plasma 

emission spectroscopy: collaborative 
study, 499

simple automated wet digestion of animal 
tissues for determination of 7 elements by 
AAS, 218

Multiresidue methods
See also Pesticide residues: multiresidue 

methods
GC relative retention data for pesticides on 

9 packed columns: I. organophosphorus 
pesticides, using flame photometric 
detection, 1100

LC determination of A-methylcarbamate 
insecticides and metabolites in crops. I. 
collaborative study, 726 

LC determination of A-methylcarbamate 
insecticides and metabolites in crops. II. 
analytical characteristics and residue 
findings, 734

Luke et al. method for determining 
multipesticide residues in fruits and 
vegetables: collaborative study, 64

multiresidue GC method for determining 
organochlorine pesticides in meats: 
validation study for swine and beef fats, 
941

multiresidue method for determination of 8 
neutral (J-lactam penicillins in milk by 
fluorescence-liquid chromatography, 968 

multiresidue method for quantitative 
determination of organophosphorus 
pesticides in foods, 1095 

Mycotoxins 
See also Aflatoxins 
Changes in Methods, 379 
Committee C report, 302 
referee report, 242
assessment of extraction procedures in 

analysis of naturally contaminated grain 
products for deoxynivalenol (vomitoxin), 
645

deoxynivalenol in hard red winter wheat: 
relationship between toxin levels and 
factors that could be used in grading, 954 

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

joint committee, report, 337 
LC determination of tenuazonic acid and 

alternariol methyl ether in tomatoes and 
tomato products, 640 

LC determination of a-zearalenol and 
zearalenone in corn: collaborative study, 
958

occurrence of mycotoxins in cereals and 
animal feedstuffs in Natal, South Africa, 
839

quantitative LC method using fluorescence 
detection for determining zearalenone 
and its metabolites in blood plasma and 
urine, 632

rapid LC determination of patulin in apple 
juice. 950

rapid screening method for detection of 
deoxynivalenol, 1126

screening and quantitation of ochratoxin A 
in corn, peanuts, beans, rice, and cassava, 
1128

TLC determination of sterigmatocystin in 
cheese, 643

Naproxen
quantitation of indomethacin, naproxen, 

and ibuprofen in pharmaceutical dosage 
forms by first and second derivative UV 
spectrometry, 535 

Narasin
LC determination of narasin in feed 

premixes, 417 
Neomycin

determination of neomycin in animal 
tissues, using ion-pair LC with 
fluorometric detection, 29

overview of physical-chemical methods for 
determining aminoglycoside antibiotics 
in tissues and fluids of food-producing 
animals, 1007

New Products, 8A, 32A, 55A, 81A, 105A,
123A

Niacin
methods of analysis for infant formula: 

Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

TLC identification and quan^Jign ,«1'
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niacin and niacinamide in 
pharmaceutical preparations, 547 

Nicarbazin
LC determination of nicarbazin in feed,

596
Nigericin

methods for determination of ionophore- 
type antibiotic residues in animal tissues. 
971 

Nitrates
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
second derivative UV spectroscopy and 

sulfamic acid method for determination 
of nitrates in water, 962 

Nitrates, nitrites, and nitrosamines committee 
annual report, 339 

Nitrites
effect of pH on absorbance of azo dye 

formed by reaction between nitrite and 
sulfanilamide/./V-(l- 
naphthyl)ethylenediamine in residual 
nitrite methods for foods, 485 

Nitrogen
Wiley Award address, 1 9 8 4 , determination 

and isotope-ratio analysis of different 
forms of nitrogen in soils, 155 

Nitromide
screening tests for sulfa drugs and/or 

dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20

Nitrosamines
effect of Af-nitrosothiazolidine-4-carboxylic 

acid on formation of N -  
nitrosothiazolidine in uncooked bacon, 
1077

LC and GC determination of N -  
nitrosodiethanolamine in 2,4-D 
diethanolamine pesticide formulations, 
1142

Nonalcoholic beverages
Changes in Methods, no changes 
Committee D report, 304 
referee report, 257
LC determination of quinine, hydroquinine, 

saccharin, and sodium benzoate in 
quinine beverages, 782 

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

Nondairy creamer
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
Noradrenaline

colorimetric determination of
sympathomimetic amines methyldopa 
and noradrenaline, 91 

Nuclear magnetic resonance spectrometry
proton magnetic resonance spectroscopic 

assay of propoxur, 565

Nutrients
See Vitamins and other nutrients 

Nuts and nut products
Changes in Methods, no changes 
determination of acrylonitrile in foods by 

headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

determination of fat in vegetable foods, 
1226

determination of phosphine: comparison of 
intm i f  rinnnrntinn hn rmrnr-anflrlran

method and by sulfuric acid treatment,
61

GC determination of CCRL583
perfluorinated alcohol fumigant residues, 
749

headspace GC method for determination of 
methyl bromide in food ingredients, 1 1 1 2  

negative ion chemical ionization MS 
method for confirmation of identity of 
aflatoxin Bp collaborative study, 636 

screening and quantitation of ochratoxin A 
in corn, peanuts, beans, rice, and cassava, 
1128

simple, rapid cleanup method for analysis 
of aflatoxins and comparison with 
various methods, 458

Ochratoxins
screening and quantitation of ochratoxin A 

in corn, peanuts, beans, rice, and cassava, 
1128 

Officers
1 9 8 5 , 346

Official methods board
annual report, 323 

Official methods committees
1 9 8 5 , 351

Official Methods of Analysis
Changes in Methods, 1 9 8 5 , 369 

Oils and fats
See also Fat
Changes in Methods, 381 
Committee C report, 302 
referee report, 249 
detection of tricresyl phosphates and 

determination of tri-o-cresyl phosphate 
in edible oils, 1074

determination of acrylonitrile in foods by 
headspace-GC with nitrogen-sensitive 
detection: collaborative study, 776 

determination of aflatoxins in vegetable 
oils, 136

GC determination of tr a n s  unsaturation in 
margarine: collaborative study, 46 

