


U N I T R E X

U n i v e r s a l  T r a c e R e s i d u e  E x t r a c t o r .

S G E ’s Universa l T race  Residue E x trac to r -  
U n itrex  -  gets the  w o rs t ou t o f y o u r sam ples. U n itrex  
has been developed as an e ffic ie n t and econom ica l 
c lean -up  system  fo r the  recovery o f pestic ides and 
o rg an ic  residues fro m  m eat fats, butter, cheese, 
vegetab le o ils  and a w ide  range o f sam ples.

O pe ra ting  and m ain tenance costs  have been kept 
to  a m in im um . U n itrex  can process 10 sam ples 
s im u ltaneous ly , and on ly  sm all am oun ts  o f so lven t and 
gas are required. The  p rocessing is fast and re liab le  -  
and U n itrex  has rap id w a rm -up  and ±  1 °C  tem perature  
stab ility .

P erfo rm ance  is exce llent. Recoveries fo r a range of 
pesticides, bo th  o rg a n o -ch lo rin e  and o rg an o 
phospho rous  com pounds, are be tte r than 90% f o r ' 
m ost sam ples at ppb  levels, and the  extrac t is clean 
enough  fo r  d irec t ch ro m a to g ra p h ic  in jec tion - in to  
cap illa ry  co lum n s  o r packed co lum ns, even w ith  h igh ly  
sensitive  de tec to rs  such as ECD, FDP. ahd NPD.

Head Office and International Sales
Scientific Glass Engineering Pty Ltd 
7 Argent Place Ringwood 
Victoria 3134 Australia.
Telephone (03)874 6333
UK Sales Office
Scientific Glass Engineering (UK) Ltd 
Potters Lane Kiln Farm 
Milton Keynes MK11 3LA Great Britain 
Telephone (0908)568844
U.S.A. Sales Office
Scientific Glass Engineering Inc 
2007 Kramer Lane Suite 100 
Austin Texas 78758 USA 
Telephone (512)837 7190
German (BRD) Sales Office
Scientific Glass Engineering GmbH 
Flchtenweg 15 
D-6108 Weiterstadt 1 
Telephone (06150) 40662

CIRCLE 4 ON READER SERVICE CARD



A U T O V A P S  F I N E S T  H O U R S  A R E  

W H E N  Y O U  R E  N O T  W A T C H I N G .

Day and night the Model 601AUTOVAP p7 
GPC SYSTEM runs unattended.

The system will process 23 samples from 
GPC clean-up through evaporation and 
solvent exchange—with transfer to storage 
vials—ready for GC or HPLC analysis.

For replacing rotary evaporation and 
other manual techniques, the Model 602 
AUTOVAP " allows for automated evapo- 
ration/concentration of 23 samples 
ranging from 10 mL to 250 mL each.

Besides increasing production, ABC's 
automated systems free your scientific

O T H E R  B E N E F I T S . . .
•  Improves precision— microprocessor 

controlled for exacf replication of evap
oration conditions.

•  Achieves recoveries equal to or greater 
than manual techniques, such as rotary 
evaporation or KD.

•  Reduces physical contact with samples 
containing toxic or hazardous materials.

•  Prevents loss of analyte through precise 
control of system parameters.

The GPC Autoprep is recognized by EPA, 
FDA, USDA and USDI as an accepted 
sample clean-up method for pesticide 
residues and priority pollutants in soil, 
sludge, and biological matrices. The 
addition of the AUTOVAP" as part of this 
system further automates the sample 
preparation process.

For more about the Model 601 
AUTOVAP "/GPC SYSTEM or the Model 
602 AUTOVAP " ... Mail in coupon, or 
call 1-314-443-9021

A U T O M A T E D  S A M P L E  P R E P A R A T I O N - T H E  A N S W E R  IS  A B C

PO. Box 1097, Columbia, MO 65205 . 4- CIRCLE 68 ON READER SERVICE CARD ♦
Phone:314-443-9021 Telex: 821-814 .. <!&*■£* ' **•? '



What's the simplest way to determine nitrogen, carbon 
and sulphur In all liquid and solid substances?
Weigh your samples*, load In the N A 1 5 0 0  

autosampler and... see you later.

NA1 5 0 0  for N,Cand S
t h e  f a v o r i t e  a u t o m a t i c  n i t r o g e n / p r o t e i n  c o n t e n t  a n a l y z e r  n o w  o f f e r s  
s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  n i t r o g e n ,  c a r b o n  a n d  s u l p h u r

R a p i d  a n a l y s i s
3 m in u te s  to r  n i t r o g e n  
5 m in u te s  fo r  n i t r o g e n  a n d  c a rb o n  
8 m in u te s  fo r  n it ro g e n ,  c a rb o n  a n d  s u lp h u r

W i d e  a n a l y s i s  r a n g e
10 p p m  to  1 0 0 %  o f N, C  a n d  S

N o  m a n u a l  c a l c u l a t i o n s
DP 110 P R G  D a ta  P ro c e s s o r  a u to m a t ic a l ly  
c o m p u te s  a n d  p r in ts  re s u lts  fo r  e a c h  s a m p le

‘S o m e "  a p p l i c a t i o n s
C o a l,  c o k e ,  o i ls ,  fo o d s ,  p o ly m e rs ,  p la s t ic s ,  
s o ils ,  p a p e rs , f ib e rs ,  fe r t i l iz e rs ,  m e ta ls , a n im a l 
fe e d s  a n d  ... y o u r  s a m p le s .

B e t w e e n  0 . 5  - 1 0 0  m g

Strada Rivoltana - 20090 Rodano (Milan)-ltaly
Telephone (2)950591/9588161 - Telex 340449 CEST I circle 44 on reader service card
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There's really only one sure 
way to find out if you’re using 
the most effective sample or 
reagent preparation methods.
That’s to try ours. And we make 
it easy—and economical—for you to do so. We’ve put 
together 6 different Applications Kits for sample and reagent 
preparation. Each Applications Kit contains qualified com
ponents (and protocols) that insure successful separations 
time after time.

.Application Kits are available for:
• Detergent removal
• Reagent deionization
• Electrophoresis sample/reagent preparation
• Ethidium bromide removal
• HPLC sample preparation
• Protein concentration

Here are some of the outstanding 
features of these convenient applications kits:

• A choice of protocols and materials to insure success with a 
variety of samples.

• Each kit contains necessary components and complete 
step-by-step directions for each application.

• Each component is individually tested.
• Highest quality products.
• Economical sample/reagent preparation.
• Simple procedures.
• Technical assis*_ance provided—based on 30 years of 

chromatographic expertise.

Circle the reader service number for more information on
Bio-Rad’s sample/reagent application kits or, better yet, give
our technical staff a call at 1-800-843-1-H2.

ptepaf

C2C23

B I O - R A D
C hem ica l
D ivision

1414 Harbour Way South 
Richmond, CA 94804 
(415) 232-7000 
800-843-1412

Also In Rockville Centre, NY; Hornsby, Australia; Vienna, 
Austria; Mississauga, Canada; Watford, England; Munich, 
Germany; Hong Kong; Milan, Italy; Tokyo, Japan; Utrecht, 
The Netherlands; and Glattbrugg, Switzerland.
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Books for professional chemists

Food Chemistry
by Hans-Dieter Belitz and Werner Grosch
Translated by D. Hadziyev

Food Chemistry has been completely updated, revised, and 
translated for the American scientist. Focused exclusively on 
chemical composition and reactions in food, it features: • 22 
chapters, each devoted to an important food constituent or 
commodity; • separate discussions of food additives and con
taminants: • emphasis on the role of chemical and physical 
properties in production, processing, handling and analysis;
• a multitude of tables and figures for easy reference.

1987/774 pp, 345figs/cloth $79-50/#15043-9

Water Analysis
A Practical Guide to Physico-Chemical, Chemical, 
and Microbiological Water Examination and 
Quality Assurance
Edited by Wilhelm Fresenius, Karl-Em st Quentin, and 
Wdhelm Schneider

This bench-top manual for practitioners in water analysis and 
quality assurance contains detailed instructions for sampling, 
analysis, and data evaluation. The analysis of organic and 
inorganic compounds is discussed, as are microbiological 
problems and guidelines for waste water, surface and ground 
water, and drinking water quality. This volume will be an in
dispensable laboratory reference, and useful for staff training 
programs.

1987/App 1000pp!cloth $89.50 (tent.)/#17723-X

Analytical and Chromatographic 
Techniques in Radiopharmaceutical 
Chemistry
Edited by D.M. Wieland, M.C. Tobes, and T.J. Mangner

“Sets the current standard for the definition of radiochemical 
purity.. .An excellent reference for scientists involved in radio
pharmaceutical research." — Clinical Nuclear Medicine
“An exceedingly useful reference for anyone with a serious 
interest in radiochromatographic techniques. It will be the 
authoritative text for this subject matter in the near future.”
—Journal of Nuclear Medicine
1986/300pp, 115 figs/cloth $54.50/#96185-2

Lasers in Chemistry
by David L. Andrews

This book prorides a concise introduction and overview of 
laser applications in chemistry. It explores the three-fold link 
between lasers and chemistry: the important chemical princi
ples involved in the operation of lasers; techniques used to 
probe systems of chemical interest: and the induction of 
chemical change in a system via laser light. Extensive exam
ples illustrate the breadth of possible applications, from 
fundamental research to routine chemical analysis.

1986/176pp. 115 figs!paper $39.00/#16161-9

Practice of High Performance Liquid 
Chromatography
Applications, Equipment, and Quantitative
Analysis
by H. Engelhardt

This book is a practical guide to the applications of HPLC, 
including determination of acids in pharmaceutical and tox
icological analysis; methods for the analysis of components 
that do not possess a chromophore: and derivatization pos
sibilities for amino acids before and after separation. Also 
included are discussions of equipment, quantitative analysis, 
the basics of preparative application and liquid-liquid 
distribution.

1986/461 pp 189 figs/cloth $79.00/ #12589-2

Reviews of Environmental Contamination 
and Toxicology 
(Formerly Residue Reviews)
Series Editor: George W. Ware

Publishes authoritative reviews on the occurrence, effects, 
and fate of pesticides and other contaminants in the total 
environment. Each volume provides in-depth information in 
such areas as analytical chemistry and methodology; 
agricultural microbiology, biochemistry, toxicology, and 
food technology

Volume 99: Biological half-lives of chemicals in fishes (A.J. 
Niimi) : Propylene chlorohvdrins: toxicology, metabolism, and 
environmental fate (R.S.H. Yang): The pyrolysis of canna- 
binoids (R.S. Tjeerdema): Pesticide fate from vine to wine 
(P. Cabras et al ) ; Transport and transformations of organic 
chemicals in the soil-air-vvater ecosystem (W.A. Jury et al ).

1987/175pp, 31 figs!cloth $41.00/#96498-3

Surfactants in Consumer Products 
Theory, Technology, and Application 
Edited byjiirgen Falbe

Discusses the physical-chemical principles, manufacture, and 
application of surfactants in products such as cleaning agents, 
cosmetics, and toiletries. Ecological and toxicological ques
tions are probed in-depth, and economic aspects and future 
trends are considered. The book is a valuable, state-of-the-art 
summary of developments in the field.

1987/547pp, 260figs!cloth $126.50/#17019-7

Dictionary of Surfactants 
English/German and German/English 
by Kurt Siekmann

This supplement to Surfactants in Consumer Products
provides English/German and German/English translations 
of over 3,200 keywords on the chemistry, technology, and 
applications of surfactants.

1987/160pp/paper $39.00/#17555-5

Springer-Verlag
New York Berlin Heidelberg London Paris Tokyo

To order by credit card, please call our toll-free number: 
800-526-7254 (in NJ call 201-348-4033) To pav bv check (include 
$2.50 for postage and handling; NY, NJ, and CA residents please add 
sales tax) or for more information, write to: Springer-Verlag New 
York, Inc., Attn. E. Wvlock, Dept. S712,175 Fifth Avenue, New York. 
NY. 10010
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802 Sample Preparation and Liquid Chromatographic Determination of Vitamin 
D in Food Products 
M a i  H . B u i

806 Stabilization of Ascorbic Acid and Its Measurement by Liquid 
Chromatography in Nonfat Dry Milk 
S a m  A . M a r g o lis  a n d  I o n a  B la c k

Drug Residues in Animal Tissues
810

813

818

Drugs

Liquid Chromatographic Determination of Depletion of Bithionol Sulfoxide 
and Its Two Major Metabolites in Bovine Milk 
D o m in iq u e  M o u ro t,  M ic h è le  D a g o rn , a n d  B e r n a r d  D e le p in e  

Spectrofluorometric Determination of BAY Vp 2674 Residues in Poultry 
Tissues
T. B i l l  W a g g o n e r  a n d  M a lc o lm  C . B o w m a n  

Liquid Chromatographic Method for Determining the Macrolide Antibiotic 
Sedacamycin and Its Major Metabolites in Swine Plasma and Tissues 
J u n y a  O k a d a  a n d  S a d a o  K o n d o

825 Gas Chromatographic, Liquid Chromatographic, and Titrimetric Procedures 
for Determination of Glycerin in Allergenic Extracts and Diagnostic 
Antigens: Comparative Study 
A lfr e d  V. D e l  G ro sso  a n d  J o a n  C . M a y

829 Reverse Phase Liquid Chromatographic Determination of Dexamethasone 
Acetate and Cortisone Acetate in Bulk Drug Substances and Dosage 
Forms: Method Development
L in d a  L . N g

834 Liquid Chromatographic Determination of Coumarin Anticoagulants in 
Dosage Forms: Collaborative Study 
E lla  S . M o o r e

836 Liquid Chromatographic Methods for Assay of Carbamazepine, 10,11 - 
Dihydrocarbamazepine, and Related Compounds in Carbamazepine Drug 
Substance and Tablets
T e r r y  D . C y r , F u m ik o  M a ts u i ,  R o g e r  W . S e a rs , N o r m a n  M . C u rra n , a n d  
E d w a r d  G . L o v e r in g

840 Analysis of Piperazine Drug Formulations for A'-Nitrosamines
B ria n  A . D a w s o n  a n d  R o b e r t  C . L a w re n c e

Mycotoxins
842 Thin-Layer Chromatographic Determination of Sterigmatocystin in Cheese: 

Interlaboratory Study
O c ta v e  J. F ra n c is , Jr, G e o rg e  M . W a re , A lle n  S . C a rm a n ,
G a r y  P. K ir sc h e n h e u te r , S h ia  S . K u a n , a n d  R ic h a r d  F. N e w e ll

844 Determination of Cytotoxic Trichothecenes in Corn by Cell Culture Toxicity 
Assay
J e a n -M a r c  P o rch er , C h r is t ia n e  L a fa r g e -F r a y s s in e t ,  C h a r le s  F ra y ss in e t,  
A h m e d  N u rie , D o m in iq u e  M e lc io n , a n d  D a n ie l  R ic h a r d -M o la r d

850 Liquid Chromatographic Determination and Stability of the F u s a r iu m  
Mycotoxin Moniliformin in Cereal Grains
P e te r  M . S c o t t  a n d  G u il la u m e  A . L a w r e n c e

854 Improved Enzymed-Linked Immunosorbent Assay for Aflatoxin B, in 
Agricultural Commodities
F u n  S u n  C h u , T ita n  S . L . F a n , G u a n g -S h i  Z h a n g , Y i-C h u n  X u , 
S u s a n  F a u s t, a n d  P h ilip  L . M c M a h o n

Pesticide and Industrial Chemical Residues
858 Pesticide Confirmation by Triple Stage Quadrupole Mass Spectrometry: 

Etrimfos and Dimethoate
T h o m a s  C a irn s  a n d  E m i l  G . S ie g m u n d

862 Assisted Distillation Cleanup of Pesticide Residues in Animal Fats: New 
Beadless Distillation Tube 
A n d r e w  B . H e a th  a n d  R o b e r t  R . B la c k

8 6 6 Total Arsenic in Foods after Sequential Wet Digestion, Dry Ashing, 
Coprecipitation with Ammonium Pyrrolidine Dithiocarbamate, and
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Graphite-Furnace Atomic Absorption Spectrometry 
R o b e r t  W . D a b e k a  a n d  G la d y s  M .A . L a c r o ix  

870 Gas Chromatographic Determination of Mecarbam and Its Metabolites 
Mecarboxon, Diethoate, and Diethoxon in Cottonseeds
R a c h e l  S . G r e e n b e rg

874 Two Enzyme Immunoassays to Screen for 2,4-Dichlorophenoxyacetic Acid in 
Water
J a m e s  F le e k e r

878 Gas Chromatographic Relative Retention Data for Pesticides on Nine Packed 
Columns: II. Organophosphorus and Organochlorine Pesticides, Using 
Electron-Capture Detection 
S u s a n  M . P r in s lo o  a n d  P ie te r  R . D e  B e e r  

889 Pentafluorobenzylation Derivatization for Determination of Chlorinated 
Herbicide Acids
D o n a ld F .  G u rk a , F r e d L .  S h o re , a n d S h u - T e h  P a n

Food Additives
892 Reverse-Phase Liquid Chromatographic Determination of Benzoic and Sorbic 

Acids in Foods
L a p  V. B u i  a n d  C h o n g c h it  C o o p e r

Air
897 Simultaneous Ultrasonic Extraction and Silylation for Determination of 

Organic Acids, Alcohol, and Phenols from Airborne Particulate Matter
A le x a n d e r  R . G h o lso n , Jr, R o b e r t  H . S t. L o u is ,  a n d  H e r b e r t  H . H ill , J r

Disinfectants
903 Evaluation of Penicylinders Used in Disinfectant Testing: Bacterial 

Attachment and Surface Texture
E u g e n e  C . C o le , W i l l ia m  A . R u ta la ,  a n d  J o h n n y  L . C a rso n

Feeds
907 Comparison of HgO and CuS04/TiO, as Catalysts in Manual Kjeldahl 

Digestion for Determination of Crude Protein in Animal Feed: 
Collaborative Study 
P e te r  F. K a n e

Food Adulteration
912 Determination of Phytosterols in Butter Samples by Using Capillary Column 

Gas Chromatography
R a n d a l l  L . S m ith ,  D a r r y l  M . S u lliv a n , a n d  E a r l  F. R ic h te r

Chemical Contaminants Monitoring
916 Correlations between Selected Trace Elements and Organic Matter and 

Texture in Sediments of Northern Prairie Wetlands 
D a n  B . M a r t in  a n d  W il l ia m  A . H a r tm a n

Technical Communications
920 Liquid Chromatographic Determination of Amprolium in Poultry Feed and 

Premixes Using Postcolumn Chemistry with Fluorometric Detection 
J o se p h  T. V a n d e rs lic e  a n d  M e i - H s ia  A . H u a n g

923 Simple Method for Distinguishing among Maneb, Zineb, Mancozeb, and
Selected Mixtures
H iiy s e y in  A fs a r  a n d  B ir se n  D e m ir a ta

924 Chloride Determination in Foods with Ion-Selective Electrode after Isolation
as Hydrogen Chloride
F lo r ia n  L . C e r k le w s k i  a n d  J a m e s  W . R id lin g to n  

926 Gas Chromatographic Determination of Capsaicinoids in Green Capsicum 
Fruits
A n n a  M . K r a je w s k a  a n d  J o h n  J. P o w e rs

929 Solvent Effects on Response Factors for Polynuclear Aromatic Hydrocarbons 
Determined by Capillary Gas Chromatography Using Spitless Injections 
H in g -B iu  L e e , R ic h a r d  S z a w io la ,  a n d  A lf r e d  S . Y. C h a u

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 131A



NEW PRODUCTS

Higher Speed, Higher Volume 
Centrifuges

Four compact new centrifuges that 
spin more sample at higher speeds 
and forces than other general purpose 
models are being introduced by Beck
man Instruments, Inc. Called the 
“GP” series, the centrifuges will be 
available with or without refrigera
tion in tabletop models and in por
table floor models. Beckman Instru
ments, Inc.
Circle No. 103 on reader service card. 

Ultracentrifuge
The new Model L7-65 ultracentrifuge 
from Beckman Instruments, Inc., 
spins samples at 65 0 0 0  rpm and 
485 000 g. It is useful in laboratories 
isolating plasmids, DNA, or RNA by 
using cesium chloride gradients. 
Beckman Instruments, Inc.
Circle No. 104 on reader service card.

Biotechnology Systems
Five different multicomponent sys
tems for biotechnology projects have 
been introduced by Savant Instru
ments, Inc. Each system contains all 
components and accessories needed 
for vacuum drying and concentrating 
biochemical materials for a specific 
type of application. Savant Instru
ments, Inc.
Circle No. 105 on reader service card.

Concentrator and Dryer for DNA 
Preparations

“Gene Jockey’s Delight” is the name 
given by Savant Instruments, Inc., for 
an equipment arrangement that con
centrates and dries natural and syn
thetic preparations of DNA. The 
system consists of a Speed Vac 
concentrator, a slab gel dryer, me
chanically refrigerated trap, and vac
uum pump, all mounted on a 2 -shelf 
cart with 4 electrical outlets. Savant 
Instruments, Inc.
Circle No. 106 on reader service card.

Sample Preparation System
Each new Waters Sep-Pak sample 
preparation system contains sample 
reservoirs, reservoir supports, Sep- 
Pak C,§ cartridges, and an air pres
sure pump. The assembly functions 
as a cartridge holder, sample/solvent 
reservoir, and positive pressure flow 
adapter for either sorbent extraction 
or membrane filtration. Waters 
Chromatography Division.
Circle No. 107 on reader service card.

Sulfite Analyzer for Foods and 
Beverages

Food and beverage producers need to 
equip their laboratories with more 
sensitive, accurate test methods for 
analyzing true levels of sulfites to meet 
new, more stringent U.S. Food and 
Drug Administration regulations. The 
Waters sulfite analyzer cuts analysis 
time to 5 min, and it uses the Waters 
Model 460 electrochemical detector 
to provide detection limits of low 
parts per billion as opposed to 1 0  parts 
per million by conventional meth
ods. Waters Chromatography Divi
sion.
Circle No. 108 on reader service card. 

Purification Kit
Antibodies can be purified and con
centrated in 90 min with a new kit 
that uses rProtein A (a trademark of 
Repligen Corp.) introduced by Beck
man Instruments. Beckman Instru
ments, Inc.
Circle No. 109 on reader service card.

Multiple Sample Processing Station
Vac Elut SPS 24 multiple sample pro
cessing station processes as many as 
24 Bond Elut bonded silica extraction 
columns simultaneously. The deluxe 
vacuum manifold features time sav
ings for complex methods, complete 
flow control, and flexible operation 
for elution into a variety of collecting 
devices. Analytichem International, 
Inc.
Circle No. 110 on reader service card.

Robot-Compatible Columns
Bond Elut LRC (laboratory robot 
compatible) extraction columns can 
be used with any commercially avail
able laboratory robot, allowing the 
automation of repetitive tasks in the 
laboratory. Analytichem Interna
tional, Inc.
Circle No. 111 on reader service card.

New Kjeldahl Apparatus
With the fourth generation of Kjeltec, 
the Kjeltec Auto Plus, a sample is 
weighed, distilled, recorded, and 
evaluated automatically, all in about 
2 min. Tecator, Inc.
Circle No. 112 on reader service card.

Automatic System for Water Analysis
The new Aquatec System water anal
ysis system from Tecator is based on 
the flow injection analysis technique. 
The system analyzes ammonium, ni

trites, nitrates, and phosphates; 
switches rapidly from one kind of 
analysis to another; conducts analy
ses in accordance with standardized 
methods; is sensitive to ppb levels; 
operates at speeds o f30-40 s/sample; 
and handles 40 or 100 samples. Te
cator, Inc.
Circle No. 113 on reader service card.

Measurement of Polyphenol in 
Beverages

Total phenol content in beer, wine, 
and fruit juices can be measured by 
a method developed on the Auto- 
Analyzer II from Technicon Indus
trial Systems Corp. The same instru
ment can also be used to analyze for 
bitterness, diacetyl, air oxidizable 
precursors, and acetoin. Bran + 
Luebbe, Inc.
Circle No. 114 on reader service card.

Automated DNA Scanner System
The automatic Gene-Master DNA 
scanner system has been developed 
in cooperation with E. M. Southern 
and J. Elder of Oxford University. 
The system includes an optical scan
ner based on a linear CCD array de
tector, pattern recognition and se
quence assignment software, and an 
IBM AT or compatible computer. 
Bio-Rad Laboratories.
Circle No. 115 on reader service card.

Fraction Collector
The Model 2100 fraction collector 
from Bio-Rad Laboratories collects 
fractions on either a time or a volume 
basis—the switch on the front panel 
may be set to the collection mode 
wanted. Bio-Rad Laboratories.
Circle No. 116 on reader service card.

Low-Cost LC Pump
The SM-909 isocractic LC pump from 
Anspec has features usually found 
only in higher priced pumps: auto
matic or manually set compressibil
ity; 1 V2 piston design with one set of 
check valves; integral purge valve; 
digital readout of flow, pressure, or 
compressibility; optional microbore 
or preparative capabilities. The An
spec Co., Inc.
Circle No. 117 on reader service card.

Nitrogen-Specific GC Detector
Applications on the Model 705 ni
trogen-specific GC detector from An- 
tek Instruments range from detection 
of nitrogenous compounds in air,
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water, or soil samples for environ
mental testing to the analysis of pe
troleum fractions for quality control 
or product development. The instru
ment measures only nitrogen—with
out the sulfur, phosphorous, halo
gens, or hydrocarbons that have 
complicated this type of work in the 
past. Antek Instruments, Inc.
Circle No. 118 on reader service card.

Gas Cell for FT-IR Spectrometers
A new, variable, long-pathlength gas 
cell is designed to provide the re
ported advantages (over previous 
methods of analysis) of gas and vapor 
analysis with FT-IR spectrometers,
i.e., increased sensitivity, better res
olution, and more rapid data acqui
sition. Spectra-Tech, Inc.
Circle No. 119 on reader service card.

Microwave Digestion Bombs
Parr Instrument Co. has introduced 
entirely new microwave acid diges
tion bombs that speed the digestion 
of laboratory samples at higher tem
peratures and pressures. These new 
bombs are Teflon-lined and combine 
the advantages of closed high pres
sure and high temperature digestion 
with the special requirements of fast
er microwave heating. Parr Instru
ment Co.
Circle No. 120 on reader service card.

Automatic Preparative Gas 
Chromatograph

Varex Corp. offers the PSGC 10/40 
preparative gas chromatograph. This 
fully automated system consists of an 
oven module that accommodates up 
to eight 1 cm x 1 m columns (four 4

cm x 1 m columns), a module for 
fingertip control of all operating pa
rameters, and a microcomputer for 
fully automated, unattended repeti
tive processing of samples. Varex 
Corp.
Circle No. 121 on reader service card.

Centrifugal Partition Chromatography
Centrifugal partition chromatogra
phy is a new liquid chromatographic 
technique which uses liquid-liquid 
partition—counter-current distribu
tion to fractionate complex mixtures 
of chemical substances. It offers ad
vantages for the isolation of materials 
of biological origin, e.g., natural 
products, biopolymers, antibodies, 
and genetically engineered mole
cules. Sanki Laboratories, Inc.
Circle No. 122 on reader service card.

NWASTATPAK
Statistical Analysis and Graphics

M 1 1 / A  QUALITY 
I l  U V A  ANALYST

Statistical Quality Control

G R A P H I C S
High quality graphics suitable for analysis, presentation 

and publication. Setup is rapid and easy. Plots can be 
saved for editing and replotting.

D A T A  T R A N S F E R
Data can be read directly from instruments or through 

interface software such as Labtech Notebook or Lotus 
Measure.

STATPAK and QUALITY ANALYST can be the core of 
your analytical workstation. Both read and write DIF, SYLK, 
fixed field, and delimited ASCII files and are compatible 
with packages such as 1-2-3 and dBASE III.

I S O U R C E  C O D E
Source code is available, and you can customize and 

extend NWA software to meet special requirements.

^ ■ ■ ■ 1  E A S Y  T O  U S E
Unlike mainframe-style packages, STATPAK and QUAL

ITY ANALYST do not use complex procedural languages. 
The prompt/response set-up allows you to concentrate on 
your project irstead of your software.

NWA does not trade power for ease of use. You are in full 
control with “hands-on” computing power that can handle 
major projects.

M  T H E  N W A  C O M M IT M E N T  M
NWA is a professional technical software house; this has 

been our o r ly  business since 1978. By using NWA 
software, you will be joining thousands of users around the 
world.

NWA customer support people have technical back
grounds and understand your application. This support 
comes without charge and without waiting.

Call or write now for more information.

Single copy: NWA STATPAK-$495; NWA QUALITY 
ANALYST-$495. Academic and volume discount. LAN 
and Site licenses available. Versions available for 
PC- DOS, MS-DOS, CTOS/BTOS, Macintosh. For 
G.S.A. contract purchase call Technology Services, 
Inc. (703) 631-3333.

Northwest Analytical, Inc
520 N.W. Davis Street • Portland, OR 97209 • (503) 224-7727 

Telex 296565 NWA STAT
T ra d e m a rk s :  N W A , N W A  S T A T P A K , N W A  Q U A L IT Y  A N A L Y S T -N o r th w e s t  
A n a ly t ic a l,  Inc .; L a b te ch  N o te b o o k -L a b o ra to ry  T e ch n o lo g ie s ; 1 -2 -3 , M e a s u re -  
L o tu s  D e v e lo p m e n t C o rp .; d B A S E  ll l -A s h to n -T a te ;  P C -D O S -IB M  C o rp o ra tio n ; 
C T O S -C o n v e rg e n t T e c h n o lo g ie s ; B T O S -U n is y s ;  M a c in to s h -A p p le  C o m p u te r 
C o m p a n y .

CIRCLE 57 ON READER SERVICE CARD
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Miniature Pressure Regulator
The Model 4000 pressure regulator 
from Porter Instrument Co., Inc., 
measures only 1 Vs in. in diameter and 
features 15 turn adjustment for 0-10,
0-30, 0-60, 0-100 psig range. Its 
compact design makes it suitable for 
panel mounting or use in small in
struments. Porter Instrument Co., Inc. 
Circle No. 123 on reader service card.

Liquid Delivery System
A liquid dispenser from Penn Sys
tems, the Compu-Feed, allows for the 
control of up to 4 accurately metered 
streams at the same time. The pro
grammable microprocessor-based 
controller can operate 1,2, or 4 pumps 
continuously at fixed rates or can 
make them deliver precise batch vol
umes or can meter liquids as a func
tion of temperature, pressure, pH, 
liquid level, viscosity, conductivity, 
RPM, mechanical coordinates, or

other analog signal. Penn Systems, 
Inc.
Circle No. 124 on reader service card. 

Audio Courses
“Effective Management of Chemical 
Analysis Laboratories” is the title of 
an audio course produced by the 
American Chemical Society. This 
course gives an in-depth understand
ing of the problems and solutions in
volved in analytical laboratory 
mangement. Instructors are John H. 
Taylor, Jr. Analytical Technologies, 
Inc., and Mary M. Routson, Bechtel 
Corp. Includes 4 cassettes (3.8 h play
ing time) and 120 page manual. 
American Chemical Society.
Circle No. 125 on reader service card.

James Kaufman, director of the Lab
oratory Safety Workshop of Curry 
College, Milton, MA, is the instructor 
on an audio course, “Laboratory

Safety and Health,” which offers an 
understanding of the guidelines for 
dealing with accidents in the labo
ratory and for making health and 
safety concerns an integral part of ef
fective laboratory practices. Ameri
can Chemical Society.
Circle No. 126 on reader service card.

Computer Bulletin Board Service
ChemSoftware BBS. the first com
puter bulletin board service for mem
bers of the paint and chemical in
dustries, allows callers to locate 
sources of raw materials and equip
ment, read and leave messages, and 
monitor news of interest to the chem
ical community. Membership is open 
to industry members who have an 
IBM computer or compatible and a
300-1200 baud modem. Chem
Software BBS.
Circle No. 127 on reader service card.

TRAINING MANUAL
F O R  A N A L Y T IC A L  E N T O M O L O G Y

IN  T H E  F O O D  IN D U S T R Y — F D A  T e c h n i c a l  B u l le t in  N o .  2

Chapters on:
Microscopes; Insect Morphology and Dis
section; Identification of Whole Insects: 
Recognition and Identification of Insect 
Fragments; Vertebrate Pests; Structure and 
Identification of Animal Hairs; Molds in 
Foods; Extraction Methods; Miscellaneous 
Filth; Macroscopic Methods; Advice on Set-

tmg Up an Analytical Entomology Lab and 
Ensuring Good Laboratory Performance; 
Ecology of Stored Food Pests; What Hap
pens in a Sanitation Inspection; Advice on 
Giving Court Testimony; PLUS: Bibliog
raphy of Useful References; Pronouncing 
Glossary

174 pages. 1978. Prices: Members $26.75 in U.S., $27.75 outside U.S.; Nonmembers $29.50 in U.S., $30.50 outside 
U.S. Order from Association of Official Analytical Chemists, 1111 North 19th Street, Suite 210-J, Arlington, VA 22209.

Please enclose remittance with order.
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BOOKS IN BRIEF

Foodborne Microorganisms and Their 
Toxins. Developing M ethodology.
Edited by Merle D. Pierson and Nor
man J. Stern. I F T  B a s ic  S y m p o s iu m  
S e r ie s . Published by Marcel Dekker, 
Inc., 270 Madison Ave, New York, 
NY 10016, 1986. 496 pp. Price: 
$59.75 United States and Canada; 
$71.50 all other countries. ISBN
0-8247-7607-0.

This volume presents the proceed
ings of the Ninth Basic Symposium 
sponsored by the Institute of Food 
Technologists and the International 
Union of Food Science and Technolo
gy. Information offered includes the 
current status of instrumental tech
niques, spoilage indicators, predictive 
modeling, and indicator organisms, and 
applications of DNA hybridization, im
munology, and hybridoma technology 
to the detection of foodborne micro
organisms and toxins.

Water Activity: Theory and Applica
tions to Food. Edited by Louis B. 
Rockland and Larry R. Beuchat. I F T  
B a s ic  S y m p o s iu m  S e r ie s . Published 
by Marcel Dekker, Inc., 270 Madison 
Ave, New York, NY 10016, 1987. 
424 pp. Price: $59.75 United States 
and Canada; $71.50 all other coun
tries. ISBN 0-8247-7759-X.

This book offers an up-to-date, in
tegrated, and comprehensive review of 
both basic research and practical ap
plications concerning water activity and 
its influence on food. It comprises the 
Tenth Basic Symposium of the Institute 
of Food Technologists and the Inter
national Union of Food Science and 
Technology.

Biotechnology: Applications and Re
search. Edited by Paul N. Cheremi- 
sinoff and Robert P. Ouellette. Pub
lished by Technomic Publishing Co., 
PO Box 3535, Lancaster, PA 17604. 
716 pp. Price: $95.00.

The new information and reference 
data in the 49 chapters of this volume 
are intended to provide an authoritative 
reference work for all those involved in 
the research, development, and use of 
biotechnology.

Food Product-Package Compatibility.
Edited by B. R. Flarte, J. Ian Gray, 
and J. Miltz. Proceedings of seminar, 
School of Packaging, Michigan State 
University, July 14—16, 1986. Pub

lished by Technomic Publishing Co., 
Inc., PO Box 3535, Lancaster, PA 
17604, 1987. Approx. 300 pp, soft- 
cover. Price: $75.00. ISBN 0-87762- 
520-4.

Interested readers will find reports on 
major topics in food packaging mate
rials, performance, and safety; exami
nations of today’s important food pack
aging materials, with test and 
performance data; special reports on 
tamper-proof packaging, FDA testing 
of materials, and packaging for micro- 
wave food products.

Practical Statistics for Engineers and 
Scientists. By Nicholas P. Cheremi- 
sinoff. Published by Technomic Pub
lishing Co., Inc., PO Box 3535, Lan
caster, PA 17604, 1986. 211 pp. Price: 
$29.00.

This monograph is intended as a ref
erence of standard statistical analyses 
and data regression techniques. Process 
engineers, chemists, and researchers 
should find it to be a handy guide in 
designing experiments and analyzing 
data.

Organic Pollutants in Water: Sampling, 
Analysis, and Toxicity Testing. Ed
ited by I. H. Suffet and Murrugan Ma- 
laiyandi. A d v a n c e s  in  C h e m is tr y  S e 
r ie s  N o . 2 1 4 . Published by American 
Chemical Society, 1155 Sixteenth St, 
NW, Washington, DC 20036, 1987. 
816 pp. Price: $109.95 United States 
and Canada; $131.95 export. ISBN
0-8412-0951-0.

This book offers several schemes in 
its 36 chapters for isolating and con
centrating trace contaminants from 
water. All of the analytical methods dis
cussed are based on phase-transfer pro
cesses in which the compound is iso
lated by a second phase or separated by 
a membrane phase.

Separation, Recovery, and Purification 
in Biotechnology: Recent Advances 
and Mathematical Modeling. Edited 
by Juan A. Asenjo and Juan Hong.
A C S  S y m p o s iu m  S e r ie s  N o . 3 1 4 .  
Published by American Chemical 
Society, 1155 Sixteenth St, NW, 
Washington, DC 20036, 1986. 226 
pp. Price: $54.95 United States and 
Canada; $65.95 export. ISBN 0-8412- 
0978-2.

Successful production of biotechnol
ogy products hinges on their separation

and recovery from the production site 
and subsequent purification. This new 
work discusses the most recent ad
vances and latest developments in op
erations used for bioproduct recovery 
in biotechnology and fermentation sys
tems and includes a mathematical anal
ysis and modeling of such operations.

Citrus Fruits and Their Products: Anal
ysis and Technology. By S. V. Ting 
and Russell L. Rouseff. F o o d  S c ie n c e  
a n d  T e c h n o lo g y  S e r ie s /1 8 . Published 
by Marcel Dekker, Inc., 270 Madison 
Ave, New York, NY 10016, 1986. 
312 pp. Price: $59.75 United States 
and Canada; $71.50 all other coun
tries. ISBN 0-8247-7414-0.

Methods of citrus analysis are brought 
together in this volume, including those 
to determine quality and nutritional 
value and those to detect and control 
adulteration in citrus juices.

Laboratory Safety: Principles and Prac
tices. Edited by Brinton M. Miller, 
Dieter H. M. Groschel, John H. 
Richardson, Donald Vesley, Joseph
R. Songer, Riley D. Housewright, and 
W. Emmett Barkley. Published by 
American Society for Microbiology, 
1931 I St, NW, Washington, DC 
20006, 1986. 374 pp. Price: $38.00 
member; $55.00 nonmember. ISBN
0-914826-77-8.

Managers and other personnel in lab
oratories dealing with biohazards are the 
intended audience for this reference. It 
includes discussions of safety and train
ing programs, hazard assessment (sev
eral hazardous microorganisms are de
tailed), containm ent and personal 
protective equipment and techniques, 
and a range of accidents and medical 
emergencies.

Quantitative Analysis Using Chromato
graphic Techniques. By E. Katz. Pub
lished by John Wiley & Sons, Inc., 
One Wiley Dr, Somerset, NJ 08873, 
1987. 446 pp. Price: $69.95.

The publishers describe this as the 
“most comprehensive manual avail
able on quantitative techniques in all 
areas of chromatography.”

How to Find Chemical Information: A 
Guide for Practicing Chemists, Edu
cators, and Students. 2nd edition. By 
Robert E. Maizell. Published by John 
Wiley & Sons, Inc., One Wiley Dr,
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Somerset, NJ 08873, 1987. 402 pp. 
Price $44.95.

This second edition updates and ex
pands by 40% the material of the first 
edition, including new information on 
computer-based and on-line database 
systems.

Chromatographic Theory and Basic 
Principles. Edited by Jan Ake Jons-
son. C h r o m a to g r a p h ic  S c ie n c e s  S e -  
r ie s /3 8 . Published by Marcel Dekker, 
Inc., 270 Madison Ave, New York, 
NY 10016, 1987. 408 pp. Price: 
$79.95 United States and Canada; 
$95.50 all other countries. ISBN
0-8247-7673-9.

This book surveys the basic termi
nology and common concepts that tie 
together the different facets of chro
matography, covers peak-broadening 
and peak-shaping mechanisms operat
ing in all chromatographic methods, fo
cuses on the use of chromatography for 
chemical analysis, provides a detailed 
discussion of chromatographic funda
mentals, and helps chromatographers 
optimize and customize their work.

Silent Spring Revisited. Edited by Gino 
J. Marco, Robert M. Hollingworth, 
and William Durham. Published by 
American Chemical Society, 1155 
Sixteenth St, NW, Washington, DC 
20036, 1987. 214 pp. Price: $29.95

United States and Canada; $35.95 
export. ISBN 0-8412-0981-2.

Where are we some 25 years after 
Rachel Carson’s S ile n t  S p r in g  was pub
lished? The major result of her book 
was the establishment of the Environ
mental Protection Agency, and virtual
ly all the problems she explored are in 
some stage of correction. This 12 chap
ter book addresses the issues that Ra
chel Carson raised and focuses on their 
pertinence then and now.

Applications of New M ass Spectrome
try Techniques in Pesticide Chemis
try. Edited by Joseph D. Rosen. Vol
ume 91 in C h e m ic a l A n a ly s is :  A  S e r ie s  
o f  M o n o g r a p h s  o n  A n a ly t ic a l  C h e m 
is tr y  a n d  i ts  A p p l ic a t io n s . Published 
by John Wiley & Sons, Inc., One Wi
ley Dr, Somerset, NJ 08873, 1987. 
264 pp. ISBN 0-471-83280-4.

The purpose of this volume is to bring 
the researcher up to date on the de
velopments in the field of mass spec
trometry that are of interest to pesticide 
chemists. Techniques covered include, 
among others: gas chromatography/ 
mass spectrometry, selected ion moni
toring, negative ion chemical ioniza
tion, and liquid chromatography/mass 
spectrometry.

Standard Methods for the Analysis of 
Oils, Fats and Derivatives. 7th Re

vised and Enlarged Edition. Com
piled by C. Paquot and A. Hautfenne 
for International Union of Pure and 
Applied Chemistry, Applied Chem
istry Division, Commission on Oils, 
Fats and Derivatives. Published by 
Blackwell Scientific Publications, Os- 
ney Mead, Oxford OX2 OEL, En
gland; distributed in the United States 
and Canada by Blackwell Scientific 
Publications, PO Box 50009, Palo 
Alto, CA 94303, 1987. 347 pp. Price: 
$96.00. ISBN 0-632-01586-1.

This volume is the first revision of 
IUPAC’s book of methods since 1979. 
It enlarges on the 6th edition and in
corporates some organizational amend
ments.

Laboratory Robotics: A Guide to Plan
ning, Programming, and A pplica
tions. By W. Jeffrey Hurst and James 
W. Mortimer. Published by VCH 
Publishers, Inc., 220 East 23rd St, 
New York, NY 10010-4606, 1987. 
129 pp. ISBN 0-89573-322-6.

Laboratory robotics is an extension 
of programmable computers which per
mits computers to do physical work as 
well as process data. This guide intro
duces the reader to the concepts, the 
language, and the reasoning behind the 
purchase of a laboratory robot and tells 
the practicing laboratory scientist 
whether such a robot may relieve some 
of the work load.

A O A C  A n n o u n c e s  t he Publication 
o f  a n  I n d i s p e n s a b l e  Statistical 
R e f e r e n c e  B o o k

USE OF STATISTICS TO DEVELOP AND EVALUATE ANALYTICAL METHODS
Grant T. Wemimont, Author 
William Spendley, Editor

W i t h  the aid of this manual, the analytical investigator can, with a knowledge of only simple 
statistical procedures, use the experimental designs and techniques described to determine and evaluate 
assignable causes of variability.

Appendixes: Tables, Statistical Computations, Glossary. Index.
1985. xvi +  183 pages. Softbound. ISBN 0-935584-31-5.
P ric e -M e m b e rs : $47.55 in U .S ., $50.55 outside U.S.; Nonmembers: $52.50 in U .S.. $55.50 outside U.S.

To obtain book, send order with your name and address and check to:
AOAC, 1111 N . 19th Street, Suite 210-J, Arlington, Virginia 22209 USA

IUSA funds only)
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K e e p  E s s e n t ia l  
A n a ly t ic a l  In f o r m a t io n  

A t  Y o u r  F in g e r t ip s

□  Use o f  S ta tistics to  D evelop  an d  
E valuate  A naly tical M ethods

By G.T. W ernim ont. Ed. by W. Spend Icy. 
1985. 199 pp. Index. Figures. Tables. 
Glossary. S oftbound. ISBN 0-935584-31-5. 
Members: S47.55 in U.S., S50.55 ou tside U.S. 
N onm em bers: $52.50 in U.S., $55.50 
outside U.S.
A basic reference for evaluating collaborative 
studies and a natural ex tension  to  the 
S ta t i s t i c a l  M a n u a l  o f  th e  A O A C .

□  S ta tistica l M anual o f  th e  AOAC
By W.J. Y ouden and  E.H. Steiner. 19"5.
96 pp. S o ftbound  Illustrations.
ISBN 0-935584-15-3.
Members: $18.55 in U.S., S19.55 outside U.S. 
N onm em bers: $20.50 in U.S., $21,50 
outside U.S.
A do-it-yourself manual for statistical analysis 
o f  interlaboratory collaborative tests.

□  FDA B acterio log ica l A naly tical M anual, 
6 th  Ed.

1984. 448 pp. Looseleaf. ISBN 0 935584-29-3. 
Members: S44.85 in U.S.. S4T 85  outside U.S. 
Nonm em bers: S49.50 in U.S.. S52.50 
ou tside U.S.
Provides regulators- and industry laboratories 
w ith m ethods for de tec tion  o f m icro
organisms. Includes o n e  C la s s i f 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, w ith photographs.

O R D E R  
T H E S E  A O A C  

P U B L IC A T IO N S  
T O D A Y !

□  C lassifica tion  o f  V isible C an 
D efec ts—p o ste r /p a m p h le t

1984. 2 4 " x 3 6 "  chart. In color w ith 
pho tographs. M inimum order. 1 package o f  
10 charts. S40.00 +  S3.00 postage: 2nd 
package o f  10. S30.00 4-S3.00 postage; each 
additional package, S25 .004-S3 .00  postage.

A n d  t a k e  a d v a n ta g e  o f  A O A C  M e m b e rsh ip  D isco u n ts to o !

□  P rin c ip le s  o f  F ood  A nalysis fo r  
F ilth , D ecom position , an d  
F o re ig n  M atte r— FDA T echnical 
B ulle tin  No. 1

1981. 286 pp. 2nd  printing 1985. 
Illustrated. Softbound.
Members: $42.60 in U.S., $45.60 
outside U.S.
N onm em bers: $47.00 in U.S., S50.00 
outside U.S.
C om prehensive laboratory manual/text 
on  basic concep ts o f  fo o d  sanitation
analysis.

□  K ey fo r Id en tif ica tio n  o f  
M andibles o f  S tored-Food  
Insects

1985. v i4-166 pages. Illustrated. 125 
photographs. Softbound.
ISBN 0-935584-32-3.
Members: $42.00 in U.S.. $43.50 
outside U.S.
N onm em bers: S-t6.50 in U.S.. $48.00 
outside U.S.
Enables food sanitation analysts to 
identify' species from  all m ajor stored- 
food insect pest groups.