MS and identification of sterols in 
vegetable oils as butyryl esters and 
relative quantitation by GC with flame 
ionization detection, 701 

Oil seeds
determination of fat in vegetable foods, 

1226 
Opium

LC determination of major alkaloids in 
gum opium, 801 

Orange juice
spectral characteristics of Florida orange 

juice and orange pulpwash: collaborative 
study, 1 2 0 2

Organic nitrogenous bases
LC determination of organic nitrogenous 

bases in dosage forms: a progress report, 
539

Organohalogen pesticides
See Pesticide formulations; Pesticide 

residues
Organophosphorus pesticides

See Pesticide formulations; Pesticide 
residues 

Oxalic acid
GC determination of oxalic acid in foods, 

108

Oxamyl
simplified cleanup and LC determination of 

oxamyl residues in potato tubers, 753

Paper chromatography
determination of ethylenethiourea in grapes 

and wine, 741
paper chromatographic method for 

identification and semiquantitative 
determination of pyridine and a-picoline 
in denatured spirit, french polish, and 
their derived preparations, 105 

Parabens
rapid quantitative method for simultaneous 

determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

Paraffins
trace level detection of chlorinated

paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427 

Parasites
detection of parasites in fish muscle by 

candling technique, 549 
Patulin

rapid LC determination of patulin in apple 
juice, 950 

PCBs
See Polychlorinated biphenyls 

Peanuts and peanut products
See Nuts and nut products 

Penicillins
multiresidue method for determination of 8  

neutral /3-lactam penicillins in milk by 
fluorescence-liquid chromatography, 968 

Pentachlorophenol
determination of polychlorinated dibenzo- 

p>-dioxins in technical pentachlorophenol, 
583

GC determination of pentachlorophenol in 
gelatin: collaborative study, 419 

Pepper
See Spices and other condiments 

Perfluorinated alcohols
GC determination of CCRL583 

perfluorinated alcohol fumigant residues, 
749

Performance criteria
performance criteria proposed for 

automated determination of direct 
available P2O5 in fertilizers, 466 

Permethrin
permethrin and its 2  metabolite residues in 

7 agricultural crops, 1160 
Perphenazine

rapid microchemical identification of 4 
phenothiazine antiemetics with gold 
bromide and I2-KI reagents: 
collaborative study, 527 

Pesticide formulations 
AOAC/CIPAC symposium on analysis of 

pesticide products, impurities, and 
degradation materials, 906 

harmonization of standardization of 
reference substances for analysis of 
pesticide products, 907 

quality assurance in the pesticide product 
laboratory, 921

Pesticide formulations: carbamate and 
substituted urea insecticides
Changes in Methods, 372 
P n m m ittf'P  A rp nn rt 796
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referee report, 223 
LC determination of aminocarb in 

technical and formulated products: 
collaborative study, 567 

proton magnetic resonance spectroscopic 
assay of propoxur, 565 

Pesticide formulations: fungicides and 
disinfectants
Changes in Methods, 373 
Committee A report, 296 
referee report, 224 
LC determination of triadimefon in 

technical and formulated products: 
collaborative study, 586 

Pesticide formulations: general methods 
Changes in Methods, no changes 
Committee A report, 296 
referee report, 223 

Pesticide formulations: halogenated 
insecticides
Changes in Methods, 371 
Committee A report, 296 
referee report, 224 
capillary GC determination of 

Cypermethrin in formulations: 
collaborative study, 592 

capillary GC determination of technical 
chlordane in emulsifiable concentrates 
and aqueous dilutions, 175 

GC determination of chlordimeform in 
pesticide formulations: collaborative 
study, 589

LC and GC determination of N -  

nitrosodiethanolamine in 2,4-D 
diethanolamine pesticide formulations, 
1142

multiresidue GC method for determining 
organochlorine pesticides in meats: 
validation study for swine and beef fats, 
941

Pesticide formulations: herbicides I
Changes in Methods, no changes 
Committee A report, 296 
referee report, 225
problems and results of trace analysis of 

2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters, 917

Pesticide formulations: herbicides II
Changes in Methods, no changes 
Committee A report, 297 
referee report, 225 

Pesticide formulations: herbicides III
Changes in Methods, 370, 371 
Committee A report, 297 
referee report, 226 
GC determination of alachlor in

formulations: collaborative study, 573 
GC determination of metolachlor in 

pesticide formulations: collaborative 
study, 570

Pesticide formulations: inorganic pesticides
Changes in Methods, no changes 
Committee A report, 297 

Pesticide formulations: organothiophosphorus 
pesticides
Changes in Methods, 372, 374 
Committee A report, 297 
referee report, 227
analysis of diazinon for impurities and 

degradation materials, 929 
evaluation of LC methods for analysis of 

chlorphoxim formulations, 887

GC method for determination of 
fenitrothion in technical and in 
emulsifiable concentrate and water- 
dispersible powder formulations: 
collaborative study, 576 

impurity problems in chromatographic 
method studies for fenthion formulations, 
925

reverse phase LC determination of 
edifenphos in technical and emulsifiable 
concentrate formulations, 138 

Pesticide formulations: other insecticides, 
synergists, and insect repellants 
Changes in Methods, 370 
Committee A report, 297 
referee report, 224
analysis of if-phenothrin and its optical 

isomers in technical preparations and 
formulations, (Corr.), 131 A, 911 

capillary GC determination of pyrethrins in 
low level formulations, 1137 

normal phase LC determination of 
pyrethrins in formulations, 1134 

simultaneous LC determination of rotenone 
and pyrethrins in formulations, 580 

Pesticide formulations: other 
organophosphorus insecticides 
Changes in Methods, no changes 
Committee A report, 298 
referee report, 225

Pesticide formulations: rodenticides and 
miscellaneous pesticides
Changes in Methods, no changes 
Committee A report, 298 
referee report, 225
simultaneous LC determination of warfarin 

and sulfaquinoxaline in cornmeal-based 
rodenticide, 1139 

Pesticide residues
FDA Surveillance Index for pesticides: 

establishing food monitoring priorities 
based on potential health risk, 1 2 2  

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

formulas for calculation of extraction 
volumes for commonly used pesticide 
residue extraction procedures, 437 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1978-September 1979, 862 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1979-September 1980, 1184 

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September
1979.842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September
1980,1163

residue methodology for Amdro fire ant 
insecticide (AC 217,300) in pasture grass 
and crops, 71

Pesticide residues: multiresidue methods
See also Multiresidue methods 
Changes in Methods, 385 
Committee E report, 307 
referee report, 267

Pesticide residues: organohalogen pesticides
Changes in Methods, 385, 388 
Committee E report, 307 
referee report, 267

capillary GC determination of some 
chlorobiphenyls in eel fat: interlaboratory 
study, 756

disappearance of organochlorine residues 
from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

effect of cooking on levels of ethylene 
dibromide residues in rice, 710 

GC determination of CCRL583 
perfluorinated alcohol fumigant residues,
749

GC determination of ethylene dibromide in 
flour products, 203

GC determination of pentachlorophenol in 
gelatin: collaborative study, 419 

GC determination of picloram in fish, 59 
headspace GC method for determination of 

methyl bromide in food ingredients, 1 1 1 2  

improved codistillation method for 
determination of carbon tetrachloride, 
ethylene dichloride, and ethylene 
dibromide in grain and grain-based 
products, 759

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

organochlorine pesticides and PCBs in 
sediment and fish from wetlands in the 
north central United States, 712 

permethrin and its 2  metabolite residues in 
7 agricultural crops, 1160 

purge and trap method for determination of 
ethylene dibromide in table-ready foods, 
431

purge and trap method for determination of 
ethylene dibromide in whole grains, 
milled grain products, intermediate 
grain-based foods, and animal feeds,
1108

Pesticide residues: organonitrogen pesticides
Changes in Methods, 386 
Committee E report, 308 
referee report, 272
capillary GC determination of prometryn 

and its degradation products in parsley,
750

determination of ethylenethiourea in grapes 
and wine, 741

improved cleanup for GC determination of 
propiconazole residues in soil, wheat 
grain, straw, and leaves, 602 

LC determination of /V-methylcarbamate 
insecticides and metabolites in crops. I. 
collaborative study, 726 

LC determination of A-methylcarbamate 
insecticides and metabolites in crops. II. 
analytical characteristics and residue 
findings, 734

simplified cleanup and LC determination of 
oxamyl residues in potato tubers, 753 

Pesticide residues: organophosphorus 
pesticides
Changes in Methods, no changes 
Committee E report, 309 
referee report, 273
determination of phosphine: comparison of 

rates of desorption by purge-and-trap 
method and by sulfuric acid treatment,
61

disappearance of organochlorine residues 
from abdominal and egg fats of chickens,
0n(itriiiiflntiflfl lWiiiiin ni
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GC relative retention data for pesticides on 
9 packed columns: I. organophosphorus 
pesticides, using ñame photometric 
detection, 1 1 0 0

improved polarographic method for
determination of glyphosate herbicide in 
crops, soil, and water, 76 

multiresidue method for quantitative 
determination of organophosphorus 
pesticides in foods, 1095 

spectrophotometric determination of 
phosphine residues in rice, 205 

Phenazopyridine
amperometric determination of

phenazopyridine HC1 in flowing stream 
at glassy carbon electrode, 1207 

Phenols
analysis of phenols by chemical

derivatization. IV. rapid and sensitive 
method for analysis of 2 1  chlorophenols 
by improved chloroacetylation procedure, 
422

Phenothiazines
rapid microchemical identification of 4 

phenothiazine antiemetics with gold 
bromide and I2-KI reagents: 
collaborative study, 527 

Phenothrin
analysis of if-phenothrin and its optical 

isomers in technical preparations and 
formulations, (Corr.), 131 A, 911 

Phenyltoloxamine
use of 7,7,8,8-tetracyanoquinodimethane in 

the colorimetric determination of some 
antihistamines, 1057 

Phosphine
determination of phosphine: comparison of 

rates of desorption by purge-and-trap 
method and by sulfuric acid treatment,
61

spectrophotometric determination of 
phosphine residues in rice, 205 

Phosphorus
advances in automated analysis of soil 

phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794

assay of calcium borogluconate veterinary 
medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

determination of phosphorus in processed 
cheese: collaborative study, 1 0 2  

performance criteria proposed for 
automated determination of direct 
available P1O 5 in fertilizers, 466 

Photodegradation 
photodegradation of sulfa drugs by 

fluorescent light, 1232 
Picloram

GC determination of picloram in fish, 59 
Picoline

paper chromatographic method for 
identification and semiquantitative 
determination of pyridine and a-picoline 
in denatured spirit, french polish, and 
their derived preparations, 105 

Piperazines
dc polarographic assay of piperazines, 532 

Pirbuterol
fluorometric and spectrophotometric

1 ' ' • »F nirhiitarnl

hydrochloride in authentic and dosage 
forms. 1 2 2 2  

Plants
Changes in Methods, 369 
Committee A report, 298 
referee report, 228
electrothermal AAS determination of 

chromium in plant tissues: 
interlaboratory study, 495 

elemental analysis of plant tissue by plasma 
emission spectroscopy: collaborative 
study, 499

extraction of light filth from whole 
peppermint leaves: collaborative study, 
697

improved cleanup for GC determination of 
propiconazole residues in soil, wheat 
grain, straw, and leaves, 602 

permethrin and its 2  metabolite residues in 
7 agricultural crops, 1160 

rapid screening method for detection of 
deoxynivalenol, 1126 

use of microwave oven and nitric acid- 
hydrogen peroxide digestion to prepare 
botanical materials for elemental 
analysis by inductively coupled argon 
plasma emission spectroscopy, 766