T o o rd er, please no te  quan tity  desired  in the  box 
beside each title; then  com plete  and  mail th is page 
lo r  p h o to co p y  ) an d  paym ent to:

AOAC
1111 N orth  19 th  St., Suite 2 10-J 
A rling ton , V irg in ia 2 2 2 0 9  USA

Total A m ount o f  O rder: S _____________
U.S. Funds Only

Please Print 
Send to:

Name

O rganization

Street A ddress

City

State (C ountry) Zip

VM___________________________________________
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FOR YOUR IN FO R M A T IO N

M e e t i n g s

O ctober 1 1 - 1 4 ,  19 8 7 :  W estern A g r i
cu ltu ra l Chem icals A ssociation, 58 th 
A n n ua l M eeting , H o te l del Coronado, 
San D iego, C A . Contact: L isa M . K . 
Zetterberg, D ire c to r o f  P ub lic  A ffa irs , 
6650 Belleau W ood  Lane, Suite 209, 
Sacramento, C A  95822, telephone 916/ 
393-4050.

O ctober 2 0 - 2 1 ,  1 9 8 7: A O  A C  Europe 
V I /A F S IL A B  jo in t  m e e tin g , “ A d 
vanced Techniques fo r  V ita m in  and 
M ic ro b io lo g ic a l D e te rm in a t io n s ,”  
H o ffm a n n -L a  R oche A m p h ith e a tre , 
N e u illy  sur Seine, France. Contact: 
M argreet Lauwaars, PO B ox 153, 6720 
A D  Bennekom , The N etherlands, te le
phone 011 +  31-8389-18725.

O ctober 2 0 - 2 1 ,  1 9 8 7 :  M id -C anada 
A O  A C  R egional Section M eeting . C on
tact: Joe H illia rd , M an ito b a  Research 
C ounc il, Canadian Food Products, D e 
ve lopm ent Centre, 810 P h illip s  St, PO 
B ox 1240, Portage la P ra irie , M B  R 1 N  
3J9, Canada, telephone 204/857-7861.

N o vem b er 1 2 ,  19 8 7 :  N e w  Y o rk /N e w  
Jersey A O A C  R egional Section M ee t
ing, Sheraton H o te l, N ew ark  A irp o rt,  
N ew ark, NJ. Contact: George Boone, 
F D A , 850 T h ird  A ve , B rook lyn , N Y  
11232, telephone 718/965-5033.

N o vem b er 1 9 8 7 :  Eastern O n ta rio / 
Quebec A O A C  R egional Section M ee t
ing. Contact: M ila n  Ihn a t, A g ricu ltu re  
C anada, L a n d  R esource  R esearch 
Centre, O ttaw a, O n ta rio  K l  A  0C6, Can
ada, telephone 613/995-5011.

D ecem b er 8, 1 9 8 7 :  9 th  A n n ua l M id 
w est C o n fe re nce  on  E n v iro n m e n ta l 
Labo ra to ry  Technology, U n iv e rs ity  o f  
M innesota, St. Paul, M N . Contact: John 
V o llu m , D epartm ent o f  Professional 
D eve lopm ent, C o n tin u in g  Education 
and Extension, U n iv e rs ity  o f  M in n e 
sota, 315 P illsbu ry  D r  SE, M inneapo lis , 
M N  55455, telephone 612/625-1534.

F e b ru a ry  1 0 - 1 4 ,  19 8 8 :  In s tru m e n 
ta tio n  T urkey  ’ 88, Is tanbu l H ilto n  C on
ven tion  &  E x h ib itio n  Centre, Is tanbul, 
Turkey. Contact: G era ld  G. K a llm an , 
K a llm a n  A ssoc ia tes , 5 M a p le  C t, 
R idgewood, N J 07450-4431, telephone 
201/652-7070 , telex 264 715 G D W D  
U R , tele fax 201/652-3898 .

M a rch  2 2 - 2 5 ,  19 8 8 :  7 th S ym posium  
on the Transfe r and U t il iz a t io n  o f  Par
ticu la te  C o n tro l Technology, S touffer 
N a shv ille  H o te l, N ashv ille , T N . C on
tact: C laud ia Runge, S ym posium  C o
o rd ina to r, E lectric  Power Research In 

stitute, PO Box 10412, Palo A lto , C A  
94303.

A p ril 1 9 - 2 2 ,  19 8 8 :  A n a ly tica  ’ 88, 
M u n ic h  Trade F a ir Centre, M un ich , 
Federal R epub lic  o f  G erm any. Contact: 
G era ld  G. K a llm an , K a llm a n  Associ
ates, 5 M ap le C t, R idgewood, N J  07450- 
4431, telephone 201/652-7070 , telex 
264 715 G D W D  U R , telefax 201/652- 
3898.

A p ril 2 6 -2 8 , 19 8 8 :  A O A C  In fa n t 
F o rm u la  Conference I I ,  Radisson F ran
cis M a rio n  H o te l, Charleston, SC. C on
tact: M argare t R idge ll, A O A C , 1111 N  
19th St, Suite 210, A rling to n , V A  22209, 
telephone 703/522-3032.

M a y  1 6 - 1 9 ,  1 9 8 8 :  In te rn a t io n a l 
Sym posium  on the Ana lys is  o f  A nab- 
o liz ing  and D o p in g  Agents in  B io 
samples, G hent, Belg ium . Contact: C. 
V an  Peteghem, Pharm aceutical In s t i
tute, State U n iv e rs ity  o f  G hent, H a r- 
elbekestraat 72, B -9000 G hent, Bel
g ium , telephone 091/21-89-51, ext. 235.

S p r in g  19 8 8 : N ortheast A O A C  Re
g iona l Section M eeting. Contact: G er
ald  Roach, F D A , 599 Delaware A ve, 
B uffa lo, N Y  14202, telephone 716/846- 
4494.

Ju n e  19 8 8 : Pacific N o rthw est A O A C  
R e g io na l S ec tion  M e e tin g . C o n tac t: 
John N e ilson, N e ilson  Research Corp., 
446 H igh lan d  D r, M ed fo rd , O R  97504, 
telephone 503/770-5678.

Ju n e  19 8 8 : Southeast Regional A O A C  
Section M eeting . Contact: F rank  A llen , 
E nv ironm enta l P rotection Agency, Reg. 
4 ESD, Athens, G A  30613, telephone 
404/546-3387.

Ju n e  19 8 8 :  M id w es t Regional A O A C  
Section M eeting. Contact: H o w ard  Cas
per, N o r th  D ako ta  State U n ive rs ity , 
V e te rina ry  D iagnostic  Labo ra to ry , F a r
go, N D  58102, telephone 701/237-7529.

A ugust 2 9 -S e p te m b e r  1 , 1 9 8 8 : 102nd 
A O A C  A n n u a l In te rn a tio n a l M eeting  
and E xpos ition , spo tligh t on “ B io tech
nology,”  The Breakers, Palm  Beach, FL. 
Contact: M argaret R idge ll, A O A C , 1111 
N  19th St, Suite 210, A rlin g to n , V A  
22209, telephone 703/522-3032.

Sep tem b er 2 5 - 2 8 , 1 9 8 9 :103rd A O A C  
A n n u a l In te rn a tio n a l M ee ting  and E x
pos ition . The C la rio n  H o te l, St. Louis, 
M O . Contact: M argaret R idgell, A O A C , 
1111 N  19th St, Suite 210, A rlin g to n , 
V A  22209, telephone 703 /522-3032 .

Sep tem b er 9 - 1 3 ,  19 9 0 : 104th A O A C  
A n n u a l In te rn a tio n a l M ee ting  and E x
pos ition , The C la rio n  H o te l, N ew  O r

leans, L A . Contact: M argare t R idge ll, 
A O A C , 1111 N  19th St, Suite 210, A r 
ling ton , V A  22209, telephone 703/522- 
3032.

W o r k s h o p s  a n d  S h o r t  C o u r s e s

Brigham  Y oung U n iv e rs ity  and the 
State o f  U ta h  Center fo r  Excellence in  
Supercritica l F lu id  Separation Tech
nologies are jo in t  sponsors o f  the 1988 
W orkshop  on Supercritica l F lu id  C h ro 
m atography to  be he ld at the Prospector 
Square H o te l, Park C ity , U T , January 
12-14, 1988. S upercritica l f lu id  ch ro 
m atography (SFC) is a nove l m ethod  fo r 
the analysis o f  foods, drugs, pesticides, 
fragrances, po lym ers, household com 
pounds, and in d u s tr ia l m ixtures. The 
B Y U  w orkshop, w h ich  w il l  inc lude  ora l 
presentations, in v ite d  lectures, in fo r 
m a l discussions, and hands-on sessions 
using SFC equ ipm ent, w i l l  p ro v id e  a 
fo ru m  in  w h ich  to  discuss uses o f  the 
technique. R eg istra tion  fee (after Sep
tem ber 1, 1987) is $400.00. Contact: 
M ilto n  Lee, D epa rtm en t o f  C hem istry, 
B righam  Y oung U n iv e rs ity , P rovo , U T  
84602.

F o r the f if th  consecutive year, “ F un 
dam entals o f  C h rom atograph ic A n a ly 
sis,”  an ove rv iew  o f  chem ica l separa
t io n s  v ia  c h ro m a to g ra p h ic  m e tho ds  
sponsored by  N ic o le t In s tru m e n t Corp. 
and by  K e n t State U n iv e rs ity ’ s C hem 
is try  D epartm ent and U n iv e rs ity  C on
ference Bureau, w ill be presented at K en t 
State U n iv e rs ity . The dates w i l l  be D e 
cem ber 7 -11 , 1987. The course is d i f 
ferent fro m  o ther s im ila r program s in  
tha t gas, liq u id , and th in -la ye r ch ro 
m atography are presented as com p le
m enta ry ra the r than com peting  p ro 
cesses. C o n ta c t: C a r l J. K nauss , 
C hrom atograph ic Course C oord ina to r, 
C h e m is try  D e p a rtm e n t, K e n t S tate 
U n iv e rs ity , K en t, O H  44242, telephone 
216/672-2327.

T h e  C e n te r fo r  P ro fe s s io n a l A d 
vancem ent, East B runsw ick, N J , w i l l  o f
fer courses in  ana ly tica l chem is try  in  
February and M arch  1988. February 
courses w i l l  include: “ E lectrophoresis: 
P rincip les and A pp lica tion s  in  the B io 
technology and Pharm aceutica l Indus
tries”  and “ F o u rie r T rans fo rm  In fra red  
S pectroscopy .”  Those  schedu led fo r  
M arch  are: “ A u to m a ted  Ins trum en ta 
t io n  fo r the A n a ly tic a l La bo ra to ry ,”  
“ Mass Spectrom etry: Recent Advances 
and N ew  D eve lopm ents,”  and “ T h in
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F O R  Y O U R  I N F O R M A T I O N

Layer C hrom atrography: Techniques 
and A pp lica tion s .”  F o r course descrip
tions, specific dates, costs, and e n ro ll
m ent in fo rm a tio n , contact the Center 
fo r Professional A dvancem ent, PO Box 
H , East B runsw ick, N J 08816-0257, 
telephone 201/238-1600, telex 139303 
(C E N P R O  EBRW ).

J o  Y e a r g in  W in s  W i l e y  S c h o la r s h ip

A  career in  cancer research is the goal 
o f  th is  year’s H a rvey  W . W ile y  Schol
arsh ip w inner, Jo Yeargin, a w idow ed 
m othe r o f  2 whose husband died o f  can
cer. Yearg in  is a student at the U n iv e r 
s ity  o f  C a lifo rn ia  at San D iego, where 
she is a ju n io r  m a jo rin g  in  b iochem is
try . U n t i l  recently, she has w orked near
ly  fu ll- tim e , has pursued her college 
course w o rk  (m a in ta in ing  a 3.95 G PA), 
and has been single parent to her 2 ac
tive  ch ildren. H er decision to  q u it her 
jo b  so as to  c o m m it herse lf fu ll t im e  to 
her education spurred her to  apply fo r 
the W ile y  Scholarship. W hen she isn ’ t 
studying o r parenting, Yeargin plays and 
has coached soccer, plays tennis, reads, 
and attends local theatrica l p roduc
tions.

A O A C  w ill con tribu te  $ 1000 over the

next 2 years to help Yeargin com plete 
the course w o rk  fo r a bachelor’s degree 
in  b iochem istry . The W ile y  Scholarship 
is awarded annua lly  to  a college soph
om ore p lann ing to  m a jo r in  a scientific  
area o f  interest to  A O A C —food, agri
culture, the env ironm en t, o r pub lic  
h e a lth . O th e r q u a lif ic a tio n s  in c lu d e  
m aintenance o f  at least a “ B ”  average 
through the sophom ore year and dem 
onstra tion  o f  need o f  financia l aid.

N om ina tions fo r the 1988 award m ust 
be received by M ay 1, 1988. For in fo r
m a tio n  on how  to  subm it a no m ina tion , 
w rite  to  A O A C , 1111 N  19th St, Suite 
210, A rlin g to n , V A  22209.

1 9 8 7  F e l lo w s  o f  th e  A O A C

In  recogn ition o f  at least 10 years o f 
m erito rious  service, the fo llow ing  in 
d iv idu a ls  w ill receive honors as 1987 
Fellows o f  the A O A C  at the 101st A n 
nual In te rn a tion a l M eeting and Expo
s itio n  in  San Francisco, CA:

Patricia Bulhack, F D A . Associate 
Referee: 1966-1970, subsid iary colors 
in  water-soluble A Z O  co lo r additives;
1970-1979, arsenic and heavy metals; 
1 9 7 9 -1 9 8 1 , in te rm e d ia te s , u n c o m 
bined, in  o ther certifiab le  colors. M e m 

ber, 1980-1985, secretary, 1982-1984, 
C om m ittee  on Feeds, F ertilizers , and 
R e la ted  M a te r ia ls . M e m b e r, 1985, 
C om m ittee  on Foods I. M em ber, 1985- 
present, C om m ittee  on Foods I I .  M e m 
ber, 1983-1984, Centennia l C o m m it
tee.

David W. Fink, M erck  Sharp &  
D o h m e , In c . A sso c ia te  R efe ree (3 
m ethods adopted): 1973-1977, ro n i- 
dazole; 1973 -p resen t, s u lfa q u in o x a - 
line ; 1979-present, a rp rino c id ; Asso
ciate Referee o f  the Y ear A w ard , 1980. 
M em ber, 1985-present, C om m ittee  on 
Feeds, Fertilizers, and Related M a te 
ria ls. M em ber, 1983-present, In te rla b 
ora to ry  Studies C om m ittee , subcom 
m ittee  on G uide lines fo r S tatistica l 
Analysis.

Robert A . Isaac, U n iv e rs ity  o f  G eo r
gia. General Referee: 1981-1986, plants. 
Associate Referee (2 m ethods adopted): 
1967-1968, su lfu r in  fe rtilizers; 1968— 
1969, boron in  fe rtilize rs ; 1969-pres
ent, a tom ic  absorp tion  m ethods fo r 
plants; 1981-present, plasm a em ission 
spectroscopy. M em ber, 1973, C o m m it
tee on Ashing Methods. M em ber, 1982- 
present, C om m ittee  on Ins trum e n ta l 
M ethods and Data H and ling .

You Are Invited to  N o m in a te  C a n d id a te s  for AOAC’s 
H A R V E Y  W . W IL E Y  
S C H O L A R S H IP  A W A R D

A junior and senior year scholarship of $ 5 0 0  per year 
awarded annually to sophomores majoring in scientific 
areas of interest to AOAC-food, agriculture, the 
environment, and public health.

Q u a l i f i c a t i o n s :  A " B "  o r  b e t t e r  a v e r a g e  d u r i n g  f i r s t  t w o  y e a r s  o f  u n d e r g r a d u a t e  s t u d y ,  g o o d  
c h a r a c t e r ,  a n d  e v i d e n c e  o f  f in a n c ia l  n e e d .  ( S t u d e n t s  m a j o r i n g  in m e d ic a l  o r  p r e - m e d i c a l  p r o g r a m s  
a r e  n o t  e l ig ib le .)

E a c h  y e a r ,  M ay  1 is t h e  n o m i n a t i o n  d e a d l i n e  f o r  t h e  s c h o l a r s h ip ;  t h e  a w a r d  w i n n e r  is a n n o u n c e d  
a b o u t  s ix  w e e k s  l a t e r .  F o r  i n f o r m a t i o n  o n  h o w  t o  s u b m i t  a  n o m i n a t i o n ,  p l e a s e  w r i t e  t o  AOAC a t  
1 1 1 1  N. 1 9 t h  S t r e e t ,  S u i t e  2 1 0 ,  A r l in g to n ,  V irg in ia  2 2 2 0 9 ;  o r  ca ll (7 0 3 )  5 2 2 - 3 0 3 2 .

-

S i n c e  1 8 8 4

AOAC
p j r j
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Join an AO AC Regional Section 
or Start One in Your Area!

C u r r e n t  A O  A C  \ R e g io n a l  S e c t i o n s

Mid-Canada Regional Section Northeast Regional Section
President: Joe Hilliard President George Willkens

Manitoba Research Council Agway, Inc.
Canadian Food Products 777 Warren Road
Development Center Ithaca, NY 14850
810 Phillips St. PO Box 1240 
Portage la Prairie, MB R1N 3J9

(607)257-2346

Canada •  Next Meeting: Spring 1988
(204) 857-7861 ext. 292

Southeast Regional Section
•  Next Meeting: October 20-21, 1987 President: Frank Allen

Environmental Protection Agency
New York — New Jersey Regional Section Reg. 4ESD
Chairman: George Boone College Station Rd.

Food & Drug Administration Athens, GA 20613
HFR-2160, 850 Third Ave. (404) 546-3387
Brooklyn, NY 11232 
(718) 965-5033 •  Next Meeting: June 1988

•  Next Meeting: November 12, 1987 Midwest Regional Section
Sheraton-Newark Airport General Chairman: George Rottinghaus
Newark, New Jersey University of Missouri 

Vet Medical Diagnostic Lab
Eastern Ontario —  Quebec Regional Section Columbia, MO 65211
Chairman: Milan Ihnat (314) 882-6811

Agriculture Canada
Land Resource Research Centre •  Next Meeting: June 20-22, 1988
Ottawa, Ontario, K1A 0C6 
Canada

Columbia, Missouri

(613) 995-5011 ext. 7846 Northwest Regional Section
Chairman: John Neilson

•  Next Meeting: November 1987 Neilson Research Corporation 
446 Highland Drive 
Medford, OR 97504 
(503) 770-5678

•  Next Meeting: June 1988

For information on starting a section, contact:
M a r i l y n  J .  S i d d a l l ,  A O A C ,  1 1 1 1 N .  1 9 t h  S t r e e t ,  S u i t e  2 1 0 ,  A r l i n g t o n ,  V A ,

2 2 2 0 9 ,  U S A ,  P h o n e :  ( 7 0 3 )  5 2 2 - 3 0 3 2
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Here’s  What U sers and  
Reviewers Say About

O f f i c i a l  M e t h o d s  

o f  A n a l y s i s  

o f  t h e  A O A C

" .  . .AOAC methods will stand in any 
court of law in any country of this world.
I don't know of a single organization in the 
world that tests methods as rigorously as 
the AOAC."

— Perce McKinley, Ph.D., Former D irector 
General, Food Directorate. Health &
Welfare Canada

"We utilize AOAC procedures throughout 
the laboratory.. . It's important that we use 
a scientifically sound procedure."

— H. M ichae l Wehr, Ph D., Administrator, 
Oregon D epartm ent o f Agriculture

S a v e  T i m e  a n d  M o n e y !

E n h a n c e  Y o u r  L a b o r a t o r y ’s  R e p u t a t i o n !

F a c i l i t a t e  C o m p l i a n c e  w i t h  G o v e r n m e n t  R e g u l a t i o n s !

U s e

Official 
Methods of 
Analysis
of the AOAC

O ffic ia l.
Methods«
Attains

(^sodaUonof
Official ,
A n a ly tica l
Chemists

“ Each method is clearly explained and 
accompanied by pertinent references. . 
The book is well organized, well illus
trated, and easy to use."

— Neil H. Mermelstein, S enior Associate  
Editor, Fo od  T e chno logy , Chicago, IL

1984 approx. 1100 pp., 173 illus., index, hard
bound. ISBN 0-935584-24-2.
Price—Members: $133.95 in U.S., $136.95 

outside U.S.; Nonmembers: $148.50 
in U.S., $151.50 outside U.S.

"  .. the book belongs in the library of any 
analyst who must do official assays; assays 
agricultural products, pesticide formula
tions, foods, food additives, cosmetics, 
drugs, drugs in feeds, vitamins; looks for 
filth and microbial contaminants in foods... 
There is something for everyone from the 
agricultural chemist to the budding Sher
lock Holmes."

— J o u rn a l o f  P h a rm a c e u tic a l S c iences,
Washington, DC

Edited by Sidney Williams
Served as Director of Division of Chemical Technology,
Chief of Pesticide Residue Branch,
Food and Drug Administration,
Washington, DC

O v e r 1 ,7 0 0  O ff ic ia lly  A p p ro v e d , C o lla b o ra tiv e ly  T ested  

C h e m ic a l a n d  M ic ro b io lo g ic a l A n a ly tic a l M e th o d s
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James J . K a rr, Pennwalt. Associate 
Referee (2 m ethods adopted): 1974— 
1982, encapsulated m e thy l para th ion; 
1974 -p resen t, encapsu la ted  o rgano- 
phosphorus pesticides. M em ber, 1985- 
present, C om m ittee  on Pesticides and 
D is in fe c ta n ts . M e m b e r, 1 9 82 -198 3 , 
L o n g  Range P la n n in g  C o m m itte e . 
M em ber, 1985-present, C om m ittee  on 
Meetings, Sym posia, and E ducationa l 
Programs. C ocha irm an, 1984 Spring 
W o rk s h o p . C o o rd in a to r ,  pe s tic id e s  
poster session, 1984 A n n ua l In te rn a 
t io n a l M eeting. O rgan izer and cha ir
man, Sym posium  on In d u s tr ia l A n a 
ly t ic a l C h e m is try , 1987 A n n u a l 
In te rn a tion a l M eeting.

D ic k  H . K leyn, Rutgers U n ive rs ity . 
Associate Referee (3 m ethods adopted): 
1967-present, rap id  m ethod  fo r phos
phates in  d a iry  products; 1980-present, 
enzym atic de te rm in a tion  o f  lactose in  
d a iry  products; 1986-present, fa t in  
m ilk .

G erald R. M y rd a l, W isconsin  D e
pa rtm ent o f  A g ricu ltu re . Associate R ef
eree: 1 9 6 9 -1 9 7 7 , g a la c to se -o x id a se  
m ethod fo r  m eat products. M em ber, 
1979-1982, C om m ittee  on Gas and 
L iq u id  C hrom atography fo r Pesticide 
Form u la tions. M em ber, 1981-present, 
cha irm an, 1984-1986, C om m ittee  on 
Residues. M em ber, 1984-1986, O ffi
c ia l M ethods Board. M em ber, 1982— 
1984, C o m m itte e  on  In s tru m e n ta l 
M ethods and Data H and ling . M em ber,
1983-1986, M id w es t A O A C  Regional 
Section Executive C om m ittee , repre
sentative o f  W isconsin.

Douglas L . P ark , F D A . Associate 
Referee (2 m ethods adopted): 1974- 
1976, neu tra liz ing  value o f  sod ium  a lu 
m in u m  phosphate; 1982-present, afla- 
to x in  m ethods. Secretary, 1986-pres
ent, C om m ittee  on Foods I. M em ber, 
1 9 7 3 -1 9 7 8 , L o n g  R ange P la n n in g  
C o m m itte e . M e m b e r, 1 9 7 3 -1 9 7 8 , 
C om m ittee  on M ee ting  Arrangem ents. 
M em ber, 1973-present, C om m ittee  on 
In te rn a tio n a l C o op e ra tio n . M em b er,
1985-present, C om m ittee  on M em b er
ship. A O A C  representative, 1983-pres- 
ent, Jo in t M y c o to x in  C om m ittee . A s
sistant ed ito r, O fficia l M eth o d s o f  A n a l
y s is , 1 2 t h  E d .  IS O  co rre spo nde nce  
coo rd ina to r, 1973-1976.

N o m in a tio n s  fo r  these awards were 
made by  A O A C  m em bers, were re
v iewed and recom m ended by the C o m 
m ittee  on Fellows, and fin a lly  were ap
proved by the Board o f  D irectors.

M e t h o d s  C o m m i t t e e  A s s o c i a t e  
R e f e r e e  A w a r d s  f o r  1 9 8 7

N ew ly  created in  1986, the M ethods 
C om m ittee  Associate Referee Aw ards 
recognize the best Associate Referee in 
a com m ittee  fo r a g iven year. Those 
nam ed fo r 1987 are: D a v id  F. T om kin s , 
C om m ittee  on Pesticide F o rm u la tions  
and D isin fectants; E la ine A . Bunch, 
C om m ittee  on Drugs and Related T o p 
ics; Douglas L . Park, C om m ittee  on 
Foods I; James T . Tanner and Stephen
A . Barnett, C om m ittee  on Foods I I ;  
Leon D . Sawyer, C om m ittee  on Resi
dues; Russell S. R ow ers, C om m ittee  on 
M ic ro b io lo gy ; and D a v id  L. Osheim , 
C om m ittee  on Feeds, Fertilizers, and 
Related Topics.

I S O  S t a n d a r d s  P u b l i s h e d

The fo llo w in g  standards have been 
published by the In te rn a tion a l O rga
n iz a t io n  fo r  S ta n d a rd iz a tio n  (IS O ), 
Techn ica l C om m ittee  3 4 —A gricu ltu ra l 
F o o d  P ro d u c ts . T h e  s tan da rd s  are 
available, at the prices ind ica ted, from  
A m erican  N a tio n a l Standards Ins titu te , 
Inc., 1430 Broadway, N ew  Y o rk , N Y  
10018, telephone 212/354-3300.

ISO  949-1987: C au liflow ers—G uide  to 
co ld  storage and refrigerated trans
po rt. $13.00.

ISO  5764-1987: M i lk —D e te rm ina tion  
o f  freezing p o in t—T h e rm is to r cryo- 
scope m ethod. $18.00.

ISO  6883-1987: A n im a l and vegetable 
fats and o ils —D e te rm ina tion  o f  mass 
per u n it  vo lum e (“ litre  w e igh t’ ') in  
a ir. $15.00.

ISO  7366-1987: A n im a l and vegetable 
fa ts  an d  o i ls — D e te rm in a t io n  o f
1-m onoglycerides and free glycerol 
contents. $15.00.

ISO 7700/2 -1987: Check o f  the ca li
b ra tion  o f  m o istu re  m eters—Part 2: 
M o is tu re  meters fo r  oilseeds. $18.00. 

ISO  8460-1987: Ins tan t coffee—D ete r
m in a tio n  o f  free-flow  and com pacted 
b u lk  densities. $18.00.

IS O  8 5 8 8 -1 9 8 7 : Sensory a n a lys is  — 
M e th o d o lo g y — “ A ” - “ n o t A ”  test. 
$18.00.

ISO 8892-1987: O ilseed residues—D e
te rm in a tio n  o f  to ta l residual hexane. 
$15.00.

I D F  S t a n d a r d s  P u b l i s h e d

The fo llo w in g  standards o f  the In te r
na tiona l D a iry  Federation ( ID F ) were 
published between September 1986 and

June 1987. T o  in qu ire  about cost o r to 
ob ta in  copies, contact: in  the U n ite d  
States, U S N A C , 46 4  C e n tra l A v e , 
N o rth fie ld , I L  60093; in  Canada, F IL -  
ID F , A g ricu ltu re  Canada, S ir John Car
ling  Bldg, O ttaw a, O n ta rio  K 1 A  0C5, 
Canada; in  the U n ite d  K in gd om , Giggs 
H i l l  Green, Tham es D itto n  K T 7  0EL, 
U n ite d  K in gd om ; and w o rldw id e , ID F , 
Square Vergote, 41, 1040 Brussels, Bel
g ium .

ID F  2 0 A : M i l k — N itro g e n  c o n te n t 
(K je ldah l).

ID F  5 9A : W hey cheese—Fat content 
(Rose G ottlieb ).

ID F  73A: M ilk  and m ilk  produc ts— 
C o lifo rm s.

ID F  98 A : M i l k —N itro g e n  (p ro te in ) 
con tent (dye -b ind ing -am ido-b lack). 

ID F  103A: M ilk  and m ilk  produc ts— 
Iro n  content.

ID F  108A : M i lk  — F re e z in g  p o in t  
(the rm is to r cryoscope).

ID F  137: B u tte r—W ate r con tent (rou 
tine  m ethod).

N e w  J o u r n a l  A n n o u n c e d

The In te rn a tio n a l N e tw o rk  o f  Food 
D a ta  S ystem s ( IN F O O D S ) has a n 
nounced a new jo u rn a l, Jo u r n a l o f  F o o d  
C om position  a n d  A n a lysis . T h e jo u m a l, 
devoted to  a ll aspects o f  the chem ica l 
com pos ition  o f  hum an foods, w i l l  em 
phasize new m ethods o f  analysis; data 
on com pos ition  o f  foods; studies on the 
m an ipu la tion , storage, d is tr ibu tion , and 
use o f  food  com pos ition  data; and stud
ies on the statistics and d is tr ib u tio n  o f  
such data and data systems. Target au
dience fo r  the jo u rn a l includes ana lyt
ica l chemists, food scientists, n u tr it io n 
ists, d ie titians , ep idem io log ists, and 
pu b lic  health  planners. The  e d ito r is 
K en t K . Stewart o f  V irg in ia  P olytechn ic 
Ins titu te  and State U n iv e rs ity . Associ
ate ed itors are George H . Beaton, R i
cardo Bressani, O sm an G ala l, W ill ia m
M . Rand, D a v id  Southgate, and K yo d - 
en Yasum oto.

F o r m ore in fo rm a tio n  o r to  sub
scribe, contact: A cadem ic Press, Inc., 
Journa l P ro m o tio n  D epartm ent, 1250 
S ix th  A ve , San D iego, C A  92101, tele
phone 619/230-1840 .

S p e c i a l  I s s u e  o f  T r A C  A v a i l a b l e

T rA C , T ren ds in  A n a ly tic a l C h e m 
istry, published a special issue devoted 
to  liq u id  chrom atography to  co incide 
w ith  the 11th In te rn a tion a l Sym posium
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F O R  Y O U R  I N F O R M A T I O N

on C o lum n L iq u id  Chrom atography, 
w h ich  was he ld in  A m sterdam , The 
N etherlands, June 2 8 -Ju ly  3, 1987. 
Copies are availab le  fo r $ 10.00 prepa id 
(D fl. 20) fro m  Derek Colem an, C oor
d ina ting  S ta ffE d ito r, PO B ox 330 ,1000  
A H  A m sterdam , The Netherlands.

D a t a b a s e  E x p o

F ive  m a jo r sc ientific  and technica l in 
fo rm a tio n  producers w il l  jo in  together 
to  host Database Expo, a day-long 
p roduct update, at the D isneyland H o 
te l in  A nahe im , C A , on O ctober 19, 
1987. In  a d d itio n  to  in tro du c ing  the 
newest scientific  and technical b ib lio 
graphic resources available, the update 
w il l  be a fo ru m  fo r discussing cost-ef
fective searching techniques, vendor d if 
ferences, and the un ique app lica tions o f  
and re la tionships am ong selected da
tabases. Partic ipants are: B iosis; Engi
neering In fo rm a tio n , Inc.; IF I/P le n u m  
D ata  Co.; Ins titu te  fo r  Scientific  In fo r 
m a tion ; and P sycINFO .

Fee fo r the program  is $25.00 and 
includes lunch and a ll ac tiv ities . F o r 
m ore in fo rm a tio n  o r to  register, call E n
gineering In fo rm a tio n , Inc., 800/221- 
1044 (in  N Y  and outside the U n ite d  
States, call 212/705-7635).

D a t a b a s e  A n n o u n c e m e n ts

S TN  In te rn a tion a l (the Scientific  &  
Techn ica l In fo rm a tio n  N e tw o rk ) an
nounces a v a ila b ility  o f  the D IP P R  data 
com p ila tio n  file  o f  physica l p rope rty  
data fo r  766 com m erc ia lly  im p o rta n t 
chem ica l substances. Each substance in  
the file is id en tified  by its  CAS registry 
num ber, com plete name, m o lecu lar fo r
m ula, and com pound fa m ily  name. For 
m ore in fo rm a tio n , contact: in  Europe, 
S T N  In te rn a tion a l, Postfach 2465, 
D -7500  K arlsruhe 1, Federal R epub lic  
o f  G erm any; in  Japan, S T N  In te r

na tiona l, % Japan Association fo r  In 
te rn a tio n a l C h e m ica l In fo rm a tio n ,  
G akka i Center Bldg, 2-4-16 Y ayo i, 
Bunkyo-ku, T okyo  113, Japan; in  N o rth  
A m e r ic a , S T N  In te rn a t io n a l,  2540  
O lentangy R iv e r R d , PO B ox 02228, 
Co lum bus, O H  43202.

Three new C D -R O M  databases are 
availab le  fro m  John W ile y  &  Sons: the 
K irk -O th m er E n c y clo p ed ia  o f  C h em ic a l 
Technology, the M a r k  E n c y c lo p ed ia  o f  
P o ly m e r S c ien ce  a n d  E n g in eerin g , and 
the In tern a tio n a l D iction a ry  o f  M e d i
c in e a n d  B io log y. These are in  ad d itio n  
to  the 19 8 7  R eg istry  o f  M a ss  S p ectra l 
D ata, w h ich  became ava ilab le  in  C D - 
R O M  fo rm a t in  M arch . Purchasing in 
fo rm a tio n  fo r  these products can be ob
ta ined fro m  P atric ia  Howe, John W ile y  
&  Sons, 605 T h ird  A ve, N ew  Y o rk , N Y  
10158, telephone 212/850-6189.

N e w  P r i v a t e  S u s t a i n i n g  M e m b e r s

The A O A C  welcomes the fo llow ing  
new p riva te  sustaining m embers: H aar- 
m ann &  R e im er C orp., S pringfie ld , NJ; 
Technolog ica l Ins titu te , Copenhagen, 
D e n m a rk ; and  S chen ley D is t i l le rs ,  
Lawrenceburg, NJ.

I n t e r i m  M e t h o d s

The fo llo w in g  m ethods have been ap
proved in te r im  o ffic ia l firs t ac tion  by 
the respective com m ittees and by the 
C hairm an o f  the O ffic ia l M ethods Board 
and w ill be subm itted  fo r adop tion  as 
o ffic ia l firs t action  at the 101st A O A C  
A nnua l In te rn a tion a l M ee ting  and E x
pos ition , Sept. 14-17, 1987, at San 
Francisco, C A : by the M ethods C o m 
m ittee  on Foods I —( 1)  M anua l D e te r
m in a tio n  o f  M inced  Fish Flesh in  M ixe d  
F ille t-M in c e d  C od B locks, by J. P. Lane 
and R. J. Learson (subm itted  by F. J. 
BCing, N a tion a l M a rine  F isheries Ser

vice, G loucester, M A )  and (2) Sem i- 
qu an tita tive  D e te rm in a tio n  o f  Soy P ro 
te in  in  M ea t Products by an E L IS A  
Procedure, subm itted  by  C. H . S. H itc h 
cock (U n ile ve r Research, Sham brook, 
Bedford, England); by the M ethods 
C om m ittee  on Foods I I —D e te rm ina 
tio n  o f  Specific G ra v ity  o f  Beer and W o rt 
U sing a D ig ita l D ens ity  M eter, A O A C - 
ASBC M ethod , subm itted  by  P. Gales 
(Anheuser-Busch, Inc., St. Lou is , M O ); 
by the M ethods C om m ittee  on Feeds, 
Fertilizers, and Related T op ics—R a p id  
D etection  and Id e n tifica tio n  o f  Seven 
Fam ilies o f  A n tim ic ro b ia l Drugs in  M ilk  
w ith  a M ic ro b ia l Receptor Assay, sub
m itte d  by S. E. C harm  (P e n ic illin  A s
says, Inc., M alden, M A ) and R. C h i 
(Food and D rug  A d m in is tra tio n , D i
v is ion  o f  M athem atics, W ashington, 
DC).

Copies o f  these m ethods are availab le  
fro m  the A O A C  office.

A O A C  P u b l i c a t io n  W in s  Y o u d e n  A w a r d

Use o f  Statistics to D evelop  a n d  E v a l
uate A n a ly tic a l M ethods, w ritte n  by 
G ran t T . W e m im o n t, ed ited by W il
liam  Spendley, and published by A O A C , 
is the 1987 w in n e r o f  the A m erican  Sta
tis tica l A ssoc ia tion ’ s prestigious annual 
W . J. Y ouden A w a rd  in  In te rla bo ra to ry  
Testing. The award recognizes a pu b 
lica tio n  tha t makes an outstanding con
tr ib u tio n  to  the design a n d /o r analysis 
o f  in te rlabo ra to ry  tests o r tha t describes 
ingenious applications o f  statistics to  the 
eva luation  o f  data fro m  such tests. E l
ig ib le  p u b lic a t io n s  m u s t have  been 
pro fessionally refereed as jo u rn a l a r t i
cles o r m onographs. A O A C  is p roud  to 
have been the pub lishe r o f  th is  book 
and extends its  sincere congra tu la tions 
to  M r. Spendley and D r. W e m im o n t’s 
w idow .
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A newly updated compilation 
of over300 methods for 
pesticide formulation analysis

EPA MANUAL OF CHEMICAL 
METHODS FOR PESTICIDES AND DEVICES

C om piled  by EPA and state laboratories

For analysis of:
• g e r m i c i d e s  • h e r b i c i d e s  • r o d e n t i c i d e s

• f u n g i c i d e s  • i n s e c t i c i d e s

Using the following techniques:
• g a s - l i q u i d  a n d  h i g h  p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y

• i n f r a r e d ,  u l t r a v i o l e t ,  a n d  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y

• c l a s s i c a l  c h e m i c a l  p r o c e d u r e s

I n  s o m e  c a s e s ,  t h e s e  a r e  t h e  o n l y  m e t h o d s  a v a i l a b l e

f o r  a  p a r t i c u l a r  f o r m u l a t i o n .

Specialfeatures:
• P e s t i c i d e  f o r m u l a t i o n s  b i b l i o g r a p h y

• S p e c i a l  s e c t i o n  o n  t h i n  l a y e r  c h r o m a t o g r a p h i c  

a n a l y s i s  w i t h  d e t a i l e d  d i r e c t i o n s  f o r  t h e  p r e p a r a 

t i o n  o f  T L C  p l a t e s ,  a n d  t a b l e s  l i s t i n g  o p t i m u m  

s o l v e n t  s y s t e m s  a n d  v i s u a l i z a t i o n  t e c h n i q u e s  f o r  

e a c h  p e s t i c i d e

• C r o s s - r e f e r e n c e  i n d e x  -  t r a d e  n a m e s  c r o s s -  

r e f e r e n c e d  t o  t h e  m a n u a l

• I n f r a r e d  s p e c t r a  -  m o r e  t h a n  3 5 0  s p e c t r a  o f  

p e s t i c i d e  c o m p o u n d s

C o n t a i n s  2 0 0  m e t h o d s  p u b l i s h e d  i n  1 9 7 6 ,  p l u s  s u p p l e m e n t s

w h i c h  a d d e d  2 0  m e t h o d s  i n  1 9 7 7 ,  3 0  i n  1 9 7 9 ,  a n d  5 5  i n  1 9 8 2

1363 pages. With spectra. 1983. Includes 3 supplements and binder. ISBN 0-935584-23-4. Price—Members; *61.95 in 
U.S., *64.95 outside U.S., Nonmembers: *68.50 in U.S.. *71 50 outside U.S. 1982 Supplement can be purchased separately 
Price—Members: *15.40 in U.S., *16.40 outside U.S., Nonmembers: *17.00 in U.S.. *18.00 outside U.S.

O r d e r  f r o m  A O A C ,  1 1 1 1  N .  1 9 *  S t . ,  S u i t e  2  l O j ,  

A r l i n g t o n ,  V A  2 2 2 0 9  U S A  ( U . S .  f u n d s  o n l y )

1884-1984A g C



I N F O R M A T I O N  F O R  S U B S C R I B E R S ,  C O N T R I B U T O R S ,  
A N D  A D V E R T I S E R S

THE ASSOCIATION
T h e  p r i m a r y  o b j e c t i v e  o f  t h e  A s s o c i a t i o n  

o f  O f f ic ia l  A n a ly t i c a l  C h e m i s t s  ( A O A C )  is  t o  
o b t a i n ,  i m p r o v e ,  d e v e l o p ,  t e s t ,  a n d  a d o p t  
p r e c i s e ,  a c c u r a t e ,  a n d  s e n s i t i v e  m e t h o d s  f o r  
a n a l y s i s  o f  f o o d s ,  v i t a m i n s ,  f o o d  a d d i t i v e s ,  
p e s t i c id e s ,  d r u g s ,  c o s m e t i c s ,  p l a n t s ,  fe e d s ,  
f e r t i l i z e r s ,  h a z a r d o u s  s u b s t a n c e s ,  a i r ,  w a te r ,  
a n d  a n y  o t h e r  p r o d u c t s ,  s u b s t a n c e s ,  o r  p h e 
n o m e n a  a f f e c t in g  t h e  p u b l i c  h e a l t h  a n d  s a f e 
ty ,  t h e  e c o n o m ic  p r o t e c t i o n  o f  t h e  c o n s u m e r ,  
o r  t h e  p r o t e c t i o n  o f  t h e  q u a l i t y  o f  t h e  e n v i 
r o n m e n t ;  t o  p r o m o t e  u n i f o r m i t y  a n d  r e l i 
a b i l i t y  i n  t h e  s t a t e m e n t  o f  a n a l y t i c a l  r e s u l t s ;  
t o  p r o m o t e ,  c o n d u c t ,  a n d  e n c o u r a g e  r e s e a r c h  
in  t h e  a n a l y t i c a l  s c ie n c e s  r e l a t e d  t o  f o o d s ,  
d r u g s ,  a g r i c u l tu r e ,  t h e  e n v i r o n m e n t ,  a n d  r e g 
u l a to r y  c o n t r o l  o f  c o m m o d i t i e s  i n  t h e s e  fie ld s ; 
a n d  to  a f f o r d  o p p o r t u n i t y  f o r  t h e  d i s c u s s io n  
o f  m a t t e r s  o f  i n t e r e s t  t o  s c i e n t i s t s  e n g a g e d  in  
r e l e v a n t  p u r s u i t s .

AOAC Official Methods a r e  m e t h o d s  t h a t  
h a v e  b e e n  v a l i d a t e d  b y  a n  A O A C - a p p r o v e d  
c o l l a b o r a t i v e  s tu d y ,  r e c o m m e n d e d  b y  t h e  
a p p r o p r i a t e  A O A C  G e n e r a l  R e f e r e e ,  M e t h 
o d s  C o m m i t t e e ,  a n d  t h e  O f f ic ia l  M e t h o d s  
B o a r d ,  a n d  a d o p t e d  a n d  p u b l i s h e d  a c c o r d i n g  
t o  t h e  B y la w s  o f  t h e  A s s o c i a t i o n .  P u b l i s h e d  
p a p e r s  t h a t  i n c lu d e  s u c h  m e t h o d s  a r e  d i s t i n 
g u i s h e d  b y  t h e  w o r d s  C o l l a b o r a t i v e  S tu d y  in  
t h e  t i t l e  a n d  b y  f o o t n o t e s  t h a t  i n d i c a t e  A s 
s o c i a t i o n  a c t io n s .

Membership i n  A O A C  is  o p e n  t o  a l l  i n 
t e r e s t e d  p e r s o n s  w o r l d w i d e .  S u s t a i n i n g  
m e m b e r s h i p s  a r e  a v a i l a b l e  t o  a n y  g o v e r n 
m e n t  a g e n c y ,  p r i v a t e  c o m p a n y ,  o r  a s s o c i a 
t i o n  i n t e r e s t e d  in  s u p p o r t i n g  a n  i n d e p e n d e n t  
m e t h o d s  v a l i d a t i o n  p r o g r a m .

European Representatives F o r  i n f o r m a 
t i o n  a b o u t  A O A C  a n d  i t s  p u b l i c a t i o n s ,  p e r 
s o n s  o u t s i d e  t h e  U .S .  m a y  a l s o  c o n t a c t  t h e  
fo l lo w in g :  M a r g r e e t  L a u w a a r s ,  P O  B o x  1 5 3 , 
6 7 2 0  A D  B e n n e k o m ,  T h e  N e t h e r l a n d s ,  t e l e 
p h o n e  3 1 - 8 3 8 9 - 1 - 8 7 2 5 ;  D e r e k  C . A b b o t t ,  
G r e e n  G a b le s ,  G r e e n  L n ,  A s h t e a d ,  S u r r e y ,  
K T 2 1  2 J P .  U K ,  t e l e p h o n e  4 4 - 3 7 2 2 - 7 4 8 5 6 ;  
L a r s  A p p e lq v i s t ,  S w e d is h  U n i v e r s i t y  o f  A g 
r i c u l t u r a l  S c ie n c e s ,  D e p t  o f  F o o d  H y g ie n e ,  
S  7 5 0  0 7  U p p s a l a ,  S w e d e n ,  t e l e p h o n e  4 6 -  
1 8 1 7 - 2 3 9 8 .

THE JOURNAL
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S P E C I A L  R E P O R T S

Listeria monocytogenes—X  Current Dilemma

H. MICHAEL WEHR
Oregon Department of Agriculture, 635 Capitol St NE, Salem, OR 97310

Since 1985, Listeria monocytogenes has gone from being an organism known to only a handful 
of microbiologists to being a fully recognized food-borne pathogen of concern. With nearly 
unprecedented speed and vigor, food processors, particularly in the dairy industry, and regulatory 
agencies have reacted in concert to resolve unanswered questions about Listeria so as to assure 
the safety of the food supply. This report summarizes what has been learned and what is being 
done.

Two years ago, Listeria monocytogenes was an organism vir
tually unknown to all but a handful of microbiologists. Since 
then, this microorganism has gone through the stage of an 
emerging pathogen to a fully recognized food-borne pathogen 
of concern. Indeed, the term Listeria can evoke a feeling of 
near panic within the dairy industry and may reach that stage 
for other food products.

Listeria today represents the classical dilemma for food 
processors and regulatory agencies serving the food and dairy 
industries. Both segments are forced to deal with this mi
croorganism with many unknowns. The food processor must 
contend with an organism that is probably ubiquitous, but 
without a clear knowledge of its biology and its behavior in 
the environment and without good analytical methods. Sim
ilarly, the regulatory agencies not only must deal with these 
limitations but also must make decisions on food safety and 
product recalls without a clear knowledge of the organism’s 
behavior in foods, its survivability through processing, and 
the dose level needed to cause illness.

Were it not for a single incident in 1985 that involved 
multiple illnesses and deaths due to the presence of Listeria 
monocytogenes in Mexican-style soft cheeses, the food in
dustry would probably be proceeding still today as if Listeria 
did not exist. What is Listeria? What is its history? What 
occurred to create today’s problem? What is the status of the 
biology and analytical methodology of Listeria? What is the 
future for the food and dairy industry with respect to Listeria? 
This paper will attempt to answer these questions.

W hat is Listeria? . . .  W hat occurred to  
create tod ay ’s  prob lem ? . . .  W hat is the  
future fo r the food and  da iry industry w ith  
respect to  Listeria?

Received April 28, 1987.

C h a ra c ter is tic s  a n d  H is to ry  o f  L is te r ia

The Listeria organism is a small gram-positive coccoid rod 
that occurs in short chains (1). It is a motile, nonspore-form
ing, facultative anaerobe. Characterization after isolation (see 
below) relies on colony morphology and gram staining, tum
bling motility, a positive catalase reaction, beta hemolysis 
on blood agar, and typical biochemical reactions. The or
ganism grows at refrigeration temperatures; indeed, cold en
richment is used as a selective enrichment procedure to iso
late the bacteria (2). The pH growth range of the organism 
is 5.0-9.6, but the organism can survive at lower pH values. 
Listeria is an intracellular pathogen capable of residing within 
macrophages and neutrophils.

Listeria monocytogenes is widespread in the environment
(3). It has been isolated from soil, animals, birds, fish, insects, 
green plants, silage, water, and food products including milk, 
cheeses, meat products, fruits, and vegetables.

Listeria causes a food-borne disease named listeriosis (4). 
Primary manifestations of the disease in humans are men
ingitis, abortion, and perinatal septicemia. Listeric menin
gitis can result in death. Development of the disease in preg
nant women results in abortion and the delivery of stillborn 
or acutely ill infants. The mortality rate can be high, and 
pregnant women and newborns are at greatest risk. Immu
nocompromised individuals or persons with underlying ill
nesses such as malignancy and cirrhosis also are at substan
tially higher risk than healthy individuals.

Listeria is not a new organism. It was probably first seen 
in tissue sections from patients as early as 1891 and was first 
isolated in 1911 from rabbit liver in Sweden. The disease 
syndrome, now referred to as listeriosis, was first recognized 
in sheep in 1925; the first confirmed human listeriosis was 
reported in 1929. Subsequently, Listeria was found as the 
cause of abortion in cattle and sheep, septicemia in chickens 
and fowls, encephalitis in sheep, and bovine mastitis.

Epidemiologically, Listeria has been regarded as zoonotic. 
Routes of infection in humans can involve the handling of
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Table 1. Incidents of food-borne illness In which Listeria monocytogenes has been implicated

Year Place
No. of 
cases

Fatality 
rate, % Probable source Probable cause

1978 Massachusetts 23 — raw vegetables —
1981 Nova Scotia 51 44 cole slaw cabbage grown in field fertilized with sheep manure

1983 Boston, MA 49 29 pasteurized milk —
1985 Los Angeles, CA 85 33 Mexican-style soft cheese poor pasteurization and poor plant sanitation

newborn animals, contact with infected animals, contact with 
infected feces, or ingestion of contaminated food.

The presence of Listeria in food is probably the result of 
multiple causes, both direct and indirect. A circular route 
can occur involving the shedding of Listeria from infected 
animals, subsequent contamination of soil and grass, con
tamination of silage produced from the grass, and réintroduc
tion into cows or meat animals, leading to contamination of 
milk and meat. Processing plant contamination can lead to 
indirect contamination of food products.

W hy the C oncern  w ith  L isteria ?

Today’s concern with Listeria is due to an increased aware
ness of the organism’s ability to cause food-borne disease 
and the isolation of Listeria from foods. In particular, a single 
incident in 1985 involving Mexican-style soft cheeses led to 
followup investigations and multiple Listeria isolations in 
dairy products.

Food-borne outbreaks implicating Listeria as the causative 
agent have been relatively few. Only 5 such incidents have 
been identified since 1978, as shown in Table 1 (5-7). Fol
lowing the 1985 incident, investigations and analyses con
ducted by the U.S. Food and Drug Administration (FDA) 
and the dairy industry resulted in the isolation of Listeria 
from numerous soft-style cheese products, from ice cream 
products, and from processing plant environments. These 
isolations, coupled with a lack of information about the or
ganism and lack of ability to control it, have created today’s 
concern with Listeria.

W h a t A re  th e P rob lem s A sso c ia ted  w ith  L is te r ia ?

Numerous problems with Listeria plague the industry and 
regulatory agencies. Specific difficulties include: (7) inade
quate analytical methodology; (2) lack of knowledge on sus
ceptible dose; (5) lack of knowledge on how to control the 
organism in the processing plant environment, including 
questions involving its survivability through the pasteuriza
tion process; (4) lack of knowledge on the biology of the 
organism, including its behavior in sensitive food products.

Status o f analytical methodology. — As with most current 
microbiological procedures, Listeria methodology relies on 
classic cultural procedures for its isolation and identification. 
Procedures of this type rely on enrichment and/or selective 
enrichment procedures, followed by isolation using selective 
plating techniques, with confirmation by biochemical and 
serological means.

Isolation procedures for Listeria utilize a cold (4°C) en
richment procedure—an approach that creates an inherent 
problem with the method. The Listeria methodology used 
in the Massachusetts and California outbreaks (3) utilized 
cold enrichment over a period of several weeks. Such an 
approach obviously is inadequate to assure public health. 
Efforts to date have resulted in modifications to available 
methodology to make the procedure somewhat more timely. 
The method currently used most frequently is that of the 
FDA (8), which utilizes a 1 - and 7-day cold enrichment step

followed by isolation on modified McBride’s agar and con
firmation through biochemical, serological, and mouse 
pathogenicity testing.

The FDA method, while better than earlier isolation pro
cedures, still takes longer than desirable. Food processors, 
especially dairy and meat processors, cannot hold a product 
awaiting Listeria results. This creates the first dilemma. Pro
cessors must ship and sell without knowing whether Listeria 
is present.

Significant efforts are under way to try to remedy the meth
odology problem. FDA has funded research comparing se
lective plating procedures to identify the most beneficial iso
lation medium for a variety of product types (D. Archer, 
FDA). It has also committed significant resources to develop 
a DNA probe technique for Listeria-, such a technique would 
provide a much more rapid approach to Listeria identifica
tion. Other work funded by the Dairy Research Foundation 
involves research to improve the enrichment procedures for 
Listeria. Additional research in the field seeks to develop 
enzyme-linked immunosorbent assays and other techniques 
for Listeria isolation/identification. Although confirmatory 
procedures for Listeria may always remain somewhat time- 
consuming, it is hoped that research and progress will lead 
quickly to rapid and reliable screening techniques to resolve 
the dilemma faced by industry: that of having to ship po
tential problem products without knowing Listeria test re
sults.

. . .  it  is hoped tha t research . . .  will lead  

. .  . t o . . .  screening techniques to resolve  
the dilemma: having to ship po ten tia l 
problem  products  w ithout know ing  Lis
teria test results.

Dose response. — At the present time, there is no clear pic
ture as to the actual dose of Listeria needed to cause illness. 
This lack presents a real dilemma to both industry and reg
ulatory agencies. Without such data, regulators are forced to 
specify a zero tolerance in processed items. Industry, on the 
other hand, is forced to accept such a tolerance knowing that 
it may be difficult to provide completely Listeria-free product 
and having insufficient information about Listeria to predict 
its characteristics in product or process environments. Re
search is under way, again funded by the Dairy Research 
Foundation, to obtain dose response information. The Cen
ters for Disease Control have also implemented a program 
to monitor closely Listeria-caused illnesses, not only to doc
ument the epidemiology of the organism, but also to attempt 
to determine dose response relationships. Meanwhile, we live 
with the dilemma.

Survivability through pasteurization.—O f current concern 
is the possibility that Listeria monocytogenes may survive
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the milk pasteurization process. Such a situation would pre
sent a true dilemma for the dairy industry—one in which the 
organism survives pasteurization, yet the industry is forced 
to adhere to a zero tolerance because susceptible dose infor
mation is lacking. While it appears likely that the current 
pasteurization process guidelines of the pasteurized milk or
dinance are adequate to destroy Listeria monocytogenes in 
whole milk (9), some researchers report findings that suggest 
Listeria monocytogenes may survive pasteurization (M. P. 
Doyle, University of Wisconsin). Of importance is the fact 
that Listeria monocytogenes is an intracellular pathogen ex
isting within somatic cells and in this state may be able to 
survive. Significant current research is in progress by FDA 
and other investigators to clarify the survivability issue.

Survivability is a critical issue, but also important are the 
environmental aspects of the organism. While FDA has in
dicated (10) that postpasteurization contamination is a sig
nificant factor which leads to finished product contamina
tion, the behavior of Listeria monocytogenes in the processing 
plant environment is not clear. Even though the presence of 
Listeria in finished dairy products may be infrequent, its 
presence in the dairy processing plant, on equipment, in drains, 
air, etc. is more commonplace. Although its presence can be 
documented, the cause of its presence is difficult to deter
mine. More frustrating is the fact that Listeria frequently 
remains in the processing plant (or returns to it) despite the 
industry’s best efforts to eliminate it through vigorous san
itation efforts. Significant research is under way to examine 
the environmental sources of Listeria in dairy processing 
plant operations to identify reservoirs, minimal growth con
ditions, and modes of transportation of Listeria (Dairy Re
search Foundation). Work is also under way to evaluate the 
effect of sanitizers on Listeria. It is hoped that such work can 
lead to a better understanding of how this organism responds 
to the environment and how the presence of Listeria in pro
cessing plants can be minimized or eliminated.

Behavior in sensitive food products.— Following the 1983 
and 1985 Listeria outbreaks, it became clear that knowledge 
of the behavior of Listeria in dairy and other food products 
was lacking. Information on such items as the effects of pH 
and salt or on competitive effects of lactic starter culture or 
other microorganisms on Listeria was not available. Work 
initiated since that time by the University of Wisconsin (11,
12) has shown the ability of Listeria under certain conditions 
to survive in a variety of cheese types (cottage, cheddar, 
camembert). The work also indicated that potentially Listeria 
could grow during storage of certain cheeses such as camem
bert. Extensive additional effort is under way to clarify the 
behavior of Listeria under a variety of conditions (Dairy Re
search Foundation). Its behavior in Mexican-style cheeses is 
under study. Also, projects have been undertaken to deter
mine the effects of competitive lactic starter cultures on Lis
teria and the effects of ice cream components on Listeria. It 
is anticipated that substantial additional work will occur in 
this area.

P o sitiv e  S te p s  to  R eso lve  th e L is te r ia  C ris is

Several steps have been, or are being taken, to resolve the 
concerns and problems associated with Listeria.

Dairy safety initiative program.— In April 1986, FDA be
gan a program of intensified surveillance efforts for dairy 
processing plants (J. Kozak, FDA). The program incorpo
rated check ratings (audits of interstate milk plants), FDA 
inspections, and microbiological testing for Listeria (10). Be
tween the spring and fall of 1986, over 350 check ratings and

inspections were conducted. The program yielded 9 pro
cessing plants (2.5%) with products containing Listeria. Ac
cording to FDA (10), extensive followup efforts in each plant 
demonstrated that postpasteurization contamination is a sig
nificant factor leading to finished product contamination. 
Although defects in pasteurization equipment and plant de
sign were noted, environmental sampling revealed plant con
ditions that more likely contributed to postpasteurization 
contamination. FDA noted that survivability through the 
pasteurization process in the investigated plants was unlikely. 
FDA has also drawn up recommended guidelines for con
trolling environmental microbiological contamination in dairy 
plants. Recommendations have been made in the areas of 
pasteurization adequacy; postpasteurization contamination; 
cross connections; the use of returned milk and reclaiming 
operations; airborne contamination; plant operation, includ
ing traffic patterns and personnel cleanliness; and quality 
assurance sampling and testing programs. It is important to 
note that most state dairy regulatory agencies have initiated 
similar intensive investigation efforts on their own, using 
FDA guidelines and related information.

Education and training.— The dairy industry, primarily 
through its industry associations, including the Milk Industry 
Foundation, the National Milk Producers Federation, and 
the International Association of Ice Cream Manufacturers 
and in conjunction with FDA, has sponsored a series of 
meetings for processing plant operators to review procedures 
for controlling and detecting Listeria. FDA recommenda
tions noted above have been a key part in these education/ 
training seminars. Programs offered through state extension 
specialists and direct company-sponsored educational efforts 
have also been an important element.

The response to the Listeria problem  m ay  
well be unparalleled In the da iry Industry.

Intensified research efforts. — As noted throughout the dis
cussion above, significant research on Listeria is under way 
to learn more about the organism and how to control and/ 
or eliminate it from foods. The focus of this effort has been 
the Dairy Research Foundation. Through the Foundation 
and related dairy research funding organizations, including 
the Wisconsin Milk Marketing Board, the National Milk 
Marketing and Promotion Board, and the California Milk 
Advisory Board, a true initiative has been undertaken to 
resolve the knowledge gap on Listeria. The Dairy Research 
Foundation, using a blue ribbon advisory group of scientific 
experts, identified 4 basic areas of needed research. These 
included: (a) analytical methodology, (b) dose response, (c) 
survivability through product pasteurization, and (d) envi
ronmental and behavioral aspects of Listeria. Research pro
posals were requested, and on a rapid review/response basis 
specific proposals in each of the 4 areas were approved for 
funding through the Dairy Research Foundation and the oth
er organizations noted above. The research program is es
sentially on a 2-year completion basis to help assure a rapid 
increase in our knowledge of Listeria.

The F uture

The response to the Listeria problem may well be unpar
alleled in the dairy industry. Both industry and regulators 
alike have reacted promptly and intensively to assure the 
safety of the food supply and to resolve unanswered questions
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about Listeria. While many of the dilemmas concerning the 
organism still exist, the level of activity in plant sanitation 
control, analytical testing programs, education, and research 
has allowed the dairy industry to resolve some of its im
mediate concerns and to anticipate a full resolution of the 
Listeria problem.

While the dairy industry has been the center for Listeria 
concern to date, other food product areas, particularly meats, 
also present the potential for Listeria food-borne disease. It 
is this area that will most probably be the next focus for 
Listeria research and control efforts.
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History of the Food and Drug Administration’s Total Diet Study—1961 to 1987
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The Total Diet Study provides the Food and Drug Administration with baseline information 
on the levels of pesticide residues, contaminants, and nutrient elements in the food supply and 
in the diets of specific age-sex groups. The study also identifies trends and changes in the levels 
of these substances in the food supply and in diets over time and thereby assists in identifying 
potential public health problems. This paper describes the evolution of the Total Diet Study 
from 1961 to 1987. Food collections, sites of analysis, diets, food commodity groups, analytes, 
analytical methodologies, data transfer, publication of results, notable results, resources, and 
advantages of the study are discussed.

The U.S. Food and Drug Administration’s (FDA) Total Diet 
Study is a continuing program that determines the levels of 
various pesticide residues, contaminants, and nutrient ele
ments in foods and estimates the intakes of these substances 
in representative diets of specific age-sex groups. These as
sessments, which require the purchase, preparation, and 
analysis of typically consumed foods, allow for the identifi
cation of changes and trends in the pesticide residue, con
taminant, and nutrient element content of the food supply 
and for identification of potential public health problems. 
Continuous monitoring of the food supply through the Total 
Diet Study is necessary because the pesticide residue, con
taminant, and nutrient element levels of foods may be altered 
by changes in agricultural or manufacturing practices, pro
cessing technology, or methods of food packaging or by en
vironmental or industrial contamination.

Although the primary purposes of the Total Diet Study are 
to provide FDA with baseline information on the levels of 
pesticide residues, contaminants, and nutrient elements in 
diets, to identify trends and changes in intakes of these sub-

Received October 17, 1986. Accepted February 13, 1987.

stances over time, and to identify potential public health 
problems concerning these substances, the Total Diet Study 
has proved to be of value beyond these purposes. Results 
have been used by other government agencies and by aca
demic and other nongovernmental organizations, both in the 
United States and abroad. The program has been recognized 
as a model system. Moreover, in addition to the purposes 
stated above, the Total Diet Study also serves to: (1) assist 
in determining the dietary sources of pesticide residues, con
taminants, and nutritional elements; (2) guide FDA programs 
by identifying analytes of potential public health significance;
(2) alert FDA about potential needs for action (e.g., increased 
surveillance, regulation, or communication with industry); 
and (4) monitor the effects and effectiveness of other FDA 
regulatory activities.

The FDA initiated the Total Diet Study in May 1961 
primarily in response to concern about levels of radioactive 
contamination in foods from atmospheric nuclear testing. 
Although government agencies had done fairly extensive 
monitoring of milk and limited monitoring of other foods 
for strontium-90, there was no nationwide government- 
sponsored program designed to estimate total dietary intake
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Table 1. FDA regions and district offices Table 2. Total Diet Study collections (cols)

Region States/territories within regions District offices within regions

1 Maine,* New Hampshire,* 
Vermont,* Massachusetts,* 
Connecticut,* Rhode Island*

Boston

II New York,* New Jersey,* 
Puerto Rico*

Buffalo, Newark, New York,3 
San Juan

III Pennsylvania,* Delaware,3 
Maryland,3 West Virginia,3 
Virginia,3 District of Columbia3

Baltimore, Philadelphia

IV Kentucky,3 Tennessee,3 South 
Carolina,3 North Carolina,3 
Georgia,3 Florida,3 Alabama,3 
Mississippi3

Atlanta, Nashville, Orlando

V Minnesota,3 Wisconsin,3 
Michigan,3 Ohio,3 Indiana,3 
Illinois3

Chicago, Cincinnati, Detroit, 
Minneapolis

VI Oklahoma,3 Texas,3 Arkansas,3 
Louisiana,3 New Mexico*

Dallas, New Orleans

VII Nebraska,3 Iowa,3 Kansas,3 
Missouri3

Kansas City, St. Louis'

VIII North Dakota,3 South Dakota,3 
Utah,* Montana,* Wyoming,* 
Colorado*

Denver

IX California,* Nevada,* 
Arizona,* Hawaii*

Los Angeles, San Francisco

X Washington,* Oregon,* Idaho,* 
Alaska*

Seattle

• Northeastern/eastern slates/territories.
“ Name changed to Brooklyn District Office in 1983.
3 Southern states/territories.
3 North central/central states.
* Western states.
' Previously a district office, currently a station office.

of radioactive material. Consumers Union advocated such 
a program and conducted limited studies in the late 1950s 
and early 1960s (1).
The first Total Diet Study estimated the levels of stron- 

tium-90 and cesium-137 as well as organochlorine pesticide 
residues, organophosphorus pesticide residues, and selected 
nutrients in the diets of young men (2). The Total Diet Study 
program has continued on a yearly basis since 1961. This 
program has monitored the levels of radionuclides (2-11), 
pesticide residues, toxic elements, industrial chemicals (2, 
12-59), and selected nutrients (2, 37, 60-73) in the United 
States’ food supply and in the diets of selected age-sex groups. 
There have been many changes, refinements, and expansions 
in the Total Diet Study program since 1961 regarding col
lection sites, foods collected, analytes, and analytical meth
odologies. Many FDA employees have been involved with 
the Total Diet Study including those in the Total Diet Study 
laboratory in Kansas City, MO, in the FDA Center for Food 
Safety and Applied Nutrition (CFSAN) in Washington, DC, 
in the Office of Regulatory Affairs (ORA) in Rockville, MD, 
and in FDA district offices throughout the United States.
Numerous reports (2-73) have been published on Total 

Diet Study results over the years; however, a chronological 
description of the Total Diet Study has not yet been pub
lished. Individuals requesting information about the Total 
Diet Study must attempt to piece together various reports or 
speak at length with FDA employees currently involved with 
the study. An FDA contract report issued by CDP Associates 
(74) in 1983 evaluating the Total Diet Study indicated that 
the study was important and valid for its purposes, but that 
some non-FDA professionals interviewed by CDP Associ
ates were misinformed about the study and unaware of its 
1982 revision. The purpose of this paper is to describe briefly

Year
(FY)

Col.
type*

No. Of 
col.

districts

No. of 
cols / 

district

Total 
no. of 
cols Analysis location3

1961/62 A 1 4 4 collecting district 
& Wash., DC

1962/63 A 5 8/12 44 collecting district
1964 A 9 4/8 40 collecting district
1965 A 3 6 18 collecting district
1966 A 5 5/6 28 collecting district
1967 A 5 6 30 collecting district
1968 A 5 6 30 collecting district
1969 A 5 6 30 collecting district
1970 A 5 6 30 collecting district
1971 A 5 6 30 Kansas City, MO
1972 A 5 7 35 Kansas City, MO
1973 A 18 1/2/3 30 Kansas City, MO
1974 A 19 1/2/3 30 Kansas City, MO
1975 A 20 1 20 Kansas City, MO

l&~ 10 1 10 Kansas City, MO
1976 A 20 1 20 Kansas City, MO

l&T 10 1 10 Kansas City, MO
1977 A 20 1/2 25 Kansas City, MO

l&T 12 1 12 Kansas City, MO
1978 A 14 1/2/3 20 Kansas City, MO

l&T 9 1/2 10 Kansas City, MO
1979 A 14 1/2/3 20 Kansas City, MO

l&T 9 1/2 10 Kansas City, MO
1980 A 15 1/2 20 Kansas City, MO

l&T 10 1 10 Kansas City, MO
1981 A 14 1/2 18 Kansas City, MO

l&T 10 1 10 Kansas City, MO
1982 A 8 1/2 9 Kansas City, MO

l&T 3 1 3 Kansas City, MO
1982/83 IND 12 1 12 Kansas City, MO
1983/84 IND 12 1 12 Kansas City, MO
1984/85 IND 12 1 12 Kansas City, MO
1985/86 IND 12 1 12 Kansas City, MO
1986/87 IND 12 1 12 Kansas City, MO

■ A = adult male collections; l&T = infant and toddler collections; IND = 
individual food collections.

6 Radionuclide analyses for Cs-137 were done at FDA Headquarters in 
Washington, DC, from FY 1961/62 to FY 1966. During this time Sr-90 
analyses were done In the collecting districts with duplicate check samples 
analyzed In the Washington, DC, laboratory. There were no radionuclide 
analyses between FY 1967 and FY 1972. Analyses since FY 1973 have 
been done at WEAC in Boston, MA.

the evolution of the Total Diet Study, to summarize the 
activities, changes, and expansions of the program from its 
beginning in 1961 to the present, to provide references for 
the results of the study, and to provide references for the 
analytical methodologies used in the study.
Food Collections
The foods for the Total Diet Study program are collected 

by inspectors from FDA district offices. The number and 
location of FDA district offices have varied over the years 
of the Total Diet Study. Currently, there are 21 district offices 
as shown in Table 1. Table 2 indicates the number of col
lection sites for the Total Diet Study from Fiscal Year (FY) 
1961/62 through FY 1986/87, and Appendix A1 specifies the 
cities from which foods were collected and the districts and 
geographical regions—northeast (NE), south (S), north cen
tral (NC), or west (W) between FY 1961/62 and FY 1982 
and east (E), south (S), central (C), or west (W) from FY 
1982/83 to FY 1986/87—to which these cities are assigned.
For the first Total Diet Study, 82 foods were purchased 

quarterly between May 1961 and February 1962 from gro-
1 Appendixes for this paper are available from the National Technical In

formation Service, Springfield, VA, Doc. No. PB87-151676/AS.
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Table 3. Total Diet Study diets

Years used
(FY) Diet basis Age-sex group Diet type

1961/62 1955 16-19-year male, 82 national diet
USDA foods, 4200 kcal/
HFCS day, 3.76 kg food/ 

day, 14 day diet
1962/63- 1955 16-19-year male, 82 national diet with ad-

1970 USDA foods, 4200 kcal/ justments for re-
HFCS day, 3.76 kg food/ gional food pat-

day, 14 day diet terns for other 
years

1971-1974 1965 15-20-year male, 120 regional diets for
USDA foods, 3900 kcal/ northeast, south,
HFCS day, 2.9 kg food/ north central, and

day, 14 day diet for 
FY 71-73, 28 day 
diet for FY 74

west

1975-mld 1965 15-20-year male, 120 regional diets for
1982 USDA foods, 3900 kcal/ northeast, south,

HFCS day, 2.9 kg food/ north central, and
day, 28 day diet west

6-month infant, 50
foods, 880 kcal/ 
day, 1.4 kg food/ 
day, 14 day diet

2-year child, 110
foods, 1300 kcal/ 
day, 1.5 kg food/ 
day, 14 day diet

1982/83- 1977-1978 6-11-month infant, national diets
1986/87 USDA 230 foods, 871

NFCS & kcal/day, 1.2 kg
NHANES II food/day

2-year child, 224 
foods, 1295 kcal/ 
day, 1.5 kg food/ 
day

14-16-year female, 
201 foods, 1714 
kcal/day, 2.0 kg 
food/day

14-16-year male, 201 
foods, 2520 kcal/ 
day, 2.7 kg food/ 
day

25-30-year female, 
201 foods, 1576 
kcal/day, 2.2 kg 
food/day

25-30-year male, 201 
foods, 2541 kcal/ 
day, 3.1 kg food/ 
day

60-65-year female, 
201 foods, 1355 
kcal/day, 2.3 kg 
food/day

60-65-year male, 201 
foods, 1944 kcal/ 
day, 2.7 kg food/ 
day

eery stores in the metropolitan area of the District of Colum
bia. Quarterly food collections and analyses were completed 
by 5 FDA district offices (Atlanta, Baltimore, Minneapolis, 
San Francisco, and St. Louis) in the second year (FY 1962/ 
63), by 9 district offices (Atlanta, Baltimore, Boston, Dallas, 
Denver, Minneapolis, St. Louis, San Francisco, and Seattle) 
in FY 1964, and by 3 FDA district offices (Boston, Kansas 
City, and Los Angeles) in FY 1965. From FY 1966 through

FY 1972, 5-7 collections per year were made from 5 FDA 
district offices (Baltimore, Boston, Kansas City, Los Angeles, 
and Minneapolis) for 28-35 yearly collections. Between FY 
1973 and mid-FY 1982, all FDA district offices were in
volved in food collections for the Total Diet Study. A sam
pling scheme rotated the collections among the FDA districts 
in the 4 geographical areas. States within these 4 geographical 
areas are indicated in Table 1. Total Diet Study collections 
have been obtained from all states except Alaska and from 
the District of Columbia and Puerto Rico.
Before FY 1975, the food collections represented the diet 

of the teenage or young adult male (adult diet) (Table 2). 
Between FY 1975 and mid-FY 1982, approximately two- 
thirds of the collections represented adult diets and about 
one-third represented infant and children’s (toddler’s) diets. 
Between FY 1967 and FY 1981, approximately 30 collec
tions per year were made. In FY 1977, the fiscal year was 18 
months long (due to the conversion from the July-June Fiscal 
Year to the October-September Fiscal Year) allowing for 25 
adult and 12 infant and toddler collections. In FY 1981, 2 
adult collections were omitted to allow a pilot collection for 
the revised Total Diet Study program which began in mid- 
FY 1982. Twelve collections, 9 adult and 3 infant and tod
dler, were made in FY 1982 before the new program began.
For the revised program, which began in mid-FY 1982, 

foods are collected 4 times per year, once from each of the 
4 geographical areas of the United States. Each collection 
consists of the purchase of identical foods from grocery stores 
in 3 cities within a geographical area. The 3 subsamples of 
each food (from the 3 cities) are combined to form a sample 
for analysis. Because each city is in a different FDA district, 
the year’s collections involve 12 FDA districts (4 collec
tions x 3 districts/collection).
Location o f Food Preparation and Analyses
Foods of the first Total Diet Study (FY 1961/62) were 

prepared in an institutional kitchen in the Baltimore district 
and analyzed in the FDA Baltimore District laboratory and 
the FDA Washington, DC, laboratory. Between FY 1962/63 
and FY 1970, the foods of the Total Diet Study were prepared 
in institutional kitchens within each FDA collecting district 
and analyzed in the FDA collecting district laboratory (except 
for cesium-137 analysis, which was done in the FDA Wash
ington, DC, laboratory). Beginning in FY 1971, the analytical 
work was centralized at the FDA Total Diet Laboratory in 
Kansas City, MO, for greater uniformity and efficiency in the 
use of analytical equipment and staff. This necessitated that 
the foods purchased in the other districts be shipped to Kan
sas City for preparation and analysis. Food preparation was 
contracted to the Home Economics Department of St. Mary 
College in Leavenworth, KS, from FY 1971 until FY 1985, 
when St. Mary College lost its Home Economics Department. 
Foods of the first collection in FY 1986 were prepared by 
Johnson County Community College in Overland Park, KS; 
foods in subsequent collections have been prepared by Can
teen Corp., which operates in a federal building in Kansas 
City, MO. Radionuclide analysis, which was discontinued 
between FY 1967 and FY 1972, has been performed at the 
FDA Winchester Engineering Analytical Center (WEAC) in 
Boston, MA, since January 1973. Food samples are sent to 
WEAC from the Total Diet Laboratory in Kansas City.
Diets
Table 3 describes the age-sex group diets used in the Total 

Diet Study from FY 1961/62 to the present, and Appendix 
B lists the individual foods collected for analysis. Food con-
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Table 4. Total Diet Study food commodity group composites

FY 1965-mid FY 1982
FY 1961/62-1964* adult FY 1975-mid FY 1982

adult 1955 & 1965 infant & toddler
1955 HFCS diet HFCS diets 1965 HFCS diets

1. dairy products 1. dairy products 1. water
2. meat and eggs 2. meat, fish, poultry 2. whole, fresh milk
3. grain products 3. grains and cereal 3. other dairy products

products and substitutes
4. potatoes 4. potatoes 4. meat, fish, poultry
5. leafy vegetables 5. leafy vegetables 5. grains and cereal 

products
6. dried beans 6. legume vegetables 6. potatoes
7. root vegetables 7. root vegetables 7. vegetables
8. smooth vegeta

bles
8. other vegetables 8. fruits and juices

9. fruits 9. fruits 9. fats and oils
10. sugars, fats, and 10. fats, oils, and 10. sugars and adjuncts

oils shortenings
11. beverages 11. sugars and ad

juncts
12. beverages

11. beverages

* Baltimore District only.

sumption data from the U.S. Department of Agriculture’s 
(USDA) 1955 Household Food Consumption Survey (75) 
were used to develop the diet for the first Total Diet Study. 
The diet was based on the quantities of 11 food groups sug
gested for males 16 to 19 years old in the USDA’s moderate 
cost food plan (76) and followed the general dietary patterns 
of moderate income families but with some modifications to 
meet nutritional goals. The diet, which contained 82 foods 
in quantities for a 14 day intake, was excessive in energy 
intake (4200 kcal/day) to assess maximum exposure to di
etary contaminants. This same diet was used between FY 
1962/63 and FY 1970, with adjustments for regional food 
patterns, to collect foods from other U.S. locations. Some 
adjustments were made to the diets in the late 1960s as 
preliminary data from USDA’s 1965 Household Food Con
sumption Survey (77) became available.
In FY 1971, the diet was revised according to data from 

the USDA’s 1965 Household Food Consumption Survey 
(77) and according to the 1964 moderate cost food plan for
15-20-year-old males (78). Four diets for geographical areas 
(northeast, south, north central, and west) were developed 
for the 15-20-year-old male. The foods and quantities of 
foods in these 4 diets varied among the geographical areas. 
Each diet contained approximately 120 foods and provided 
approximately 3900 kcal/day. The estimates of essential ele
ment intake were extrapolated to a more realistic caloric base 
of 2850 kcal/day so that the daily intake of elements would 
not be overestimated.
In FY 1975. regional diets for 6-month-old infants and

2-year-old toddlers were added to the Total Diet Study pro
gram. The diets for these 2 age groups were developed from 
individual data of the spring quarter of USDA’s 1965 House
hold Food Consumption Survey (79). The infant and toddler 
diets contained approximately 50 and 110 foods, respec
tively. in quantities sufficient for a 14-day period. Caloric 
content of these diets represented typical intakes for these 
age groups. To accommodate the 10 yearly collections of the 
infant and toddler diets, the number of adult collections was 
reduced from 30 to 20 per year.
The mid-FY 1982 revision of the Total Diet Study pro

gram allowed for updated diets, expanded coverage of age- 
sex groups, and analysis of individual foods. Data from the 
USDA’s 1977-1978 Nationwide Food Consumption Survey 
(80) and the National Center for Health Statistics’ (NCHS)

Table 5. Radionuclides—years analyzed and methods used30

Year Sr-90 Cs-137 1-131 Ru-106 K-40 Ra-226

1961/62 BC GRS
1962/63 BC GRS
1964 BC GRS
1965 BC GRS
1966 BC GRS
1967
1968
1969
1970
1971
1972
1973c BC GRS GRS GRS GRS
1974 BC GRS GRS GRS GRS
1975 BC GRS GRS GRS GRS AS0
1976 BC GRS GRS GRS GRS AS0
1977 BC GRS GRS GRS GRS AS0
1978 BC GRS GRS GRS GRS
1979 BC GRS GRS GRS GRS
1980 BC GRS GRS GRS GRS
1981 BC GRS GRS GRS GRS
1982 BC GRS GRS GRS GRS
1982/83 BC GRS GRS GRS GRS
1983/84 BC GRS GRS GRS GRS
1984/85 BC GRS GRS GRS GRS
1985/86 BC GRS GRS GRS GRS
1986/87 BC GRS GRS GRS GRS

* Analysis for Pu-239 (84) has been intermittent; no Pu-239 has yet been 
detected.

0 BC = beta counting of daughter product yttrium-90 (85-87); GRS = gam
ma-ray spectroscopy (88-90); AS = alpha spectroscopy (85). 

c Partial yearly collection (8 composites in 6 months beginning January 
1974).

“ Only selected samples were analyzed.

Second National Health and Nutrition Examination Survey 
of 1976-1980 (81) were used to select a group of commonly 
consumed fcods and to develop nationally representative 
diets for 8 age-sex groups based on these foods (82, 83). The 
caloric content of these diets represents typical intakes ac
cording to age and sex. It is anticipated that the food list and 
diets of the Total Diet Study will be revised when newer food 
consumptior data become available from USDA or NCHS. 
(The next Nationwide Food Consumption Survey is sched
uled for 1987, and the Third National Health and Nutrition 
Examination Survey is scheduled to begin in 1988.)
Food Commodity Groups
For the first 3 years of the study, the foods were analyzed 

as a single total diet food composite; however, the foods 
collected from the Baltimore District during these 3 years 
were also analyzed in 11 food commodity group composites (Table 4). Beginning in the fourth year (FY 1965), the 82 
foods from each collection were divided among 12 com
modity group composites before analysis. The approximately 
120 foods of the adult diet used between FY 1971 and FY 
1982/82 were also analyzed in 12 food commodity group 
composites. The foods of the infant and toddler diets used 
between FY 1975 and FY 1981/82 were analyzed in 11 food 
commodity group composites. Beginning in FY 1982/83, the 
234 foods of the T otal Diet Study were analyzed individually, 
and food commodity group composites were no longer used.
Analytes
Analytes have been and may be added to the Total Diet 

Study according to the needs and concerns of the FDA. Ta
bles 5-7 show the yearly analytical scheme for radionuclides, 
for pesticide residues, industrial chemicals, and toxic ele-
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Table 6. Pesticide residues, industrial chemicals, and toxic elements—years analyzed and methods used

Analyte class*

FY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1961/62 X X X
1962/63 X X X
1964 X X X X X X X
1965 X X X X X X X X
1966 X X X X X X X X
1967 X X X X X X X X X
1968 X X X X X X X X X X
1969 X X X X X X X X X
1970 X X X X X X X X X
1971 X X X X X X X X X X X
1972 X X X X X X X X X
1973 X X X X X X X X X X
1974 X X X X X X X X X X
1975 X X X X X X X X X X X
1976 X X X X X X X X X X
1977 X X X X X X X X X X X
1978 X X X X X X X X X X X X
1979 X X X X X X X X X X X X
1980 X X X X X X X X X X X X
1981 X X X X X X X X X X X X X
1982 X X X X X X X X X X X X X
1982/83 X X X X' X X X X X X X X
1983/84 X X X X’ X X X X X X X X X
1984/85 X X X X' X X X X X X X X X
1985/86 X X X X' X X X X X X X X
1986/87 X X X X' X X X X X X X X

■ Analyte class, methodology reference:
1. organohalogen pesticides/metabolites, 91-103
2. polychlorinated biphenyls, 97, 98
3. organophosphorus pesticides/metabolites, 104-112
4. carbaryl (X) and other (X1) W-methyl carbamates, 113-119
5. o-phenylphenol, 120
6. dithiocarbamates, 121
7. amitrole, 122
8. ethylene dibromide, 123
9. early eluting industrial chemicals, 124

10. chlorophenoxy acids and pentachlorophenol, 99, 125-129
11. chloroethyl esters of fatty acids, 130,131
12. nitrate/nitrite, 132
13. higher chlorinated dioxins (6-8 chlorines), 133
14. arsenic, 134-137
15. bromide, 138
16. cadmium, 139-146
17. lead, 144-148
18. mercury, 149-153

ments, and for nutritional elements, respectively, from FY 
1961/62 through FY 1986/87.
As indicated in Table 5, strontium-90 and cesium-137 

were determined between FY 1961/62andFY 1966. Because 
radioactivity levels were declining as a result of the 1963 
Limited Test Ban Treaty, FDA discontinued monitoring 
radionuclides in foods in 1967. The radionuclide portion 
of the Total Diet Study was reinstated in January 1973 to re
tain FDA’s radiochemical analytical capability in case of a 
radiological incident. The new program included routine 
analysis for strontium-90, cesium-137, iodine-131, ruthe
nium-106, and potassium-40 and intermittent analyses for 
radium-226 and plutonium-239. Between January 1973 and 
mid-FY 1982, several (8-10) adult, infant, or toddler market 
baskets were analyzed (by commodity groups) for radionu
clides each year; since the mid-FY 1982 revision, one com
plete collection (234 individual foods) yearly has been ana
lyzed for radionuclides.
Table 8 identifies the types of residues and contaminants 

included in the Total Diet Study; Appendix C provides an 
alphabetical listing of the organic residues and contaminants 
that are known to be detectable by the Total Diet Study. The

methods used are also capable of detecting other organic 
compounds for which analytical behavior is not yet known. 
Table 6 indicates the years of analyses for these substances. 
Analyses have been performed routinely for residues of or
ganohalogen, organophosphorus, and chlorophenoxy acid 
pesticide residues and for pentachlorophenol. Carbaryl or 
/V-methyl carbamates have been routinely determined since 
1964, and polychlorinated biphenyls have been routinely 
determined since 1971. Other organic residues or contami
nants have been selectively determined. Arsenic has been 
routinely determined since FY 1964; total bromides were 
determined between FY 1964 and FY 1970. Cadmium anal
ysis began in FY 1967, lead analysis began in FY 1973, and 
routine mercury analyses began in FY 1971.
The nutritional elements (Table 7) have been determined 

as part of the Selected Minerals in Foods Survey since FY 
1973, beginning with selenium and zinc and expanding to 
other elements in FY 1974. Between FY 1974 and FY 1982 
the nutritional elements were analyzed in periodic cycles of
6-9 elements per year for the 3 age-sex groups. Beginning in 
FY 1982/83, all 11 essential elements were analyzed each 
year.
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Table 7. Nutritional elements—years analyzed and methods used (the Selected Minerals in Food Surveys)8

FY Na K Ca P Mg Fe Zn Cu Mn Se I Diet

1973 AAS SPF adult male
1974 AAS C AAS AAS SPF Cl adult male
1975 AAS C AAS AAS SPF Cl 3 age-sex groups
1976 AAS“ C“ AAS“ AAS AAS AAS“ AAS“ RHE CP 3 age-sex groups
1977 AAS AAS AAS AAS AAS AAS AAS RHE 3 age-sex groups
1978 AAS AAS AAS c AAS AAS RHE Cl 3 age-sex groups
1979 AAS c AAS AAS RHE Cl 3 age-sex groups
1980 AAS AAS AAS AAS AAS AAS AAS RHE CP 3 age-sex groups
1981 AAS AAS AAS AAS AAS AAS AAS RHE Cl 3 age-sex groups
1982 AAS AAS AAS AAS AAS AAS AAS RHE Cl 3 age-sex groups
1982/83 ICP ICP ICP ICP ICP ICP ICP ICP ICP RHE Cl 8 age-sex groups
1983/84 ICP ICP ICP ICP ICP ICP ICP ICP ICP RHE Cl 8 age-sex groups
1984/85 ICP ICP ICP ICP ICP ICP ICP ICP ICP RHE Cl 8 age-sex groups

* AAS = atomic absorption spectrometry (154-156); C = colorimetric method for phosphorus (157); Cl = colorimetric method for iodine (158); ICP = sequen
tial inductively coupled plasma spectroscopy (159); RHE = atomic absorption spectrometry with rapid hydride evolution (137); SPF = spectrophotofluoromet- 
ric analysis (160, 161).

“ Infant and toddler diets only.
“ Adult diet only.
“ Also analyzed by neutron activation analysis (162).