Plant toxins
Changes in Methods, no changes 
Committee C report, 303 
referee report, 251 

Plasma emission spectroscopy 
elemental analysis of plant tissue by plasma 

emission spectroscopy: collaborative 
study, 499 

Polarography
dc polarographic assay of piperazines, 532 
improved polarographic method for

determination of glyphosate herbicide in 
crops, soil, and water, 76 

polarographic determination and aqueous 
potentiometric titration of cimetidine in 
tablets, 1060

Poliovirus
detection of low numbers of poliovirus 1 in 

oysters: collaborative study, 884 
Polychlorinated biphenyls

capillary GC determination of some 
chlorobiphenyis in eel fat: interlaboratory 
study, 756

disappearance of organochlorine residues 
from abdominal and egg fats of chickens, 
Ontario, Canada, 1969-1982, 124 

focus on control of chemical contaminants 
in foods: past, present, and future, 1063 

long-term preservation of egg and tissue 
homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

organochlorine pesticides and PCBs in 
sediment and fish from wetlands in the 
north central United States, 712 

Polychlorinated dioxins 
determination of polychlorinated dibenzo- 

p-dioxins in technical pentachlorophenol, 
583

Polycyclic aromatic hydrocarbons
LC determination of benzo[a]pyrene in 

total particulate matter of cigarette 
smoke, 935

LC determination of polycyclic aromatic 
hydrocarbons in fish and shellfish, 942

Polyurethane foams
electron capture detection-GC

determination of diaminotoluenes in 
polyurethane foam as heptafluorobutyryl 
derivatives, 746 

Potassium
advances in automated analysis of soil 

phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794 

Potentiometric methods 
comparison of the Volhard and 

potentiometric methods for the 
determination of chloride in meat 
products: collaborative study, 480 

polarographic determination and aqueous 
potentiometric titration of cimetidine in 
tablets, 1060

Poultry and poultry products
See Meat, poultry, and meat and poultry 

products
Preservatives and artificial sweeteners

Changes in Methods, 376 
Committee D report, 304 
referee report, 257
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

LC analysis of dehydroacetic acid and its 
application to wines, 650 

LC determination of quinine, hydroquinine, 
saccharin, and sodium benzoate in 
quinine beverages, 782 

rapid quantitative method for simultaneous 
determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

Primidone
LC determination of primidone in tablets: 

collaborative study, 85 
Promethazine

rapid microchemical identification of 4 
phenothiazine antiemetics with gold 
bromide and I2-KI reagents: 
collaborative study, 527 

Prometryn
capillary GC determination of prometryn 

and its degradation products in parsley, 
750

Propantheline bromide
amperometric determination of 

propantheline bromide in a flowing 
stream at the glassy carbon electrode,
165

Propiconazole
improved cleanup for GC determination of 

propiconazole residues in soil, wheat 
grain, straw, and leaves, 602 

Propoxur
proton magnetic resonance spectroscopic 

assay of propoxur, 565 
Protein

focus on sample preparation for 
chromatography of amino acids: acid 
hydrolysis of proteins, 811 

Protein quality
assessment of protein quality methodology 

for infant formulas, 680 
comparison of interlaboratory variation in
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amino acid analysis and rat growth 
assays for evaluating protein quality, 52 

corrected relative net protein ratio
(CRNPR) method based on differences 
in rat and human requirements for sulfur 
amino acids, 689 

Pyrethrins
capillary GC determination of pyrethrins in 

low level formulations, 1137 
normal phase LC determination of 

pyrethrins in formulations, 1134 
simultaneous LC determination of rotenone 

and pyrethrins in formulations, 580 
Pyridine

paper chromatographic method for 
identification and semiquantitative 
determination of pyridine and a-picoline 
in denatured spirit, french polish, and 
their derived preparations, 105

Quality assurance
committee report, 338 
quality assurance in the pesticide product 

laboratory, 921 
Quality control

quality assurance in the pesticide product 
laboratory, 921 

Quinine
LC determination of quinine, hydroquinine, 

saccharin, and sodium benzoate in 
quinine beverages, 782

Radioactivity
Changes in Methods, no changes 
Committee E report, 310 
referee report, 276
focus on control of chemical contaminants 

in foods: past, present, and future, 1063 
fractionation of radioactivity in the milk of 

goats administered 1 4C-aflatoxin Bj, 456 
isotopic composition of carbon in vinegars, 

449
radiocarbon 14C differentiation of sparkling 

and carbonated wines, 440 
Radioimmunoassays

trace analysis of chloramphenicol residues 
in eggs, milk, and meat: comparison of 
GC and radioimmunoassay, 984 

Referees 
1 9 8 5 , 351

Reference materials and standard solutions
Changes in Methods, no changes 
Committee A report, 298 
referee report, 228 
harmonization of standardization of 

reference substances for analysis of 
pesticide products, 907 

National Bureau of Standards Reference 
Materials as organic nutrient standards: 
a preliminary study, 1084 

Reference tables
Changes in Methods, no changes 

Regional sections 
committee report, 340 

Regulatory analysis
antibiotic residues in animal-derived food, 

966
keynote address, 1 9 8 4 , importance of 

analytical chemistry to food and drug 
regulation, 147

performance characteristics of methods of 
analysis used for regulatory purposes. I.

drug dosage forms. C. automated 
methods, 1 1 2

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. D. HPLC methods, 
191

performance characteristics of methods of 
analysis used for regulatory purposes. I. 
drug dosage forms. E. miscellaneous 
methods, 830 

Relative retention data 
GC relative retention data for pesticides on 

9 packed columns: I. organophosphorus 
pesticides, using flame photometric 
detection, 1 1 0 0  