Analytical Methodologies
Tables 5-7 also indicate or give reference to the method

ologies used to analyze the foods for the various analytes 
covered by the Total Diet Study. Although various methods 
have been used to determine the radionuclides (Table 5) in 
foods, the most consistently used methods have been beta
counting of the daughter product, yttrium-90 (85-87) for 
strontium-90; gamma-ray spectroscopy (88-90) for cesium- 
137, iodine-131, ruthenium-106, and potassium-40; and al
pha spectroscopy for radium-226 (85).
The methodologies used to analyze for organohalogen, or- 

ganophosphorus, and other pesticides and organic contam
inants (91-133) have advanced throughout the history of the 
Total Diet Study, closely paralleling developments in ana
lytical chemistry (Table 6). Early work used paper and thin- 
layer chromatography, polarography, colorimetry, and mi- 
crocoulometric gas chromatography. For many years, organic 
residues have been determined principally by various gas 
chromatographic techniques. Currently, electron-capture and/ 
or element specific detectors (i.e., halogen, nitrogen, phos
phorus, sulfur) are used. Liquid chromatography is used to 
determine the A-methyl carbamates. Several different tech
niques to confirm substance identity, including mass spec
trometry, are utilized. Because the purpose of this study is 
to determine intake levels and because many of the levels 
present are quite low, the analytical methods have been mod
ified to achieve quantitative limits one-fifth to one-tenth of 
those used for regulatory monitoring by FDA.
The analytical methods used for determination of the toxic 

elements arsenic, lead, cadmium, and mercury (Table 6) have 
also reflected advances in analytical techniques (134-153). 
Cadmium was initially determined in FY 1967 by oscillo
graphic polarography (139). Currently, either dry ash-graph- 
ite furnace atomic absorption (145) or dry ash-anodic strip
ping voltammetric procedures (144) are used, as they are for 
lead, which was originally determined (FY 1973) by atomic 
absorption spectrometry (AAS) (147, 148). Colorimetric ar
senic analyses were initiated inFY 1964(134, 135), and AAS 
analysis with rapid hydride evolution was adopted in FY 
1976 (137). Mercury analyses originally used a colorimetric 
determinative procedure (149); a flameless atomic absorp
tion technique has been used for over a decade (150-153).
Between FY 1973 and FY 1982, zinc, calcium, iron, mag

nesium, copper, manganese, sodium, and potassium were

determined by AAS (154-156), and a colorimetric method 
was used for phosphorus (157) (Table 7). Beginning in FY 
1982/83, inductively coupled plasma spectroscopy (159) was 
used for these 9 nutritional elements. Through FY 1975, 
spectrophotofluorometricanalysiswasusedforselenium(160, 
161), and from FY 1976 onward, selenium was determined 
by AAS analysis with rapid hydride evolution (137). A col
orimetric method has been used for iodine (158) throughout 
the Total Diet Study; however, the FY 1980 Total Diet Study 
samples were also analyzed for iodine by neutron activation 
analysis by FDA personnel at the National Bureau of Stan
dards in Gaithersburg, MD (70, 162). In addition, scientists 
in the Department of Biochemistry at the University of Min-

Table 8. Pesticide residues, industrial chemicals, and toxic ele
ments detected in the Total Diet Study8

Chemical type Residue type

Incidental additives
organohalogens pesticide
organophosphates pesticide
N-methyl carbamates insecticide
carbaryl (a carbamate) insecticide
o-phenylphenol fungicide
amitrole herbicide
ethylene dibromide fumigant, insecticide, 

nematicide
dithiocarbamates fungicide
gas chromatographic early eluters pesticide
chlorophenoxy acids herbicide
other herbicides (e.g., triazines) herbicide
pentachlorophenol fungicide, wood preservative
plant growth regulators limiter or increaser of 

plant growth
Intentional additives

nitrites/nitrates botulism preventive
Incidental/accidental additives

polychlorinated biphenyls industrial chemical
other industrial chemicals industrial chemical
gas chromatographic early eluters environmental contaminant
arsenic
bromide
cadmium environmental/industrial/ 

agricultural contaminantslead
mercury
higher chlorinated dioxins (CI6-CI8)

* See Table 6 for years of residue determinations.
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Table 9. References for results of the Total Diet Study

FY
Radionu

clides

Pesticide residues, 
industrial chemicals, 

toxic elements Nutritional elements

1961/62 2, 4, 9 2, 14 60
1962/63 2, 4, 5, 9 2, 12, 14
1964 5,9 12-14, 22, 26, 28
1965 9 14,15,16,19,22,26,28
1966 9 16, 18, 19, 22,26, 28
1967 21,22,24, 26, 28
1968 23, 24, 26, 28
1969 25, 26, 28, 30
1970 29, 30, 45
1971 31,45
1972 33, 34, 37, 41 37
1973 9,10 35, 36, 37, 45, 59 37
1974 9, 10 38, 45, 59 62, 63, 67, 71,72
1975 9, 10 39, 42, 45, 59 62, 63, 64, 67, 71,72
1976 9, 10 43-45, 59 63,67,71,72
1977 10 46, 47, 59 64-68, 71,72
1978 10 48, 49, 59 63, 65-68, 71,72
1979 11 53, 54, 59 67, 68,71,72
1980 11 55, 56 70-72
1981/82 11 57, 58 71,72
1982/83 73
1983/84 73
1984/85
1985/86
1986/87

nesota (64-66) determined fluoride in Total Diet Study com
posites using an ion selective electrode.
Data Transfer
Since the 1982 revision of the Total Diet Study, analytical 

data have been transferred from the Total Diet Laboratory 
in Kansas City, MO, via the FDA Parklawn Computer Center 
in Rockville, MD, to CFSAN in Washington, DC, by way 
of the ORA computerized Laboratory Management System. 
The Total Diet Laboratory has a VAX 11/750 computer into 
which the data are entered. Before this computerized system 
was instituted, hard copies of data were mailed to CFSAN 
from the Kansas City or other district laboratories and en
tered into CFSAN’s computer system for analysis. Hard cop
ies of radionuclide data are sent from WEAC to CFSAN.
Publication o f  Results

Table 9 indicates the primary references for results of the 
Total Diet Study by fiscal year. This list does not include 
secondary references (those that quote or retabulate Total 
Diet Study results or that describe the study for the lay per
son). Some of the results for radionuclides, pesticide residues, 
toxic elements, industrial chemicals, and nutritional ele
ments have been released in the FDA Compliance Program 
Evaluations (10, 59, 72). Some of these evaluations (59, 72) 
are available from the National Technical Information Ser
vice. Pesticide residue and contaminant results for FY 1966 
through FY 1976 have been published in the P estic ides M o n 
itorin g  Jo u r n a l  (17, 18, 21-25, 27-31, 33, 36, 38, 39, 42- 
44). Since the discontinuation of this journal in 1981, the 
results have been published in the Jo u r n a l o f  the Association  
o f  O fficial A n a ly tic a l C hem ists  (46-49, 51, 53-58). Results 
for the nutritional elements (the Selected Minerals in Foods 
Survey) have generally been published in the Jo u r n a l o f  the 
A m erica n  D ietetic  A ssociation  (62, 63, 68, 70, 71, 73).
Notable Results

Because the number of organic pesticides and industrial 
chemicals included in the current Total Diet Study (Appen

dix C1) is much larger than the number of chemicals mea
sured in the earlier program, the number of these substances 
detected in each collection has greatly increased from about 
a dozen initially to over 60 currently. Calculated dietary 
intake levels of pesticides have generally been less than 1% 
of the Acceptable Daily Intakes (ADIs) established by expert 
committees of the World Health Organization (WHO) and 
the Food and Agriculture Organization (FAO) of the United 
Nations. An exception to this is that intakes of some persis
tent chlorinated pesticides were much closer to their ADIs 
in the 1960s and 1970s. It is apparent from current data, 
however, that intakes of these persistent materials have de
clined steadily since cessation of their agricultural uses over 
a decade ago. This is best typified by dieldrin, the only pes
ticide ever to approach its ADI. Today, dieldrin intakes are 
about one-twentieth of their level 2 decades ago. Although 
the intakes of persistent chlorinated pesticides have declined 
dramatically in the last 20 years, residues continue to occur 
frequently at low levels. This is particularly true for foods of 
animal origin.
In the 1971 Total Diet Study, polychlorinated biphenyl 

(PCB) residues were found in a ready-to-eat breakfast cereal. 
Followup investigations revealed that the chemical migrated 
from the paperboard package which had been produced from 
PCB-contaminated recycled paper. This finding ultimately 
led to regulations limiting the PCB content of paperboard 
intended for food contact use. In the 1975 Total Diet Study, 
a residue of the preservative and fungicide pentachloro- 
phenol (PCP) was detected in unflavored gelatin. PCP had 
been used to treat hides in slaughterhouses, and many of 
these hides were ultimately shipped to gelatin manufacturers. 
This use of PCP had been discontinued by the U.S. industry 
several years prior to the finding; investigation revealed that 
the sample in question was a mixture of domestic and Mex
ican gelatin. The Mexican gelatin was found to contain the 
PCP and was ultimately diverted from food use.
Among the results for the nutritional elements, the most 

notable has been the high levels of iodine in U.S. diets (71, 
72). Intake levels of iodine have ranged from 1.7 to over 10 
times the Recommended Dietary Allowances (RDA) for this 
element. The major sources of this element have been dairy 
products, grain products, and foods containing the iodine- 
containing red food color FD&C No. 3.
Resources

Currently, the Total Diet Study requires 29 person-years 
of effort (the equivalent of 29 full-time employees per year). 
This time is divided among the staff at CFSAN, the Total 
Diet Analytical and Research Laboratories, the WEAC Lab
oratory, the district offices, and ORA. The cost of the pro
gram (including the salaries of the FDA employees, but ex
cluding the overhead costs of facilities) is about 2 million 
dollars per year. These costs include the purchase and trans
portation of the foods; laboratory chemicals; equipment 
maintenance; new equipment; inspector transportation ex
penses for collecting foods; periodic Total Diet Study meet
ings in Kansas City; computer hardware, software, and main
tenance; and the contract for food preparation. Appendix D 1 
provides an overview of the activities and interaction of FDA 
employees involved with the Total Diet Study.
Program Advantages

The Total Diet Study provides for annual monitoring of 
a broad range of pesticide residues, contaminants, and nu
trient elements in foods in their table-ready forms, and it 
allows for yearly estimates of intake of pesticide residues,
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contaminants, and nutrient elements of selected age-sex 
groups based on laboratory analyses. This type of informa
tion, which is available from no other source, is essential to 
monitor the safety and quality of the U.S. food supply and 
to identify potential public health problems. The Total Diet 
Study played a major role in early identification of unusual 
findings (e.g., polychlorinated biphenyls, high levels of diel- 
drin, and excessive levels of iodine in the food supply), and 
it provides a check on the effectiveness of current regulations 
and surveillance activities in protecting the public from 
harmful levels of pesticide residues, contaminants, or nu
trient elements in foods. The demonstration of very low levels 
or absence of residues or contaminants in foods and the 
demonstration of adequate nutrient element intake by the 
Total Diet Study are also of importance as they point out 
the continuing safety of the U.S. food supply. The Total Diet 
Study also provides an invaluable baseline reference for de
termining the impact on the food supply of environmental 
contamination accidents, e.g., the April 1986 nuclear reactor 
accident in Chernobyl, Ukraine, U.S.S.R.
Data from the Total Diet Study have been widely used 

and accepted by other government agencies, industry, and 
other professional groups. The Total Diet Study program, 
which has been operating for 25 years, is a well-organized, 
efficient system offering on-site consistency of analysis, an
alytical methodology, and personnel. Without this program, 
many expensive, individual surveys would have to be insti
tuted to respond to congressional, consumer, and other re
quests made to FDA.
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R e p o r t s  o f  F in d i n g s ,  F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  W a s h 
i n g to n ,  D C .  (* A c c .  N o . ,  N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r 
v ic e ,  S p r in g f ie ld ,  V A )

(7 3 )  P e n n in g to n ,  J .  A . T . ,  Y o u n g ,  B . E . ,  W i l s o n ,  D .  B .,  J o h n s o n ,  
R .  D . ,  &  V a n d e r v e e n ,  J .  E . ( 1 9 8 6 )  “ M in e r a l  C o n t e n t  o f  F o o d s  
a n d  T o t a l  D ie ts :  T h e  S e le c te d  M in e r a l s  in  F o o d s  S u r v e y ,  1 9 8 2 — 
1 9 8 4 ,”  J .  A m . D ie t . A s s o c . 8 6 ,  8 7 6 - 8 9 1

(7 4 )  A s s e s s m e n t  o f  F D A ’s  T o t a l  D ie t  S t u d y  ( u n d a t e d )  C D P  A s s o 
c ia te s ,  I n c . ,  u n d e r  c o n t r a c t  ( H H S - 1 0 0 - 8 2 - 0 0 7 6 )  w i t h  t h e  D e 
p a r t m e n t  o f  H e a l t h  a n d  H u m a n  S e r v ic e s ,  R o c k v i l l e ,  M D

(75) F o o d  C o n s u m p t io n  o f  H o u s e h o ld s  in  th e  U n it e d  S ta te s . H o u s e 
h o ld  F o o d  C o n s u m p t io n  S u r v e y  1 9 5 5 .  R e p o r t  1 ( 1 9 5 6 )  U .S .  
D e p a r t m e n t  o f  A g r i c u l tu r e ,  W a s h in g to n ,  D C

(7 6 )  F a m i l y  F o o d  P la n s  a n d  F o o d  C o s t  ( 1 9 6 2 )  H o m e  E c o n o m ic s  
R e s e a r c h  R e p o r t  N o .  2 0 ,  A g r i c u l tu r a l  R e s e a r c h  S e r v ic e ,  U .S .  
D e p a r t m e n t  o f  A g r i c u l tu r e ,  W a s h in g to n ,  D C

(7 7 )  F o o d  C o n s u m p t io n  o f  H o u s e h o ld s  in  th e  U n it e d  S ta te s , S p r i n g  
1 9 6 5  ( 1 9 6 7 )  H o u s e h o l d  F o o d  C o n s u m p t i o n  S u r v e y  1 9 6 5 —6 6 , 
R e p o r t  N o .  1, C o n s u m e r  a n d  F o o d  E c o n o m ic s  R e s e a r c h  D i 
v i s io n ,  A g r i c u l tu r a l  R e s e a r c h  S e r v ic e .  U .S .  D e p a r t m e n t  o f  
A g r i c u l tu r e ,  W a s h in g to n ,  D C

(7 8 )  F a m i l y  F o o d  P la n s  ( 1 9 6 4 )  C o n s u m e r  a n d  F o o d  E c o n o m ic s  
R e s e a r c h  D i v i s i o n ,  A g r i c u l tu r a l  R e s e a r c h  S e r v ic e ,  U .S .  D e 
p a r t m e n t  o f  A g r i c u l tu r e ,  W a s h in g to n ,  D C

(7 9 )  H o u s e h o ld  F o o d  C o n s u m p t i o n / I n d i v i d u a l — S p r in g  Q u a r t e r  
1 9 6 5  D a t a  T a p e  ( 1 9 8 0 )  C o n s u m e r  a n d  F o o d  E c o n o m ic s  R e 
s e a r c h  D iv i s io n ,  A g r i c u l tu r a l  R e s e a r c h  S e r v ic e ,  U .S .  D e p a r t 
m e n t  o f  A g r i c u l tu r e ,  P B 8 0 - 1 9 5 4 1 5 ,  N a t i o n a l  T e c h n i c a l  I n 
f o r m a t i o n  S e r v ic e ,  S p r in g f ie ld ,  V A

(8 0 )  N a t i o n w i d e  F o o d  C o n s u m p t i o n  S u r v e y  D a t a  T a p e s .  S p r in g ,  
S u m m e r ,  F a l l ,  a n d  W i n t e r  Q u a r t e r s  1 9 7 7 - 7 8  ( 1 9 8 0 ,  1 9 8 1 )  
U .S .  D e p a r t m e n t  o f  A g r ic u l tu r e ,  P B 8 0 - 1 9 0 2 1 8 ,  P B 8 0 - 1 9 7 4 2 9 ,  
P B 8 0 - 2 0 0 2 2 3 .  P B 8 1 -1  1 8 8 5 3 ,  N a t i o n a l  T e c h n i c a l  I n f o r m a 
t i o n  S e r v ic e ,  S p r in g f ie ld ,  V A

(8 1 )  S e c o n d  N a t i o n a l  H e a l t h  a n d  N u t r i t i o n  E x a m i n a t i o n  S u r v e y ,  
1 9 7 6 - 8 0 .  D a t a  T a p e  5 7 0 4  ( 2 4 - H o u r  R e c a l l ,  S p e c i f ic  F o o d
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I t e m )  ( 1 9 8 2 )  N a t i o n a l  C e n t e r  f o r  H e a l t h  S t a t i s t i c s ,  P B 8 2 -  
1 4 2 6 3 9 ,  N a t i o n a l  T e c h n ic a l  I n f o r m a t i o n  S e r v ic e ,  S p r in g -  
f ie ld ,  V A

(8 2 )  P e n n i n g t o n ,  J .  A . T .  ( 1 9 8 2 )  D o c u m e n ta tio n  f o r  th e  R e v ise d  
T o ta l D ie t S tu d y :  F o o d  L is t  a n d  D ie ts , P B 8 2 - 1 9 2 1 5 4 ,  N a t i o n a l  
T e c h n ic a l  I n f o r m a t i o n  S e r v ic e ,  S p r in g f ie ld ,  V A

(8 3 )  P e n n in g to n ,  J .  A . T .  ( 1 9 8 3 )  “ R e v i s i o n  o f  t h e  T o t a l  D i e t  S tu d y  
F o o d  L i s t  a n d  D i e t s , ”  J. A m . D ie t. A ssoc . 82, 1 6 6 - 1 7 3

(8 4 )  L u m s d e n ,  E . M .,  &  B a r a t t a ,  E . J. ( 1 9 7 7 )  “ I s o t o p i c  A n a ly s i s  
o f  P u  in  F o o d  A s h , ”  F D A  L a b . Inf. B u ll. 2 0 1 5

(8 5 )  P H S  P u b .  N o .  9 9 9 - R H - 2 7  (1 9 6 7 )  R a d i o a s s a y  P r o c e d u r e s  f o r  
E n v i r o n m e n t a l  S a m p le s ,  s e c t i o n  4 - 2 2 ;  s e c t io n  4 - 2 4 ,  p r o c e d u r e  
4 (B ); s e c t i o n  4 - 5 2 1 5 3

(8 6 )  B a r a t t a ,  E . J . ,  &  R e a v y ,  T .  C . ( 1 9 6 9 )  “ R a p i d  D e t e r m i n a t i o n  
o f  S t r o n t i u m - 9 0  in  T i s s u e ,  F o o d ,  B io ta ,  a n d  O t h e r  E n v i r o n 
m e n t a l  M e d ia  b y  T r i b u t y l  P h o s p h a t e , ”  J. A gric . F o o d  C h em . 17, 1 3 3 7 - 1 3 3 9

(8 7 )  S ta n d a r d  M e th o d s  f o r  th e  E x a m in a tio n  o f  W a te r  a n d  W a ste -  
w a te r  ( 1 9 7 1 )  1 3 th  E d . ,  A m e r i c a n  P u b l i c  H e a l t h  A s s o c i a t i o n ,  
W a s h in g to n ,  D C ,  p p .  6 0 4 - 6 0 9

(8 8 )  H a g e e ,  R . G . ,  K a r c h e s ,  G .  J . ,  &  G o l d i n ,  A . S . ( 1 9 6 0 )  “ D e 
t e r m i n a t i o n  o f  I - 1 3 1 , C s - 1 3 7 , B a - 1 4 0  in  F lu i d  M i lk  b y  G a m 
m a  S p e c t r o s c o p y ,”  T a la n ta  5 ,  3 6 - 4 3

(8 9 )  Y a k a b e ,  H .  M .,  D im i t r o f f ,  J .  M . ,  &  L a u g ,  E . P . ( 1 9 6 2 )  “ A n a l 
y s i s  o f  F o o d s  f o r  C e s i u m - 1 3 7 ,”  J. A ssoc . Off. A gric . C h em . 
45, 7 7 5 - 7 8 1

(9 0 )  O ffic ia l M e th o d s  o f  A n a ly s is  ( 1 9 8 4 )  1 4 th  E d . ,  A O A C ,  A r l in g 
to n ,  V A , s e c s  48.025-48.029

( 9 1 )  M i l l s ,  P .  A . ( 1 9 5 9 )  “ D e t e c t i o n  a n d  S e m i q u a n t i t a t i v e  E s t i 
m a t i o n  o f  C h l o r i n a t e d  O r g a n ic  P e s t i c id e  R e s id u e s  in  F o o d s  
b y  P a p e r  C h r o m a t o g r a p h y , ”  J. A sso c . Off. A gric . C h em . 42, 
7 3 4 - 7 4 0

(9 2 )  M il ls ,  P .  A . ( 1 9 6 1 )  “ C o l l a b o r a t i v e  S tu d y  o f  C e r t a i n  C h l o r i 
n a t e d  O r g a n ic  P e s t i c id e s  in  D a i r y  P r o d u c t s , ”  J. A ssoc . O ff. 
A gric . C h em . 44, 1 7 1 - 1 7 7

(9 3 )  J o h n s o n ,  L . ( 1 9 6 2 )  “ S e p a r a t i o n  o f  D i e l d r i n  a n d  E n d r i n  f r o m  
O t h e r  C h l o r i n a t e d  P e s t i c id e  R e s i d u e s , ”  J. A ssoc. Off. A gric . 
C h em . 45, 3 6 3 - 3 6 5

(9 4 )  E i d e l m a n ,  M . (1 9 6 2 )  “ D e t e r m i n a t i o n  o f  M i c r o - q u a n t i t i e s  o f  
C h l o r i n a t e d  O r g a n ic  P e s t i c id e  R e s id u e s  i n  B u t t e r , ”  J. A ssoc. 
O f f  A gric . C h em . 45, 6 7 2 - 6 7 9

(9 5 )  E i d e l m a n ,  M . (1 9 6 3 )  “ D e t e r m i n a t i o n  o f  M i c r o - q u a n t i t i e s  o f  
S o m e  C h l o r i n a t e d  O r g a n ic  P e s t i c i d e  R e s id u e s  in  E d i b le  F a t s  
a n d  O i l s , ”  J. A ssoc . Off. A gric . C h em . 4 6 ,  1 8 2 - 1 8 6

(9 6 )  M il ls ,  P . A .,  O n le y ,  J .  H .,  &  G a i t h e r ,  R .  A . ( 1 9 6 3 )  “ R a p i d  
M e th o d  f o r  C h lo r in a t e d  P e s t i c id e  R e s id u e s  in  N o n f a t ty  F o o d s ,”  
J. A ssoc. Off. A gric . C h em . 46, 1 8 6 - 1 9 1

(9 7 )  A r m o u r ,  J .  A .,  &  B u rk e ,  J .  A . ( 1 9 7 0 )  “ M e t h o d  f o r  S e p a r a t in g  
P o l y c h l o r i n a t e d  B ip h e n y ls  f r o m  D D T  a n d  I t s  A n a lo g s ,”  J. 
A ssoc . Off. A n a l. C h em . 5 3 ,  7 6 1 - 7 6 8

(9 8 )  P es tic id e  A n a ly tic a l M a n u a l  ( 1 9 6 8 )  2 n d  E d . ,  V o l .  I ,  F o o d  a n d  
D r u g  A d m i n i s t r a t i o n ,  W a s h in g to n ,  D C ,  s e c s  2 1 1 .1 ,  2 1 2 .1 ,  
2 2 1 ,  2 3 1 .1 ,  2 3 2 .1 ,  2 5 1 .1 ,  2 5 1 .2 ,  a n d  2 5 2  a n d  A p p e n d ix

(9 9 )  H o p p e r ,  M . L . ( 1 9 7 9 )  “ A  G e l  P e r m e a t i o n  C l e a n u p  S y s te m  
f o r  P e n t a c h l o r o p h e n o l ,  C h l o r o p h e n o x y  A c i d  H e r b i c i d e s ,  
C h l o r i n a t e d  a n d  O r g a n o p h o s p h a t e  P e s t i c id e s  in  D i f f e r e n t  
S a m p le  M a t r i c e s , ”  F D A  L a b . Inf. B u ll. 2 3 0 6

( 1 0 0 )  H o p p e r ,  M .  L . ( 1 9 8 1 )  “ G e l  P e r m e a t i o n  S y s te m  f o r  R e m o v a l  
o f  F a t s  d u r i n g  A n a ly s i s  o f  F o o d s  f o r  R e s id u e s  o f  P e s t i c id e s  
a n d  H e r b i c i d e s , ”  J. A ssoc. Off. A n a l. C h em . 64, 7 2 0 - 7 2 3

( 1 0 1 )  S a w y e r ,  L . D .  ( 1 9 8 1 )  “ E x t r a c t i o n  P r o c e d u r e  f o r  O i l s e e d s  a n d  
R e l a t e d  H ig h  F a t  L o w  M o is tu r e  P r o d u c t s , ”  F D A  L a b . Inf. 
Bull. 2 4 9 8

( 1 0 2 )  H o p p e r ,  M . L . ( 1 9 8 2 )  “ A u t o m a t e d  G e l  P e r m e a t i o n  S y s te m  
f o r  R a p i d  S e p a r a t io n  o f  I n d u s t r i a l  C h e m ic a l s ,  O r g a n o p h o s 
p h a t e ,  a n d  C h l o r i n a t e d  P e s t i c id e s  f r o m  F a t s , ”  F D A  L a b . Inf. 
Bull. 2 6 0 4

( 1 0 3 )  G r i f f i th  K . R „  H a m p t o n ,  D . C „  &  S is k ,  R . L . ( 1 9 8 3 )  “ M i n 
i a t u r i z e d  F lo r i s i l  C o l u m n  C l e a n u p  o f  C h l o r i n a t e d  a n d  O r 
g a n o p h o s p h a t e  E l u a te s  in  T o t a l  D i e t  S a m p l e s , ”  F D A  L ab . Inf. 
Bull. 2 7 2 2

(1 0 4 )  G e tz ,  M . E . (1 9 6 2 )  “ S ix  P h o s p h a te  P e s t i c id e  R e s id u e s  i n  G r e e n  
L e a fy  V e g e ta b le s :  C l e a n u p  M e t h o d  a n d  P a p e r  C h r o m a t o 
g r a p h ic  I d e n t i f i c a t i o n , ”  J. A ssoc. Off. A gric . C h em . 45, 3 9 3 — 
3 9 6

( 1 0 5 )  G e tz ,  M . E . ( 1 9 6 2 )  “ D e g r a d a t i o n  E s te r s  o f  S y s to x ,  D i - S y s to n ,  
a n d  T h i m e t  o n  F ie ld - s p r a y e d  K a le , ”  J. A ssoc. Off. A gric. C h em . 
45, 3 9 7 - 4 0 1

( 1 0 6 )  G a ja n ,  R . J .  ( 1 9 6 3 )  “ A p p l i c a t i o n s  o f  O s c i l l o g r a p h ic  P o la r -  
o g r a p h y  t o  t h e  D e t e r m i n a t i o n  o f  O r g a n o p h o s p h o r u s  P e s t i 
c id e s .  I I .  A  R a p i d  S c r e e n in g  P r o c e d u r e  f o r  t h e  D e t e r m i n a t i o n

o f  P a r a t h i o n  in  S o m e  F r u i t s  a n d  V e g e ta b l e s , ”  J. A ssoc. Off. 
A gric. C h em . 46, 2 1 6 - 2 2 2

( 1 0 7 )  G e tz ,  M . E ., &  F r i e d m a n ,  S . J .  ( 1 9 6 3 )  “ O r g a n o p h o s p h a t e  
P e s t i c id e  R e s id u e s :  A  S p o t  T e s t  f o r  D e t e c t i n g  C h o l in e s t e r a s e  
I n h i b i t o r s , ”  J. A ssoc . Off. A gric . C h em . 46, 7 0 7 - 7 1 0

( 1 0 8 )  G iu f f r id a ,  L . ( 1 9 6 4 )  “ A  F la m e  I o n i z a t i o n  D e t e c t o r  H ig h ly  
S e le c t iv e  a n d  S e n s i t i v e  t o  P h o s p h o r u s — a  S o d i u m  T h e r m i o n i c  
D e t e c t o r , ”  J. A ssoc . Off. A gric . C h em . 47, 2 9 3 - 3 0 0

( 1 0 9 )  G iu f f r id a ,  L . ,  &  I v e s ,  F . ( 1 9 6 4 )  “ I n v e s t i g a t i o n  o f  T w o  G a s  
C h r o m a t o g r a p h i c  T e c h n i q u e s  f o r  t h e  D e t e r m i n a t i o n  o f  O r 
g a n o p h o s p h a te  P e s t i c id e  R e s id u e s , ”  J. A ssoc. Off. A gric. C h em . 
4 7 , 1 1 1 2 - 1 1 1 6

( 1 1 0 )  K o v a c s ,  M . F . ,  J r  ( 1 9 6 4 )  “ T h i n - l a y e r  C h r o m a t o g r a p h y  f o r  
O r g a n o  T h i o p h o s p h a t e  P e s t i c id e  R e s i d u e  D e t e r m i n a t i o n , ”  J. 
A ssoc. Off. A gric . C h em . 47, 1 0 9 7 - 1 1 0 2

( 1 1 1 )  S to r h e r r ,  R .  W .,  O t t ,  P . ,  &  W a t t s ,  R .  R . ( 1 9 7 1 )  “ A  G e n e r a l  
M e t h o d  f o r  O r g a n o p h o s p h o r u s  P e s t i c id e  R e s id u e s  i n  N o n 
f a t t y  F o o d s , ”  J. A ssoc . Off. A n a l. C h em . 5 4 ,  5 1 3 - 5 1 6

( 1 1 2 )  C a r s o n ,  L . J .  ( 1 9 8 1 )  “ M o d i f i e d  S t o r h e r r  M e t h o d  f o r  D e t e r 
m i n a t i o n  o f  O r g a n o p h o s p h o r u s  P e s t i c id e s  i n  N o n f a t t y  F o o d  
T o t a l  D i e t  C o m p o s i t e s , ”  J. A ssoc . Off. A n a l. C h em . 64, 7 1 4 -  
7 1 9

( 1 1 3 )  K r a u s e ,  R . T .  ( 1 9 8 0 )  “ M u l t i r e s i d u e  M e t h o d  f o r  D e t e r m i n i n g  
V - M e t h y l  C a r b a m a t e  I n s e c t i c id e s  in  C r o p s ,  U s i n g  H ig h  P e r 
f o r m a n c e  L i q u id  C h r o m a t o g r a p h y , ”  J. A ssoc. Off. A n a l. C hem . 
6 3 , 1 1 1 4 - 1 1 2 4

( 1 1 4 )  P es tic id e  A n a ly tic a l M a n u a l  ( 1 9 8 2 )  2 n d  E d . ,  V o l .  I ,  F o o d  a n d  
D r u g  A d m i n i s t r a t i o n ,  W a s h in g to n ,  D C ,  se c . 2 4 2 .2

( 1 1 5 )  M is k u s ,  R . ,  G o r d o n ,  H .  T . ,  &  G e o r g e ,  D .  A . ( 1 9 5 9 )  “ C o l o r 
i m e t r i c  D e t e r m i n a t i o n  o f  1 - N a p h th y l  A - M e t h y l c a r b a m a t e  in  
A g r i c u l tu r a l  C r o p s , ”  J. A gric . F o o d  C h em . 7 ,  6 1 3 - 6 1 4

( 1 1 6 )  J o h n s o n ,  D .  P .  ( 1 9 6 4 )  “ D e t e r m i n a t i o n  o f  S e v in ®  I n s e c t i c id e  
R e s id u e s  in  F r u i t s  a n d  V e g e ta b l e s , ”  J. A sso c . O ff. A gric . C h em . 
47, 2 8 3 - 2 8 6

( 1 1 7 )  P o r t e r ,  M . L . ,  G a j a n ,  R . J . ,  &  B u rk e ,  J .  A . ( 1 9 6 9 )  “ A c e to n i t r i l e  
E x t r a c t io n  a n d  D e t e r m i n a t i o n  o f  C a r b a r y l  in  F r u i t s  a n d  V e g 
e t a b l e s , ”  J. ^ s x o c .  O ff. A n a l. C h em . 5 2 ,  1 7 7 - 1 8 1

( 1 1 8 )  F i n o c c h ia r o ,  J .  M .,  &  B e n s o n ,  W . R . ( 1 9 6 5 )  “ T h i n - l a y e r  C h r o 
m a t o g r a p h i c  D e t e r m i n a t i o n  o f  C a r b a r y l  (S e v in ® )  in  S o m e  
F o o d s , ”  J. A ssoc . Off. A gric . C h em . 48, 7 3 6 - 7 3 8

( 1 1 9 )  O ffic ia l M e th o d s  o f  A n a ly s is  ( 1 9 8 4 )  1 4 th  E d . ,  A O A C ,  A r l in g 
to n ,  V A , s e c s  29.095-29.098

( 1 2 0 )  D a v e n p o r t ,  J .  E . ( 1 9 7 1 )  “ T L C  M e t h o d  f o r  D e t e r m i n a t i o n  o f  
o - P h e n y lp h e n o l  R e s id u e s  in  t h e  A c e t o n i t r i l e  E x t r a c t s  o f  F r u i t s  
a n d  V e g e ta b le s ,”  J. A ssoc . Off. A n a l. C h em . 54, 9 7 5 - 9 7 7

( 1 2 1 )  C u l le n ,  T .  E . ( 1 9 6 4 )  “ S p e c t r o p h o t o m e t r i c  D e t e r m i n a t i o n  o f  
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M ETHO D  PERFORMANCE

More Powerful Peroxide Kjeldahl Digestion Method

CLIFFORD C. HACH, BRIAN K. BOWDEN, ALAN 
H a c k  C o ., T e c h n ic a l C en ter , L o v e la n d , C O  8 0 5 3 9

Enhanced ammonia recovery and a simplified method are described 
for a rapid Kjeldahl digestion using sulfuric acid and hydrogen per
oxide as the sole digestion reagents. This micro procedure uses a 
Vigreux fractionating head fitted to a 100 mL volumetric flask and 
a hot plate with a solid-state controller. Continuous-flow peroxide 
addition is controlled by a capillary funnel, and fumes are evacuated 
through a side-arm vent leading to a water aspirator. Complete re
covery of nitrogen from the refractory compound, nicotinic acid, is 
obtained with less than 10 min digestion. The described method 
reduces digestion time by 25-50% over the open-manifold peroxy 
method. A digestibility index (DI), scaled 0-10, establishes the dif
ficulty of digestion for each sample and assigns values to compounds.
A useful tool for determining the minimal amount of reagent and 
digestion time required, the DI assigns zero for compounds not need
ing digestion and 10 for nicotinic acid. Digested samples obtained 
from the described method are suitable for direct colorimetric anal
ysis of many elements in addition to Kjeldahl nitrogen. Distillation 
of the digested sample is not required.

In the conventional determination of Kjeldahl nitrogen, a 
sample is heated in concentrated sulfuric acid with salt and 
metal catalysts added to speed the release of ammonia from 
organic matter. Distillation into an acid solution followed by 
titration completes the test.

Because large amounts of equipment, reagents, and time 
are consumed by traditional Kjeldahl methods, alternative 
methods have received extensive study. Several researchers 
have proposed use of hydrogen peroxide as a digestion re
agent. Kleemann (1) was able to speed the reaction by adding 
hydrogen peroxide to the sample followed by digestion with 
sulfuric acid and potassium sulfate. Koch and McMeekin (2) 
obtained rapid oxidation with complete retention of am
monia-nitrogen by carbonizing the sample in sulfuric acid 
prior to the dropwise addition of hydrogen peroxide with 
heating. Others have reported the importance of precarbon
ization and multiple additions of peroxide (3) and the need 
to heat the digestion mixture after initial clearing (4).

We have observed that the effective use of hydrogen per
oxide requires a high residual concentration of peroxide at 
high temperature for sufficient time to decompose organic 
material (5). By carbonizing the sample in concentrated sul
furic acid before the continuous-flow addition of a hydrogen 
peroxide-sulfuric acid reagent (“peroxy” reagent), we are able 
to achieve rapid digestion (as much as 25 times faster than 
conventional procedures) for a variety of samples without 
the use of metal catalysts. Digestion time for the difficult-to- 
digest, refractory compound, nicotinic acid, is 17.5 min (5 
min carbonization + 12.5 min flow digestion)—far less than 
the 3 h that Shirley and Becker (6) required for 100% recovery 
of nitrogen from nicotinic acid when using the best of the 
various Kjeldahl catalysts available in their laboratory (Fig
ure 1).

Peroxy digests, prepared without mercury or other metal 
catalysts, are suitable for direct colorimetric determinations 
of phosphorus, calcium, magnesium, iron, copper, man
ganese, and zinc as well as Kjeldahl nitrogen (7, 8).

Despite wide acceptance of the peroxy method by many
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Figure 1. Nitrogen recovery curves for nicotinic acid digested 
by conventional Kjeldahl method and by 2 peroxide-sulfuric acid 
(peroxy) methods. A, Vigreux manifold, peroxy method; B, open 
manifold, peroxy method; C, conventional Kjeldahl method (6).

analysts (8, 9), we were concerned about occasional low ni
trogen values obtained from standard test samples. A thor
ough check of the system was undertaken to determine if 
nitrogen losses were occurring, and if so, the source of such 
losses. Slight nitrogen loss was identified as spray carry-over 
in the ventilation air flow of the digestion apparatus. There
fore, one of our goals was to redesign the digestion system 
to achieve complete nitrogen recovery 100% of the time.

We also hoped to simplify use of digestion reagents and 
to standardize the analytical procedure. As we described ear
lier (5), the “peroxy” method requires analysts to prepare a 
4:1 hydrogen peroxide-sulfuric acid digestion reagent by add
ing 400 mL of 50% hydrogen peroxide to a 500 mL graduated 
cylinder followed by the slow addition of 100 mL sulfuric 
acid. This reagent is a strong oxidizer requiring careful han
dling and storage in a vented container. For this reason, we 
sought a procedure by which the acid and peroxide could be 
used with greater ease and safety.

Figure 2. V ig reux cap illa ry -flow  d igestion  m anifo ld , d igestion
flask, and heater w ith  de ta ils  o f m an ifo ld  design.
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Figure 3. Open-head capillary-flow digestion manifold.

Still another aim was to simplify the actual digestion pro
cedure. During our investigations, it became obvious that an 
easy-to-use, reliable index of sample digestibility, one ap
plicable to all methods of digestion, would be useful in fore
casting the degree of treatment (i.e., heating time, volume of 
reagents) needed to bring about complete digestion for a 
variety of samples.

Experimental
Reagents

All organic compounds such as amines, amino acids, ni
trogen heterocycles, and porphyrins are reagent grade, used 
as received.

(a) D ig e s tio n .— Concentrated sulfuric acid for carboniza
tion, and hydrogen peroxide (50%) and concentrated sulfuric 
acid for digestion. Where 50% peroxide is unavailable, 30% 
solutions may be used, but with ca 50% more digestion time. 
{C au tion : Hydrogen peroxide and concentrated sulfuric acid 
are strong oxidizing agents. Wear protective coverings, es
pecially on hands, face, and eyes.)

(b) C olorim etric  a ssa y  fo r  nitrogen. —Nessler reagent (Hach 
21194), treated during manufacture to remove any mercu
rous ion impurity. Dilute sample with 0.1 g/L solution of 
polyvinyl alcohol (av. mol wt 10 000).

(c) A m in o  a c id s .— Purity 99% (Crescent Chemical Co., 
Hauppauge, NY 11788, and Calbiochem-Behring, San Di
ego, CA 92112).

(d) N ico tin ic  a c id .— Recrystallize before use.
(e) R eferen ce m a teria ls . —Bovine Liver (NBS 1577); Or

chard Leaves (NBS 1571); and fish meal, feather meal, and 
soybean meal previously tested (8) by AO AC methods (10).

Table 1. Digestion indices obtained using open-head and Vi- 
greux-head methods

Material

Open head, 
H20 2 flow time, 

min
Vigreux head, 

0-10 scale

Ammonium chloride 0 0
Ammonium sulfate 0 0
Ammonium perchlorate 0 0
Ammonium p-toluenesulfonate 0 0
Aspartic acid 1.0 0.8
Soybean meal 3.3 3.3
Feather meal 3.5 7.5
Tryptophan 4.7 6.7
Fish meal 10.0 10.0
Lysine HCI 15.0 8.3
Nicotinic acid 12.5 10.0

Apparatus

(a) D igestion . — 100 mL volumetric flasks with ground glass 
joints; 25-250 W disk element heater with solid-state con
troller (Hach Model 21400 Digesdahl apparatus) (Figure 2); 
glass digestion manifold designed in the form of a Vigreux 
fractionating column with outer manifold containing side- 
arm vent leading to water aspirator for fume removal and 
capillary tube/funnel for controlling reagent addition at 3 
mL/min (Hach Model 22873 manifold) (Figure 2).

(b) A m m o n ia  m e a su re m e n t.—D ilu te e /d isp e n se r  for with
drawing aliquots of digest, diluting with polyvinyl alcohol 
solution, and adding Nessler reagent for ammonia deter
mination; single-beam spectrophotometer set at 460 nm with 
a 2.5 cm pathlength pour-through cell for colorimetric assay.

Sam ple Preparation

Grind all grain, cereal, and feed samples in a chopper mill 
to a fine powder (less than 1 mm or 20 mesh) before digestion. 
Before milling coarse samples such as hay, grind first in a 
food blender.

Procedure

(a) S a m p le  d igestion . — Weigh 0.25 g sample on weighing 
paper or in tared container. Fold sample into paper and 
transfer entire packet to 100 mL volumetric (digestion) flask. 
If using tared container, transfer with funnel, making sure 
all particles are transferred quantitatively.

Add 3 mL concentrated H,S04 to digestion flask. Preheat 
hot plate for ca 10 min and place flask on preheated plate. 
(Samples were digested in a 2 in. diam. ceramic heater with 
150 W input.) Connect fractionating head to flask and start 
vent system (aspirator).

Heat ca 4 min to char sample and bring H2S04 to boiling. 
At this point, acid will reflux part way up the inside of the 
flask. Continue heating and add desired volume of 50% H20 2 
(see N o te  following C o lo rim etr ic  a ssa y) to capillary flow fun
nel. Make sure capillary tube is not air bound and peroxide 
is flowing. After addition of peroxide is complete, continue 
heating ca 1 min. (Allowing 1 min additional heating after 
peroxide flow has stopped is a safety precaution that provides 
sufficient time for excess peroxide to decompose.) Remove 
flask from hot plate, cool, and dilute to 100 mL with deion
ized water; mix.

This sample may be analyzed directly for protein nitrogen. 
The lack of interfering substances such as heavy metal cat
alysts also allows analysis of digested samples for phos
phorus, calcium, magnesium, potassium, iron, copper, man
ganese, zinc, and other metals (7, 8).

(b) N itrogen  recovery  curves. — Repeat digestion and anal
ysis for each sample, using different volumes of peroxide 
(varying digestion times). Graph nitrogen recovery vs diges
tion (peroxide flow) time to determine minimum time re
quired for quantitative recovery. (The time needed to obtain 
99% recovery is used in this study.) Although helpful for 
minimizing digestion time, it is not necessary to determine 
nitrogen recovery curves for routine analysis.

(c) C o lo rim etr ic  ca lib ra tion . —Prepare ammonium chlo
ride standards equivalent to 0-100% protein (% protein = % 
N x 6.25) and analyze by Nesslerization using procedure of 
Hach et al. (5). Determine best-fit linear calibration line.

(d) C o lo rim etr ic  assay. — Use either semi-automated (di- 
luter/dispenser) or manual procedure for Nesslerization giv
en by Hach et al. (5). Read results in spectrophotometer at 
460 nm. On the basis of linear calibration curve, convert 
absorbance readings to concentration (% N or % protein).
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M i nutes, Penox i de FIow M i nutes, PenoxIde F!ow

Figure 4. Nitrogen recovery curves obtained using open-head and Vigreux digestion manifolds and peroxide-sulfuric acid methods.
A, Vigreux manifold; B, open-head manifold.

N ote: Add as little as 6 mL or as much as 20 mL H20 2, 
depending on sample susceptibility to digestion (Digestibility 
Index, Table 1). Laboratories running sporadic TKN mea
surements or those testing a variety of samples can ensure 
complete digestion of unknown samples by adding 20 mL 
peroxide. Using slightly more peroxide than necessary does 
not cause problems. However, laboratories regularly testing 
similar samples will save considerable time by determining

the DI and using the minimal amount of reagent (and time) 
suggested by the DI.

Results and Discussion
To determine if the ventilating air stream was carrying 

spray out of the open-headed digestion flask (Figure 3), the 
stream was passed through an all-glass, water-cooled con
denser; the condensate was collected and analyzed for am-
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Table 2. Comparison of protein values obtained using open' 
head, Vigreux, and AOAC Kjeldahl methods

Sample

Crude protein (W x  6.25), %

H20 2-H2S04 methods 

Peroxy*" Vigreux" AOAC Kjeldahl*"

Soybean meal 47.2 47.3 46.4
Fish meal 65.5 65.9 66.1
Feather meal 85.3 85.3 84.8
Bovine Liver 67.1 63.8 66.3 ± 3.8

(NBS 1577) (NBS certified)
Orchard Leaves 17.3 17.3 17.3 ± 0.3

(NBS 1571) (NBS certified)
Nicotinic acid 71.2 71.1 71.1 (caled)
Tryptophan 85.2 85.4 85.7 (caled)

* Brayton (8).
“ Open head, 4:1 peroxide reagent (50% H20 2-H 2S04).
" Vigreux fractionating head, 50% peroxide.
"Sec. 7.015 (10).

monia. Results showed that significant amounts of ammonia 
were carried over when hot plate operating wattage was much 
above 200 W. This was particularly evident when longer 
peroxide flows were used for digesting resistant materials. 
Carry-over losses for very refractory substances amounted 
to as much as 0.4-0.8% absolute loss. For example, losses 
were as high as 0.29% protein for a sample containing 35% 
protein and 0.46% for one containing 57% protein.

In an attempt to eliminate nitrogen carry-over, a new head 
was designed in the form of a Vigreux fractionating column 
(Figure 2). Ammonia determinations on the condensate from 
the airstream vent showed that this column is able to trap 
all escaping ammonia and consistently reduce carry-over 
losses below 0.3% (absolute). Thus a sample containing 50% 
protein will register 49.85% or better.

The Vigreux column produces an additional benefit: diges
tion speed is doubled. During digestion, we believe the col
umn head retains hydrogen peroxide by fractional distillation 
while allowing water vapor to pass to vent. The boiling points 
of hydrogen peroxide and water are 150°C and 100°C, re
spectively, so water is removed readily during fractionation; 
concentrated peroxide returns to the digestion flask, thus 
allowing an increase in digestion efficiency.

Studies with the Vigreux fractionating head showed the 
4:1 peroxide-sulfuric acid reagent used in earlier work could 
be replaced by a “straight” 50% hydrogen peroxide without 
loss of efficiency or performance (Figure 4). Being able to use 
peroxide in place of the mixed reagent is a decided advantage 
because of the precautions needed for premixing peroxide 
with concentrated sulfuric acid.

When straight 50% peroxide was used with the open-head 
apparatus, it flowed into the hot digest and partially volatil
ized before fully reacting with the sample. Under these con
ditions, fume-removal air flow carried off some of the un
reacted peroxy species. Therefore, peroxide was premixed 
with sulfuric acid to raise the boiling point of the digestion 
mixture and thus help retain peroxide in the hot digest. In 
contrast, the Vigreux head allows use of 50% hydrogen per
oxide because the fractional distillation function of the col
umn retains evaporating peroxide and returns it to the diges
tion flask. Peroxide builds up to a higher concentration in 
the boiling acid and, for this reason, increases the rate (speed) 
of sample digestion.

A comparison of protein values obtained using Vigreux 
fractionating head (50% peroxide), open-head (peroxy), and 
AOAC Kjeldahl methods is presented in Table 2. The data

were obtained from single sample digestions. Except for the 
Bovine Liver sample which we believe deteriorated, results 
obtained with the Vigreux fractionating method show equal 
or enhanced recovery over those obtained with the previous 
open-head peroxy procedure. Results from both methods are 
comparable to those obtained using AOAC methodology. 
Watkins et al. (9) also have reported good agreement between 
peroxy and AOAC Kjeldahl methods.

A series of curves (Figure 4) compares the digestion of 
several substances using both open- and fractionating-head 
methods. Heat input (hot-plate setting) was identical for all 
tests. The curves show the time required to achieve 99% 
protein recovery with the fractionating head is about 50-75% 
of the time needed when the open head is used.

A successful digestion requires 3 conditions: suitably high 
sulfuric acid temperature, adequate concentration of hydro
gen peroxide in sulfuric acid, and maintenance of these con
ditions for sufficient time to allow complete digestion.

The duration of digestion is determined by the volume of 
peroxide fed to the system, optimal temperature of the hot 
plate, and rate and time of peroxide flow. Optimal flow rate 
for peroxide with the Vigreux manifold is 3 mL/min; time 
of flow (volume of peroxide used) is determined by the di
gestibility of the sample.

Using the optimal flow rate, the amount of time required 
for digestion depends on the digestibility of the sample. De- 
colorization and clearing of the charred sample usually occurs 
about 1 min after peroxide flow is initiated. In a careful study 
of the minimal time required to digest a variety of substances, 
complete nitrogen recovery was obtained for many samples 
immediately upon clearing. However, resistant materials such 
as nicotinic acid required ca 5 min continued peroxide diges
tion after clearing to obtain 100% nitrogen recovery.

A digestibility index (DI) has been proposed (5) to compare 
the ease or difficulty of digesting various materials by the 
open-manifold, peroxy method. Defined as the number of 
minutes of reagent flow required to secure 99% protein re
covery under described conditions, the index correlates poor
ly with data obtained using the Vigreux fractionating head 
and method of peroxide addition described in this paper. For 
this reason, we propose establishment of an arbitrary but 
enduring DI with a scale of 0-10. Zero is reserved for am
monium compounds not requiring digestion (e.g., ammo
nium chloride) and 10 is arbitrarily assigned to the refractory 
compound, nicotinic acid. (Although more resistant com
pounds exist, nicotinic acid is the most digestion-resistant 
compound normally encountered.) The DI for several sub
stances is presented in Table 1. For comparison, the “old” 
index (based on peroxide flow time) is presented in the same 
table.

The use of a fractionating reflux head for the peroxide 
Kjeldahl digestion achieves 3 significant improvements over 
the previously described open manifold. Digestion speed is 
doubled; spray loss of ammonia is eliminated, resulting in 
more accurate protein measurement; and digestion is accom
plished with aqueous 50% hydrogen peroxide solution rather 
than a hydrogen peroxide-sulfuric acid mixture.

The overall system—peroxide digestion and direct color
imetric analysis—is highly accurate for all forms of nitrogen 
determinable by the Kjeldahl method. Protein content of 
most materials can be measured in 9 to 12 min from the 
time the sample is weighed to completed ammonia deter
mination. Because the digest is not contaminated by salts 
and metal catalysts, it also is suitable for the determination 
of other elements (7).
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The performance of the AOAC microbial diffusion assay procedure 
for the analysis of Chlortetracycline was evaluated in mixed feeds 
and premixes as well as laboratory-prepared feeds, all with various 
mineral contents. In 100 mixed feeds with a calcium content ranging 
from <1 to >22%, no relationship was shown between calcium con
tent and incidence of Chlortetracycline deficiency. In 106 premixes, 
a relationship was shown between Chlortetracycline content and ad
herence to guarantee: below 10 g/lb, the incidence of deficiency was 
high; in premixes containing 20 g Chlortetracycline and above, the 
incidences of deficiency were less than 5%. In laboratory-prepared 
feeds containing 12-15% calcium, grinding and storage at both 4°C 
and at room temperature (20°C) caused no decrease in the Chlortetra
cycline concentration. Only storage of the ground feed at 37°C caused 
a distinct loss of activity. The temperature-related loss was attributed 
to the epimerization of Chlortetracycline.

Experimental
M e th o d s

(a) Microbiological assay procedure for Chlortetracycline 
in feeds and premix, 42.232-42.235 (1).

(b) Fluorometric assay procedure for Chlortetracycline in 
feeds (3).

M a te r ia ls

(a) P re m ix e s .— Containing label guarantee of 50 g C hlor
tetracycline (CTC)/lb.

(b) H igh  m in era l feed . — Manufactured by Furst-McNess 
Co., Freeport, IL; Beef Balancer 50, containing ingredients 
and guarantees listed in Table 1.

For at least 10 years, considerable concern has been voiced 
over the capability of the official AOAC diffusion methods
(1) to assay for chlortetracycline and oxytetracycline in feeds 
having a high mineral content. It has been quite common to 
question the results obtained with the official diffusion pro
cedures in so-called “high mineral feeds” when the assayed 
potency was below guaranteed tolerance levels. Conversely, 
it has been a modest heresy to defend any low results obtained 
in the analysis of these feeds by the official diffusion methods. 
To resolve the “high mineral feed” problem, a modification 
of the official assay procedure was suggested, such as the use 
of EDTA as a chelating agent to overcome the binding of 
the tetracyclines to Group II and Group III cations. However, 
the use of EDTA did not resolve the problem; the results of 
an AAFCO check sample assay that included the modifica
tion were essentially the same as those from the official AOAC 
microbial method (E. Glocker, private communication, 1983).

There is little doubt that the tetracyclines can chelate with 
Group II and Group III cations (2). However, the concept 
that such chelations occur in animal feeds between solid 
materials is tenuous, at best. In addition, if such chelation 
reactions occurred readily in the solid phase, it would be 
completely illogical for manufacturers of tetracycline-con
taining premixes to formulate with calcium carbonate as a 
carrier; yet, this is a common practice.

It was the purpose of the study reported here to investigate 
the capability of the official AOAC microbiological assay 
procedures (1) to determine the tetracycline content in feeds 
containing high levels of minerals. Chlortetracycline was cho
sen as the pilot antibiotic because of its ease of assay by 
different analytical techniques, thus allowing for greater in
sight into any reactions that could occur.
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Results and Discussion
Because of the recurring concerns of control officials and 

industry representatives that the official AOAC microbiolog
ical methods for chlortetracycline and Oxytetracycline (1) 
could not measure accurately the potency of these antibiotics 
in animal feeds containing high mineral levels, the authors 
undertook a review of the performance of the diffusion meth
ods. The literature provided little or no insight into the prob
lem because of a paucity of published information on the 
subject. Thus, it appeared that a retrospective review of the 
analytical results obtained in 1984 in the laboratories of the

Table 1. Contents of high mineral feed

Guaranteed analysis, %:
Crude protein, min. (this includes not >48.0% equiv.

protein from nonprotein N) 50.0
Crude fat, min. 0.0
Crude fiber, max. 3.0

Minerals, %:
Calcium, min. 12.8 Zinc 0.044
Calcium, max. 15.3 Iron from iron sulfate 0.033
Phosphorus, min. 1.0 Manganese 0.014
Salt, min. 7.3 Copper 0.013
Salt, max. 8.7 Iodine 0.013
Potassium 12.7 Cobalt 0.0008
Sulfur 1.1 Selenium 0.00036
Magnesium 0.5

Vitamin potency (min. USP units/16):
Vitamin A 50 000
Vitamin D-3 5 000
Vitamin E 50

Ingredients:
Calcium carbonate, potassium chloride, urea, salt, soybean meal (dehulled, 

solvent-extracted), monoammonium phosphate, magnesium sulfate, po
tassium sulfate, mineral oil, vitamin A supplement, D-actlvated animal 
sterol (source of vitamin D-3), vitamin E supplement, iron sulfate, zinc ox
ide, manganous oxide, copper oxide, ethylenediamine dihydriodide, cobalt 
carbonate, sodium selenite, artificial flavor
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Table 2. Relationship of assay results for CTC in mixed feeds 
with the guaranteed analysis and calcium content (CTC as the 

sole drug)

Frequency of occurrence at percent of 
guaranteed analysis

content,
% >100

90-
100

80-
90

70-
80

60-
70

50-
60 <50

<1 2 2 3 0 4 1 1
1-2 2 1 4 1 1 2 —

2-3 0 0 1 3 1 0 —

3-4 0 0 2 1 1 2 —

4-5 0 0 1 2 1 1 —

6-10 1 0 1 1 1 1 —

>10 3 0 0 0 2 0 —

Indiana State Chemist for feeds containing CTC and varying 
mineral content could provide the analytical performance 
and product-related information necessary to assess the prob
lem. Because of the volume of data, CTC was used as the 
pilot compound.

For the review, mixed feeds with a guaranteed analysis 
were used; no special mixes were included. Calcium levels 
were available for all but one of the feeds reviewed. Premixes 
were also reviewed. The criteria used to examine the data 
were as follows: (a) deficiency of CTC for mixed feeds was 
defined as less than 70% of the guaranteed analysis; (b) pre
mixes were deemed deficient in CTC when the potency was 
below 95% of guarantee. The mixed feeds were organized 
into 3 categories: (1) feeds that contained CTC as the only 
medication, (2) feeds that contained CTC and a sulfonamide, 
and (3) feeds having a combination of CTC, a sulfonamide, 
and penicillin.

Table 2 shows the relationship of the potencies measured 
to the guaranteed analysis as a function of the calcium content 
of the feeds in category 1 (containing only CTC). Of the 50 
feeds in this category, 31 were acceptable and 19 were deemed 
deficient. There was neither a pattern nor any correlation 
between deficiency and calcium content. Of the 19 feeds 
deemed deficient, 10 had calcium levels less than 3%; of the 
31 feeds “meeting” the guarantee, 19 had a calcium content 
less than 3%; of the 19 feeds deemed deficient, 9 contained 
calcium levels greater than 3%. If there was an analytical 
“failure” related to the mineral content, i.e., calcium content, 
some pattern should have been noted; none was.

Table 3 shows the relationship between the concentration 
of CTC, feed type, and frequency of deficiency. Neither the 
feed type (category 1) nor the concentration was a factor. Of 
the feeds deemed deficient, excluding one formulated to con
tain 50 g CTC/ton and found to contain 5 g/ton, the measured 
potencies ranged from 51.0 to 67.6% of the guarantee. The 
coefficient of variation for this group of feeds was 9.7%. This 
was a remarkably uniform level of deficiency; no explanation 
based on fact was available to describe this observation. There 
exists the possibility that some feeds are being formulated 
to meet the permissible analytical value of 70% of guarantee.

Table 3. Relationship of concentration and feed type to 
deficiency

Frequency of occurrence at g/ton 
guaranteed analysis

Feed type <50 50-100 100-200 >200

Swine — 4 — 2
Sheep 2 2 — 1
Cattle 2 — 3 2

Table 4. Relationship of assay results for CTC in mixed feeds 
with guaranteed analysis (CTC and a sulfonamide as the drugs)

Calcium
content,

%

Frequency of occurrence at 
percent of guaranteed analysis

>100 90-100 80-90 70-80 <70”

<1.00 2 4 5 3 1
1-2 3 5 6 3 4
2-3 1 2 1 — —

• Calcium conterr of the 5 feeds below 70% level ranged from 0.86 to 
1.80%. All samples were deficient; one additional sample was deficient in 
the sulfonamide.

Table 4 summarizes the distribution of analytical results 
for the 40 feeds containing CTC and a sulfonamide (category
2). Thirty-three of the feeds guaranteed 100 g CTC/ton and 
a constant sulfonamide level, indicating an abundance of a 
single species feed (swine feed). The calcium content of feeds 
in this category ranged from 0.21 to 2.20%. The 5 deficient 
feeds had a calcium content ranging from 0.86 to 1.80%; the 
6 feeds with assayed potencies above 100% of guarantee 
contained calcium levels of 0.80 to 1.30%. The distribution 
of results, although not classical Gaussian, did demonstrate 
what might be the expectation of meeting guarantee: a small 
percentage above 100%, a small percentage below the tol
erance, and the majority of feeds within tolerances.

The third category was feeds that contained the combi
nation of CTC, a sulfonamide, and penicillin; this group was 
represented by only 9 feeds. The calcium levels in this cat
egory ranged from 1 to 15%. Two of the 9 feeds were deemed 
deficient, and one feed assayed above 100%. Table 5 shows 
the distribution of the assay results as related to the calcium 
content. As noted previously, no relationship between CTC 
deficiencies and calcium content could be seen.

This overview of the results indicated no relationships 
between calcium content and the incidence of deficient Chlor
tetracycline assays. If a relationship existed between calcium 
content and low assays, the greatest number of low assays 
would occur in feeds having calcium levels above 2-3%. 
Neither a relationship nor a trend toward such a relationship 
was found.

The analytical results for 106 premixes were reviewed to 
determine if any analytical patterns could be noted. Of the 
106 premixes, 51 premixes contained CTC, a sulfonamide, 
and penicillin, 36 premixes contained only CTC, and 19 
contained CTC and a sulfonamide. Table 6 shows the results 
of the microbial assays and the relationship between adher
ence to guarantee and the potency of the premix. In the 106 
premixes, 28 had CTC potencies greater than 105%; 30 were 
greater than 100% but less than 105%; 26 were in the 95-

Table 5. Relationship of assay results for CTC in mixed feeds 
with guaranteed analysis (CTC, sulfonamide, penicillin as the 

drugs)

Calcium
content,

%

Frequency of occurrence at 
percent of guaranteed analysis

>100 90-100 80-90 70-80 <70

<1
1-2

—
—

—
1 1

3-4 — 2 1 — —

5- 6
6- 10

1 1 — —
1

10
>10 —

1
— — —
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Table 6. Summary of the analytical results for all premixes, and 
relationship of product concentration to guaranteed analysis

Frequency of occurrence at 
percent of guaranteed analysis

Potency CTC, 100- 95- 90- 85-
g/lb >105 105 100 95 90 <85

<2-0 2 7 11 — 5 8
2-7 2 2 1 — 2 4
10 1 1 — — — 1
20
40
50

14 14 10 — — 1

8 4 4 — 1 —

70 1 — — — — —

100% of the guarantee range, and 22 premixes were below 
the 95% potency level. In the 106 premixes, 18 were deficient 
in sulfonamide content, and 3 were deficient in penicillin. 
One premix showed a deficiency in all 3 drugs; another pre
mix showed a deficiency in both sulfonamide and penicillin. 
Based solely on the deficiency parameters previously stated, 
20.8% of all premixes were deficient in CTC content while 
25.7% of the sulfonamide-containing premixes were deficient 
in sulfonamide. For the 2 g or less CTC/lb premixes, 39.4% 
of the premixes were deficient; 54.5% of the premixes in the
2-7 g CTC/lb premixes were deficient, and 1 of 3 of the 
premixes containing 10 g CTC/lb was deficient. In contrast, 
premixes containing 20 and 50 g CTC/lb had deficiency in
cidences of 2.5 and 5.9%, respectively. For all products con
taining 20 g CTC or greater, the deficiency incidence was 
3.4%.

It appears that the problem exists in those premixes where 
CTC concentrations are below 10 g/lb. This brings into ques
tion the tolerances for meeting guarantee, namely, what tol
erances should be assigned to what concentrations? Admit-

Table 7. Stability of laboratory-prepared high mineral feeds at 
different temperatures

Day

Feed A' Feed B»

Initial assay Total
CTC,
pg /g

Initial assay Total
CTC,
p g /gpg /g % p g /g %

37°C

0 1006.4 100.0 ___ 941.6 100.0 ___

4 1048.5 104.2 — 1001.2 106.3 —

17 902.9 89.7 — 798.8 84.8 —

22 896.6 89.1 943.4 750.8 79.7 894.7
29 859.9 85.4 936.9 672.6 71.4 866.1

20°C

0 1006.4 100.0 — 941.6 100.0 ___

4 1121.3 111.4 — 889.8 94.5 —

17 992.6 98.6 — 875.9 93.0 —

22 1135.0 112.8 1057.0 917.6 97.5 906.1
29 1125.6 111.8 1040.6 879.6 93.4 899.3

4°C
0 1006.4 100.0 _ 941.6 100.0 _
4 1043.6 103.7 — 950.7 100.9 —

17 1000.2 99.4 — 883.5 93.8 —
22 1047.7 104.1 954.0 919.9 97.7 909.8
29 1052.5 104.6 959.0 926.7 98.4 921.4

* Premix for Feed A assayed 49.95 g CTC/lb. The feed was prepared by 
adding 2.5 g premix to 250 g mineral mix. Theoretical concentration 
1089.3 Mg CTC/g. Feed was 92.4% of theoretical.

» Premix for Feed B assayed 45.29 g CTC/lb. The feed was prepared by 
adding 2.5 g premix to 250 g mineral mix. Theoretical concentration 987.7 
Mg CTC/g. Feed was 95.33% of theoretical.

Table 8. Assay results, microbiological and fluorometric, in 
commercial feeds of high mineral content

Feed No.

Chlortetracycline, g/ton
Calcium

guarantee,
%

Guaran- . Found

tee Micro. Fluor.

85-0637 1667 1548.7 1608.0 21.0-23.0
85-0638 3333 3421.9 4540.8' 20.5-22.5
85-0639 6667 5641.8 6742.6» 20.5-22.5
85-0640 1000 942.5 941.8 7.8-8.2
85-0642 2000 1773.3 2000.0 9.5-11.5
84-1995 1000 528.3' 669.4 7.5-8.0
84-2001 500 287.6' 279.8 3.5-4.5
84-2198 250 131.0' 145.4 3.5-4.0
84-2404 500 375.7 500.0 2.8-3.8
84-2525 140 90.7' 87.9 6.0-7.2
84-2526 140 69.7' 99.9 5.0-6.0
84-2623 400 383.2 363.6 2.0-3.0
84-2650 234 127.7' 119.1 12.8-15.3
84-2659 140 90.5' 115.4 3.75-4.75

■ Contains 24.6% eplmer (presumed). 
» Contains 24.2% epimer (presumed). 
' Deficient official AOAC procedures.

tedly, this is a regulatory function and not an analytical 
problem; but, since these procedures are used for product 
quality control, this aspect cannot be ignored. Should a ± 30% 
or even ±25% tolerance be assigned to feeds regardless of 
label potency? If we are to expect that at 20 g/ton, the potency 
will be within 5 or 6 g/ton, why should a 200 g/ton feed be 
allowed to have an acceptable level of 140 or 150 g/ton? It 
would appear that the concept of tolerances being a straight 
percentage of label potency should be reexamined.

Retrospective studies were useful, but direct experimen
tation to create the purported problem would allow for better 
definition. Hence, laboratory-prepared feeds with a calcium 
content of approximately 12-15% and also containing other 
Group II and III cations were prepared using 50 g CTC/lb 
premixes (manufactured by 2 large pharmaceutical compa
nies). The feeds were prepared to contain approximately 1000 
Mg CTC/g. The feeds were blended and finely ground to max
imize any interactions in the feeds; they were assayed im
mediately after grinding and prior to being divided into 3 
parts for storage at 37°C, 20°C, and 4°C. The feeds were 
assayed microbiologically (1) for potency over a 29 day pe
riod and fluorometrically (3) for total chlortetracyclines after 
22 days of storage. The fluorometric procedure determines 
total CTCs, both epimer and active, since both are converted 
to the fluorophane isochlortetracycline. If the total CTC level 
remains constant and the microbial activity decreases sig
nificantly, epimerization has occurred. Other degradation 
products do not affect the fluorometric assay.

Table 7 shows the relative stability of the feeds at different 
temperatures. At both 20° and 4°C, the feeds were stable, 
indicating either that no complexing of CTC with the min
erals occurred or, if it did occur, that such binding was broken 
by the conventional acid-acetone extraction. Fluorometric 
assays on days 22 and 29 confirmed the potency and indi
cated little if any epimerization.

Feeds A and B showed a loss of CTC activity after storage 
at 37°C for 29 days. Feed A lost 14.6% of the initial assay 
potency; activity in feed B declined 28.6%. The total CTC 
content of feed A (active and epimer) was 8-9% greater than 
the microbially measured activity after 29 days; feed B had 
a 12-13% greater total CTC content. There was significant 
loss of chlortetracycline activity in feed B, stored at 37°C, 
approaching 30% of potency. At 20° and 4°C, there was little
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or no loss of potency in either feed. The hypothetical binding 
reaction between CTC and calcium and/or other trace min
erals resulting in a significant loss of activity could not be 
produced; even grinding to enhance the potential of such 
reactions did not succeed. From these studies, it appeared 
that the purported mineral-tetracycline interactions in feeds 
did not occur or, if they did occur, the normal extraction 
system of acetone-acid-water extractant and attention to the 
pH of the extraction was capable of breaking the binding and 
allowing for a reasonably accurate measurement of potency.

Another aspect of the problem was examined in commer
cial feeds containing high mineral content, namely, the re
lationship between the total tetracyclines, active and epimer, 
and the microbially measured activity (Table 8 ). Where the 
microbial potency was low, below the 30% tolerance level, 
the total chlortetracyclines were low; where the microbially 
measured potency was in an acceptable range, the total chlor
tetracyclines were equivalent to or greater than the guarantee. 
Again, there was no correlation between the calcium content 
and assay results.

As early as 1959, Tanguay et al. (4) reported that feed 
extractives “protect chlortetracycline from inactivation by 
high mineral concentrations.” Collaizzi and Klink (5) re
ported that a pH of 1.0 or less was required for the disso
ciation of calcium-tetracycline complexes. Klothen (6 ) re
ported adding calcium hydroxide and increasing the pH to
8.5-11.5 stabilized chlortetracycline-containing premixes 
through the formation of the calcium salt. Thus, it appears 
that the presently used solvent extraction system is capable 
of extracting chlortetracycline since the pH is low enough to 
dissociate the calcium-tetracycline complex. In addition, it 
would be both illogical and totally self-defeating to formulate

tetracycline-containing premixes in such a manner that the 
materials would assay low and have the potential of not being 
as efficacious because of the complexing reactions.

From the 1984 assay data examined and the laboratory 
data developed, it was concluded that if chlortetracycline 
were added to feeds at the proper level and mixed adequately, 
the present AOAC microbial diffusion assay procedure (1) 
would measure the chlortetracycline activity, reasonably ac
curately, in feeds including those that are high in mineral 
content. This conclusion was based on the following: (a) the 
lack of correlation between the calcium content and the in
cidence of deficiency in feeds, (b) the inability to create feeds 
that reflect an interaction between minerals and chlortetra
cycline that would result in low assay results, and (c) com
mercial feeds having a high mineral content and found de
ficient by the microbial diffusion assay also were low in 
potency when assayed by a fluorometric procedure that mea
sures total chlortetracyclines; conversely, feeds that met the 
guarantee when assayed by the diffusion assay also met the 
guarantee when assayed fluorometrically.
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P E S T I C I D E  F O R M U L A T I O N S

Determination of TV-NitrosodiethanoIamine in Dinoseb Formulations by Mass Spectrometry 
and Thermal Energy Analyzer Detection

Y U K  Y . W IG FIE L D . N A R IN E  P. G U R P R A S A D , M O N IQ U E  L A N O U E T T E , and S H A R O N  R IPL E Y
A g r icu ltu re  C a n a d a , F o o d  P ro d u c tio n  a n d  In sp ec tio n  B ran ch , L a b o r a to r y  S erv ice s  D iv is io n ,
O tta w a , O n ta r io  K 1 A  0 C 6 , C a n a d a

A new method is described to determine trace quantities of /V-nitroso- 
diethanolamine (NDE1A) in aqueous diethanolamine (DE1A) for
mulations and in oil solutions of dinoseb. A formate anion-exchange 
column is used in series with a cation-exchange column if there is 
DE1A in the formulation. The eluate is then passed through a Clin 
Elut® column. Depending on the concentration of NDEIA in the 
sample, a packed silica-gel column is used to purify the extract fur
ther. This extract is analyzed on a liquid chromatograph coupled 
with a thermal energy analyzer (LC/TEA), using a mixture of meth
anol-hexane-methylene chloride containing 0.1% acetic acid (8 + 
56 + 35) as the mobile phase. This solvent system gives good sep
aration of NDEIA from trace quantities of dinoseb remaining in the 
extract. The NDEIA is also converted to the trimethylsilyl derivative 
and analyzed by gas chromatograph coupled with a mass spectrom
eter (GC/MS). Analyses of 11 commercial samples of dinoseb dietha
nolamine salt showed NDEIA levels of 116-2409 ppm expressed 
relative to the weight of dinoseb. In contrast, analyses of 2 samples 
of organic solutions of technical dinoseb showed NDEIA levels to be 
nondetectable and 0.3 ppm, respectively. Limit of detection by LC/ 
TEA is 6.5 ng (0.5 ppm), and by GC/MS it is 0.02 ng (0.15 ppm). 
Recoveries from samples spiked at 0.514-1664 ppm range from 92.2 
to 105.2%.

Recently, we reported a sensitive, specific, and reproducible 
method for the isolation, detection, and quantitation of jV-ni- 
trosodiethanolamine (NDEIA) in 2,4-D diethanolamine for
mulations (1). Trace levels of NDEIA were found in samples 
of this formulation. The presence of NDEIA in pesticide 
formulations is a matter of concern because it is carcinogenic 
to laboratory animals (2 ).

2-Sec-butyl-4,6-dinitrophenol (dinoseb) is a contact her
bicide formulated as the diethanolamine salt and as a solution 
in oil for postemergent weed control, preemergent control of 
annual weeds, and as a preharvest desiccant of crops (3). It 
is produced by reacting 2 -(l-methylpropyl)phenol with sul
furic acid and then with nitric acid at 60-80°C (4). Diethanol
amine has been reported to be a precursor of NDEIA (5). 
Therefore, as a continuing study of NDEIA in pesticide for
mulations, different dinoseb formulations produced by sev
eral pesticide manufacturers were analyzed for NDEIA con
tamination. The method developed previously (1) was found 
to be unsuitable for dinoseb formulations and, thus, a mod
ified method, reported here, has been developed.

METHOD
Apparatus

(a) Liquid chromatograph/thermal energy analyzer.— 
Spectra-Physics (SP) (San Jose, CA 95134-1995) Model 8100 
liquid chromatograph equipped with 25 cm x 4.6 mm Spheri- 
5s cyano normal-phase column (Brownlee Labs, Santa Clara, 
CA 95050); SP Model 8110 autosampler; SP Model 8440 
variable-wavelength detector connected in series by pneu
matic 3-way valve (Rheodyne Model 5302), which was con
trolled by Autochrom® solenoid interface, to thermal energy 
analyzer (TEA) detector Model 502A (Thermedics, Inc.,

Received March 10, 1986. Accepted October 29, 1986.

Woburn, MA 01888-1799); and SP Model 4200 dual-chan
nel computer integrator equipped with SP Model 9600 Lab- 
net® computer. Operating conditions: mobile phase flow rate,
I mL/min; UV wavelength, 234 nm; sensitivity, 0.02 AUFS; 
carrier gas, high-purity argon, 100 mL/min; high-purity oxy
gen, 45 mL/min; pyrolizer temperature, 600°C; vacuum, 1.2 
torr; cold trap, ethanol maintained at -72°C using a Neslab 
(Newington, NH 03801) Model CC-100 II Cryocool im
mersion cooler; attenuation, 8 ; chart speed, 0.5 cm/min.

(b) Gas chromatograph/mass spectrometer. — Finnigan 
MAT (San Jose, CA 95134) Model 9610 gas chromatograph 
with J & W Scientific (Rancho Cordova, CA 95670) Model
II capillary on-column injector and Finnigan MAT Model 
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). 
Data acquisition and MS control: Finnigan MAT 2300 Incos 
data system. GC operating conditions: column temperature, 
85°C for 0.1 min, then 5°/min to 150°C; head pressure, 3 psi; 
carrier gas, helium UHP. Mass spectrometer source pressure:
0.48 torr. Oxygen (UHP) negative chemical ionization (ONCI) 
with Townsend discharge mode: temperature, 100°C; dis
charge current 70 pA, voltage 1.5 kV.

(c) Anion-exchange columns. —5 mL of anion-exchange 
material AG 1-X8  (100-200 mesh) formate form packed with 
water in disposable 11 mL polypropylene Econo-Columns 
(Bio-Rad Laboratories, Richmond, CA 94804).

(d) Absorbent column. —Glass column (27 cm x 1.5 cm 
od) packed with 3 in. of silica gel 60 (70-230 mesh ASTM) 
in methylene chloride.

(e) Extraction tube. — Clin Elut" columns unbuffered (part 
No. 1020, Analytichem International, Harbor City, CA 
90710).

(f) All other apparatus were as reported in the previous 
study ( 1 ).

Reagents
(a) Analytical standard. — Dilute appropriate aliquots of 

stock solution to 10 mL with 10% methanol in methylene 
chloride to give final concentrations of 0.1, 0.3, 0.5, and 1.0 
pg/mL. Handle standards and samples in fumehoods with 
all appropriate safety precautions. Handle under red flu
orescent lighting to avoid photodegradation of nitrosamines.

(b) Mobile phase. —Methanol-hexane-methylene chlo
ride containing 0.1% acetic acid ( 8  + 56 + 35).

(c) All other reagents as previously reported (1).

Extraction and Cleanup
Diethanolamine formulations.—Weigh 1 g dinoseb dietha

nolamine formulation in 25 mL (or 100 mL, depending on 
concentration of NDEIA) volumetric flask and dilute to mark 
with water. Measure 1 mL diluted formulation and mix in a 
test tube with 1 mL sodium azide solution, an (V-nitrosation 
inhibitor that prevents artifactual formation of nitrosamines. 
Quantitatively transfer mixture with 15 mL water to drained
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anion exchanger in series with cation exchanger column, 
prerinsed with 2 mL water, and elute directly into 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 2 
aliquots, then elute again with 230 mL same solution. Add
0.5 mL butanol to eluate to prevent solvent from going dry 
under evaporation and concentrate to 0.5-1 mL on rotary 
evaporator at 36°C. Quantitatively transfer concentrated so
lution to 10 mL volumetric flask with 10% methanol in meth
ylene chloride. Transfer aliquots to sealed vials for LC/TEA 
analysis or prepare trimethylsilyl (TMS) derivative for GC/ 
MS determination.

Oil-based formulation.— Weigh 1 g dinoseb formulation 
in 15 mL centrifuge tube, add 1 mL sodium azide solution, 
mix, and dilute to 6  mL with water. Quantitatively transfer 
mixture with 12 mL water to drained anion exchanger col
umn which elutes directly into extraction tube. Proceed in 
same manner as for diethanolamine formulations up to point 
at which solution is concentrated in 500 mL round-bottom 
flask by rotary evaporation. Prepare silica gel column using 
slurry of methylene chloride as follows: (a) plug bottom of 
column with glass wool and top with 2  mm sand, (b) fill 
column with 3 in. silica gel, and (c) top with 3 mm anhydrous 
sodium sulfate. Quantitatively transfer concentrated solution 
to this column with 10 mL methylene chloride. Elute with 
120 mL 10% methanol in chloroform and collect eluate in
2 fractions, discarding first 50 mL, and collecting following 
70 mL in 125 mL round-bottom flask. Add 0.5 mL butanol 
to flask and concentrate to 0.5-1 mL on rotary evaporator 
at 36°C. Quantitatively transfer concentrated solution to 15 
mL centrifuge tube with 8  mL 10% methanol in methylene 
chloride. Evaporate to 2 mL under nitrogen. Transfer ali
quots to sealed vials for LC/TEA analysis or prepare TMS 
derivative for GC/MS analysis.

LC Determination
Using the autosampler, inject 50 /¿L NDE1A aliquots into 

LC/TEA system. Record peak areas and retention times with 
SP Model 4200 computing integrator. Quantitate NDE1A 
concentrations with an external standard. Calculate NDE1A 
as follows:

NDE1A (ppm a.i.) = (A sam/A std) x (W std/W sam) 
x purity of std

where A sam = area response of sample injected, A std = 
area response of standard injected, W std = weight (/¿g) NDELA 
standard injected, and W sam = weight (g) dinoseb calculated 
from the amount of dinoseb (% w/w) contained in dinoseb 
diethanolamine sample as determined by LC-UV analysis.

Preparation o f TM S Derivative
Evaporate 0.5 mL NDE1A extract from oil-based sample 

or 1 mL from all others in 15 mL centrifuge tube under 
nitrogen to dryness. Add 0.5 mL A/0-bis(tnmethysilyl) 
acetamide (BSA), shake, stopper, and heat 30 min at 70°C
(6 ). Cool to room temperature and dilute to 1 mL with ace
tone. To prepare standard for GC quantitation, transfer 1 
mL appropriate diluted standard solution into 15 mL cen
trifuge tube, evaporate to dryness, and prepare silyl deriva 
tive as above. Proceed to GC/MS determination within 
24 h.

UV Confirmation Test
Transfer 1 mL NDE1A extract to quartz cell and place 

within 7 inches of UV source (1). After 2 h exposure, rean

alyze extract by LC/TEA. Disappearance of peak correspond
ing to NDE1A is good evidence of its identity.

G C /M S Determination
Inject 1 ftL aliquot NDE1A silyl derivative into GC/MS. 

Quantitate NDE1A concentrations using external standard 
and calculate as described in LC Determination.

Results and Discussion

Several cleanup methods to isolate NDE1A from the di
noseb samples were attempted. For the dinoseb DE1A for
mulation, the best method incorporates the following se
quential steps: (a) dilution of the sample with distilled water;
(b) addition of sodium azide solution to prevent artifactual 
formation of nitrosamine; (c) use of an anion-exchange col
umn in the fermate form to retain the dinoseb anion, (d) use 
of a cation-exchange column to retain the diethanolammoni- 
um cation, and (e) use of a Clin Elut extraction tube to extract 
the NDE1A into the organic phase. The resulting solution is 
analyzed using an LC/TEA detection system. This extract 
may also be converted into the trimethylsilyl derivative and 
then analyzed using a GC/MS detection system. Telling and 
Dunnett have chromatographed NDE1A directly using a GC/ 
TEA detection system (7). They also described the difficulties 
of using this system, which generated NDE1A peaks with bad 
tailing. Our attempt to repeat and improve their chromat
ographic procedures gave the same results. Therefore, we 
used an LC/TEA detection system for NDE1A and a GC/MS 
system for TMS derivative of NDE1A. In contrast to GC/ 
TEA, the 2 systems reported in the present work produced 
sharp responses for NDE1A and the TMS derivative.

For the oil-based formulation, the cleanup method in
volves using the same anion exchange column and extraction 
tube followed by a packed silica gel column to purify the 
extract further and to improve the limit of detection for the 
method. A cation-exchange column is not used because amine 
is not present in this formulation.

In the dinoseb DE1A formulation, the active ingredient 
reacts with amine to form a quaternary ammonium salt. It 
was expected that the previously developed method (1 ) for 
NDE1A in 2,4-D DE1A formulations using an anion-ex
change column followed by a cation-exchange column would 
be a suitable cleanup method for the dinoseb amine samples. 
However when the dinoseb sample was added to the chloride 
form of an AGI anion-exchange column, a milky eluate con
taining a fine powdery solid was observed. The same effect 
was observed using the AGI resin in the acetate and hy
droxide forms. Attempts to use Bio-Beads* (Bio-Rad Lab
oratories) to retain the dinoseb anion were also unsuccessful. 
However, when the AG 1 resin in the formate form was used, 
the dinoseb anion was successfully retained, and the eluate 
was a clear solution.

Because the relative selectivity of the formate counterion 
is very low—4.6 compared with 2 2  for the chloride coun
terion (8 )—it was suspected that NDE1A, being a very polar 
chemical, might also be retained by this column. Recovery 
studies of the samples of the amine formulations spiked at 
333, 832, and 1664 ppm, relative to the active ingredient 
weight, gave 94.0,99.9, and 105.2%, respectively. Recoveries 
of the oil-based samples spiked at 0.514 to 6.74 ppm ranged 
from 92.2 to 100.0%. These results, shown in Table 1, in
dicate that NDE1A was not retained by this anion-exchange 
column.

For the organic oil-based formulations, although dinoseb 
is present as a neutral molecule in the solution, an anion- 
exchange column was useful in removing the dinoseb from
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Table 1. Percent recoveries of NDEIA from fortified 
formulations, using GC/MS

Original 
level, ppm

Fortified 
level, ppm Found, ppm

Level 
found -  
original 

level, ppm
Recovery,

%

571 333 884 313 94.0
571 832 1402 831 99.9
571 1664 2322 1751 105.2
ND' 0.51 0.47 0.47 92.2
ND 1.03 0.99 0.99 96.1
ND 2.06 2.06 2.06 100.0

0.3 6.74 6.95 6.65 98.7
Av. 98.01
SD“ 4.34

* ND = nondetectable with a detection limit of 0.15 ppm. 
0 SD = standard deviation.

the solution due to the addition of the sodium azide solution. 
Dinoseb has a pKa value of 4.62 (3). The addition of sodium 
azide solution changed the pH value of the dinoseb sample 
from 4 to over 6  and thus enhanced the retention of dinoseb 
by the column.

Before NDEIA was eluted from the extraction tube, the 
tube was prewashed with hexane. However, this procedure 
caused interference with the subsequent eluting solvent, 1 0 % 
acetone in ethyl acetate. The use of methyl ethyl ketone as 
an eluting solvent also was unsuccessful in that it produced 
a yellow extract.

Samples of amine formulations were diluted 25 to 100 
times before cleanup because of the high concentration of 
NDEIA present in these samples. Initially, cleanup was con
ducted on undiluted samples. In these cases, the extract from 
the extraction tube was further purified :n various ways: viz 
a Baker-10 SPEs silica gel disposable column (J. T. Baker 
Chemical Co., Phillipsburg, NJ 08865); a Baker-10 column 
packed with an additional equal volume of silica gel; a dis
posable column packed with 5 mL silica gel; a silica gel Sep- 
Pak disposable cartridge (Waters Chromatography, Milford, 
MA 01757); and a Baker-10 SPE cyano (CN) disposable 
column, all eluted with 1 0 % methanol in chloroform; and a 
silica gel Sep-Pak column eluted with 50% methanol in meth
ylene chloride. These different cleanup procedures produced 
similar yellow extracts, showing the presence of interferences 
in the LC/TEA chromatograms. Those samples that con
tained relatively high levels of NDEIA were diluted with 
water before column cleanup because of the sensitivity of the 
detection system used and the toxicity of this contaminant. 
Further cleanup of the extract from the extraction tube was 
unnecessary.

Due to the presence of two nitro groups in the molecule, 
dinoseb shows a substantial response to the LC/TEA detec
tion system. Therefore, trace quantities of dinoseb in the final 
aliquot will interfere with the analysis for NDEIA. However, 
the mobile phase chosen was able to separate the dinoseb 
peak from the NDEIA peak in a well-resolved manner, with 
dinoseb responding at 3.21 min and NDEIA at 5.86 min as 
indicated in Figure 1A. The most effective mobile phase to 
separate these 2  peaks was a mixture of methanol-hexane- 
methylene chloride ( 8  + 56 + 35) containing 0.1% acetic 
acid. Two other methanol-hexane-methylene chloride sol
vent systems—5 + 60 + 35 or 2 + 63 + 35 for 14 min and 
then changed to 6  + 59 + 35—were also used as a mobile 
phase but were less satisfactory. The first system generated 
poor separation with a tailing dinoseb response. The second 
system showed good separation, although dinoseb still re
sponded in a tailing fashion.

V\w,

Figure 1. Typical LC/TEA chromatogram of: A, sample 3; B, 
sample 12; C, 52 ng (758 ppm) NDEIA standard.

For samples of the oil-based formulations, because of the 
very low levels of NDEIA present in the samples, it was 
necessary to analyze the samples without dilution to achieve 
a low detection limit. Thus, a silica-gel column was used to 
further purify the extract obtained from the extraction tube. 
The eluate after concentration gave satisfactory LC/TEA 
chromatograms as shown in Figure IB.

The identity of the NDEIA response was confirmed by (a) 
its LC retention time, which is identical to that of a standard 
solution of NDEIA (see Figure 1C), (b) the disappearance of 
the response at 5.86 min after UV irradiation of the aliquot, 
and (c) the chemical ionization mass spectrum of its TMS- 
derivatized sample which is identical to that of a standard 
NDE1A-TMS solution (1). The identity of the dinoseb re
sponse was confirmed by its LC retention time, which is 
identical to that of a standard solution of dinoseb, and by 
its persistence after UV irradiation of the aliquot.

All NDEIA extracts were converted to TMS derivatives 
by reaction with BSA followed by GC/MS determination 
using single-ion monitoring at m/z 248.074 ± 0.500 and
310.093 ± 0.500. The former m/z value represents the ion 
resulting from the loss of an NO group from the molecular 
ion (M -  30). The latter m/z value represents the oxygen 
adduct of the molecular ion (M + 32). Figure 2 shows the 
GC/MS chromatograms of the sample, the sample spiked 
with NDEIA and the standard solution of NDE1A-TMS de
rivative.
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Figure 2. Typical GC/MS (ONCI) chromatogram of: sample 8; 
sample 8 spiked with 0.26 ng (832 ppm) NDEIA; 0.52 ng (1664 

ppm) NDEIA standard.

Samples 1 to 11 in Table 2 of dinoseb diethanolamine 
formulation and samples 12 and 13 in Table 2 of oil-based 
formulations were analyzed for NDEIA contamination. Re
sults for these samples from the GC/MS and the LC/TEA 
systems, expressed in ppm relative to the active ingredient 
weight, are shown in Table 2. Using GC/MS detection, the 
NDEIA levels in samples of amine formulation ranged from
116.0 to 2409.0 ppm, whereas those in oil solutions were 
nondetectable and 0.3 ppm, respectively. Analysis of reagent 
blanks using the same cleanup procedures gave NDEIA levels 
below the limit of detection.

On the basis of the criterion that the minimum detectable 
amount (MDA) of a compound gives a response equal to 
twice the background noise, the MDA for LC/TEA was 6.5 
ng. The MDA for GC/MS was 0.02 ng and was based on a 
signal to noise ratio of 10:1. These values correspond to 0.5 
ppm and 0.15 ppm, respectively, when they are expressed 
relative to the active ingredient weight. The comparable re
sults for the same sample produced from 2  different detection 
systems demonstrate that NDEIA was not artifactually gen
erated in the hot GC injection port and that the TMS derivati- 
zation reaction was completed.

When LC/TEA was used to analyze the samples, the results 
were less repeatable and the detection system was less sen
sitive than when GC/MS was used. These undesirable effects 
are presumably due to the need to freeze out the solvent

Table 2. Level (ppm) of NDEIA relative to active ingredient found 
in dinoseb formulations

NDEIA, ppm

Sample GC/MS LC/TEA

1 1006.0 959.0
2 1112.0 1074.0
3 768.0 765.0
4 2230.0 2049.0
5 2409.0 2392.0
6 703.0 733.4
7 300.0 308.0
8 626.0 694.0
9 791.0 858.0

10 116.0 99.4
11 1684.0 1668.0
12 ND” —

13 0.3 —

* ND = nondetectable with a detection limit of 0.15 ppm.

before the eluate reaches the TEA detector and to the sub
sequent venting of the solvent from the system after several 
analyses. Thus, GC/MS detection is preferred for its sensi
tivity and repeatability. In the absence of a GC/MS detection 
system, the NDE1A-TMS derivative could be analyzed using 
GC/TEA (1) if more sensitive detection is required.

Technical-grade dinoseb may contain traces of nitrosating 
agents due to the chemical process used to produce this prod
uct (4). When dinoseb is formulated with an aqueous solution 
of diethanolamine, these impurities react with the amine to 
form NDEIA. Because the rate of nitrosation reaction is usu
ally rapid (9), the level of nitrosamine produced will depend 
on the concentration of nitrosating agents in the dinoseb; 
high levels may be observed depending on the purity of the 
herbicide used in the formulation. However, the formation 
of nitrosamine requires the simultaneous presence of both 
precursors in a mixture. Therefore, in an oil solution of di
noseb where amine is not present, nitrosamine is not de
tectable despite the presence of nitrosating agents. Table 2 
shows the widely contrasting NDEIA results obtained with 
these 2  formulations and supports the rationale discussed. 
The high levels of NDEIA detected in the samples of the 
amine formulation are probably indicative of the presence 
of sufficient quantities of the nitrosating impurities in the 
technical grade of this herbicide.

Sample No. 13 showed low but definite contamination by 
NDEIA. In a reagent blank, analyzed simultaneously with 
this sample, NDEIA was nondetectable. The cause of this 
contamination is not evident.

Similar results for NDEIA in dinoseb DE1A formulations 
have previously been reported, using the LC/TEA and LC/ 
UV systems (10). The detection limits for these systems were 
10 and 3 ppm, respectively. However, the details of the sam
ple cleanup procedures and recovery results were not re
ported. This information is essential since the active ingre
dient (dinoseb) responds to both detection systems. Dinoseb 
products are usually dark brown, viscous liquids. In the pres
ent study, the concentrations of dinoseb in different products 
ranged from 30 to 50%. Therefore, it is important to separate 
dinoseb from NDEIA before analysis so it will not interfere 
with the detection and quantitation of trace levels of NDEIA. 
The procedures described here provide a method to isolate 
and separate NDEIA from dinoseb and to detect NDEIA as 
low as 0.5 or 0.15 ppm, depending on the system used.
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Determination of Ethylene Oxide in Ethoxylated Surfactants and Demulsifiers by Headspace 
Gas Chromatography

JAM ES R. D A H L G R A N  and C A R R O L L  R. S H IN G L E T O N
B o r g W a rn e r  C h em ica ls , T ec h n ic a l C en tre , P O  B o x  68 , W a sh in g to n , W V  2 6 1 8 1

A headspace gas chromatographic method for the determination of 
traces of ethylene oxide in ethoxylated surfactants and demulsifiers 
was developed. Samples are analyzed directly by the technique to a
1.0 ppm (w/w) quantitation limit. The procedure also performs well 
for propylene oxide, acetaldehyde, and 1,4-dioxane. It is simple, sen
sitive, and linear. The percent relative standard deviations for 0.5 
and 30 ppm ethylene oxide in the surfactant were 2.8 and 8.3%, 
respectively.

Recent studies and a review of the scientific evidence has 
convinced the Occupational Safety and Health Administra
tion that ethylene oxide is carcinogenic in laboratory animals 
and that a significant cancer risk exists for workers exposed 
to it (1). This report has resulted in a search for an analytical 
approach to determine trace quantities of ethylene oxide in 
ethoxylated surfactants and demulsifiers. Headspace gas 
chromatographic techniques have proved useful in several 
instances (1-3) to increase detection limits over methods that 
require solvent extraction or dilution (4-6).

Trace ethylene oxide has been determined in sterilized 
medical devices, polymeric materials, workplace environ
ment, and foods, using headspace gas chromatography (GC). 
No determination or methods have been described, however, 
for determining ethylene oxide in ethoxylated surfactants and 
demulsifiers. Most of these types of organic compounds are 
viscous liquids and lend themselves nicely to headspace anal
ysis with no sample preparation required.

This report describes a procedure for determining traces 
of ethylene oxide in ethoxylated surfactants and demulsifiers. 
In developing the methodology, one of our goals was to make 
the test simple yet accurate. In the proposed procedure, the 
surfactant is weighed into a headspace vial and analyzed by 
headspace gas chromatography.

M E T H O D

Apparatus
(a) Gas chromatograph. — Perkin-Elmer Sigma 2000, or 

equivalent, equipped with 8  ft x '/g in. stainless steel column 
packed with 80-100 mesh Chromosorb 102 (Supelco, Inc., 
Bellefonte, PA) and fitted with an HS-100 headspace sampler 
and a flame ionization detector. Operating conditions: de
tector, 200°C; helium carrier at 30 mL/min; column 120°C 
for 5 min, then programmed at 87min to 190°C and held 
for 10 min; retention time for ethylene oxide. 6-7 min. Data

Received August 6, 1986. Accepted November 7, 1986.

collection, Perkin-Elmer LSI-100 integrator. Headspace 
sampler conditions: sample temperature, 100°C; transfer 
temperature, 130°C; thermostating time, 30 min; pressuri
zation time, 0.7 min; injection time, 0.08 min; withdrawal 
time, 0.2 min; cycle time, 30 min. Headspace vials should 
not be vented to laboratory atmosphere.

(b) Gas-tight syringes. — 25 ¿¿L, 50 pL, 100 pL, and 1.0 mL 
syringes for manipulating standards (Ohio Valley Specialty 
Chemicals, Inc., Marietta, OH).

(c) Vials. —10 mL hypovials with Tuf-Bond disks (septa) 
(Ohio Valley Specialty Chemicals, Inc.) and aluminum crimp 
seals for preparation of standards.

Reagents and Materials
Caution: Ethylene oxide is very volatile, explosive, highly 

toxic, and a potential carcinogen and reproductive hazard
(7). All work in preparation of standards using this material 
should be performed in a well-ventilated hood. All metal 
containers and connections should be well grounded to avoid 
static discharges. Avoid skin contact with this and all sol
vents.

(a) Ethvlene oxide. — (Matheson Gas Products, Secaucus, 
NJ.)

(b) Propylene oxide, acetaldehyde, and 1,4-dioxane. —(Al
drich Chemical Co., Milwaukee, WI.)

(c) Standard solutions. —Í1) Ethylene oxide solution. — Dry 
LC grade hexane, using anhydrous sodium sulfate or 3A 
molecular sieves (8-12 mesh). (Refer to Ligure 1A and IB.) 
Connect an ethylene oxide cylinder to 10 mL hypovial (sealed 
with a Teflon-faced silicone septa) using short piece of Tygon 
tubing and hypodermic needle inserted nearly to bottom of 
vial. Connect a second piece of Tygon tubing, with hypo
dermic needle attached to each end, between top of vial and 
beaker of water (Figure 1A). Slowly purge (1-2 bubbles/s) 
ethylene oxide through beaker of water for 15 min to remove 
air from tubing. At this point, increase flow of ethylene oxide 
to several bubbles/s. Attach dry needle to end of second piece 
of tubing and insert into a 10 mL sealed (T eflon-faced silicone 
septum) and tared vial containing 10 mL dry hexane (Figure 
1B). Add 40-80 mg ethylene oxide to headspace above hex
ane to prepare primary standard. Cool primary' standard to 
ca 0°C and place 5 min on a shaker. Prepare additional stan
dards by diluting primary standard. Store all standards at ca 
— 10°C when not in use. (2j Acetaldehyde, propylene oxide, 
and 1,4-dioxane standards. — Prepare gravimetrically.
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Figure 1A. Purging gas lines for ethylene oxide standard 
preparation.

Figure 1B. Addition of ethylene oxide to hexane.

(d) Calibration standards.— Vacuum-strip sample of sur
factant material at 50-60°C on rotary evaporator to remove 
any residual ethylene oxide. Prepare standards by weighing
2.00 g (±0.002 g) into headspace vials. Seal vials with Teflon
faced silicone septa and inject known amounts of ethylene 
oxide in hexane into sealed vials. Prepare standards at con
centrations such that amount of hexane injected into each 
vial (10 iiL) is the same. This ensures identical sample matrix 
effects between the standards and samples (8 ). The calibra
tion standards are analyzed, and a plot of the area versus 
amount of ethylene oxide in the surfactant is made.

Preparation o f Samples
Weigh 2.00 g (±0.002 g) into headspace vials and seal as 

with standards. Inject 10 ¡xL dry hexane into vial through 
septa to ensure that samples and standards are of an identical 
matrix. Let vials stand 1 h before analysis.

Calibration
With LCI-100 integrator properly calibrated, results are 

calculated and reported in ¿tg/g ethylene oxide in the surfac
tant.

I/TEMP.(K)
Figure 2. Plot of ethylene oxide peak area vs thermostating 

temperature for various surfactants.

Figure 3. Shewart chart of ethylene oxide response from stan
dards prepared over a period of time.

Results and Discussion
Initial studies in the development of suitable methodology 

for ethylene oxide in surfactants were conducted by diluting 
the surfactant with acetone and directly injecting the samples 
onto the gas chromatograph. This procedure could not pro
vide the sensitivity needed to meet the detection limit set 
for worker safety. With the acquisition of a headspace ana
lyzer, a large difference could be seen in the sensitivity for 
detection of ethylene oxide. The headspace analyzer also 
offered better reproducibility and accuracy for measuring 
concentrations at 1 . 0  ppm.

Our analytical goal was a simple yet accurate method. 
Preliminary investigation included comparison of direct in
jection data with headspace data. As the amount of ethylene 
oxide in the surfactants was reduced, the detection of ethylene 
oxide by the direct injection procedure was not possible. 
Several parameters of the headspace method were examined, 
and comparisons were made to previous data wherever pos
sible.