Reserpine
determination of reserpine in commercial 

tablets by LC with fluorescence 
detection, 542 

Retinol
disposable cartridge extraction of retinol 

and a-tocopherol from feedstuffs, 1 1 2 1  

Reviewers
of J o u r n a l manuscripts, 41A 

Review papers
review of analytical methods for 

determining ascorbic acid in biological 
samples, food products, and 
pharmaceuticals, 1 

Riboflavin
improved LC determination of riboflavin in 

milk and dairy products, 693 
methods of analysis for infant formula:

Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

Rice
See Cereal foods 

Rotenone
simultaneous LC determination of rotenone 

and pyrethrins in formulations, 580 
Rubber products

rapid GC determination of ethylene oxide, 
ethylene chlorohydrin, and ethylene 
glycol residues in rubber catheters, 506 

Ruggedness tests
ruggedness testing of the official method 

for rot fragments in comminuted tomato 
products, 896

Saccharin
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

LC determination of quinine, hydroquininc, 
saccharin, and sodium benzoate in 
quinine beverages, 782 

Safety
Changes in Methods, no changes 
committee report, 341 

Salicylamide
spectrophotometric analysis of mixtures of 

acetaminophen, salicylamide, and 
codeine phosphate in tablets, 1048

Salmonella
rapid hydrophobic grid membrane filter 

method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555

Salt
Changes in Methods, no changes 
referee report, 277

Sample preparation for analysis
determination of phosphine: comparison of 

rates of desorption by purge-and-trap 
method and by sulfuric acid treatment,
61

digestion of food samples for total mercury 
determination, 891 

focus on sample preparation for 
chromatography of amino acids: acid 
hydrolysis of proteins, 811 

hydrolysate preparation for analysis of 
amino acids in sorghum grains: effect of 
oxidative pretreatment, 1117 

use of microwave oven and nitric acid- 
hydrogen peroxide digestion to prepare 
botanical materials for elemental 
analysis by inductively coupled argon 
plasma emission spectroscopy, 766 

volatile oil analysis of cassia bark
(cinnamon): investigation of systematic 
errors, 622

Sample preservation
long-term preservation of egg and tissue 

homogenates for determination of 
organochlorine compounds: freezing 
versus freeze-drying, 129 

Sampling
sampling barrel cheese for moisture 

analysis: comparison of methods, 718 
Saxitoxin

indirect enzyme-linked immunosorbent 
assay for saxitoxin in shellfish, 13 

Seafood toxins
Changes in Methods, no changes 
Committee C report, 303 
referee report, 252
indirect enzyme-linked immunosorbent 

assay for saxitoxin in shellfish, 13

Secretary/Treasurer
annual report, 320 

Sediments
organochlorine pesticides and PCBs in 

sediment and fish from wetlands in the 
north central United States, 712 

trace level detection of chlorinated 
paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427

Sewage sludge
trace level detection of chlorinated

paraffins in biological and environmental 
samples, using GC-MS with negative-ion 
chemical ionization, 427 

Shellfish
See Fish and other marine products 

Shigella sonnei
improved enrichment for recovery of 

S h ig e l la  s o n n e i from foods, 552 
Sodium benzoate

LC determination of quinine, hydroquinine, 
saccharin, and sodium benzoate in 
quinine beverages, 782 

Sodium chloride
comparison of the Volhard and 

potentiometric methods for the 
determination of chloride in meat 
products: collaborative study, 480 

Sodium fluoroacetate
capillary GC-MS determination of 

fluoroacetate residues in animal tissues, 
722
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advances in automated analysis of soil 
phosphorus, potassium, calcium, and 
magnesium through use of a 
microprocessor, 794

improved cleanup for GC determination of 
propiconazole residues in soil, wheat 
grain, straw, and leaves, 602 

improved polarographic method for 
determination of glyphosate herbicide in 
crops, soil, and water, 76 

rapid screening method for detection of 
deoxynivalenol, 1126

Wiley Award address, 1 9 8 4 , determination 
and isotope-ratio analysis of different 
forms of nitrogen in soils, 155 

Sorbic acid
extraction of organic acids by ion-pair 

formation with tri-n-octylamine. part 6 . 
determination of sorbic acid, benzoic 
acid, and saccharin in yogurt, 80 

rapid quantitative method for simultaneous 
determination of benzoic acid, sorbic 
acid, and four parabens in meat and 
nonmeat products by LC, 488 

simultaneous GC determination of
carboxylic acids in soft drinks and jams, 
902

Soxhlet extraction
comparison of ether and chloroform for 

Soxhlet extraction of freeze-dried animal 
tissues, 1228 

Soy sauce
LC determination of protein acid

hydrolysate content in blended soy sauce, 
618

Spectrophotometry
colorimetric determination of stanozolol in 

pharmaceutical formulations, 98 
colorimetric determination of

sympathomimetic amines methyldopa 
and noradrenaline, 91 

determination of ethanol in wine by 
titrimetric and spectrophotometric 
dichromate methods: collaborative study, 
188

determination of phosphorus in processed 
cheese: collaborative study, 1 0 2  

effect of pH on absorbance of azo dye 
formed by reaction between nitrite and 
sulfanilamide/(V-(l- 
naphthyljethylenediamine in residual 
nitrite methods for foods, 485 

fluorometric and spectrophotometric 
determination of pirbuterol 
hydrochloride in authentic and dosage 
forms, 1 2 2 2

pH-induced difference, spectrophotometric 
assay of tetracycline and oxytetracycline, 
1045

quantitation of indomethacin, naproxen, 
and ibuprofen in pharmaceutical dosage 
forms by first and second derivative UV 
spectrometry, 535

second derivative UV spectroscopy and 
sulfamic acid method for determination 
of nitrates in water, 962 

simple colorimetric method for 
determination of thiamine HC1 in 
pharmaceuticals, 83

spectral characteristics of Florida orange 
juice and orange pulpwash: collaborative

nm

spectrophotometric analysis of mixtures of 
acetaminophen, salicylamide, and 
codeine phosphate in tablets, 1048 

spectrophotometric determination of 
phosphine residues in rice, 205 

use of 7,7,8,8-tetracyanoquinodimethane in 
the colorimetric determination of some 
antihistamines, 1057 