Initial investigation into the multiplicity of variables (8 -
1 0 ) affecting headspace analysis began with temperature and 
time effects on the sensitivity of the analysis. Numerous sam
ples were run at various temperatures to determine if an 
optimum thermostating temperature existed. Figure 2 details 
the results of these analyses performed on 2  dissimilar sur
factant materials.

On the basis of the data collected, 100°C was chosen as 
the thermostating temperature. At this temperature, suffi
cient sensitivity for ethylene oxide existed under the oper
ating conditions and results were approximately 50% below 
ethylene oxide peak areas at 130°C. Also, at the lower tem
perature, less of the starting materials (having boiling points
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Figure 4. Calibration curves of several different types of 

surfactants.

above ethylene oxide) would be injected onto the column, 
which would mean less interference. An examination of the 
thermostating time at 100°C showed slight difference among 
10, 20, and 30 min. Recalling that the GC run time was 30 
min, it was decided to allow samples to equilibrate for 30 
min. These conditions proved to be excellent to give detec
tion limits and quantitation limits within satisfactory ranges 
(0.5 and 1.0 ppm, respectively).

Repeatability of the headspace technique was examined 
throughout the range from 0.5 to 75 ppm. This range was 
used to cover the amount of ethylene oxide originally found 
in some of the surfactant materials. The repeatability at 0.5 
ppm (2.8% RSD) and 30 ppm (8.3% RSD) assured that ac
ceptable performance could be maintained. The large percent 
relative standard deviation (RSD) at the 30 ppm level was 
attributed to the variety of surfactants used to make the 
standards. When only one type of surfactant was used to 
make standards, the RSD was lowered to 1.3%. This indi
cated, as expected, that the surfactant used in the standard
ization should be of a similar nature to avoid inaccuracies 
due to sample composition.

For this study, numerous standards were prepared using 
various surfactant types. The continuing analysis of the 30 
ppm calibration standard (individually prepared at various 
times) ensures the repeatability of the overall scheme of the 
analysis. Figure 3 is a Shewart (11-13) chart which is used 
to show the response of ethylene oxide over a period of time. 
The Shewart chart is generally associated with percent re
covery in environmental chemistry, but is useful in tracking 
standard preparation and instrument performance. The chart 
can be used to inform the analyst quickly when a prepared 
standard is “out-of-control” —beyond the 2 . 8  times the stan
dard deviation (dashed lines).

Various surfactants were examined in the standard prep
aration scheme to determine the effects of the materials on 
the calibration curve. Several products were repeatedly spiked 
at levels from 1 . 0  to 75 ppm and analyzed at various levels 
and the calibration curves plotted. Figure 4 is a plot of the 
calibration curves from some of the products tested and ex
hibits the range of “slopes” of the lines seen. Although the 
slopes of the lines of the various surfactants are slightly dif-

Table 1. Quantitation of ethylene oxide in surfactants by direct 
injection and headspace analysis

Direct injection method, ppm Headspace method, ppm*

29 25.7/24.7
78 75.8/79.3

<10 6.9/7.0
24 23.3/25.2

<10 3.4/2.7
<10 3.5/2.7

Table 2. Analysis of samples for ethylene oxide by standard 
additions method

Headspace single analysis, ppm Headspace standard additions, ppm

3.5 4.2
0.5 0.1
3.9 3.3

17.0 19.3
2.5 2.9

<1 0.5

ferent, the points along the line remain within the limits of 
reproducibility seen at the l.O and 30 ppm levels (4-8% 
RSD). The various slopes noted demonstrate the variability 
in the numerous types of surfactants investigated. At the high 
end of the calibration curves (75 ppm) the variation is 10.6% 
RSD, which is high but within reasonable limits when con
sidering the large variation in surfactant types studied.

Several sample results were compared to results from other 
analytical methods. These results are displayed in Table 1. 
Table 2 compares data collected from single headspace anal
ysis of some samples and data from the same samples ana
lyzed by the method of standard additions. The data collected 
are from single observations and agree very well within the 
expected ranges of variation.

Although our main interest lay in developing a method for 
ethylene oxide in surfactants, it was observed throughout the 
analyses that the procedure could be applied to propylene 
oxide (for propoxylated surfactants), acetaldehyde, and 1 ,4- 
dioxane (byproducts of ethyoxylation), with similar expected 
results in variation.

Despite the variability in the materials tested, the de
scribed procedure provides an approach for quantitating re
sidual ethylene oxide in surfactants and demulsifiers. Further 
studies have indicated that ethylene oxide can be detected 
in the surfactants at levels as low as 0.1 ppm with an RSD 
of 6 . 1 %.
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V I T A M I N S  A N D  O T H E R  N U T R I E N T S

Liquid Chromatographic Determination of Taurine in Vitamin Premix Formulations

GOWDAHALLI N. SUBBA RAO
A b b o t t  L a b o ra to r ie s , P h a r m a c e u tic a l P ro d u c ts  D iv is io n , N o r th  C h ica g o , I L  6 0 0 6 4

A  l iq u id  c h r o m a t o g r a p h i c  ( L C )  m e th o d  i s  d e s c r ib e d  f o r  t h e  d e t e r 
m i n a t i o n  o f  t a u r i n e  in  v i t a m in  a n d  v i t a m in - m in e r a l  p r e m ix  f o r m u 
l a t i o n s .  T h e  m e th o d  in v o lv e s  e x t r a c t i o n  o f  t a u r i n e  w i th  0 .1 M  b i c a r 

b o n a te  b u f f e r ,  f o l lo w e d  b y  p r e c o lu m n  d e r i v a t i z a t i o n  w i th  d a n s y l  
c h lo r id e  a n d  L C  u s in g  f lu o r e s c e n c e  d e t e c t io n .  6 - A m in o c a p r o ic  a c id  
i s  u s e d  a s  a n  i n t e r n a l  s t a n d a r d .  A  r e v e r s e  p h a s e  a n a l y t i c a l  c o lu m n  
a n d  a  m o b i le  p h a s e  o f  0 . 1 M  a c e t a t e  b u f f e r  s o lu t io n  ( p H  7 .2 ) - a c e -  

t o n i t r i l e  ( 7 5  +  2 5 )  a r e  u s e d .  V i t a m in s ,  m i n e r a l s ,  a n d  o t h e r  e x c i p i e n t s  
i n  t h e  p r e m ix  f o r m u la t io n s  d o  n o t  i n t e r f e r e  in  t h e  d e t e r m i n a t i o n .  T h e  
m e th o d  i s  s im p le ,  p r e c i s e ,  a n d  a c c u r a t e .

Taurine (2-aminoethanesulfonic acid), abundant in human 
milk, is recognized as a conditionally essential infant nu
trient—one whose absence from the diet does not produce 
immediate deficiency diseases but may cause long-term de
velopmental problems. Taurine is currently added to many 
vitamin premix formulations used in infant nutritional prep
arations to provide the same measure of safety that human 
milk provides.

In recent years, liquid chromatographic (LC) methods to 
assay taurine in biological samples have been described ( 1-
6 ). Among the LC methods are those using precolumn de
rivatization with o-phthalaldehyde, dabsyl chloride, or dan
syl chloride and fluorescence detection. Ion exchange chro
matography (IEC) based on the ninhydrin reaction and the 
principle of postcolumn derivatization have been used for 
the analysis of taurine in biological samples (7-9) and in 
vitamin preparations (10). However, IEC methods require 
specialized equipment, thereby increasing the cost per sample 
for routine analysis.

There are, as yet, no published LC methods to determine 
taurine in vitamin premix formulations. A simple, precise, 
and specific assay method for taurine in vitamin-mineral 
premix formulations and their mineral-free counterparts has 
been developed for quality control purposes and for use in 
accelerated stability studies. The method is based on reverse 
phase LC, with precolumn derivatization and fluorescence 
detection, and is stability-indicating.

METHOD
Apparatus

(a) Shaker.— Burrell wrist-action or equivalent.
(b) LC  apparatus. —Waters Associates Model 6000A 

pump and Model 71 OB WISP Autoinjector, Schoeffel Model 
FS-970 spectrofluorometer, Spectra-Physics SP-4100 Com
puting Integrator, or equivalent system. Typical operating 
conditions: ambient temperature; flow rate, 1.3 mL/min; in
jection volume, 20 /xL; detector range, 1 /¿A; excitation wave
length, 360 nm; excitation filter, Corning 7-51; emission fil
ter, KV 418 nm cutoff filter.

(c) Analytical column.—15 cm x 4.6 mm id column 
packed with 5 reverse phase C18 material (Alltech Nu- 
cleosil, Cat. No. 89162), or equivalent; 3 cm x 4.6 mm id 
C 18 guard column (Brownlee, Cat. No. 18 GNU), or equiv
alent, is inserted between injector and analytical column.

Received October 15, 1986. Accepted November 30, 1986.

Reagents
(a) Solvents.— LC grade or equivalent.
(b) Chemicals.— Reagent grade.
(c) Acetate buffer solution (pH 7.2).— 0.1M. Dissolve 13.6 

g sodium acetate trihydrate in 900 mL water, adjust pH to
7.2 ± 0.5 with dilute acetic acid (1 in 100), and dilute with 
water to 1 L. Mix well.

(d) Mobile phase. — Mix 0 .1M acetate buffer solution (pH
7.2) and acetonitrile (75 ± 25). Filter solution through sol
vent-resistant membrane filter having a porosity of 0.45 fim 
or less and degas using a house vacuum for 5-10 min.

(e) Sample solvent—bicarbonate buffer solution.—0AM. 
Dissolve 8.4 g sodium bicarbonate in 950 mL water, adjust 
pH to 9.5 with 10N sodium hydroxide solution, and dilute 
with water to 1 L. Mix well.

(f) Derivatization reagent. —5 mg/mL. Dissolve 125 mg 
dansyl chloride (Pierce Chemicals, Cat. No. 21755, or equiv
alent) in 25 mL acetone. Filter, if necessary, through medi
um-porosity sintered-glass funnel to remove any insoluble 
material. This reagent is stable for up to 3-4 months when 
refrigerated in a tightly stoppered bottle under a blanket of 
nitrogen.

(g) Internal standard solution.— Accurately weigh ca 50 
mg 6 -aminocaproic acid (Aldrich Chemical Co., Cat. No. 
A4460-6, or equivalent) and transfer to a 50 mL volumetric 
flask. Dissolve and dilute to volume with sample solvent. 
Mix well.

(h) Standard preparation. — Accurately weigh ca 50 mg 
taurine standard (in-house standard) and transfer to a 50 mL 
volumetric flask. Dissolve, dilute to volume with sample 
solvent, and mix. Mix 5.0 mL of this solution with 5.0 mL 
internal standard solution.

Sample Preparation
Accurately weigh a portion of the premix formulation 

equivalent to ca 50 mg taurine and transfer to a 50 mL 
volumetric flask. Add 30 mL sample solvent, shake me
chanically 30 min, dilute with sample solvent to volume, and 
mix. Mix 5.0 mL of this solution with 5.0 mL internal stan
dard solution and filter a portion of the solution through a
0.45 mib solvent-resistant membrane filter.

Derivatization Procedure
Transfer 1.0 mL each of the standard and sample prepa

rations to separate 4 mL screw-cap (with Teflon septum) 
WISP vials. Add 1.0 mL derivatization reagent to each vial, 
stopper, and mix the contents. Place vials in an oven at 55°C 
for 1 h. Remove vials from the oven and cool to room tem
perature.

System Suitability Test
Allow LC system to equilibrate before beginning the sys

tem suitability test. Inject 20 pL ofderivatized standard prep
aration. Elution order is taurine followed by internal stan
dard. A retention time of 6.4 min or greater is optimal for 
taurine. If taurine elutes in less than 6.4 min, adjust mobile 
phase composition with additional 0.1M acetate buffer so-
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Time (min.)

Figure 1. Typical LC chromatogram of a placebo (LC conditions 
as stated in text).

Time (min.)

Figure 2. Typical LC chromatogram of a sample preparation 
(LC conditions as stated in text): 1, taurine; 2, internal standard.

lution (pH 7.2) until retention time is 6.4 min or greater. The 
resolution factor, R, between taurine and the internal stan
dard is greater than 3. (For a particular column, resolution 
may be increased by increasing the amount of acetate buffer 
solution in the mobile phase.)

Analysis
Inject duplicate aliquots of the derivatized standard prep

aration. Calculate response ratio by dividing the area of tau
rine peak by that of the internal standard peak. Response 
ratios should agree within 2%. Average the duplicate re
sponse ratios.

Inject duplicate aliquots of the derivatized sample prep
aration. Average the duplicate response ratios, which should 
agree within 2%. Note: After the first injection of any sample, 
let the instrument run > 2 0  minutes after emergence of the 
taurine peak to elute any peaks due to excipients in the pre

mix formulation. Subsequent injections should be timed so 
that late-eluting peaks from sample injections do not interfere 
with taurine and internal standard peaks of subsequent sam
ples.

Calculations
Calculate the amount of taurine in the samples, using re

sponse ratios according to the following equation:

Taurine, mg/g = R /R ' x IV'/W,

where R and R ’ = response ratios for sample and standard, 
respectively; W  and W' = g and mg taken for sample and 
standard preparations, respectively.

Results and Discussion
In the described methodology, taurine and 6 -aminocaproic 

acid (internal standard) were subjected to precolumn deriva-

Table 1. Optimization of derivatization reaction time at 55°C

Time, min
Response ratio, 

taurine/internal standard

0 0.434
15 0.830
30 0.833
60* 0.832
90 0.830

Table 2. Optimization of derivatization reagent concentration

Dns-CI
(approx, concn), 

mg/mL

Mole ratio, 
Dns-CI/

(taurine + int. std) Response ratio

2.50 1.2 0.597
3.25 1.5 0.806
4.0 1.9 0.803
5.0* 2.4 0.810
7.5 3.6 0.812

‘ Reaction time used in this method. * Concentration used in this method.
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Table 3. Optimization of derivatized sample stability

Time, h Response ratio

1.0 0.829
2.0 0.827
3.4 0.831

22.6 0.830
25.2 0.828
Mean 0.829
RSD ± 0.2%

tization with dansyl chloride (Dns-Cl) to give dansyl amino 
acids, which are fluorescent and readily detected after LC 
separation. The excess derivatization reagent and its by
products are well resolved from taurine and the internal stan
dard in the described LC system. Vitamins, minerals, and 
other formulation excipients do not interfere in the deter
mination.

Typical chromatograms of a placebo and sample prepa
rations are shown in Figures 1 and 2, respectively.

The derivatization reaction was optimized for reaction time, 
reagent ratios, and stability of the derivatized sample. As 
shown in Table 1, the reaction is complete within 15 min 
with essentially no change up to 90 min. The effect of Dns- 
Cl concentration on the peak response ratio is shown in Table
2. The amount of Dns-Cl used in the described procedure is 
approximately 2.4 times the amount needed to derivatize 
both the taurine and 6 -aminocaproic acid. Table 2 shows 
that is more than ample. The stability of the derivatized 
sample solution is important for assays run overnight using 
an automated system. There was essentially no degradation 
over a 25 h period (Table 3), making this method viable for 
long runs.

Linearity of detector response was established for taurine 
in the range of 0.04 to 1.6 mg/mL (correlation coefficient =
1.000, ^-intercept = 0.008). The taurine content of premix 
formulations ranged from 28 to 62% by weight.

Standard addition-recovery studies were performed by 
adding known amounts of taurine standard at 250-750 mg/g 
levels to 3 placebo formulations. Recoveries ranged from 
97.9 to 102.4%. Results are shown in Table 4.

In the validation of methodology, a premix sample rep
resenting the most complex formulation from an analytical 
point of view was selected to generate the precision and stress 
stability data.

The validity of the method was tested by subjecting a 
sample of premix formulation to thermal stress, high-inten- 
sity ultraviolet lamp, and hydrolytic conditions. The stressed 
samples were analyzed by the described methodology. The 
results of the analyses are summarized in Table 5. In the 
chromatograms of the stressed placebo samples, no interfer
ing peaks were observed to elute with the same retention 
time as either taurine or the internal standard. The data from

Table 4. Standard addition-recovery of taurine from placebos9

Approx.
addition
level, %

Recovery, %

Placebo I Placebo II Placebo III

50 101.0 102.0 102.4
100 98.4 99.8 99.7
150 98.8 98.8 97.9

Mean 99.4 100.2 100.0
RSD ±1.4% ± 1 .6% ±2.3%

• Placebo I, 7 vitamins and 4 minerals; placebo II, 7 vitamins; placebo III, 8 
vitamins.

Table 5. Analysis of premix formulation for taurine subjected 
to various stress conditions

Stress conditions % Label claim

Initial9 (unstressed) 100.0
Thermal (100°C, 88 h) 96.4
High-intensity UV lamp (7 h) 98.3
pH 3.C buffer (3 h reflux) 99.1
pH 7.C buffer (3 h reflux) 97.0
pH 10.0 buffer (3 h reflux) 99.3

* Initial value normalized to 100% and the rest of the data calculated relative 
to the initial.

Table 6. Precision data for the analysis of taurine in premix 
formulation

Run Analyst Day % Label claim

1 A 1 100.1
2 A 2 98.3
3 A 2 97.5
4 A 3 97.2
5 A 4 100.1
6 B 5 100.9
7 B 6 95.5
8 B 6 100.7

Mean 98.8
SD ± 2.0
RSD ± 2 .0%

Table 5 show only minor degradation of taurine in the for
mulated product under the indicated stress conditions. Tau
rine is expected to be a very stable compound. If there is any 
degradation, it is the amine function of the molecule that is 
expected to degrade. The derivatization reaction (in the de
scribed methodology) is selective to the amine function of 
the taurine molecule. Based on this selectivity of derivati
zation, coupled with the powerful LC separation capability 
and specificity of fluorescence detection, the method is ex
pected to be stability-indicating for taurine.

Precision of the method was determined by analyzing a 
sample of premix formulation 8  times by 2  analysts on 6  

different days. The results are shown in Table 6 . The method 
has a relative standard deviation of ± 2 %.

In conclusion, liquid chromatography provides a simple, 
stability-indicating, and precise method for the quantitative 
determination of taurine in vitamin premix formulations.
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Sample Preparation and Liquid Chromatographic Determination of Vitamin D 
in Food Products
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Vitamin D in different fortified foods is determined by using liquid 
chromatography (LC). Sample preparation is described for fortified 
skim milk, infant formulas, chocolate drink powder, and diet food. 
The procedure involves 2 main steps: saponification of the sample 
followed by extraction, and quantitation by LC analysis. Depending 
on the sample matrix, additional steps are necessary, i.e., enzymatic 
digestion for hydrolyzing the starch in the sample and cartridge 
purification before LC injection. An isocratic system consisting of
0.5% water in methanol (v/v) on two 5 ¡im O DS Hypersil, 12 x  0.4 
cm id columns is used. Recovery of vitamin D added to unfortified 
skim milk is 98%. The results of vitamin D determination in ho
mogenized skim milk, fortified milk powder, fortified milk powder 
with soybean, chocolate drink powder, and sports diet food are given.

Inherent problems of vitamin D determination in food are 
the low levels of the vitamin in samples and the complexity 
and variety of the sample matrix. Biological assays and clas
sical physicochemical methods are usually lengthy and te
dious. A gas chromatographic method for the determination 
of vitamin D in dried milk has been reported (1). The method 
demands a time-consuming cleanup procedure involving 
several column chromatographic steps. Recently, several 
publications have reported liquid chromatographic (LC) 
techniques for the determination of vitamin D in fortified 
milk (2-14). Thompson et al. (2) have used normal-phase 
silica column liquid chromatography to determine vitamin 
D in fortified milk following saponification and purification 
on a modified Sephadex column. Henderson and Wickroski
(3) reported the use of an alumina cleanup column before 
determining vitamin D in fortified milk by reverse phase 
liquid chromatography. Mankel (4) determined vitamins A, 
E, D, and /3-carotene in margarines, powdered foodstuffs for 
infants, and fortified milk powder directly by reverse phase 
chromatography after a saponification step. Cohen and 
Wakeford (5) reported the determination of vitamin D in 
fortified instant nonfat dried milk on a normal-phase amino 
column after extraction and purification using a silica Sep- 
Pak cartridge and Partisil-10 PAC column. Barnett et al. (6 ) 
developed reverse phase liquid chromatography for the si
multaneous determination of vitamins A, D 2 or D3, E, and 
K, in milk, infant formulas, and dairy products after enzy
matic hydrolysis of lipids. Nabholz and Herforth (7) de
scribed the LC determination of vitamin D in infant formulas 
by normal phase silica column without preliminary purifi
cation after fat extraction and saponification.

The procedure reported here involves 2 main steps: sa
ponification of the sample followed by extraction, and quan
tification by LC analysis with UV detection at 265 nm. De
pending on the nature of each food product, additional steps 
are necessary, i.e., enzymatic treatment and cartridge puri
fication before LC injection. The method is used to assay 
vitamin D in fortified skim milk, infant formulas, chocolate 
drink powder, and diet food.

Received October 1, 1986. Accepted December 19, 1986.

METHOD
Apparatus

(a) LC system.— Bio-Rad (Richmond, CA) liquid chro
matograph, Waters Associates (Milford, MA) Model 710 B 
autosampler with 30-50 fiL injection volume, Perkin-Elmer 
(Norwalk, CT) LC-75 variable wavelength UV detector with 
autocontrol, and Perkin-Elmer LC I-100 integrator. Oper
ating conditions: absorbance 265 nm, chart speed 5-10 mm/ 
min, ambient temperature.

(b) LC columns.— Two ODS Hypersil, 5 fiin (Shandon 
Southern Products, Runcorn, UK), 120 x 4 mm id columns 
(Knauer, Berlin, FRG); RP-18, 7 /cm, guard column (Brown
lee, Santa Clara, CA), 15 x 3.2 mm id.

(c) LC mobile phase. —0.5% (v/v) water in methanol, flow 
rate 1 mL/min.

(d) Disposable cleanup cartridges. — Silica, Sep-Pak (Waters 
Associates).

Reagents
Use low-actinic glassware for all preparations.
(a) Solvents. — LC grade 95% ethanol and petroleum ether 

(bp 40-60°C) (May and Baker, Dagenham, UK).
(b) Vitamin D. standard solutions.— Dissolve 50 mg vi

tamin D 3 (Merck, Darmstadt, FRG) in 100 mL volumetric 
flask with hexane (stock solution). Dilute 2 mL stock solution 
in 100 mL volumetric flask with hexane. Determine exact 
concentration from absorption at 265 nm, using <j<5n = 
18 200 (solution I). Evaporate hexane from 5 mL solution I 
to dryness with stream of nitrogen in 100 mL volumetric 
flask, and dilute to 100 mL with methanol (chromatographic 
standard solution, 40 IU/mL, 1 /ig/mL).

Samples
(a) Fortified skim milk.— Pasteurized and ultrahigh tem

perature (UHT) fortified homogenized skim milk were pur
chased from a market. Both products claimed values for 
vitamin D3 of 220 IU (5.5 fig)/500 mL milk.

(b) Other foods.— Infant formulas, 200-400 IU (5-10 fig) 
vitamin D3/100 g; chocolate drink powder, 100-500 IU (2.4-
12.5 fig)/40 g; and diet food, 100-400 IU (2.4-10 fig)/100 g 
were supplied by different regional control laboratories.

V IT  D

0 5 10 15 min

Figure 1. Chromatogram of vitamin D3 standard, 40 IU/mL 
(1 fig/mL).
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Figure 2. Chromatogram of unfortified sample of reconstituted 
skim milk. Arrow indicates position of vitamin D.

(c) Nonfortified skim milk. — Purchased from Oxoid (Ba
singstoke, UK), used as a control for recovery of the vitamin.

Procedure
The procedure largely depends on the nature of the sample, 

although saponification, extraction, and quantitation are, in 
general, the principal steps. For samples containing starch, 
digestion with an enzyme such as takadiastase is required

before saponification so as to avoid formation of lumps in 
solution. Additional purification steps on a cartridge prior 
to analytical chromatography is necessary for high-fat prep
arations.

(a) Fortified homogenized skim milk. — For saponification 
and extraction, place magnetic stirring bar in 250 mL round- 
bottom flask, add 40 mL milk sample, 30 mL freshly pre
pared 1 % ethanolic pyrogallol solution, and 1 0  g of 1 0 0 %

Figure 3. Chromatogram of skim milk fortified with 400IU vitamin Figure 5. Chromatogram of fortified milk powder spiked with 
D/100g. 400 IU vitamin D /100 g.
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Figure 6. Chromatogram of fortified milk powder with soy, using 
50 f it  injection volume.

KOH. Let mixture saponify under reflux in water bath at 
70°C under stream of nitrogen for 30 min with constant 
stirring. Cool bulb in ice bath. Transfer saponified mixture 
to 250 mL separatory funnel. Rinse flask with two 10 mL 
portions of water, 10 mL ethanol, and two 25 mL portions 
of petroleum ether; add rinses to separatory funnel and shake. 
Drain lower layer into second separatory funnel and reextract 
with 4 additional 50 mL portions of petroleum ether. Pour 
petroleum ether extracts into 500 mL separatory funnel. Wash 
combined extracts with 50 mL of 5% (w/v) aqueous KOH 
solution. Draw olf KOH layer, reextract with 50 mL petro
leum ether, and add extract to previous combined extracts. 
Wash combined petroleum ether extracts with 50 mL por
tions of water until there is no reaction to phenolphthalein. 
Filter washed extract through anhydrous sodium sulfate layer 
to eliminate residual water. Collect extract in 500 mL round- 
bottom flask. Rinse separating funnel with petroleum ether. 
Add 1 mL of 0.1% BHT hexane. Evaporate to dryness under 
reduced pressure at 40°C. Cool flask in an ice bath. Add 3 
mL hexane and swirl flask to dissolve residue.

To purify cartridge, prewet silica cartridge attached to 5 
mL syringe with 2 mL hexane. Load exactly 2 mL sample 
extract into syringe barrel. Insert plunger and pump solution 
through cartridge. Remove interfering compounds by wash
ing with 3 mL of hexane-ethyl acetate (85 + 15 v/v). Elute

Table 1. Results of determination of vitamin D in fortified foods

Sample Declared Found (±SD)"

Homogenized skim milk 220 IU/500 mL 251 ± 4 4
Fortified milk powder 300 IU/100 g 310 ± 6 0
Fortified milk with soy 300 IU/100 g 292 ± 7.2
Chocolate drink powder 100-500 IU/40 g 325 ± 5 2
Sports diet food 100-400 IU/40 g 90 ± 6 7

a Each value represents the mean of 3 replicate determinations.

Figure 7. Chromatogram of chocolate powder obtained without 
cartridge purification step.

vitamin D with 5 mL hexane-ethyl acetate (80 + 20 v/v) 
into 10 mL conical flask. Evaporate to dryness under stream 
of nitrogen. Immediately add 500 fiL of 1% tetrahydrofuran 
in methanol (v/v), swirl flask, and proceed with LC analysis 
for vitamin D.

(b) Fortified infant milk powder.—(Values of vitamin D 
in fortified infant milk powder were about 300 IU (7.5 fig)/ 
100 g powder.) Dissolve 10 g fortified milk powder in 20 mL 
water at 45°C to obtain homogenized suspension. Perform 
saponification, extraction, and cartridge purification as de
scribed under procedure (a).

(c) Fortified infant milk powder containing cereals. — Weigh 
10 g sample into 250 mL round-bottom flask. Add 20 mL 
water at 45°C and 0.3 g takadiastase (from Aspergillus orizae, 
Serva Heidelberg, FRG) and incubate 1 h at 45°C. Perform 
saponification, extraction, cartridge purification, and liquid 
chromatography as described under procedure (a).

(d) Chocolate drink powder. —(Soluble chocolate drink 
powders are usually fortified with ca 200 IU [5 fig] vitamin 
D/40 g.) Dissolve 5 g powder in 20 mL water at 45°C. Proceed 
with saponification, extraction, and LC analysis as described 
above without cartridge purification step.

(e) Adult diet food. — (These are essentially sports diet foods 
with high levels of carbohydrates such as glucose and starch, 
and weight-reducing diet food with polysaccharides and fiber. 
They contain 100-200 IU (2.5-5 fig) vitamin D/40 g.) Weigh 
10 g sample into 250 mL round-bottom flask. Add 40 mL 
water at 45°C, 0.3 g takadiastase, and incubate 1 h at 45°C. 
Proceed with saponification, extraction, and LC analysis as 
described above, omitting cartridge purification step.

Results and Discussion
Vitamin D is identified on the chromatogram on the basis 

of its retention behavior and cochromatography with the
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Figure 8. Chromatogram of sports diet food, obtained without 
cartridge purification step, but using takadiastase to remove 

starch.

reference compound. It is quantitated on the basis of peak 
height, using an external standard. A linear response of UV 
detector was observed from 0.25 to 5 pg/mL (10-200 IU/ 
mL) of vitamin D at 265 nm. The limit of detection was 10 
ng.

Reconstituted unfortified nonfat skim milk was fortified 
with 400 IU (10 /̂ g) vitamin D/100 g product to determine 
recoveries after saponification, extraction, and cartridge pu
rification. Typical results were 394, 401, 369, 417, and 389 
IU/lOOg; recoveries were 98.5,100.3,92.3,104.3, and 97.3%. 
Mean recovery was 98%. Loss of vitamin D during the com
plete assay was negligible.

Figure 1 shows a chromatogram of the vitamin D 3 stan
dard. Figure 2 represents a chromatogram of an unfortified 
sample of reconstituted skim milk: the absence of interfering 
peaks for vitamin D3 is evident. Figure 3 shows a chro
matogram of skim milk fortified with 400 IU vitamin D/100 
g milk powder.

Results of vitamin D determination in homogenized skim 
milk, fortified milk powder, fortified milk powder with soy
bean, chocolate drink powder, and sports diet food are sum
marized in Table 1.

Figure 4 is a chromatogram of a fortified milk powder, and 
Figure 5 is the same product spiked with 400 IU vitamin 
D/100 g. Figure 6  shows a chromatogram of a milk powder 
fortified with soybean. Figure 7 is a chromatogram of a choc
olate powder obtained without a cartridge purification step. 
Finally, Figure 8  is a chromatogram of sports diet food also

obtained without a cartridge purification step but with taka
diastase treatment to remove starch.

Using this procedure over 1 year, we have analyzed 100 
samples containing vitamin D without changing the analyt
ical columns. The guard column has been changed once, 
when a high increase in pressure occurred. When back pres
sure occurred, the columns were reconditioned by injecting 
four times with 200 juL portions of DMSO at a flow rate of 
1 mL/min followed by water over a 30 min period, and then 
washing with methanol for 30 min. This procedure consid
erably extended column life. It has been found that resolution 
of vitamin D 3 and ¿//-a-tocopherol (vitamin E) with reverse- 
phase chromatography was superior when using spherical 
particles rather than irregular ones. The 5 jim ODS Hypersil 
was selected because of its even particle size distribution and 
its high carbon content. Recovery of vitamin D 3 following 
silica Sep-Pak cartridge purification was 98%. The major 
advantages of the silica Sep-Pak purification step are its sim
plicity and reproducibility, the disposability of cartridges, 
and the saving of time in column preparation and standard
ization. The cartridge removes most unsaponifiable sterols 
in milk powder remaining after saponification and increases 
reverse-phase column life. The residue was completely sol
uble in 1% tetrahydrofuran in methanol for LC analysis, thus 
avoiding losses of vitamin D.

One sample of fortified milk powder was analyzed by the 
rat bioassay, yielding 300 IU vitamin D3/ 100 g. The proposed 
procedure gave a vitamin D 3 content of 310 IU/100 g for 
the same sample. The method described above has been used 
to analyze more than 2 0 0  samples and is simple, rapid, and 
reliable for survey and routine analyses.
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Stabilization of Ascorbic Acid and Its Measurement by Liquid Chromatography in Nonfat 
Dry Milk
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The determination of ascorbic acid by liquid chromatography (LC) 
was improved by performing the analysis in the presence of solvents 
that had been purged with argon to reduce the concentration of oxy
gen. This methodological modification eliminated the oxidation of 
ascorbic acid during the chromatographic procedure and reduced the 
minimum detection level to 1 Mg- Solutions of ascorbic acid have been 
successfully stabilized for 67 days by addition of dithiothreitol to a 
deaerated solution of water-acetonitrile (25 + 75 v/v), sealed under 
argon in amber vials and stored at 20°C. In a second independent 
study, a procedure for the extraction of ascorbic acid from nonfat dry 
milk in a single step was developed. The ascorbic acid content of 
Nonfat Dry M ilk (SRM  1549) was determined by LC, using the 
method of standard additions. The mean ascorbic acid content was 
54 ±  5 pg/g of sample. Analysis of variance of the analytical results 
indicates that there is a significant continual increase in the content 
of the ascorbic acid in each bottle from first to last sample.

The accurate measurement of ascorbic acid has been limited 
by the inherent instability of this readily oxidizable, photo
sensitive material. Preparation of dilute standard solutions 
that are stable for long periods is difficult. Usually, standards 
are made daily in freshly prepared solutions containing meta- 
phosphoric acid. Antioxidants and chelating agents have also 
been used to stabilize ascorbic acid (1). A similar approach 
has been used in the development of methods to stabilize 
ascorbic acid in biological samples. Ascorbic acid is mea
sured in biological samples after protein precipitation either 
by forming a stable derivative that can be measured spec- 
trophotometrically (2 ) or by chromatographically separating 
the analyte and measuring it spectrophotometrically or elec- 
trochemically ( 1 ).

The objectives of this study were (a) the development of 
a procedure for preparation of a stable, dilute solution of 
ascorbic acid to be used as a reference material in an inter- 
laboratory proficiency testing study; (b) development of an 
extraction procedure that precipitates proteins and preserves 
the integrity of ascorbic acid; and (c) extraction and mea
surement of ascorbic acid in a nonfat dry milk sample which 
is an NBS Standard Reference Material (SRM) with certified 
concentrations of selected trace elements.

Experimental 
Reagents and Apparatus

(a) Ascorbic acid solutions. — Use with dithiothreitol (DTT) 
(Sigma Chemical Co., St. Louis, MO) in varying amounts.

(b) Acetonitrile.—LC grade, 1 mg/mL water-acetonitrile 
(1 + 3 v/v).

(c) Liquid chromatograph (method 1).— Varian Model 
5560, equipped with Model 402 data station (Varian Asso-
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ciates, Sunnyvale, CA). Column, Zorbax amine, 30 x 0.4 
cm (Du Pont Chemical Co., Wilmington, DE).

(d) Liquid chromatograph (method 2). — Described pre
viously (3). Column, ¿¿-Bondapak amine, 30 x 0.78 cm 
(Waters Associates, Milford, MA).

Evaluation of Stability of Ascorbic Acid Solutions for 
Use as Standards

Long-term stability studies on ascorbic acid solutions were 
performed on a Varian Model 5500 liquid chromatograph 
equipped with a Model 402 data system and a Model 200 
detector, using a modification of the method of Doner and 
Hicks (4). Ascorbic acid was chromatographed isocratically 
on the Zorbax amine column which was equilibrated with
0.005 mol/L KH,P04-acetonitrile (30 + 70 v/v). The solvent 
was purged with argon. Pressure on the solvent vessel was 
maintained at 0 . 2  psi above ambient, and the temperature 
was maintained at 30°C; the flow rate was 1 mL/min. As
corbic acid was detected at 268 nm. No additional reducing 
agents were used in this procedure.

Determination of Ascorbic Acid in Nonfat Dry Milk (SRM 
1549)

Ascorbic acid was determined in nonfat dry milk by a 
method independent of the one described in the previous 
paragraph. This measurement was performed on an instru
ment that we described previously (3) according to the meth
od of Doner and Hicks (4) with the following modifications: 
Ascorbic acid content of nonfat dry milk was determined 
isocratically on the ¿¿-Bondapak amine column equilibrated 
with 0.005 mol/L KH, PCX-acetonitrile (30 + 70) to which 
mercaptoethanol was added at a concentration of 0.125 mL/ 
L solvent. Temperature was 21°C and flow rate was 4 mL/ 
min. Ascorbic acid was detected at 268 nm.

Ascorbic acid concentration in nonfat dry milk was mea
sured by LC, using the standard additions method. Four 
samples were selected randomly from the samples prepared 
for SRM 1549, Nonfat Dry Milk. Each sample was analyzed 
on 2 separate days. The LC standard additions measurement 
was performed by adding 0, 53, 105, or 158 ascorbic acid 
to a 1 g sample of nonfat dry milk that had been dissolved 
in 2 mL distilled water containing 1 mg/mL of dithiothreitol 
(DTT) and stirred 30 s on a vortex mixer. A 4 mL portion 
of freshly prepared metaphosphoric acid ( 1 2 % w/v) was added 
and each sample was again stirred on a vortex mixer for 15 
s. Acetonitrile (2 mL) was then added, and each sample was 
stirred on a vortex mixer for 15 s, and then centrifuged at 
1000 x  g for 1 h. An aliquot of 40 /¿L was then evaluated 
by LC.

Results
The ability to measure ascorbic acid accurately depends 

on the development of extraction and analytical methods 
that do not permit its oxidation and photodecomposition. 
The photooxidation can be minimized by preparing and stor
ing the samples in amber vials or by covering clear vials with



MARGOLIS & BLACK: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 807

Time (min)
Figure 1. Chromatograms of ascorbic acid and dithiothreitol on 
Zorbax NH2 (method 1). Ascorbic acid and/or DTT was applied 
to column and eluted isocratically with argon-sparged solvent, 
acetonitrile-5 mmol/L KH2PO„ (70 + 30 v/v), temperature 30°C, 
flow rate 1 mL/min. A, ascorbic acid; B, dithiothreitol; C, mixture 

of ascorbic acid and dithiothreitol.

aluminum foil. The observation that DTT would reduce de- 
hydroascorbic acid (DHA) (5) suggested that it might be the 
reagent of choice for conversion of trace levels of DHA to 
ascorbic acid as well as inhibition of the oxidation of ascorbic 
acid in aqueous solutions. Since DTT absorbs UV light at 
268 nm as does ascorbic acid, it is essential that DTT be 
resolved from ascorbic acid. Figure 1 demonstrates that DTT 
elutes near the solvent front (retention time = 4.3 min) whereas 
ascorbic acid has a retention time of 12 min. Thus DTT does 
not interfere with the analysis of ascorbic acid by the method 
used in the studies described here.

Conditions that can affect the stability of ascorbic acid 
solutions have been evaluated, including solvent composi
tion, DTT concentration, temperature, and atmosphere in
side the ampule. Preservation of the integrity of the ascorbic 
acid was directly dependent on the presence of DTT. When 
samples were stored in vials that had not been flushed with 
argon, the ascorbic acid started to oxidize after the DTT was 
oxidized. In the presence of air, storage at — 20°C retarded 
the oxidation of DTT and ascorbic acid. When the ampules 
were flushed with argon, sealed, and stored at -  20°C, neither 
the DTT nor the ascorbic acid was oxidized for the duration 
of the experiment. Solvent composition was not critical.

A d d e d  A s c o r b ic  A c id  ( M 9 )

Figure 2. Chromatograms from determination of ascorbic acid 
by standard additions method. Samples were analyzed isocrat
ically with acetonitrile-5 mmol/L KH2P04 (70 + 30 v/v) containing 
mercaptoethanol 125 ftL/L of solvent; temperature 21 °C, flow rate 
3 mL/min. A-D, nonfat dry milk with added amounts of ascorbic

acid.

Therefore, water-acetonitrile (30 + 70 v/v) was chosen to 
minimize the magnitude of the solvent peak. Table 1 shows 
that ascorbic acid in a water-acetonitrile (30 + 70 v/v) so
lution stored at — 20°C and sealed in an amber vial under an 
argon atmosphere degrades very little over 67 days.

Ascorbic acid is not particularly stable on the column. The 
addition of mercaptoethanol to the solvent (method 2 ) par
tially prevented the decomposition of ascorbic acid, but the 
graph of peak height vs concentration in ¿tg/sample, ( Y = 
L02X -  12.14, r2 = 0.992, X  intercept = 12.57) does not 
pass through the origin, indicating that the protection was 
not complete; therefore, the ascorbic acid content was de
termined in nonfat dry milk by using the standard additions 
method. In subsequent studies (method 1) designed to de
velop a stable, standard reference solution of ascorbic acid, 
it became necessary to evaluate the conditions needed to 
completely stabilize ascorbic acid on the column. To achieve 
this, stabilization was evaluated after the purging of solvents 
with argon. When the solvents were thoroughly purged with 
argon, the graph of peak area vs concentration in ^g/raL (Y  = 
10.04A -  3.47, r2 = 0.998, X intercept = 0.34) passed closer 
to the origin than in the absence of solvent purging (Y  = 
7.39X -  15.74, r2 = 0.999, X intercept = 2.13), demonstrat
ing that solvent purging reduced most of the oxidation of

Table 1. Stability of ascorbic acid solutions

Soin

Concentration of ascorbic acid, //g/mL ± SD*

0 days 30 days 67 days

11 4.04 ± 0.21 3.64 3.88
12 8.09 ± 0.23 8.16 ND°
13 29.01 ± 0.14 29.29 27.52

•n = 10.
“ ND = not determined.
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Table 2. Concentration of ascorbic acid in nonfat dry milk

Sample

Day 1-1 5-1 9-1 12-2 1-1

Concentration of ascorbic acid, mg/g ncn-fat dry milk 
(correlation coefficient)

1 48.3 51.7 61.3 60.7 46.3
(0.999) (0.999) (0.996) (0.997) (0.998)

3 48.2 53.7 52.3 57.4
(0.999) (0.999) (0.992) (0.999)

Analysis of variance

DF SS MS
Between-sample variation 3 0.137 0.046
Within-sample variation 4 0.047 0.012
Total variation 7 0.185 0.023

ascorbic acid that occurred during the chromatographic pro
cedure.

The procedure for extracting ascorbic acid from nonfat dry 
milk was developed using the following rationale. Several 
authors (3, 5) had previously demonstrated that DTT effec
tively reduced dehydroascorbic acid to ascorbic acid and 
prevented the oxidation of ascorbic acid. The classical meth
od (2 ) for extracting ascorbic acid from foods utilized meta- 
phosphoric acid as the stabilizer for ascorbic acid and as a 
protein precipitant. To convert all of the dehydroascorbic 
acid to ascorbic acid and preserve the ascorbic acid, the milk 
powder was dissolved directly in 0.1% DTT. The proteins 
and other large molecules were precipitated with metaphos- 
phoric acid, and acetonitrile was added to improve the pre
cipitation and to minimize the precipitation of material on 
the top of the column when the extract came in contact with 
the chromatographic solvent. Examination of the various 
extraction procedures indicated that the time intervals be
tween the addition of each of the 3 extraction solvents was 
not critical. However, recovery of ascorbic acid was not com
plete at lower concentrations of metaphosphoric acid. Meta- 
phosphoric acid concentrations of 4 to 12% were equally 
effective in extracting ascorbic acid, and a concentration of 
6 % metaphosphoric acid was selected to ensure complete 
extraction. This procedure also permitted the entire extrac
tion to be accomplished in a single tube.

The ascorbic acid concentration in Nonfat Dry Milk SRM 
1549 was determined by the standard additions method. 
Chromatograms of a typical experiment are illustrated in 
Figure 2. The ascorbic acid had a retention time of 23.6 min. 
It was completely resolved from the other peaks and was the 
last peak to elute under the conditions of the analysis. Four 
randomly selected samples were analyzed on 2  separate days 
with the exception of sample 1 - 1  which was analyzed in 
duplicate on the first day, once at the beginning and once at 
the end of the experiment (Table 2). Mean concentration of 
ascorbic acid was 54 ± 5 ¿tg/g of sample (n = 8 ). Correlation 
coefficient (r2) for the linear regression analysis of the stan
dard addition data for the ascorbic acid determination for 
each nonfat dry milk sample was greater than 0.997 except 
for one determination which was 0.992. These results suggest 
that the regression curves generally fit a linear model well 
and that the variation in the concentration of ascorbic acid 
was due to the inhomogeneity between samples as well as 
some inhomogeneity in a single sample, especially sample
9-1. The value for sample 9-1, day 3, shows the greatest 
deviation from linearity, and some of this variation may be 
due to a less accurate determination of the intercept of the

second set of data for this sample. There was a decided trend 
toward higher values from sample 1 - 1  to 1 2 -2 , which reflects 
variation in concentration as a function of the sequence of 
the sample distribution into the bottles. This trend is con
firmed by the magnitude of the between-sample variance in 
the data summarized in the lower part of Table 2. This in
homogeneity is probably not the result of bias due to meth
odological error because the values for sample 1 - 1  at the 
beginning and at the end of the first day as well as on the 
second day vary much less than the sample-to-sample vari
ation on either day.

Discussion

Preparation of solutions of ascorbic acid that are stable for 
extended periods of time (i.e., several months) represents a 
significant step in our ability to distribute reference samples 
as dilute solutions. The critical parameters for obtaining this 
stability are the use of a mixture of acetonitrile and water, 
the addition of dithiothreitol, the use of amber glass vials, 
storage under argon in a sealed vial, and storage at — 20°C.

The need to measure the concentration of ascorbic acid 
accurately has also led to the development of methodology 
for the prevention of the degradation of the ascorbic acid 
during its residence time on the propylamine column. The 
critical parameters for achieving this level of stability are 
purging of the LC solvents with argon and addition of DTT 
to the sample during its preparation. The purging process 
removes the majority of the oxygen from the solvents, and 
DTT prevents oxidation of the ascorbic acid sample while 
it is in the sample vial awaiting analysis.

The ascorbic acid content of Nonfat Dry Milk (SRM 1549) 
was determined by use of the standard additions method to 
eliminate the need to consider the possibility of the slightest 
amount of oxidation of ascorbic acid during the analysis 
procedure. However, oxidative degradation followed by fur
ther chemical transformation (6 ) during the preparation and 
packaging steps is not ruled out. Since the ascorbic acid was 
added to the samples at the same time as the first solvent, 
the variations in the ascorbic acid content of the samples can 
be attributed to either inter- or intra-sample heterogeneity. 
Both types of variation were observed. In sample 9-1, intra
sample variation was large and there was a significant trend 
toward higher values from sample 1 -1 to 12-2. This variation 
was not due to a systematic error in the analysis. In support 
of this conclusion, the ascorbic acid was measured in sample
1 - 1  at the beginning and at the end of the first series of 
measurements. The similarity of the values for the 2 esti
mations of sample 1 - 1  indicates that this trend is not related 
to the order of sample analysis. These analytical results dem
onstrate the necessity of performing multiple analyses on a 
single sample and of assessing the content of a specific vi
tamin in samples that are taken at known intervals during 
the packaging process.

Finally, several samples from this same lot of nonfat dry 
milk were analyzed by Tanner et al. (7). The range of ascorbic 
acid content in this study was 43-55 ^g/g of nonfat dry milk. 
This range of ascorbic acid content, which was determined 
by a totally independent method, is consistent with our re
sults. In the absence of measurable systematic errors, these 
values represent the actual range of ascorbic acid concentra
tion in this SRM.
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DRUG RESIDUES IN A N IM A L  TISSUES

Liquid Chromatographic Determination of Depletion of Bithionol Sulfoxide and Its Two 
Major Metabolites in Bovine M ilk

D O M IN IQ U E M O U R O T, MICHELE D A G O R N , and B E R N A R D  DELEPINE
M in is tè r e  d e  l ’A g r icu ltu re , D ire c tio n  d e  la  Q u a lité , L a b o r a to ir e  N a tio n a l d e s  M é d ic a m e n ts  V étérin a ires , 
L a  H a u te -M a rc h e , J a ven é , 3 5 1 3 3  F ou gères, F ra n c e

A liquid chromatographie method is described for determining bi
thionol sulfoxide and its metabolites, bithionol and bithionol sulfone, 
in milk. Samples are treated with HC1 to precipitate proteins and to 
permit extraction of bithionol sulfoxide in nonionized form. Tetrahy- 
drofuran is added to the organic phase to facilitate extraction in 
diethyl ether; the dried residue is dissolved in chloroform, hexane, 
and sodium hydroxide and subjected to LC analysis. Residues of 
bithionol sulfoxide and its 2 metabolites were determined in milk of 
lactating cows. Holstein-Friesian dairy cows were administered a 
single oral dose of bithionol sulfoxide (50 mg/kg). Milk samples were 
analyzed with a reliable detection level of 0.025 i ig /m L  for each 
compound. Residues of bithionol sulfoxide and bithionol were de
tected during 30 and 16 milkings, respectively; bithionol sulfone was 
never present at detectable levels.

The anthelmintic bithionol sulfoxide [2,2'-sulfinyl-bis (4,6- 
dichlorophenol)] (Figure 1) is widely used in veterinary med
icine as a fasciolicide, especially in bovine species (1). The 
metabolic fate of this compound has been investigated in 
rats (2) and goats (3). Bithionol and bithionol sulfone (Figure
1) are metabolites of bithionol sulfoxide, occurring via re
duction and oxidation pathways, respectively. Plasma ki
netics in lactating cows has shown that bithionol sulfoxide 
is also converted to bithionol and bithionol sulfone. A meth
od was developed for determining bithionol sulfoxide and 
its metabolites (4) but was unsuitable for milk.

For this reason, a liquid chromatographic method was 
developed with a reliable detection level of 0.025 ppm in 
milk samples. Data on depletion of bithionol sulfoxide and 
its 2 metabolites in milk of treated lactating cows are also 
presented.

METHOD
A p p a ra tu s a n d  R eagen ts

(a) S h aker. — Rotary, capable of 35 rpm.
(b) L iq u id  ch rom atograph . — Varian Model 5060 gradient 

system equipped with 200 sample loop, Varian UV 100 
variable wavelength detector set at 303 nm, 10 cm x 4.6 
mm id column packed with 5 Lichrosorb RP-8, and Vista 
Model 402 computer (Varian) for quantitation. Use aceto- 
nitrile-0.2N sulfuric acid (55 + 45) as mobile phase at 1 
mL/min.

(c) Solven ts. — Acetonitrile, residue analysis grade; all oth
er chemicals, reagent grade (Merck, GFR).

(d) S ta n d a rd  so lu tio n s .— (7) S to c k  so lu tion s. — In 100 mL 
volumetric flasks, separately dissolve 15 mg bithionol sulf
oxide (Sanofi Santé Animale, Paris, France), bithionol (Vé- 
toquinol, Lure, France), and bithionol sulfone (IRCHA, Paris, 
France) in 0.5 mL 10N sodium hydroxide. Dilute to volume 
with water. Dilute aliquot of each stock solution with water 
togive(l + 1) intermediate solution. (2) W o rk in g  so lu tio n s— 
Further dilute intermediate solutions with water as needed.

R e c e iv e d  F e b r u a r y  2 4 , 1 9 8 6 . A c c e p te d  O c to b e r  2 6 , 1 9 8 6 .

E x tra c tio n  a n d  C leanup

Add 20 drops of 12N HC1 and 30 mL tetrahydrofuran to 
50 mL milk in 250 mL screw-cap centrifuge tube. Shake 
vigorously. Add 100 mL diethyl ether and agitate for 20 min 
on rotary shaker. Centrifuge 5 min at 1000 rpm. Pour aqueous 
phase into 150 mL beaker. Add 1 g Na2C 03 for drying and 
shake gently. Let settle (10 min) and transfer 65 mL extract 
to 100 mL round-bottom flask. Evaporate to dryness, under 
reduced pressure, in 40°C water bath.

Dissolve residue in 3 mL chloroform, 3 mL hexane, and
2.5 mL of 0.02N sodium hydroxide with 3 drops of phe- 
nolphthalein. Transfer mixture to 10 mL centrifuge tube and 
centrifuge 5 min at 5000 rpm. Inject 200 A -  supernatant 
liquid into chromatograph.

Cl OH HO Cl

B ith ionol su lfo x id e

Cl OH HO Cl

Cl OH HO Cl

Cl Cl

Bithionol
Figure 1. Structures of bithionol sulfoxide and its 2 metabolites.
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Table 1. Recoveries of bithionol sulfoxide and its metabolites from spiked milk samples

Amount added, ppm

% Ree., mean ± SD (n)

Bithionol sulfoxide Bithionol Bithionol sulfone

0.025 89.7 ± 1.3(4) 80.1 ± 3.7(4) 79.8 ± 3.2 (4)
0.05 83.1 ± 2.4 (8) 82.9 ± 1.9(8) 84.7 ± 3.9 (8)
0.1 99.9 ± 1.7 (4) 91.5 ± 1.9(4) 94.1 ± 4.6 (4)

Mean ree., % ± SD 90.9 ± 8.5 (16) 84.8 ± 5.9(16) 86.2 ± 7.3 (16)
y =  15.33 x -  103.73 y =  19.25 x -  170.90 y =  15.98 x -  154.55
r =  0.998 r -  0.999 r =  0.998

Results and Discussion
Bithionol sulfoxide appeared to be a dibasic acid com

pound. The 2 ionization constants (5) showed that, at the 
pH of the bovine milk (pH 6.5), bithionol sulfoxide was 
present in ionized forms. Treatment of milk with hydro
chloric acid was effective in precipitating proteins and in

R ecovery  E x p erim en t

Spike bovine milk with 0.025,0.05, and 0.1 ppm bithionol 
sulfoxide and its 2 metabolites. Proceed with extraction de
scribed above. Compare peak areas obtained with those of 
appropriate analytical standards.

B ovin e  T rea tm en t P ro to c o l

Four clinically healthy Holstein-Friesian cows received a 
single oral dose of 0.5 mL/kg ofNilzan FN (Rhône-Mérieux, 
France), a veterinary suspension containing 10% bithionol 
sulfoxide and 1.5% levamisole hydrochloride. Milk samples 
(100 mL) were taken before drug administration and then at 
every milking (9 am and 5 pm) for 15 days.

permitting extraction of bithionol sulfoxide by organic sol
vents as a nonionized form; tetrahydrofuran was added to 
the organic phase to facilitate extraction into diethyl ether.

To obtain the final sample in water, lipids were dissolved 
in hexane and chloroform, and bithionol sulfoxide was then 
reextracted into a small volume of 0.02N sodium hydroxide. 
Under these conditions, bithionol sulfoxide was converted 
to its dibasic form and easily recovered in the water phase.

Table 1 summarizes recoveries from spiked milk samples. 
Recoveries for bithionol sulfoxide were 83-100%, but re
coveries for its 2 metabolites were generally much lower. 
Mean recoveries were also calculated for use in the residue 
study. Detector response to the 3 compounds, based on peak 
area, is linear over concentrations of 0.025-0.1 ppm.

Figure 2 shows chromatograms of a blank and milk sam
ples spiked with 0.1 and 0.025 ppm each of the trial com
pounds. Bithionol sulfoxide and its 2 metabolites were well 
separated from a minor interfering peak (Figure 2A) eluting 
between bithionol and bithionol sulfone. The limit of detec
tion is about 0.01 ppm for bithionol sulfoxide and 0.02 ppm 
for bithionol and bithionol sulfone.

n

C

0 2 4 6 8 10 12 14

RETENTION T IM E  , min

Figure 2. Chromatograms of bithionol sulfoxide (2), bithionol (3), and bithionol sulfone (4) in milk extracts: A, milk extract blank (1 = 
unidentified peak); B, milk fortified with 0.1 ppm of each compound; and C, milk fortified with 0.025 ppm.
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Table 2. Bithionol sulfoxide residues in bovine milk after a sin-
gle oral dose of 0.5 mL/kg bithionol sulfoxide suspension

Time after 
treatment 

(h)

Residues, ppm

No. 4» No. 8 No. 13 No. 14 Mean ± SD

7, (8) 0.07 0.08 0.10 0.09 0.09 ± 0.01
T, (24) 0.10 0.25 0.23 0.21 0.20 ± 0.07
T, (32) 0.10 0.13 0.20 0.22 0.16 ± 0.06
T, (48) 0.06 0.13 0.13 014 0.12 ± 0.04
Ts (56) 0.08 0.13 0.17 0 19 0.14 ± 0.05
Te (72) 0.04 0.11 0.13 027 0.14 ± 0.10
T, (80) 0.05 0.08 0.10 0.15 0.10 ± 0.04
Ts (96) 0.05 0.08 0.10 0.14 0.09 ± 0.04
Ts (104) 0.06 0.11 0.08 0.14 0.10 ± 0.04
T,o (120) 0.06 0.14 0.07 0.10 0.09 ± 0.04
7„ (128) 0.04 0.05 0.06 0.10 0.06 ± 0.03
Ts (144) 0.04 0.07 0.06 0.10 0.07 ± 0.03
T, 3 (152) 0.04 0.06 0.08 0.09 0.07 ± 0.02
T, 4 (168) 0.03 0.07 0.05 0.09 0.06 ± 0.03
T  s (176) 0.05 0.06 0.06 0.08 0.06 ± 0.01
T  6 (192) 0.02 0.07 0.06 0.09 0.06 ± 0.03
t ,7 (200) 0.03 0.09 0.05 0.07 0.06 ± 0.03
T,s (216) 0.03 0.08 0.04 0.07 0.06 ± 0.02
T , (224) 0.03 ND 0.03 0.08 0.04 ± 0.03
7*20 (240) 0.04 0.07 0.04 0.07 0.06 ± 0.02
7*30 (248) ND" 0.03 ND 0.05 0.03 ± 0.01

Table 3. Bithionol residues in bovine milk after a single oral 
dose of 0.5 mL/kg bithionol sulfoxide suspension

Time after 
treatment 

(h)

Residues, ppm

No. 4s No. 8 No. 13 No. 14 Mean ± SD

T  (8) ND6 ND ND ND —

T2 (24) 0.20 0.20 0.31 0.26 0.24 ± 0.05
T3 (32) 0.19 0.38 0.35 0.43 0.34 ± 0.10
T, (48) 0.25 0.28 0.19 0.35 0.27 ± 0.07
Ts (56) 0.17 0.36 0.16 0.38 0.27 ± 0.12
Ts (72) 0.10 0.28 0.07 0.15 0.15 ± 0.09
T7 (80) 0.06 0.10 0.05 0.18 0.10 ± 0.06
Ts (96) 0.04 0.07 0.04 0.13 0.07 ± 0.04
Ts (104) 0.04 0.09 0.04 0.10 0.07 ± 0.03
r,„ (120) 0.03 0.08 0.03 0.09 0.06 ± 0.03
T„ (128) ND 0.05 ND 0.05 0.04 ± 0.01
Ts (144) ND 0.04 ND 0.04 0.03 ± 0.01
7,3 (154) 0.04 0.07 ND 0.07 0.05 ± 0.02
T „  (168) ND 0.04 ND 0.04 0.03 ± 0.01
T,s (176) ND ND ND ND —

7,6 (192) ND ND ND ND —

T „  (200) ND ND ND ND —

71ä (216) ND ND ND ND —

7,9 (224) ND ND ND ND —

Ts0 (240) ND ND ND ND —

T3o (248) ND ND ND ND —

■ Animal identification. 
5 <0.025 ppm.

■ Animal identification. 
" <0.025 ppm.

Tables 2 and 3 summarize results of residue analysis of 
treated lactating cows. For bithionol sulfoxide the highest 
concentration seen after 24 h (i.e., on the T 2 samples) was
0.2 ppm. Levels of bithionol were much higher (0.34 ppm) 
but were observed after 36 h. At 7 days after treatment, 
bithionol was undetectable; however, bithionol sulfoxide was 
present at significant levels until 10 days after treatment. No 
residues of bithionol sulfone were detected during the residue 
study. Excretion of bithionol sulfoxide in bovine milk ap
peared to be a minor route of elimination, probably because 
bithionol sulfoxide was bound to plasma protein to a high 
extent. In lactating cows (4), the plasma half life of bithi
onol sulfoxide calculated during the elimination phase was
173.38 ± 22.2 h (n = 5).

There are no published reports on quantitative depletion 
of bithionol sulfoxide in milk after oral administration to 
lactating cows. Our results show that, at therapeutic dosage, 
it may be necessary to discard milk for more than 15 days 
to ensure that it is free of detectable residues (<0.025 ppm) 
of the parent drug.

The sample cleanup procedure was selective enough to 
permit determination of bithionol sulfoxide and its 2 me
tabolites at low residue levels; recoveries from milk were 
consistently high for the 3 compounds.
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Spectrofluorometric Determination of BAY Vp 2674 Residues in Poultry Tissues

T. B I L L  W A G G O N E R
Mobay Corp., Animal Health Division, PO Box 390, Shawnee Mission, KS 66201 
M A L C O L M  C. B O W M A N
M. C. Bowman & Associates, SR-1, Box 311, Mount Ida, AR 71957

A spectrofluorometric (SPF) method is described for determ ination 
of residues of BAY Vp 2674 in chicken and turkey tissues. The drug 
is extracted from tissues with dichlorom ethane methanol. The or
ganic extract is concentrated to near dryness and cleaned up by a 
series of partitionings with n-hexane, then dichlorom ethane against 
pH  2 buffer and dichlorom ethane against pH  12 buffer. The drug is 
partitioned into dichlorom ethane from pH  7 buffer and concentrated 
to dryness. The residue is dissolved in pH  3.5 buffer for S P F  analysis 
a t 282 nm (excitation) and 445 nm (emission). Recoveries of BAY 
Vp 2674 added to chicken and turkey tissues a t levels of 0.05, 0.1, 
and 0.2 ppm range from 86 to 92% with a coefficient of variation of
3.4-10.1% . Detection lim it is 0.02 ppm. A liquid chrom atographic 
confirmatory procedure is also described, with ultraviolet and fluo
rescence detection.

BAY Vp 2674, (common name, enrofloxacin) 1-cyclopro
pyl - 7 -(4-ethyl -1 -piperazinyl) - 6-fluoro -1,4-dihydro - 4-oxo- 
nb3-quinolinecarboxylic acid, is a new derivative of
3-quinolinecarboxylic acids having a broad spectrum of anti- 
microbialactivity.ItsstructureisshowninFigurel .Tomonitor 
drugresidues,an analytical residue procedure wasdeveloped to 
determinelevelsofBAYVp2674inliver, muscle, andskinoftur- 
keys and chickens. Nalidixic acid, a 1,8-naphthyridine-
3-carboxylicacidwhichhasasimilarstructureandalsohasanti- 
microbialactivity,hasbeendeterminedinchickenmuscleandfat 
by a fluorescence method (1). Tissue methods have been de
scribed for other 3-quinolinecarboxylic acids for determining 
pefloxacininratsanddogs(2)andnorfloxacininhuman prostate 
andliver(3).Earlymethodsconsistedofextraction/partitioning 
ofthesamplewithchloroformormethylenechlorideandsubse- 
quent fluorescence measurements in acidic aqueous media (4). 
Analyticalmethodsforthisclassofdrugshavebeenreviewed(5). 
Recentmethodsincludeliquidchromatographic(LC)determi- 
nationofthefollowingdrugsinanimalbodyfluids:rosoxacin(6), 
miloxacin(7),norfloxacin(8,9),ciprofloxacin(10),andamiflox- 
acin(l 1).

The procedure reported here represents the first tissue 
monitoring method for a 3-quinolinecarboxylic acid residue 
in poultry. A simple cleanup of the initial extract by parti
tionings alone and subsequent direct measurement by fluo
rescence allow a rapid analysis. Further cleanup and mea
surement by LC with either ultraviolet (UV) or fluorescence 
detection provide versatility and specificity to the method.

METHOD
R eagen ts

Use distilled water and analytical LC grade chemicals and 
solvents unless otherwise specified.

(a) Solven ts. — Dichloromethane, methanol, and «-hexane 
(Fisher Scientific).

(b) P h o sp h a te  buffers. — Prepare 1M KH2P 04 stock solu
tion and adjust to pH 2.0 and 3.5 with orthophosphoric acid 
or to pH 7.0 and 10.0 with 5M NaOH. Dilute stock solutions
10-fold to 0.1 M as working solutions.

(c) T rie th y la m in e  (T E A ), H ,P O „  K H 2P 0 4, a n d  N a O H .— 
(Fisher Scientific.)

(d) B A Y  Vp 2 6 7 4  s ta n d a rd  so lu tion . — Prepare stock so
lution at 500 /xg/mL, using 50 mg BAY Vp 2674 (Mobay 
Corp., Animal Health Division, Lot no. R84-335-79, 99.2%
a.i.) in 100 mL CH2C12. M e th a n o l so lu tion . —Dilute 0.4 mL 
stock soluticn to 100 mL CH.OH. P h o sp h a te  buffer so lu 
t io n .— Evaporate 0.1 mL stock solution to dryness and re
dissolve residue in 100 mL of 0.1M phosphate buffer (pH
3.5). M o b ile  p h a se  w o rk in g  s ta n d a rd s .— Evaporate 0.1 mL 
stock solution and redissolve residue in mobile phase to give
0.25, 0.5, and 1.0 ¿xg/mL.

(e) “K e e p e r” so lu tion . — Prepare 5% solution of diethylene 
glycol in CH:CL (v/ v). Addition of several drops to sample 
solution pricr to evaporation minimizes loss of low levels of 
BAY Vp 2674.

A pp a ra tu s

(a) S pectroph o to flu orom eter.—Aminco-Bowman equipped 
with 1P21 phototube (American Instrument Co., Silver 
Spring, MD 20901).

All fluorescence measurements of BAY Vp 2674 were at 
282 nm (excitation) and 445 nm (emission) in 1 cm square 
cells (Figure 2). Maximum relative intensity (RI) from 0.5 
jUg/mL BAY Vp 2674 in 0.1M phosphate buffer occurs at 
pH 3.5 (Figure 3). A 0.1M buffer concentration was chosen 
because it provides good buffering capacity with maximum 
fluorescence intensity.

Measurements of RI at various levels of concentration 
showed a linear response from 0.001 to 1.0 /xg/mL in 0.1 M 
phosphate buffer at pH 3.5, but at increasing concentrations 
of BAY Vp 2674 RI decreased, Figure 4.

(b) L iq u id  c h ro m a to g ra p h . —Applied Chromatography 
Systems (State College, PA). Column: 4.6 mm x 25 cm, 
Supelcosil, 5 /xm LC-18 DB reverse phase (BelleFonte, PA). 
Detectors: UV detector (Applied Chromatography Systems), 
280 nm, range setting 0.03, and gain adjusted to give peak 
height of 60% full scale for 10 ng BAY Vp 2674; fluorescence 
detector, Model Mark I fluorometer (Farrand, Valhalla, NY), 
282 nm (excitation) and 445 nm (emission), equipped with 
10 juL flow cell. Fluorescence detector is operated in tandem 
with UV detector. Operating parameters: Mobile phase, ace- 
tonitrile-water-TEA (20 + 75 + 5) adjusted to pH 3.5 with 
orthophosphoric acid; pressure, 1500 psi; flow rate, 1 mL/ 
min; injection volume, 10 ¿xL. Under these conditions, re
tention time (tK) of BAY Vp 2674 is 5.6 min.

(c) C entrifuge. — IEC Model 5BR (International Equip
ment Co., Boston, MA).

(d) S o x h ie t ex trac tor. — 400 mm id (Fisher Scientific).

Received July 21. 1986. Accepted November 22, 1986. Figure 1. Structure of BAY Vp 2674.
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Figure 3. Effect of pH on relative intensity of 0.5 /jg/mL BAY Vp 
2674 in 0.1 M phosphate buffer (pH 2-12).

Figure 4. Effect of concentration on relative intensity of BAY 
Vp 2674 in 0.1 M phosphate buffer (pH 3.5).

(e) C u ltu re  tubes. — All culture tubes are borosilicate glass 
equipped with Teflon-lined screw caps.

(f) H y p o d e rm ic  syringes. — Fitted with cannulas. Use for 
transfers of all layers in cleanup stage.

Figure 5. Distribution of p-values of BAY Vp 2674 between di- 
chloromethane and phosphate buffer, pH 2-12.

Sample
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Concentrate 
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Cleanup

Figure 6. Flow scheme for extraction of BAY Vp 2674 from poul
try tissue.

F o rtifica tio n  o f  T issue S a m p les

To 20 g homogenized tissue, add 0.5, 1.0, and 2.0 mL of 
2 fig/mL methanolic solution of BAY Vp 2674 to give 50, 
100, or 200 parts per billion (ppb) in tissue. Let stand at 
room temperature 1 h prior to addition of extraction solvent.

C a lcu la tio n s

Standardize spectrophotofluorometer to give intensity 
reading of 5.0 with 0.5 u g /m L  quinine sulfate dihydrate in 
0.1N H2S04 at 350 nm (excitation) and 450 nm (emission). 
Then, determine maximum relative intensity (RI) for 0.1M 
pH 3.5 phosphate buffer (background) and 50, 100, and 200 
fig/mL solutions of BAY Vp 2674 in the same buffer from 
meter readings and the multiplier setting: RI = meter x
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Figure 7. Flow scheme for cleanup of extract of BAY Vp 2674 
from poultry tissue.

multiplier. Determine corrected RI by subtracting RI (back
ground) from uncorrected RI.

For determining corrected RI for all control and fortified 
tissue samples, set RI value at 2.00 for 100 ppb standard 
solution of BAY Vp 2674 in 0.1M pH 3.5 phosphate buffer.

Table 1. Spectrofluorometric analysis of chicken tissue fortified 
with BAY Vp 2674

Tissue

Recovered (X ± SE)*

Added, ppb ppb %

Liver control 9 ±  1 —

50 43 ± 3 86 ±  6
100 89 ± 5 88 ± 5
200 176 ± 12 88 ± 6

Muscle control 7 ±  2 —

50 44 ± 3 88 ± 6
100 89 ± 6 89 ± 6
200 178 ± 6 89 ± 3

Skin control 7 ± 1 —

50 43 ± 2 86 ± 4
100 89 ± 9 89 ± 9
200 185 ± 8 92 ± 4

•Triplicate samples.

Table 2. Spectrofluorometric analysis of turkey tissue fortified 
with BAY Vp 2674

Tissue

Recovered (X ± SE)*

Added, ppb ppb %

Liver control 5 ± 1 —

50 47 ±  3 93 ± 6
100 89 ± 8 89 ± 8
200 168 ± 8 84 ± 4

Muscle control 7 ± 1 —

50 43 ± 3 86 ± 6
100 90 ±  5 90 ± 5
200 182 ±  8 91 ±  4

Skin control 7 ±  1 —

50 45 ± 4 90 ± 8
100 82 ± 4 82 ± 4
200 179 ± 8 90 ± 4

•Triplicate samples.

Tissue controls (unfortified):

Corrected RI (control) = RI -  0.02 buffer (background)

Fortified tissues:

Corrected RI = RI — uncorrected RI (control)

„ .,  , corrected RI (sample)Residue, ppb = ---------- , - .-------——corrected RI (standard)

x  ppb (standard)

E x tra c tio n

Place 20 g finely chopped sample (ca 20 mesh or finer) into 
Soxhlet extractor containing glass wool plug to prevent si
phoning of sample particles into extraction flask. Extract 
sample 15 h with 130 mL dichloromethane-10% MeOH 
(v/v) at rate of 5 solvent exchanges/h. Let extract cool and 
examine it for presence of distinct aqueous layer. If none is 
present, filter extract through glass wool plug (ca 25 x 10 
mm thick), wash flask, and plug with 20 mL and then 10 
mL dichloromethane. Reserve combined filtrates in 250 mL 
boiling flask.

If distinct aqueous layer is present, add 1 mL of 1M pH 
7 buffer, mix contents well, and filter through glass wool plug 
into 250 mL separatory funnel. After layers separate, drain 
organic layer into 250 mL boiling flask, wash extraction flask 
and filter plug, and extract aqueous layer in a separatory 
funnel with additional 20 mL and then 10 mL dichloro
methane. Reserve combined extracts.

Table 3. Recovery of BAY Vp 2674 from chicken and turkey skin 
fortified at 50 ppb as determined by SPF and LC analysis*

Method of detection

Found, ppb Mean recovery, %

Chicken Turkey Chicken Turkey

SPF 43-49 43-46 89.5 88.5
LC-UV 47-49 46-49 97.6 95.8
LC-fluorescence 45-46 44-46 91.1 92.6

• Each value represents a mean of 4 separate determinations.

Carefully concentrate extracts to near dryness by distilla
tion under 3-ball Snyder column; remove distillation flask 
and Snyder column, wash column with 10 mL hexane, and 
again concentrate contents to near dryness. Reserve residue 
for cleanup.

C leanup

Transfer concentrated extract (containing 1 mL or less of 
hexane) to culture tube (150 mm x 25 mm; ca 53 mL ca
pacity) containing 10 mL of 0.1M pH 2 buffer by using three 
10 mL portions of hexane. Wash inner walls of flask with 10 
mL dichloromethane and gently warm and swirl contents to 
dissolve any additional residue. Transfer contents to second 
culture tube of the same size. Again wash flask with 10 mL 
dichloromethane and reserve combined washings (20 mL) 
for use in subsequent extraction. Shake hexane and pH 2 
buffer phases in first tube vigorously by hand for 2 min. 
Centrifuge and, using hypodermic syringe, remove and dis-
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Figure 8. LC fluorescence response to BAY Vp 2674 standard alone and in presence of chicken and turkey skin controls.

card hexane layer, taking care not to remove any aqueous 
layer. Extract aqueous layer with additional 10 mL portion 
of hexane. Centrifuge and again carefully remove hexane 
layer and discard it.

Add 20 mL dichloromethane washings reserved in second 
tube to buffer layer in first tube; shake contents vigorously 
1 min, centrifuge, and transfer organic layer back to second 
tube. Add 10 mL of 0 .1M pH 2 buffer to second tube, shake 
contents vigorously 1 min, centrifuge, and transfer aqueous 
layer to first tube (now contains 20 mL of pH 2 buffer); 
discard second tube and contents. Adjust aqueous phase to 
pH 12 by adding 1.7 mL of 5M sodium hydroxide. Add 20 
mL dichloromethane, shake vigorously 1 min, centrifuge, 
and transfer aqueous layer (20 mL) to larger culture tube (200 
mm x 25 mm; ca 73 mL capacity). Add 10 mL of 0.1M pH 
12 buffer to dichloromethane in first tube, shake contents 
vigorously 1 min, centrifuge, and transfer aqueous layer to 
larger tube (now contains 30 mL); discard first tube and 
contents. Add 0.6 mL of 30% H3P 04 tc aqueous layer (30 
mL) and measure pH to ensure that aqueous solution is

Table 4. Amount of coextractives and relative intensity (Rl) from 
untreated tissues of chickens and turkeys*

Tissue
Coextractives 

wt, g° Rlc

Apparent 
BAY Vp 2674, 

ppb

Chicken:
Liver 0.12 0.16 9 ± 1
Muscle 0.21 0.13 7 ± 2
Skin 4.64 0.14 7 ± 1

Turkey:
Liver 0.06 0.10 5 ± 1
Muscle 0.22 0.14 7 ± 1
Skin 6.01 0.13 7 ± 1

* Average mean ± SE for 4 replicate samples/tissue.
6 20 g sample size.
0 Rl = Rl (observed) -  0.02 (buffer background). Reading of 0.2 ng/mL BAY 
Vp 2674 standard = 2.00 Rl units.

exactly pH 7.0. Then add 30 mL dichloromethane. Shake 
contents vigorously 1 min and let layers separate (no cen
trifugation is required). Transfer organic layer to 100 mL 
boiling flask by filtering it through small glass wool plug. 
Extract aqueous layer with additional 15 mL portion of di
chloromethane in the same manner.

If entire dichloromethane extract (45 mL) is to be analyzed 
by spectrofluorometric (SPF) or LC analysis, add 1.0 mL 
keeper solution prior to concentrating sample to dryness. For 
simultaneous quantitation of BAY Vp 2674 by SPF and LC 
analysis, adjust combined dichloromethane extracts to 50 
mL in volumetric flask and then divide into two 25 mL 
aliquots. To one 25 mL aliquot add 0.5 mL keeper solution 
and concentrate to near dryness by distillation as described 
in extraction procedure. Then, evaporate residue completely 
to dryness by using vacuum and 50°C water bath. Add 5 mL 
of 0.1M pH 3.5 buffer to flask. Warm contents in 50°C water 
bath while swirling to dissolve residue; then, alternate flask 
between ultrasonic bath and vortex mixer for 2-3 15 s in
tervals to ensure complete dissolution of residue (contains 2 
g equivalent sample/mL). If solution is not optically clear, 
remove suspended particles by forcing solution through 0.45 
fim filtering cartridge using hypodermic syringe. Cover flask 
and, after contents have equilibrated to room temperature, 
quantify residues of BAY Vp 2674 by SPF analysis.

Add 0.5 mL keeper solution to other 25 mL aliquot, con
centrate to dryness, and dissolve residue in 1.0 mL mobile 
phase.

C o n firm a tio n  b y  L C  A n a lysis

Inject 10 y L  working standard and sample solution into 
liquid chromatograph, measure peak heights, and calculate 
concentration by the following formula:

BAY Vp 2674, ppb = R x V , x C » x  100/W

where R is ratio of sample to working standard peak heights; 
Vw = volume (mL) of working standard injected; Cw = con-
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Figure 9. Liquid chromatographic UV response to BAY Vp 2674 standard alone and in presence of chicken and turkey liver, muscle,
and skin controls.

centration (ng/fiL) of working standard; and W = total weight 
of sample extracted.

Results and Discussion
The sample extract and dichloromethane washings were 

combined and concentrated to near dryness. Hexane was 
then added before the final concentration step to help elim
inate the last traces of dichloromethane and methanol before 
cleanup.

Cleanup was accomplished by taking advantage of the par
titioning characteristics of BAY Vp 2674 between hexane or 
dichloromethane and various phosphate buffers at pH range
2-12. The best conditions favoring the organic phase were 
found by determining ^-values (12, 13) for BAY Vp 2674. 
A p-value, determined by distributing a solute between equal 
volumes of 2 immiscible phases, is defined as the fraction of 
the total solute partitioning into the upper phase. The /»-val
ues were calculated from absorbancy measurements at 282 
nm of a standard solution of 10 /ug drug/mL dichloromethane 
before and after shaking against an equivalent volume of
0.1M phosphate buffer. Results for dichloromethane are 
shown in Figure 5. Values from hexane and buffer over a pH
2-12 range were zero.

Flow schemes for extraction and cleanup procedures are 
given in Figures 6 and 7, respectively. Losses may occur at 
2 critical steps during the cleanup procedure. Transfer of 
BAY Vp 2674 to pH 2 buffer may be incomplete due to its 
insolubility in hexane and the low amount of coextractives 
present. Losses are minimized by washing the flask with 
dichloromethane. Unless complete equilibrium is estab

lished after partitioning hexane against pH 2 buffer, losses 
could occur when the hexane is discarded.

Recoveries of BAY Vp 2674 as determined by SPF analysis 
from fortified fiver, muscle, and skin of chickens and turkeys 
ranged from 82 to 93% (Tables 1 and 2, respectively). Re
coveries determined by LC analysis, as shown in Table 3, 
were comparable.

Incurred residues in skin from chickens and turkeys re
ceiving single oral doses of [14C] BAY Vp 2674 per day for 
7 consecutive days were analyzed by the LC procedure uti
lizing both UV and fluorescence detection. For samples col
lected 6 and 24 h after the last dose, residues of BAY Vp 
2674 from the LC procedure were in agreement with levels 
found by radioassay utilizing thin-layer chromatography.

The level of coextractives removed by the dichlorometh- 
ane-methanol Soxhlet extraction procedure from a 20 g sam
ple represented approximately 1 % or less for muscle and fiver 
and 23-30% for skin (Table 4). Maximum background levels 
were 7 ppb for muscle and skin and 9 ppb for fiver (Ta
ble 4). Lowest detection limit is approximately 0.02 ppm, 
based on twice the maximum background level for fiver.

Response of 50 ppb BAY Vp 2674 by LC analysis utilizing 
fluorescence detection is shown in Figure 8A. Essentially flat 
baselines were observed for skin controls from chicken and 
turkey (Figure 8B and C). Responses of 50 ppb BAY Vp 
2674, utilizing UV detection, are shown in Figure 9A for the 
drug alone and in C and F for chicken and turkey skin, 
respectively. For skin, muscle, and fiver of chicken and tur
key, response due to interferences at the retention time of 
BAY Vp 2674 was absent (Figure 9B, D-H).
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Poultry tissues may be monitored routinely by an SPF 
procedure. Levels of BAY Vp 2674 may then be confirmed 
by LC analysis utilizing UV and/or fluorescence detection.
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Liquid Chromatographic Method for Determining the Macrolide Antibiotic Sedecamycin and 
Its Major Metabolites in Swine Plasma and Tissues

J U N Y A  O K A D A  and S A D A O  K O N D O
T a k e d a  C h e m ic a l In d u s tr ie s , L td , A n im a l  H e a lth  P ro d u c ts  D iv is io n , 1 7 -8 5 , J u so h o n m a c h i 2 -c h o m e ,  
Y o d o g a w a -k u , O sa k a  5 3 2 , J a p a n

A  liqu id  ch ro m ato g rap h ic  (L C ) m ethod  w as developed to  determ ine  
sedecam ycin , a  17-m em bered m acro lide  a n tib io tic  used fo r trea tin g  
sw ine dysen tery , an d  its  m ajor m etabo lites (lan k ac id in  C , lan k acid - 
inol A, and  lan k acid in o l) in sw ine p lasm a  an d  tissues. P la sm a  is 
d irec tly  e x trac ted  w ith  e th y l ace ta te  an d  analyzed  by liquid  ch ro 
m ato g rap h y  w ithou t purification . T issues a re  hom ogenized in  a  phos
p h a te  buffer con ta in ing  sodium  ch loride, and  th en  ex tra c te d  w ith 
e th y l ace ta te . T h e  ex tra c ts  a re  sub jected  to  silica  g e l-F lo ris il, double
layered  colum n c h ro m ato g rap h y  to  rem ove endogenous in te rfe rin g  
substances . T h e  L C  d e te rm in a tio n  uses s ilica  gel an d  O D S -silica  as 
a  s ta tio n a ry  p hase . T h e  detection  lim its  fo r sedecam ycin  an d  its  
m etabo lites  w ere < 0 .0 5  ppm , an d  average  recoveries an d  coefficients 
o f varia tio n  (0 .2 -1  ppm  ran g e) were > 7 5 %  an d  < 1 0 % , respectively .

Sedecamycin (lankacidin A) is derived enzymatically from 
lankacidin C, a 17-membered macrolide antibiotic produced 
by Streptomyces rochei var. volubilis (1, 2). The antibiotic, 
antibacterially active against Gram-positive organisms (3), 
is preeminently effective against Treponema hyodysenteriae
(4), the pathogenic organism for swine dysentery (4, 5). In 
Japan, sedecamycin, at a concentration of25-75 ppm in feed, 
was approved in June 1985 for treating swine dysentery.

As is the case with macrolide antibiotics in general, se
decamycin is extensively metabolized by swine to approxi
mately 20 metabolites (S. Kondo & J. Okada, unpublished 
data). Three of these metabolites, lankacidin C, lankacidinol 
A, and lankacidinol, are active against T. hyodysenteriae, the 
remainder have hardly any antibacterial properties (T. Ya- 
mazaki et al., Takeda Chemical Industries, unpublished data). 
The present report deals with a method to determine sede
camycin and its 3 major metabolites in swine plasma and 
tissues with cleanup on a silica gel-Florisil, double-layered 
column followed by liquid chromatography (LC). * 17
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METHOD
Reagents

All reagents are reagent grade unless otherwise stated. Water 
is deionized and distilled.

(a) Solvents for LC.— «-Hexane, isopropanol, and aceto
nitrile (LC grade, Wako Pure Chemical Industries, Ltd, Osaka, 
Japan).

(b) Standards.— Sedecamycin (purity 99.2%), lankacidin 
C (purity 99.7%), lankacidinol A (purity 94.2%), and lan
kacidinol (purity 93.1%) (Figure 1).

(c) Standard solutions.— Store in cold, dark place when 
not in use. (1) Stock solutions. —100 pg/mL. Dissolve sedeca
mycin, lankacidin C, and lankacidinol A in ethyl acetate, and 
lankacidinol in methanol. (2) Working solution 7.—0.5, 2, 
and 10 jig/mL of each standard. Dilute each stock solution 
with ethyl acetate or methanol (for recovery studies). (3) 
Working solution 2 .— 0.25, 0.5, 1, and 2 pgj mL. Combine 
aliquots of working solution 1 of each compound, evaporate, 
and dissolve with ethyl acetate as appropriate for normal 
phase LC. Evaporate aliquots of sedecamycin working so
lution 1 and dissolve with acetonitrile for reverse phase LC.

(d) Silica gel.— Silica gel 60, 70-230 mesh (E. Merck, 
Darmstadt, FRG). Activate 6  h at 130°C.

(e) Florisil. —100-200 mesh (Floridin Co., obtained from 
Wako Pure Chemical Industries). Activate 6  h at 130°C.

(f) 0.1M Phosphate buffer containing sodium chloride for 
extraction (pH 4.5). — Dissolve 13.6 g KH2P 0 4 and 100 g 
NaCl in 1 L water. Adjust to pH 4.5 with KOH or phosphoric 
acid.

(g) Mobile phase.—(A) n-Hexane-isopropanol (80 + 20);
(B) n-hexane-isopropanol-acetic acid (75 + 25 + 0.2) for 
normal phase LC; (C) 0.01M phosphate buffer (pH 8.2)- 
acetonitrile (60 + 40) for reverse phase LC. Dissolve 1.32 g 
Na2H P0 4 and 0.091 g K H ,P0 4 in 1 L water. Adjust to pH
8.2 with NaOH or phosphoric acid and filter through 0.55
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O H

Sedecamycin : R=CH3CO 
( L a n k a c i d i n  A  )

L a n k a c i d i n  C  : R = H

O H

L a n k a c i d i n o l  A  ; R = C H 3 C O  

L a n k a c i d i n o l  : R = H

Figure 1. Chemical structures of sedecamycin and its 
metabolites.

pm glass microfiber filter (Type SM 13400) over 0.45 pm 
membrane filter (Type SM 11306, Sartorius GmbH, Goet
tingen, FRG). Add acetonitrile to buffer solution.

Apparatus
(a) Liquid chromatograph. — Model 6000A pump and 

Model U 6 K injector (Waters Associates, Milford, MA 01757) 
connected with Model SPD-2A variable wavelength ultra
violet detector (Shimadzu Seisakusho Ltd, Kyoto, Japan).

(b) Analytical columns.—(A) Stainless steel, 3.9 mm id x 
30 cm, containing /uPorasil, 10 ¿tin particle size, and equipped 
with guard column, 3.9 mm id x 2.5 cm, packed with Porasil.
(B) Stainless steel, 3.9 mm id x 30 cm, containing ¿¿Bondapak 
C18, 10 Mm particle size, and equipped with guard column 
packed with Bondapak C18/Corasil (Waters Associates).

(c) High-speed homogenizer. —Ultra-Turrax TP 18/2 
(Janke & Kunkel GmbH, Staufen, FRG).

(d) Centrifuge.— Model05P-2(HitachiKokiCo.,Ltd,To
kyo, Japan).

(e) Ultrasonic generator. — Sono Cleaner MINI (Kaijo 
Denki Co., Ltd, Tokyo, Japan).

(f) Chromatographic column.— Glass column with fritted 
glass disc (pore size 1 0 0 - 1 2 0  nm, 60-80 mesh) and stopcock,
1.1 cm id x 25 cm length.

Extraction
Plasma.— Place 5 mL plasma in 25 mL glass centrifuge 

tube. Add 10 mL ethyl acetate and blend 20 s at maximum 
speed with Ultra-Turrax homogenizer at room temperature. 
Centrifuge 5 min at 3000 rpm and collect organic layer. Ex
tract aqueous layer twice with 10 mL portions of ethyl ace
tate. Evaporate combined extracts to dryness by rotary evap
oration and dissolve with 1 mL ethyl acetate for LC 
determination.

Tissue. — Weigh 10 g chopped tissue into 50 mL glass cen
trifuge tube and homogenize 30 s with 10 mL 0.1M phos
phate buffer (pH 4.5) containing 10% NaCl in ice bath. Add 
15 mL ethyl acetate and blend 20 s with homogenizer at 
room temperature. Centrifuge 5 min at 3000 rpm and collect 
organic layer. Extract aqueous layer twice with 10 mL por
tions of ethyl acetate. Evaporate combined extract to dryness 
and dissolve residue with ca 5 mL dichloromethane, using 
ultrasonic generator for cleanup procedure.

Column Cleanup for Tissue Extract
Suspend silica gel and Florisil in dichloromethane in sep

arate flasks. Prepare cleanup column by wet-packing 3 cm 
silica gel at the bottom and 1.5 cm Florisil in the middle, 
and placing 2 cm Na2S0 4 on the top. Apply dichloromethane 
solution to silica gel-Florisil column. Wash column with 75 
mL dichloromethane-ethyl acetate (90 + 10) and elute with 
ethyl acetate-acetone (80 + 20). Accurately collect 20 mL

Table 1. Partition coefficients of sedecamycin and its metab
olites between organic solvents and water

Compound

Organic solvent

n-Hexane Chloroform Ethyl acetate n-Octanol

Sedecamycin 0.033 >400 >400 120
Lankacidin C 0.006 33.6 17.0 6.22
Lankacidinol A 0.016 28.9 47.5 17.3
Lankacidinol < 0.002 0.20 1.21 1.40

and then 30 mL eluates, separately. Evaporate an aliquot of 
the first eluate to dryness and dissolve residue with 1 mL 
ethyl acetate per g tissue to quantitate sedecamycin, lanka
cidin C, and lankacidinol A. Combine aliquots of first and 
second eluates, evaporate to dryness, and dissolve residue 
with 1 mL ethyl acetate per g tissue to quantitate lankacid
inol.

Chromatographic Determination
Run LC analysis under conditions described below. De

termine sedecamycin, lankacidin C, and lankacidinol A un
der condition A, and lankacidinol under condition B. Use 
condition C only when identification of sedecamycin in a 
kidney sample is ambiguous because of interfering sub
stances. Evaporate aliquot of sample solution of kidney to 
dryness and dissolve with acetonitrile.

Monitor at 227 nm with detection sensitivity of 0.02 AUFS 
and quantitate each compound by comparing its peak height 
with calibration curve obtained from peak heights of working 
solution 2 .

Condition A: column A; mobile phase A; flow rate 1.5 mL/ 
min; column pressure 600-1000 psi; injection volume 2 0  pL.

Condition B: column A; mobile phase B; flow rate 1.5 mL/ 
min; column pressure 700-1000 psi; injection volume 40 pL.

Condition C: column B; mobile phase C; flow rate 1.0 mL/ 
min; column pressure 700-1000 psi; injection volume 20 pL.

Recovery Studies
Add appropriate aliquots of working solution 1 to centri

fuge tube and evaporate under stream of nitrogen. Add to 
tube plasma and tissues obtained from pigs fed unmedicated 
feed (hereafter referred to as control sample) and mix using 
vortex mixer. Determine compounds added by method de
scribed above.

Results and Discussion
Extraction

Table 1 shows the partition coefficients of sedecamycin 
and its metabolites (hereafter referred to as the compounds, 
collectively) between organic solvents and water. The coef
ficients indicate that these compounds have different solvent 
extractabilities. Three methods were tried to extract the com
pounds simultaneously from the tissues with organic sol
vents. Method 1 (Table 2)—in which the tissues were de- 
proteinized by homogenizing them with such hydrophilic 
solvents as alcohols, saturated sodium chloride solution was 
added to the homogenate, and then the mixture was extracted 
with less polar solvents—gave unsatisfactory recoveries be
cause the compounds were partitioned too much into the 
aqueous layer because of the alcohols. In Method 2, or the 
adopted method, the tissues, without deproteinizing, were 
homogenized in a buffer and extracted with hydrophobic 
solvents. This method gave excellent recoveries only when 
the samples were extracted with ethyl acetate.

The addition of sodium chloride to the buffer improved
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Figure 2. Liquid chromatograms of standards and control swine 
tissue extract, a, mixture of standards; b, control swine liver 
extract before column cleanup. 1, sedecamycin; 2, lankacidinol 
A; 3, lankacidin C; 4, lankacidinol; 5, substance I; 6, substance 
II; 7, substance III. Conditions: column jiPorasil; mobile phase 

n-hexane-isopropanol-acetic acid (75 + 25 + 0.2).

the separation of the phases and increased the recoveries of 
lankacidin C and lankacidinol. In view of the stability of the 
compounds in aqueous solution (3), a phosphate buffer of 
pH 4.5 was selected. It appears that no significant differences 
were obtained in recoveries between pH 4.5 and 6.0.

Ice-cooled homogenization was used because of the sta
bility of the compounds. However, the aqueous homogenate 
was extracted with ethyl acetate at room temperature to im
prove recoveries. Direct extraction with a hydrophobic sol
vent was unsuccessful because the tissues could not be thor
oughly crushed in the solvent and consequently low recoveries 
were obtained (data not shown).

The direct extraction of a fat sample with methanol (Meth
od 3) gave fairly good recoveries; however, Method 2 was 
also utilized for fat extraction because less of the interfering 
substances appeared on the chromatogram obtained by this 
method.

l
(° )

I____I_____ 1____ !_____ I_____I
0 4 8 12 16 20

Time( min)
Figure 3. Liquid chromatograms of eluates from silica gel col
umn (1.1 x 4.5 cm) of control liver extract, a, first 20 mL eluate; 
b, second 30 mL eluate. 1, substance I; 2, substance il; 3, sub

stance III. LC conditions same as Figure 2.

Direct extraction of a plasma specimen with ethyl acetate 
gave excellent recoveries (see later discussion).

Cleanup o f Extract
The control tissue extracts contained at least 3 kinds of 

endogenous interfering substances (Figure 2b). The first 
(hereafter referred to as substance I) consisted of nonpolar 
substances eluting between the solvent front and sedeca
mycin in the normal phase LC. The second (substance II) 
was moderately polar, eluting around lankacidin C and lan
kacidinol. The last (substance III) was strongly polar and 
eluted long after lankacidinol. Tissue extracts containing these 
substances were subjected to chromatographic cleanup.