Spices and other condiments
Changes in Methods, no changes 
Committee D report, 304 
referee report, 258
brine saturation technique for extracting 

light filth from ground cinnamon: 
intralaboratory study, 1093 

brine saturation technique for extraction of 
light filth from rubbed, ground, and 
whole sage: collaborative study, 894 

extraction of light filth from unground 
marjoram: collaborative study, 899 

isotopic composition of carbon in vinegars, 
449

LC determination of protein acid
hydrolysate content in blended soy sauce, 
618

negative ion chemical ionization MS 
method for confirmation of identity of 
aflatoxin Bj: collaborative study, 636 

rapid hydrophobic grid membrane filter 
method for S a lm o n e l la  detection in 
selected foods: collaborative study, 555 

volatile oil analysis of cassia bark
(cinnamon): investigation of systematic 
errors, 622 

Sporeformers
GC detection of D-(—)-2,3-butanedioi and 

butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

Standard solutions
See Reference materials and standard 

solutions
Standing committees

1 9 8 5 , 346 
Stanozolol

colorimetric determination of stanozolol in 
pharmaceutical formulations, 98 

State and provincial participation 
committee report, 341 

Statistical techniques
detection and determination of error in 

analytical methodology, part IIB. direct 
calculational technique for making 
corrigible systematic error corrections, 
199

statistical examination of AOAC use- 
dilution method for testing disinfectant 
efficacy, 763 

Statistics
critical values for Dixon's outlier test, 327 

Statistics committee 
annual report, 342 

Sterigmatocystin
TLC determination of sterigmatocystin in 

cheese, 643 
Sterols

MS and identification of sterols in 
vegetable oils as butyryl esters and 
relative quantitation by GC with flame 
ionization detection, 701 

Streptomycin
overview of physical-chemical methods for 

determining aminoglycoside antibiotics

in tissues and fluids of food-producing 
animals, 1007 

Strychnine
LC determination of strychnine in stomach 

contents, 1131 
Styrene

new FDA migration cell used to study 
migration of styrene from polystyrene 
into various solvents, 770 

Sugars and sugar products 
Changes in Methods, 376, 389 
Committee D report, 304 
referee report, 259
determination of mass per unit volume, 

alcohol, reducing sugars, total acids, and 
volatile acids in wine by the methods of 
the International Office of Vine and 
Wine: summary of collaborative study,
141

enzymatic-UV determination of glucose 
and fructose in wine: collaborative study, 
1021

Sulfabromethazine
quantitative GC-MS assay of 5 

sulfonamide residues in animal tissue, 23 
Sulfadimethoxine

quantitative GC-MS assay of 5
sulfonamide residues in animal tissue, 23 

screening tests for sulfa drugs and/or 
dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20

Sulfamethazine
enzyme immunoassay for screening 

sulfamethazine residues in swine blood, 
172

identification and quantitation of 
sulfamethazine metabolites by LC and 
GC-MS, 1000

quantitative colorimetric method for 
sulfamethazine in swine feeds, 214 

quantitative GC-MS assay of 5
sulfonamide residues in animal tissue, 23 

Sulfamethoxazole
normal phase LC determination of 

sulfamethoxazole in tablets: collaborative 
study, 8 8  

Sulfaquinoxaline
quantitative GC-MS assay of 5 

sulfonamide residues in animal tissue, 23 
screening tests for sulfa drugs and/or 

dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20

simultaneous LC determination of warfarin 
and sulfaquinoxaline in cornmeal-based 
rodenticide, 1139 

Sulfasalazine
LC determination of sulfasalazine in tablets 

and bulk powder, 803 
Sulfathiazole

quantitative GC-MS assay of 5
sulfonamide residues in animal tissue, 23 

Sulfites
re-evaluation of selectivity of malachite 

green test for presence of sulfite in 
mechanically deboned poultry, 1231 

Sulfonamides
See also specific analyte 
photodegradation of sulfa drugs by 

fluorescent light, 1232 
Sulfur amino acids 

See Amino acids
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Sulfur-coated urea
correlation of analytical methods and 

biological activity of various sulfur- 
coated urea fertilizer products, 785 

Surveillance Index
FDA Surveillance Index for pesticides: 

establishing food monitoring priorities 
based on potential health risk, 1 2 2  

Symposia and special programs 
AOAC/CIPAC symposium on analysis of 

pesticide products, impurities, and 
degradation materials, 906 

committee report, 342 
symposium on physical-chemical methods 

for determining antibiotic residues in 
tissues and milk of food-producing 
animals, 965

Tea
See Coffee and tea 

Tenuazonic acid
LC determination of tenuazonic acid and 

alternariol methyl ether in tomatoes and 
tomato products, 640 

Tetrachlorodibenzo-p-dioxin 
EPA project summary: study of EPA 

method for 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in wastewaters, 87A 

problems and results of trace analysis of 
2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenoxyacetic acid and its 
esters, 917 

Tetracyclines
LC assay of tetracyclines in tissues of food- 

producing animals, 1013 
pH-induced difference, spectrophotometric 

assay of tetracycline and oxytetracycline. 
1045

Thermal analysis
determination of total and free water in 

triple superphosphate fertilizers by using 
thermal'analysis, 788 

Thermal energy analyzer-GC methods 
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
Thiamine

LC determination of thiamine in infant 
formula products by using UV detection, 
1087

simple colorimetric method for 
determination of thiamine HCI in 
pharmaceuticals, 83 

Thiethylperazine
rapid microchemical identification of 4 

phenothiazine anticmetics with gold 
bromide and I2 -KI reagents: 
collaborative study, 527 

Thin layer chromatography
detection of tricresyl phosphates and 

determination of tri-o-cresyl phosphate 
in edible oils, 1074

determination of aflatoxins in vegetable 
oils, 136

modification of the rapid screening method 
for aflatoxin in corn for quantitative use, 
453

quantitative colorimetric method for 
sulfamethazine in swine feeds, 214 

rapid screening method for detection of 
deoxynivalenol, 1126

rapid TLC determination of aflatoxin M 1 in 
powdered milk, 952

screening tests for sulfa drugs and/or 
dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20

TLC determination of sterigmatocystin in 
cheese, 643

TLC identification and quantitation of 
niacin and niacinamide in 
•pharmaceutical preparations, 547 

Thioridazine
LC method for identity, assay, and content 

uniformity of 5 tricyclic drugs, 168 
Tin

AAS determination of tin in canned foods, 
using HNO 3 -HCI digestion and 
N 2 O -C 2 H 2 flame: collaborative study, 
(Corr.), 111 A, 209 

Titrimetric methods
methods of analysis for infant formula:

Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

titrimetric and spectrophotometric 
determination of acetylenic hypnotics, 
using brominating agents, 1209 

Tobacco
Changes in Methods, 369 
Committee A report, 298 
referee report, 230
determination of nitrate in dried foods by 

GC-thermal energy analyzer, 41 
LC determination of benzo[a]pyrene in 

total particulate matter of cigarette 
smoke, 935 

Tocopherols
disposable cartridge extraction of retinol 

and «-tocopherol from feedstuffs, 1 1 2 1  

Tomatoes and tomato products 
See Vegetable products: processed; 

Vegetables 
Total dietary fiber

determination of total dietary fiber in foods 
and food products: collaborative study, 
677

Total Diet Studies
focus on chemical contaminants in foods: 

some analytical considerations, 1069 
focus on control of chemical contaminants 

in foods: past, present, and future, 1063 
multiresidue method for quantitative 

determination of organophosphorus 
pesticides in foods, 1095 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1978-September 1979, 862 

pesticides, selected elements, and other 
chemicals in adult Total Diet samples, 
October 1979-September 1980, 1184 

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1978-September 
1979, 842

pesticides, selected elements, and other 
chemicals in infant and toddler Total 
Diet samples, October 1979-September
1980,1163

Total solids
microwave oven drying determination of 

total solids in processed tomato products: 
collaborative study, 1081 

Toxins
See Aflatoxins; Mycotoxins; Plant toxins; 

Seafood toxins

Transactions, 295 
Treasurer 

annual report, 320 
Triadimefon

LC determination of triadimefon in 
technical and formulated products: 
collaborative study, 586 

Tricresyl phosphates
detection of tricresyl phosphates and 

determination of tri-o-cresyl phosphate 
in edible oils, 1074 

Trifluoperazine
LC method for identity, assay, and content 

uniformity of 5 tricyclic drugs, 168 
Triflupromazine

rapid microchemical identification of 4 
phenothiazine antiemetics with gold 
bromide and I2 -KI reagents: 
collaborative study, 527 

T rimethobenzamide
ion-pair column chromatographic 

determination of trimethobenzamide 
HCI in capsule and injection dosage 
forms: collaborative study, 1055 

Tylosin
chromatographic methods for

determination of macrolide antibiotic 
residues in tissues and milk of food- 
producing animals, 980 

comparison of LC and bioassay procedures 
for determining depletion of 
intramuscularly injected tylosin, 413

Urine
See Biological samples 

Use-dilution method
statistical examination of AOAC use- 

dilution method for testing disinfectant 
efficacy, 763

Vanilla
LC determination of vanillin and related 

flavor compounds in vanilla extract: 
cooperative study, 1198 

Vegetable products: processed 
Changes in Methods, 390 
Committee C report, 303 
referee report, 251
AAS determination of tin in canned foods, 

using HNO 3 -HCI digestion and 
N 2O -C 2 H2  flame: collaborative study, 
(Corr.), 111 A, 209

determination of total dietary fiber in foods 
and food products: collaborative study, 
677

GC detection of D-(—)-2,3-butanediol and 
butyric acid produced by sporeformers in 
cream-style corn and canned beef noodle 
soup: collaborative study, 626 

LC determination of tenuazonic acid and 
alternariol methyl ether in tomatoes and 
tomato products, 640 

microwave oven drying determination of 
total solids in processed tomato products: 
collaborative study, 1081 

ruggedness testing of the official method 
for rot fragments in comminuted tomato 
products, 896 

Vegetables
capillary GC determination of prometryn 

and its degradation products in parsley, 
750
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determination of phosphine: comparison of 
rates of desorption by purge-and-trap 
method and by sulfuric acid treatment,
61

GC determination of oxalic acid in foods, 
108

improved enrichment for recovery of 
S h ig e l la  so n n e i from foods, 552 

LC determination of W-methylcarbamate 
insecticides and metabolites in crops. I. 
collaborative study, 726 

LC determination of 7V-methylcarbamate 
insecticides and metabolites in crops. II. 
analytical characteristics and residue 
findings, 734

LC determination of tenuazonic acid and 
alternariol methyl ether in tomatoes and 
tomato products, 640 

Luke et al. method for determining 
multipesticide residues in fruits and 
vegetables: collaborative study, 64 

permethrin and its 2  metabolite residues in 
7 agricultural crops, 1160 

residue methodology for Amdro fire ant 
insecticide (AC 217,300) in pasture grass 
and crops, 71

simplified cleanup and LC determination of 
oxamyl residues in potato tubers, 753 

Veterinary analytical toxicology 
Changes in Methods, 408 
Committee G report, 314 
referee report, 290 
AAS determination of liver copper: 

collaborative study, 44 
capillary GC-MS determination of 

fluoroacetate residues in animal tissues, 
722

LC determination of strychnine in stomach 
contents, 1131 

Veterinary drugs
assay of calcium borogluconate veterinary 

medicines for calcium gluconate, boric 
acid, phosphorus, and magnesium by 
using inductively coupled plasma 
emission spectrometry, 160 

Vinegar
isotopic composition of carbon in vinegars, 

449

Vitamins and other nutrients
Changes in Methods, 397 
Committee D report, 304 
referee report, 260
AAS determination of cobalt in foods, 511 
AAS determination of liver copper: 

collaborative study, 44 
analysis of fat-soluble vitamins. XXIX. LC 

determination of vitamin D in AD 
concentrates: collaborative study, 822 

assessment of protein quality methodology 
for infant formulas, 680 

comparison of Carr-Price analysis and LC 
analysis for vitamin A in fortified milk,
56

comparison of interlaboratory variation in 
amino acid analysis and rat growth 
assays for evaluating protein quality, 52

corrected relative net protein ratio
(CRNPR) method based on differences 
in rat and human requirements for sulfur 
amino acids, 689

determination of total dietary fiber in foods 
and food products: collaborative study, 
677

disposable cartridge extraction of retinol 
and a-tocopherol from feedstuffs, 1 1 2 1  

hydrolysate preparation for analysis of 
amino acids in sorghum grains: effect of 
oxidative pretreatment, 1117 

improved LC determination of riboflavin in 
milk and dairy products, 693 

LC determination of thiamine in infant 
formula products by using UV detection, 
1087

LC determination of vitamin D in milk and 
infant formula, 177

LC determination of vitamin Ki ir o n s -  and 
m-isomers in infant formula, 684 

LC determination of vitamins D2 and D3 in 
fortified milk and infant formulas, 183 

methods of analysis for infant formula: 
Food and Drug Administration and 
Infant Formula Council collaborative 
study, 514

National Bureau of Standards Reference 
Materials as organic nutrient standards: 
a preliminary study, 1084 

oxidation and hydrolysis determination of 
sulfur amino acids in food and feed 
ingredients: collaborative study, 826 

review of analytical methods for 
determining ascorbic acid in biological 
samples, food products, and 
pharmaceuticals, 1 

simple colorimetric method for 
determination of thiamine HC1 in 
pharmaceuticals, 83 

TLC identification and quantitation of 
niacin and niacinamide in 
pharmaceutical preparations, 547 

vitamin A and vitamin E content of infant 
formulas produced in the United States, 
509

Volatile oils
volatile oil analysis of cassia bark

(cinnamon): investigation of systematic 
errors, 622 

Volhard titration 
comparison of the Volhard and 

potentiometric methods for the 
determination of chloride in meat 
products: collaborative study, 480 

Vomitoxin 
See Deoxynivalenol

Warfarin
simultaneous LC determination of warfarin 

and sulfaquinoxaline in cornmeal-based 
rodenticide, 1139 

Water
See also Moisture
Changes in Methods, no changes
Committee E report, 310

referee report, 277 
analysis of phenols by chemical 

derivatization. IV. rapid and sensitive 
method for analysis of 2 1  chlorophenols 
by improved chloroacetyiation procedure, 
422

determination of total and free water in 
triple superphosphate fertilizers by using 
thermal analysis, 788 

EPA project summary: study of EPA 
method 609 for Category 4 chemicals in 
wastewaters, 19A

EPA project summary: study of EPA 
method 612 for Category 3 chemicals 
(chlorinated hydrocarbons) in 
wastewaters, 35A

EPA project summary: study of EPA 
method 601 for determining halocarbons 
in waters, 130A

EPA project summary: study of EPA 
method for 2,3,7,8-tetrachlorodibenzo-p- 
dioxin in wastewaters, 87A 

EPA project summary: study of proposed 
EPA method 604 for Category 8  

chemicals (phenols) in wastewaters, 63A 
improved polarographic method for 

determination of glyphosate herbicide in 
crops, soil, and water, 76 

rapid screening method for detection of 
deoxynivalenol, 1126 

second derivative UV spectroscopy and 
sulfamic acid method for determination 
of nitrates in water, 962 

Water-insoluble nitrogen 
correlation of analytical methods and 

biological activity of various sulfur- 
coated urea fertilizer products, 785 

Ways and means 
committee report, 343 

Wheat
See Cereal foods; Grains 

Wine
See Alcoholic beverages 

Yogurt
See Dairy products

Zearalenol
LC determination of a-zearalenol and 

zearalenone in corn: collaborative study, 
958

Zearalenone
LC determination of a-zearalenol and 

zearalenone in corn: collaborative study, 
958

quantitative LC method using fluorescence 
detection for determining zearalenone 
and its metabolites in blood plasma and 
urine, 632 

Zoalene
screening tests for sulfa drugs and/or 

dinitrobenzamide coccidiostats and their 
monoamino metabolites in chicken livers, 
20
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Custom packing HPLC 
columns has become our 
specialty. Any length, 
several ID 's (inc lud ing  
3.2m m ) and alm ost any 
com m ercia lly available 
packing m ateria l m aybe 
specified. W ell supply the 
colum n others w on 't.

W ith  each colum n, you 
w ill receive the orig ina l 
test chrom atogram  plus 
a vial of the test m ixture. 
Our advanced technology 
and com puter testing 
is your assurance of a 
qua lity  product.

W hen custom packing 
and testing isyourspecial 
concern, we make the 
difference.

Each
one
is
our
special
concern
l u s i o mPEEKEDHPLCE O iu m n s

For fu r th tr  inform ation contact:

ALLTECH ASSOCIATES, INC. 
2051 Waukegan Road 
Deerfield, Illinois 60015 
312 /9 48 -86 0 0

S p e c i f i c a t i o n s

The w ay  
you w a n t i t !
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