An ethyl acetate extract of control tissue only or tissue 
spiked with the compounds was obtained as described under 
Extraction. The extract was evaporated to dryness, dissolved 
with dichloromethane, and applied to a column with silica

Table 2. Extraction efficiency of variable solvent systems’

Method Tissue

Solvent Recovery, %

1 st 2nd Sedecamycin Lankacidin C Lankacidinol A Lankacidinol

1 6 Kidney MeOH AcOEt 76 72 71 68
MeOH CH2CI2 70 86 NAC 41
MeOH MIBK" NA 57 74 70
EtOH AcOEt 60 70 86 58

2 Kidney NaCI-buffer' (pH 4.5) AcOEt 90 90 85 82
NaCI-buffer (pH 6.0) AcOEt 92 87 88 80
Buffer' (pH 4.5) AcOEt 86 74 86 68
Buffer (pH 6.0) AcOEt 80 68 88 62
NaCI-buffer (pH 4.5) CH2CI2 4 13 14 0
NaCI-buffer (pH 6.0) CHCI3 7 14 25 9
NaCI-buffer (pH 4.5) MIBK 55 33 73 85
NaCI-buffer (pH 4.5) 0-BuOH 77 75 70 74

Fat NaCI-buffer (pH 4.5) AcOEt 88 88 75 78
3 Fat MeOH none 72 74 84 76

• Control tissue (10 g) was spiked with 10 fig each of sedecamycin and its 3 metabolites.
0 Saturated sodium chloride solution was added to the tissue extract of the first solvent before extraction with the second solvent. 
c Not assayed.
0 Methyl isobutyl ketone.
* 0.1 M phosphate buffer containing 10% NaCI.
' 0.1 M phosphate buffer.
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Figure 4. Liquid chromatograms of eluates from Florisil column 
(1.1 x  4.5 cm) of control liver extract, a, first 20 mL eluate; b, 
second 30 mL eluate. See Figure 3 for peak identification. LC 

conditions same as Figure 2.

Figure 5. Liquid chromatograms of eluates from silica gel (3 
cm, lower) plus Florisil (1.5 cm, upper) column of control liver 
extract, a, first 20 mL eluate; b, second 30 mL eluate. See Figure 

3 for peak identification. LC conditions same as Figure 2.

gel or Florisil alone, or with combinations of each. The col
umn was washed with 75 mL dichloromethane-ethyl acetate 
(90 + 10), and the compounds were eluted with ethyl acetate- 
acetone (80 + 20). The first 20 mL and the subsequent 30 
mL of the eluate were collected separately, and each fraction 
was injected into the LC apparatus after being evaporated 
and reconstituted with ethyl acetate.

The silica gel column eliminated substances I and III from 
the first 20 mL eluate, recovering most of the sedecamycin, 
lankacidin C, and lankacidinol A in this eluate and lanka- 
cidinol in the whole (first + second) eluate. However, it failed 
to remove substance II, and thus it was difficult to determine 
lankacidin C (Figure 3 and Table 3).

On the other hand, the Florisil column eliminated sub
stances I and II, but it did not remove substance III. Fur
thermore, recoveries of lankacidinol A and lankacidinol from 
the column were low when more than 2 cm of Florisil was 
used (Figure 4 and Table 3).

The double-layered column of silica gel (3 cm, lower) and 
Florisil (1.5 cm, upper), which combined the different prop

erties of the 2  adsorbents, resulted in a satisfactory cleanup. 
First, substance I was removed by the washing process. Sec
ond, sedecamycin, lankacidin C, and lankacidinol A were 
mostly recovered in the first eluate, leaving substances II and 
III on the column. Third, some lankacidinol was recovered 
in the first eluate, but most of it was recovered in the second 
together with some portions of substances II and III that 
could be separated from lankacidinol by liquid chromatog
raphy (Figure 5 and Table 3).

Another double-layered column with 1 cm Florisil in the 
upper layer did not remove substance II sufficiently from the 
first eluate. Neither did the reverse double-layered column 
(3 cm silica gel, upper and 1.5 cm Florisil, lower) (data not 
shown).

As shown in Table 3, lankacidinol A, which had a fairly 
strong affinity for Florisil, was poorly recovered from the 
double-layered column in the first eluate when only a stan
dard solution was applied to the column. However, when it 
was applied together with the tissue extracts, more than 70% 
of the compound was recovered in the first eluate. On the

Table 3. Recovery of sedecamycin and its metabolites from columns

Column packing, cm Recovery,0 %

Florisil Silica gel Tissue Eluate* Sedecamycin Lankacidin C Lankacidinol A Lankacidinol

0 4.5 none 1 99 104 78 31
2 3 0 22 72

1.5 3.0 none 1 82 87 38 24
(Upper) (Lower) 2 7 9 40 66

liver 1 90 91 81 82»
2 NA* NA NA

kidney 1 88 92 74 71»
2 NA NA NA

muscle 1 90 89 73 67»
2 NA NA NA

fat 1 88 88 75 78»
2 NA NA NA

4.5 0 none 1 67 90 8 0
2 10 6 62 52

* 1, first 20 mL; 2, second 30 mL.
0 Neither sedecamycin nor its metabolites were found in the dichloromethane-ethyl acetate washing. 
0 Not assayed.
0 The first and second eluates were combined to determine.
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Figure 6. Liquid chromatogram of sedecamycin, lankacidin C, 
and lankacidinol A recovered from swine liver. 1, substance I; 
2, sedecamycin; 3, lankacidinol A; 4, lankacidin C. Conditions: 
column fzPorasil; mobile phase n-hexane-isopropanol (80 + 20).

0 4 8 12 16 20 0 4 8 12 16 20
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Figure 7. Liquid chromatograms of combined eluate from silica 
gel-Florisil column of swine liver extract spiked with a mixture 
of standards. 1, substance I; 2, lankacidinol A; 3, lankacidin C; 
4, substance II; 5, lankacidinol; 6, substance III. Column MPorasil; 
mobile phase a, n-hexane-isopropanol (75 + 25); b, n-hexane- 
isopropanol-acetic acid (75 + 25 + 0.2); c, n-hexane-isopro
panol (70 + 30); d, n-hexane-isopropanol-acetic acid (70 + 

30 + 0.2).

Figure 8. Liquid chromatograms of control swine kidney extract 
after silica gel-Florisil column cleanup. Conditions: a, column 
MPorasil; mobile phase n-hexane-isopropanol-acetic acid (75 + 
25 + 0.2); b, column «¿Bondapak Cia; mobile phase 0.01 M phos
phate buffer (pH 8.2)-acetonitrile (60 + 40). Arrow indicates elu

tion position of sedecamycin.

other hand, the recoveries of the other compounds were hard
ly affected by the existence of the tissue extracts.

It should be specially noted that satisfactory cleanups were 
achieved by delicate combinations of the sequence and depth 
of the layers of silica gel and Florisil and of solvents for 
washing and eluting.

The plasma extract contained nonpolar substances, but it 
did not require any purification.

LC Conditions
Sedecamycin, lankacidin C, and lankacidinol A could be 

determined on the first eluate by using mobile phase A in 
the normal phase LC analysis with no interference from the 
endogenous substances (Figure 6 ). On the other hand, the 
first and second eluates had to be combined and used to 
recover lankacidinol at a rate higher than 70%. Several sol
vent systems were investigated to adequately separate lan
kacidinol from substance II and minimize the elution time 
for substance III (Figure 7). Although n-hexane-isopropanol 
(70 + 30) did not separate lankacidinol from substance II, 
changing the solvent ratio to 75 + 25 improved the sepa
rability somewhat. The addition of acetic acid to the latter 
mobile phase improved the separability to an acceptable level. 
Eventually, mobile phase B was selected to determine lan
kacidinol.

Sedecamycin and its 3 metabolites, which have strong ab
sorption maxima around 227 nm, were detected with 2.5 to 
3 times greater sensitivity at 227 nm rather than the com
monly used 254 nm.

Normal phase liquid chromatography identified and quan
titated the compounds in all the tissues except kidney. The 
kidney extract, despite purification on the silica gel-Florisil 
column, occasionally exhibited some minor peaks close to 
the peak of sedecamycin (Figure 8 a), making the identifica
tion and quantification of sedecamycin ambiguous. Even
tually, reverse phase LC was adopted to assay sedecamycin 
in kidney when the results were ambiguous in the normal 
phase LC. The chromatographic conditions clearly distin
guished sedecamycin from endogenous substances in the kid
ney (Figure 8 b).
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Table 4. Recovery of sedecamycin and its metabolites added to swine plasma and tissues

Sample Added, ppm N

Recovery (mean ± SD), %

Sedecamycin Lankacidin C Lankacidinol A Lankacidinol

Plasma 1.0* 4 87.2 ± 0.5 94.2 ± 1.2 97.1 ± 5.6 99.6 ± 5.5
0.2* 4 91.2 ± 8.7 96.0 ± 2.8 95.2 ± 2.1 101.9 ± 9.0
0.05* 2 79.0 ± 2.5 91.7 ± 0.7 92.9 ± 0.7 95.0 ± 4.2

Plasma av. 0.2-1.0* 8 89.2 ± 6.12 95.1 ± 2.23 96.2 ±  4.03 100.7 ± 6.97

Liver 1.0 4 92.5 ± 1.3 92.0 ± 3.4 87.5 ± 3.8 81.8 ± 7.6
0.2 5 89.6 ± 7.2 81.4 ± 8.5 84.4 ± 7.0 78.4 ± 6.5
0.05 3 85.0 ±11.5 85.6 ± 5.1 75.3 ± 4.5 86.7 ±11.2

Kidney 1.0 4 87.2 ± 5.0 88.8 ± 3.0 85.5 ± 3.9 79.2 ± 5.5
0.2 4 88.2 ± 3.5 89.8 ± 3.0 80.2 ± 5.5 75.0 ± 8.3
0.05 2 76.5 ± 16.3 84.0 ± 6.1 68.5 ± 12.0 82.0 ± 5.7

Muscle 1.0 5 95.0 ± 1.7 91.4 ± 5.5 88.6 ± 5.2 74.4 ± 5.5
0.2 4 88.2 ± 1.5 85.0 ± 2.7 77.8 ±  3.2 71.8 ± 4.9
0.05 2 84.0 ± 12.7 86.0 ± 2.8 69.0 ±  2.8 78.5 ± 13.4

Fat 1.0 4 82.8 ± 3.9 80.2 ± 4.1 79.5 ± 5.1 73.2 ± 7.1
0.2 4 85.5 ± 4.8 80.5 ± 7.6 74.8 ± 4.0 71.5 ± 5.4
0.05 3 82.3 ± 13.6 78.0 ± 8.2 75.7 ± 15.9 78.0 ± 4.4

Tissue av. 0.2-1.0 34 88.9 ± 5.24 86.2 ± 6.70 82.5 ± 6.45 75.7 ± 6.68

* *ig per mL.

Table 5. Regression analysis on the linear relation between se
decamycin and its metabolites added and their peak heights9

Sedeca- Lanka- Lanka- Lanka-
Statistic mycin cldin C cidinol A cidinol

None added

N 27 27 27 27
Range: max, mm 3.0 1.0 1.0 0.7

min, mm 0.0 0.0 0.0 0.0
Mean (X„), mm 0.49 0.16 0.13 0.10
SD (S„), mm 0.86 0.44 0.30 0.22
Mean + 3 S„ (XJ, mm 3.07 1.47 1.02 0.75
CL eq. to XL, ppm* 0.014 0.019 0.015 0.016

0.05 ppm added

N 12 12 12 12
Range: max, mm 12.8 4.4 5.8 3.0

min, mm 8.0 2.8 2.8 1.8
Mean, mm 9.23 3.43 4.16 2.46
SD, mm 1.50 0.64 0.99 0.37

0.2 ppm added

N 21 21 21 21
Range: max, mm 48.3 18.7 23.0 14.0

min, mm 29.9 11.5 14.0 6.3
Mean, mm 37.48 15.03 17.63 9.41
SD, mm 4.02 2.05 2.38 2.15

1.0 ppm added

N 21 21 21 21
Range: max, mm 203.9 86.9 118.3 69.0

min, mm 166.4 64.2 78.7 32.3
Mean, mm 185.11 75.20 93.48 48.29
SD, mm 9.60 7.61 11.26 12.38

Slope 184.72 75.18 93.71 48.26
SD 1.43 1.08 1.58 1.35
Intercept (a), mm 0.40 0.01 -0.38 - 0.01
SD (S„), mm 0.74 0.56 0.82 0.70
a + 3 S, (X J ,  mm 2.62 1.69 2.08 2.09
C,a eq. to XLa, ppm* 0.012 0.022 0.026 0.044
Correlation coefficient 0.9976 0.9920 0.9890 0.9537

* Peak heights of sedecamycin obtained by reverse phase LC were omitted. 
» Calculated using slopes and intercepts.

Recoveries and Detection Limits
Table 4 summarizes the recovery studies on plasma, liver, 

kidney, muscle, and fat spiked with sedecamycin and its 
metabolites at 0.05-1.0 ppm. Because the peak heights of the

samples spiked with the compounds at 0.05 ppm, close to 
the detection limits described below, were under 1 0  mm and 
far from quantitative, these data were omitted from the cal
culation of the average recoveries and their variances. Since 
the purification procedures differed between plasma and tis
sues, the data from each were separately analyzed. The results 
of the statistical treatment are shown in Table 4. The mean 
recovery was highest for sedecamycin and lowest for lan- 
kacidinol. The recoveries from plasma were higher than those 
from tissues for every compound, because column cleanup 
was not involved in the plasma extraction. The accuracy and 
precision, indicated by recoveries >75% and coefficients of 
variation < 1 0 %, respectively, are satisfactory for residue 
analysis.

The detection limits of the present method were statisti-' 
cally defined. According to the IUPAC recommendation (6 ), 
the detection limit (CL) is defined as the quantity equivalent 
to XL in the following equation:

XL.= Xbl + 3Sbl

where Xbl and Sb, are the mean and standard deviation (SD) 
of normally distributed background signals, respectively. The 
background signals obtained from control samples were too 
small to estimate the detection limits (CL in Table 5), so the 
intercept (a) and its standard deviation (Sa) of the regression 
curves obtained from the relation of the quantities of the 
compounds added vs the peak heights in the recovery sam
ples were used in place of Xbl and Sbl, respectively. All re
covery data (including control samples) were lumped for the 
analysis. The detection limits were estimated to be 0.012 
ppm for sedecamycin, 0.022 ppm for lankacidin C, 0.026 
ppm for lankacidinol A, and 0.044 ppm for lankacidinol (see 
Cu in Table 5). The detection limit for lankacidin C, how
ever, should be regarded as being around 0.028 ppm (equiv
alent to 2  mm) because a peak height of at least 2  mm is 
required to identify the peak distinctively. The detection lim
its defined here are also satisfactory for residue analysis.

The present method is appropriate for monitoring plasma 
concentrations and tissue residues of sedecamycin and its 
metabolites. Its application will be reported elsewhere.
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DRUGS

Gas Chromatographic, Liquid Chromatographic, and Titrimetric Procedures for 
Determination of Glycerin in Allergenic Extracts and Diagnostic Antigens: Comparative Study

A L F R E D  V .  D E L  G R O S S O  a n d  J O A N  C .  M A Y

F o o d  a n d  D ru g  A d m in is tr a tio n , C e n te r  f o r  D ru g s  a n d  B io lo g ie s , O ffice o f  B io lo g ie s  R e se a rc h  a n d  R e v iew ,
8 8 0 0  R o c k v il le  P ik e , B e th esd a , M D  2 0 8 9 2

T h re e  m ethods fo r th e  d e te rm in a tio n  o f  g lycerin  a re  exam ined  as 
app lied  to several a lle rg en ic  e x tra c ts  an d  d iagnostic  an tig en s. T h e  
liquid c h ro m ato g rap h ic  p rocedure  uses a  su lfon ic  acid  func tional 
P S D V B  res in  (A m inex  H P X -8 7 H ), a  m obile  p h a se  of 0 .013N  H 2S 0 4; 
and  refrac tive  index  detection . T h e  titr im e tr ic  procedure  involves 
ox idation  o f  g lycerin  w ith  sodium  m etap erio d a te  follow ed by poten- 
tiom etric  titra tio n  o f  th e  re su ltin g  form ic acid  w ith  sodium  hydrox ide. 
S am ples a re  q u a n tita ted  by com paring  th e  equivalence po in t ob tained  
from  th e  sam ple  to those  ob ta in ed  from  a  se ries  o f s ta n d a rd s . T h e  
gas ch ro m ato g rap h ic  p rocedure  includes a  colum n o f 5%  C arbow ax  
20 M  on 8 0 -1 0 0  m esh C hrom osorb  W H P ; p -c reso l w as used  a s  an 
in te rn a l s ta n d a rd . T h e  3 p rocedures a re  show n to be valid  fo r th e  
m ajo rity  o f  p roduc t types exam ined . A positive in te rference  w as en
countered  in  th e  titr im e tr ic  a n a ly s is  o f a  tu b ercu lin  purified  p ro tein  
derivative  th a t  con ta ined  sim ple  su g a rs . R ecoveries o f  added  glycerin  
ranged  from  95.0 to 100.2%  by th e  liqu id  c h ro m ato g rap h ic  m ethod , 
from  98.7  to  101.4%  by th e  gas ch ro m ato g rap h ic  m ethod , an d  from
99.8 to 101.6%  by th e  m etap erio d ate  ox idation  m ethod  w hen in te r
ference from  sim ple  su g a rs  w as no t p re sen t. C oefficients o f varia tion  
d e te rm in ed  from  8 rep lica tes  o f  sam ples th a t  con ta ined  g lycerin  were 
2 .2%  or less fo r th e  liqu id  c h ro m ato g rap h ic  m ethod , 2 .3%  or less for 
th e  G C  m ethod , an d  3 .6%  or less fo r th e  m etap erio d ate  ox idation  
m ethod.

Glycerin is commonly used as a stabilizing agent and anti
microbial preservative in a variety of biological products; it 
is used alone or in conjunction with phenol or other anti
microbial agents. Products that may contain glycerin include 
allergenic extracts, tuberculin purified protein derivative for 
Heaf testing, Old Tuberculin, and bacterial and fungal an
tigens.

Glycerin in 50% (v/v) concentration has been shown to 
maintain sterility effectively in various biologicals; that con
centration has been shown to restrain the growth of mold 
and bacteria, while molds grew in solutions of 49% glycerin 
or less (1). Pollen antigens have been shown to remain sterile 
when preserved in 46% (v/v) glycerin, while solutions of 40% 
or less showed bacterial growth (2). Allergenic extracts con
taining 50% or more glycerin are exempt from the require
ment stipulated by the U.S. Code o f Federal Regulations (3) 
that products in multiple dose containers contain an anti
microbial preservative; glycerin serves this purpose.

The ability of glycerin to stabilize allergenic extracts, thus 
enabling them to retain potency during extended storage, has 
been well established (4). The Code o f Federal Regulations 
allows a dating period of 3 years for allergenic extracts pre
served in 50% or more glycerin, while extracts containing 
less than 50% glycerin are allowed a dating period of 18 
months (5).

Concentrated solutions of glycerin, when injected, may 
cause pain or local irritation, caused by dehydration of tissue 
cells. This local tissue reaction may interfere with diagnostic 
observations of skin or intradermal tests. For this reason, it 
is desirable that glycerin content in the original product not 
be excessive.

Received May 21, 1986. Accepted October 2, 1986.

Several general methods for the determination of glycerin 
are in use. Most compendial methods involve the oxidation 
of glycerin by periodate or periodic acid to 2  equivalents of 
formaldehyde and one of formic acid. The current USP pro
cedure involves the reaction of glycerin with potassium per
iodate followed by reduction of the iodate reaction product 
to iodine and titration with potassium arsenite (6 ). Other 
approaches have involved the determination of formalde
hyde (7, 8 ) or formic acid (9, 10) produced by periodate 
oxidation. Oxidative procedures are nonspecific in that a diol 
with a terminal hydroxyl will oxidize to produce formalde
hyde, and any triol-containing compound will produce al
dehydes and formic acid.

Chromatographic methods have been used to determine 
glycerin. Gas chromatography has been used with a variety 
of stationary phases (11-13). Liquid chromatography (LC) 
has utilized a column of sulfonated polystyrene-divinyl ben
zene (PSDVB), a dilute sulfuric acid mobile phase, and de
tection by differential refractometry (14, 15).

In this study, methods based on periodate oxidation fol
lowed by potentiometric titrimetry, liquid chromatography, 
and gas chromatography (GC) are described and evaluated 
for use in the quantitation of glycerin in commercial biolog
icals.

METHOD
General Reagents

(a) Glycerin. —Anhydrous, >99.5% (J. T. Baker Chemical 
Co.), density = 1.257 g/mL at 25°C.

(b) Standard solutions.— Weigh 5 quantities of glycerin, 
from 0.4 to 2.0 g, in ca 0.4 g increments, directly into 5 
separate 100 mL volumetric flasks. Add ca 20 mL water and 
mix thoroughly. Add water to volume, mix thoroughly, and 
let equilibrate overnight. Mix again before use.

Reference Materials and Samples
(a) Center for Drugs and Biologies Phenol/Glycerin Ref

erence, Lot G-1.— Solution of phenol and glycerin in water, 
packaged in glass ampoules. Phenol content: 0.399% w/v 
determined by gas chromatographic method (16). Glycerin 
content: 61.0% w/v, average value determined by the 3 meth
ods described here.

(b) Samples. — Allergenic extracts and diagnostic antigens, 
commercial products manufactured in the United States and 
Europe.

General Sample Preparation
(a) Samples o f ca 50% glycerin.—Pipet 2 mL sample into 

100 mL volumetric flask. Add ca 20 mL water and mix 
thoroughly. Add water to volume, mix thoroughly, and let 
equilibrate overnight. Mix again before use.

(b) Samples o f high viscosity. — Accurately weigh ca 1-2 
mL into 100 mL volumetric flask. Add ca 20 mL water and 
mix thoroughly. Add water to volume and mix again.
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Figure 1. Gas chromatogram of cherry allergenic extract. Orig
inal concentration of glycerin, ca 50% (v/v).

Gas Chromatographic Apparatus
(a) Gas chromatograph. — Perkin-Elmer Sigma 2. Equipped 

with flame ionization detector and glass-lined, ofF-column 
injection system (Perkin-Elmer Corp., Norwalk, CT 06856). 
Injection liner must be free of visible sample residue. If nec
essary, clean liner in concentrated sulfuric acid overnight. 
Rinse well with water and dry before replacing.

(b) Column.— Silanized glass, 6  ft x lA in. od, 4 mm id, 
packed with 5% Carbowax 20 M on 80-100 mesh Chro- 
mosorb WHP (Alltech Associates, Deerfield, IL 60015). Fill 
column by suction, tapping, and rotation. Avoid use of me
chanical vibrator in packing column.

(c) GC conditions.—Column, 175°C; injection port, 185°C; 
detector, 270°C; helium carrier gas, 30 mL/min.

(d) Integrator. — Spectra-Physics System 1. Slope sensitiv
ity, 1000; peak width, 30 s; attenuation, 256.

(e) Recorder.— Perkin-Elmer Model 56.

GC Standard and Sample Preparations
(a) Internal standard. — p-Cresol, Aldrich Gold Label, 

99+% (Aldrich Chemical Co., Milwaukee, WI 53233).
(b) Internal standard solution.—Pipet 0.5 mL p-cresol into 

200 mL volumetric flask, add methanol to volume, and mix.
(c) Standard preparations.— Pipet 2 mL of each of the 5 

standard solutions along with 2 mL internal standard solu
tion into separate 10 mL volumetric flasks. Add water to 
volume and mix.

(d) Sample preparations.—Pipet 2 mL of the 1/50 sample 
dilution along with 2 mL internal standard solution into 10 
mL volumetric flask. Add water to volume and mix.

GC Analysis
With 10 gL gas chromatographic syringe, inject 3 gL of 

each standard preparation. Record chromatograms and areas 
of peak 1, p-cresol. and peak 2, glycerin. Similarly inject 3 
gL of each sample in duplicate. Calculate peak area ratio, 
glycerin/p-cresol (P2/Pi), for each standard and sample chro
matograph. Do not include a blank in the standard curve for 
the GC determination.

Figure 2. Liquid chromatogram of house dust allergenic extract. 
Original glycerin concentration, ca 50% (v/v).

Glycerin peak must not be skewed on its frontal side. Some 
tailing of the peak is permissible.

Liquid Chromatographic Apparatus
(a) Mobile phase.— 0.013N H2S04, filtered and degassed. 

Flow rate, 0.8 mL/min. While in place in LC reservoir, heat 
and stir mobile phase at ca 50°C over stirring hot plate.

(b) Liquid chromatograph. — Spectra-Physics 3500, 
equipped with forced air oven and Valeo C6 U injector with 
25 gL loop.

(c) Detector. — Laboratory Data Control (Riviera Beach, 
FL) Model 1107 Refractomonitor; range, 32 x 10~ 5 RIU full 
scale.

(d) Integrator.— Hewlett-Packard 3380A; slope sensitiv
ity, 0.3 mV/s.

(e) LC column.— 300 x 7.8 mm Aminex HPX-87H with 
Micro-Guard ion exclusion cartridge (Bio-Rad Laboratories, 
Richmond, CA 94804). Column temperature, 65°C.

LC Determination
Flush injection loop with 200 gL of one of the standard 

solutions. Inject full loop volume of 25 gL. Record chro
matogram and peak areas. Similarly inject each of the re
maining standards plus a water blank. Inject each sample in 
duplicate.

Titrimetric Apparatus and Reagents
(a) Titration system. — Mettler DK14 Electrode Potential 

Amplifier, Mettler DV11 Autoburette (10 mL), Ingold com
bination pH electrode, Mettler GA14 stepping motor re
corder (Mettler Instrument Corp., Hightstown, NJ 08520). 
Configure system so that recorder x-axis will display titrant 
volume and y-axis will display electrode potential. Condi
tions: recorder range, 500 mV; recorder speed, 40 cm/10 000 
pulses (4 cm/mL).

(b) Sodium metaperiodate.— Crystalline or powder.
(c) 0.1NH 2SO4.
(d) Oxidizing reagent.— 0.28N N aI04. Weigh ca 12 g so

dium metaperiodate and transfer to dark glass bottle. Add 
12 mL 0. IN H2S0 4 and 188 mL water. Mix thoroughly.

(e) Titrant. —0.12N NaOH.

Titrimetric Analysis
Pipet 2 mL standard into titration vessel containing ca 50 

mL water. Place vessel in titrator and stir at moderate speed.
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Figure 3. Liquid chromatogram of unglycerinated tuberculin 
purified protein derivative with 56.4% (w/v) added glycerin.

Pipet 5 mL oxidizing reagent into titration vessel. After 3 
min, begin titrating and continue until potential change, as 
displayed on recorder, passes through a maximum and de
creases. Similarly react and titrate 2 mL remaining standards 
plus water blank. React and titrate each sample in duplicate.

Determine equivalence volume in milliliters for each ti
tration. This is measured as total volume of titrant dispensed 
at maximum rate of potential change (inflection point) dis
played on chart recording.

General Calculations
Perform least squares analysis of data obtained from stan

dards where x = glycerin concentration in g/mL, y = ana
lytical response, a = y-intercept, and b = slope. For liquid 
chromatography, y = peak area in integration units. For gas 
chromatography, y = peak area ratio, glycerin/p-cresol. For 
titrimetry, y = mL titrant.

Calculate percent glycerin (w/v) by:

Glycerin, g/mL = [(y — a)/b] x 50 (dilution factor)
Glycerin, % (w/v) = (g glycerin/mL) x 100

For samples of high viscosity that cannot be dispensed by 
volumetric pipet, calculate percent glycerin (w/w) by:

Glycerin, g/g = [(y -  a)/b] x (100 mL/g sample)
Glycerin, % (w/w) = (g glycerin/g) x 1 00

Results
Figure 1 shows the gas chromatogram of a glycerinated 

cherry allergenic extract. Original concentration of glycerin 
in this sample was approximately 50% (v/v). Under the con
ditions used here, p-cresol, the internal standard, is retained
4.3 min, and glycerin is retained 10.1 min. A relatively small 
peak representing phenol, present as an antimicrobial pre
servative in an original concentration of 0.4% (w/v), is ob
served just before the internal standard.

Figure 2 illustrates the liquid chromatogram of a glycerin
ated house dust allergenic extract. Figure 3 shows the liquid 
chromatogram of an unglycerinated tuberculin purified pro
tein derivative (PPD) used in a recovery study to which a 
quantity of glycerin equivalent to 56.4% (w/v) had been added. 
Nonglycerin peaks in the tuberculin PPD sample are believed 
to correspond to simple saccharides that are components of 
this product.

Typical correlation coefficients obtained by least squares 
analysis of the data obtained from calibration curves con-

Table 1. Glycerin content of various products determined by 
gas chromatography, liquid chromatography, and potentiometric 

titration

Sample Method
Glycerin 
% (w/v)" CV, %

Diff. rel. 
to LC,

%

Glycerin Reference G-1 GC 61.4 ± 0.9 1.5 1.3
LC 60.6 ± 0.5 0.8 —

PT 60.9 ± 2.2 3.6 0.5
House dust allergenic extract GC 52.8 ± 1.1 2.0 2.7

LC 51.4 ± 0.8 1.6 —

PT 53.7 ± 1.6 2.9 4.5
Cocoa allergenic extract GC 54.8 ± 1.0 1.8 4.8

LC 52.3 ± 1.1 2.2 —

PT 54.9 ± 1.6 3.0 5.0
Peanut allergenic extract GC 51.3 ± 1.0 1.9 5.3

LC 48.7 ± 0.8 1.7 —

PT 52.0 ± 1.4 2.8 6.8
Candida antigen GC 68.6 ± 1.2 1.8 3.6

LC 66.2 ± 1.3 1.9 —

PT 66.9 ± 1.5 2.2 1.1
Diphtheria antigen GC 68.7 ± 1.3 1.8 1.2

LC 67.9 ± 1.1 1.6 —

PT 68.7 ± 1.6 2.3 1.2
Tuberculin purified protein deriv- GC 49.8 ± 0.8 1.6 6.6

atlve LC 46.7 ± 0.9 2.0 —

PT 48.8 ± 1.0 2.0 4.5
Old Tuberculin GC 78.8 ± 1.8 2.3 4.0

LC 75.8 ± 1.3 1.8 —

PT 75.9 ± 1.2 1.6 0.1

* Units are percent (w/v) except for units for Old Tuberculin which are per
cent (w/w). Average of 8 determinations ± standard deviation. 50.0% (v/v) 
glycerin Is equivalent to 63.0% (w/v) glycerin.

structed from glycerin standards in the range of 4 to 20 mg/ 
mL for each of the 3 methods were r = 0.999. Therefore, 
acceptable linearity was obtained by each procedure.

Values obtained in the testing of representative samples 
of a variety of products are summarized in Table 1. Eight 
determinations were performed on each sample.

Coefficients of variation were 2.2% or less for the LC meth
od, 2.3% or less for the GC method, and 3.6% or less for the 
titrimetric method.

Percent differences among the results range from 1.2 to 
6 .6 % for GC vs LC and from 0.1 to 6 .8 % for the titrimetric 
vs LC method, showing good agreement among the 3 meth
ods.

Recovery results from a variety of samples to which mea
sured amounts of glycerin were added are shown in Table 2. 
Glycerin was added in quantities that would correspond to 
concentrations of 46.4% (w/v) to 6 8 .8 % (w/v). Recoveries 
ranged from 95.0to 116.8%. The titrimetric procedure showed 
a significantly high recovery of 116.8% for Tuberculin PPD, 
Manufacturer B. Recoveries of 101.4 and 100.2% were ob
tained from this sample by gas chromatography and by liquid 
chromatography, respectively.

Results of testing on some additional allergenic extract 
products are summarized in Table 3.

Discussion
Some difficulty was experienced in obtaining satisfactory 

conditions for the determination of glycerin by gas chro
matography. This was not surprising given glycerin’s low 
vapor pressure, strong hydrogen bonding properties, and ten
dency toward thermal decomposition. The use of one par
ticular batch of packing material resulted in a skewing of the 
frontal part of the glycerin peak, indicating probable on- 
column decomposition. In other cases, severe tailing of the 
glycerin peak was experienced, indicating possible hydrogen
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Table 2. Recovery of added glycerin from products as deter
mined by gas chromatography, liquid chromatography, and po- 

tentiometric titration

Sample Method
Recovery,

%*
c v ,
%

House dust allergenic extract GC 99.4 ± 1.8 1.8
LC 95.0 ± 1.4 1.5
PT 99.8 ± 3.2 3.2

Peanut allergenic extract GC 100.4 ± 1.4 1.4
LC 98.1 ± 1.7 1.7
PT 100.2 ± 2.9 2.9

Giant and short ragweed allergenic ex- GC 99.4 ± 1.2 1.2
tract LC 97.4 ± 1.7 1.7

PT 101.5 ± 2.3 2.3
Alternaría tenu is  allergenic extract GC 98.7 ± 3.6 3.6

LC 98.6 ± 1.7 1.7
PT 101.6 ± 1.8 1.8

Tuberculin PPD, Manufacturer A GC 99.1 ± 3.2 3.2
LC 98.2 ± 2.8 2.8
PT 100.9 ± 2.3 2.3

Tuberculin PPD, Manufacturer B GC 101.4 ± 2.3 2.2
LC 100.2 ± 2.0 2.0
PT 116.8 ± 1.6 1.4

a Percent recovery ± standard deviation. Average of 8 determinations.

bonding interactions with active sites on the support mate
rial.

GC columns were packed without the use of mechanical 
vibration in order to avoid fracturing the support material. 
Conditioning was done at a relatively low temperature, 195°C, 
to avoid the bleeding of excessive amounts of stationary 
phase. Under these conditions, a minimally satisfactory peak 
shape for glycerin was obtained.

No significant problems were encountered in implement
ing the liquid chromatographic or titrimetric procedures. In 
the LC procedure, an elevated column temperature of 65°C 
was used to improve stationary phase mass transfer and re
duce peak broadening.

The high recovery of 116.8% of added glycerin for Tub
erculin PPD, Manufacturer B, by titrimetry may be related 
to the presence of simple saccharides in this product. Com
pounds containing 3 adjacent hydroxyls, such as simple sug
ars, will oxidize in the presence of periodate to produce for
mic acid. This would be expected to produce a positive 
interference in the titrimetric procedure. The application of 
a standard addition (17) technique to the analysis of such a 
sample by titrimetry might overcome the interference. This 
sample of Tuberculin PPD was used in this study but does 
not normally contain glycerin and in the usual course of 
events would not be assayed for glycerin.

Conclusion
The three described procedures have been evaluated as 

valid for the determination of glycerin in the glycerin-con
taining biological products reported in this study.

Table 3. Liquid chromatographic, gas chromatographic, and po- 
tentiometric titrimetric results for glycerin content of various al

lergenic extract samples
Glycerin, % (w/v)*

Sample LC GC PT

Lemon allergenic extract 48.2 ± 1.2 48.0 ±  1.1 50.4 ± 1.0
Honey allergenic extract 60.5 ± 0.8 61.3 ± 0.8 63.2 ± 1.2
Rice allergenic extract 62.8 ± 0.2 62.5 ± 1.3 63.5 ± 1.5
Cockroach allergenic extract 60.3 ± 0.1 59.9 ± 0.6 60.5 ± 1.3
Kentucky Blue Grass allergenic 

extract 61.7 ± 0.7 62.5 ± 1.2 62.3 ± 2.9
Mixed feathers allergenic extract 61.7 ± 0.3 62.5 ± 0.6 62.3 ± 0.8
Aspergillus flavus allergenic ex

tract 60.1 ± 0.8 60.4 ±  1.1 62.0 ± 2.6
Chicken feathers allergenic ex

tract 59.8 ± 0.8 62.8 ± 2.1 62.5 ± 3.1
Johnsongrass allergenic extract 62.7 ± 1.2 65.3 ± 3.3 65.0 ±  0.9
Cat hair allergenic extract 58.3 ± 1.1 60.3 ± 1.3 59.4 ± 1.0
Junegrass allergenic extract 56.7 ± 1.2 57.7 ± 3.0 59.0 ± 0.8
Horse epithelium allergenic ex

tract 59.5 ± 0.7 60.9 ± 0.9 60.5 ± 2.0
Candida albicans allergenic ex

tract 59.4 ± 0.7 57.7 ± 2.5 60.4 ± 1.8

* Average of 3 determinations ± standard deviation.
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Reverse Phase Liquid Chromatographic Determination of Dexamethasone Acetate and 
Cortisone Acetate in Bulk Drug Substances and Dosage Forms: Method Development

L I N D A  L .  N G

Merck Sharp & Dohme Research Laboratories, Division o f Merck & Co., Inc., West Point, PA 19486

The determ ination of the steroid acetates was evaluated for rugged
ness of the m ethod by using an octyldecylsilane column, 254 nm 
detection, and acetonitrile-w ater as mobile phase. M obile phase pH, 
oven tem perature, and columns from various m anufacturers had no 
dram atic effect on the chrom atography. The method was then opti
mized for dexam ethasone acetate and cortisone acetate bulk drug 
and dosage forms. For dexam ethasone acetate, the bulk drug sub
stance should be dried at 105°C before use, and the sample should 
be dissolved in 50% acetonitrile buffer pH  6 for stability. Cortisone 
acetate, on the o ther hand, was found to be nonhygroscopic and hence 
could be used as received. For stability, the sample should be stored 
in 50% acetonitrile-buffer pH  4.

The steroid acetates are extensively available to the consumer 
in pharmaceutical formulations in the form of suspensions, 
tablets, creams, ointments, lotions, aerosols, pastes, and pow
ders (1-3). A review of the literature from 1967 to 1986 (CAS 
Online, 1967-1986) indicated that numerous methods have 
been published for the analysis of this class of compounds. 
At least 18 studies used LC methods.

The 2 official USP general methods for steroids use a blue 
tetrazolium procedure following multiple extraction, or a thin- 
layer chromatography/blue tetrazolium combination tech
nique (4). The actetates of the bulk drug substance and dosage 
forms included in these methods are hydrocortisone (sus
pension), cortisone (tablet content uniformity), prednisolone, 
paramethasone, betamethasone, triamcinolone diacetate, and 
desoxycorticosterone.

The current USP method for dexamethasone acetate bulk 
drug substance and suspension uses reverse phase chroma
tography. The sample preparation for the suspension requires 
extraction with methylene chloride, drying, and redissolving 
in methanol (5). Cortisone acetate bulk drug substance, sus
pension, and composite tablet preparations are analyzed by 
normal phase chromatography with minimal sample prep
aration. However, content uniformity for tablets necessitates 
multiple extraction in chloroform and assay by the blue tet
razolium method (6 ).

The present study supports a reverse phase chromato
graphic technique (7) for the determination of steroid ace
tates. The method is an improvement over the USP general 
methods because of minimal sample preparation, fast equil
ibration of mobile phase, and stabilized sample solutions, 
and because it avoids the use of carcinogenic solvents. The 
linearity, precision, recovery, and specificity of the method 
have been discussed (8 , 9).

Further supporting information on the ruggedness of the 
method, stabilization of the sample solutions, and handling 
of the bulk drug substance for the determination of dexa
methasone acetate and cortisone acetate in bulk material and 
commercial formulations is provided in this study.

Experimental 
Apparatus and Reagents

(a) Liquid chromatograph. — Isocratic pump system, UV 
detector capable of monitoring at 254 nm, and suitable re
corder.

Received June 5, 1986. Accepted October 26, 1986.

(b) Chromatographic column. — Reverse phase octyldec
ylsilane column.

(c) Ultrasonic generator.
(d) Acetonitrile.— LC grade or equivalent.
(e) Chemicals.— Potassium chloride, sodium acetate, po

tassium phosphate monobasic, chloroacetic acid, sodium hy
droxide (1N), and hydrochloric acid (IN). Reagant grade and 
used as received.

(f) Reference standards. —USP or equivalent reference 
standards.

(g) Chloroacetic acid buffer.— 0.025M, pH 3. Mix 17 mL 
IN NaOH, 166 mL 0.5N KC1, and 50 mL 0.5M chloroacetic 
acid in 1 L volumetric flask. Dilute to mark with water.

(h) Acetate buffer.—0.025M, pH 4. Mix 20 mL IN HC1, 
150 mL 0.5N KC1, and 50 mL 0.5M sodium acetate in 1 L 
volumetric flask. Dilute to mark with water.

(i) Phosphate buffer. — 0.025M, pH 6 . Mix 3 mL IN 
NaOH, 138 mL 0.5N KC1, and 50 mL 0.5M KJHLPO, in 1 
L volumetric flask. Dilute to mark with water.

( j )  Phosphate buffer. — 0.025M, pH 7. Mix 15 mL IN 
NaOH, 90 mL 0.5N KC1, and 50 mL 0.5M KH:P 0 4 in 1 L 
volumetric flask. Dilute to mark with water.

General Chromatographic Method
Dexamethasone acetate and prednisolone acetate with their 

respective alcohols were selected as test compounds.
(a) Column-to-column reproducibility.—Columns from 4 

manufacturers were evaluated. For one manufacturer, 5 old 
and new columns were tested by keeping the mobile phase 
and temperature constant. The performance specifications 
for the peaks were calculated for comparison.

(b) Effect o f temperature on chromatography. —The mobile 
phase was equilibrated at oven temperatures of 30, 40, and 
50°C, and the 4 compounds were evaluated under isocratic 
conditions. All other LC conditions were kept constant.

(c) Effect o f pH on chromatography. —The pH of the 
aqueous phase was adjusted to 2 . 2  (0 . 1 % phosphoric acid),
4.3 (0.01M phosphate buffer), and 5.8 (water used as re
ceived). The ratio of organic modifier to aqueous phase and 
the oven temperature remained the same on the one column 
tested.

Analysis of Dexamethasone Acetate and Cortisone Acetate
(a) Hygroscopicity.— About 100 mg neat drug, accurately 

weighed, was placed in an aluminum boat. The sample was 
placed in various humidity stations beginning from the low
est. At each station, the weights were noted until duplicate 
weights or equilibrated weight were recorded.

(b) Solubility in acetonitrile-buffer solvent.— An accurate 
amount of drug substance was weighed and transferred to a 
graduated centrifuge tube. Small increments of solvent were 
added with vortex mixing until the sample was completely 
dissolved. The approximate or dynamic solubility was cal
culated by amount weighed per volume of solvent. The 
aqueous phases for evaluating the solubility of dexametha
sone acetate and cortisone acetate were pH 6  and 4 buffers, 
respectively.

(c) Stabilization o f the drug in solution. — Dexamethasone 
acetate and cortisone acetate in buffers (0.025M) at pH of 3,
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3 5 % C H 3C N in 0 .1 % H 3P 0 4 3 5 %  CHsCN in 0.01 M P hosphate  3 5 %  CH3CN in H20  pH 5.8

S olution  pH 2 .2 B u ffe r pH 4 .3

Figure 1. Effect of pH on chromatographic analysis of acetate and alcohol of dexamethasone and prednisolone.

4 , 6 , and 7 were evaluated. Samples were stored in volumetric 
flasks under ambient temperature and laboratory conditions. 
Samples were assayed at 24, 48, and 72 h for the selection 
of the most stable solution for each steroid acetate.

Results and Discussion
The ruggedness of the liquid chromatographic technique 

for steroid acetates was evaluated. The method requires a 
mobile phase of acetonitrile in water at ambient column 
temperature. Linearity, precision, recovery, and specificity

were excellent as reported by Van Dame (7) and Tymes (8 ). 
However, the samples were not very stable in the diluent. 
The present study reports further supporting evidence for the 
general methodology and provides detailed enhancement of 
the specific methods for the analysis of dexamethasone ace
tate and cortisone acetate in bulk drug and dosage forms.

Chromatography of Steroid Acetates
Dexamethasone acetate and prednisolone acetate with their 

respective alcohols were selected as test materials. The ste-

30° C 40° C 50° C

3c
i  <u

3
xn

Figure 2. Effect of temperature on chromatographic analysis of acetate and alcohol of dexamethasone and prednisolone.
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Table 1. Hygroscopicity measurements of dexamethasone ace
tate and cortisone acetate

Relative humidity

Weight change, %

Dexamethasone
acetate

Cortisone
acetate

Ambient to 11 % -1 .8 -0.02
11 to 58% + 0.4 0.0
58 to 76% + 1.8 + 0.1

roid alcohol is a potential hydrolysis degradate of the steroid 
acetate. The LC conditions of 35% acetonitrile in water, 30°C 
oven temperature, and 2 mL/min flow rate were constant for 
the testing of columns from various manufacturers.

The octyldecyl 10 Atm columns from 4 manufacturers were 
used and performance parameters for each peak were noted. 
Five new and used (less than 2 years old) columns from one 
manufacturer were also tested. The tailing, k', and theoretical 
plates of all peaks were acceptable and within specification. 
Better than baseline resolution (R = > 3) of the alcohol from 
the parent acetate was also observed.

The effect of pH on mobile phase and the temperature of 
the column environment were explored. Since water was 
chosen as the aqueous phase and slight differences in pH of 
water can be expected, chromatography was tested by using 
various aqueous phases covering a large pH range. Figure 1 
illustrates that no noticeable difference in chromatography 
was observed with pH 2.2, 4.3, and 5.8 as monitored by the 
performance parameters of the peaks.

The samples were assayed at oven temperatures of 30, 40, 
and 50°C. Some sharpening of the peaks and slight decrease 
of retention time with increased temperature were observed 
as indicated on Figure 2. However, the oven temperature 
had no dramatic influence on the retention times of the peaks. 
Hence, C , 8 columns with ambient temperature and mobile

% Acetonitrile in Buffer

Figure 3. Dynamic solubility of dexamethasone acetate in 50% 
acetonitrile/0.025M phosphate buffer pH 6, and cortisone acetate 

in 50% acetonitrile/0.025M acetate buffer pH 4.

phase of acetonitrile in water are acceptable for the deter
mination of steroid acetates.

Analysis of Dexamethasone Acetate and Cortisone Acetate 
Bulk Drug and Dosage Forms

The bulk drug substances of both dexamethasone acetate 
and cortisone acetate were evaluated for their hygroscopicity.

C ontro l

O
tn

Figure 4. Stability profile of dexamethasone acetate in 50% acetonitrile in water.
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Figure 5. Stability profile of cortisone acetate in 50% acetonitrile in water.

For the neat drugs at each humidity station, the equilibrated 
weights were noted. As indicated in Table 1, weight vari
ability of about 2 % with respect to relative humidity con
ditions occurred for dexamethasone acetate. However, neg

ligible weight difference was observed for cortisone acetate 
under similar conditions. Hence, dexamethasone acetate 
should be dried before use.

The dynamic solubility profiles of dexamethasone and cor-

C ontrol

Figure 6. Stability profile of dexamethasone acetate in 50% acetonitrile in buffer pH 6.
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C on tro l

Figure 7. Stability profile of cortisone acetate in 50% acetonitrile in buffer pH 4.

tisone acetates are shown in Figure 3. Dexamethasone acetate 
and cortisone acetate are slow to equilibrate in aqueous sol
vents. Hence, the equilibrium solubility should be expected 
to be higher than the dynamic solubility. On the basis of the 
dynamic solubility of the bulk drug substance, a solvent mix 
of 50% acetonitrile in buffer was selected as the diluent. The 
solubility is at least 5-fold greater than the solubility in the 
sample solution described in the method selected for collab
orative study. The diluent selected had no effect on the peak 
symmetry.

Acetonitrile instead of methanol was selected as the organic 
modifier because of potential transesterification of the acetate 
with the methanol. The steroid alcohol was observed to be 
a hydrolysis product in an acetonitrile-water mixture. To 
stabilize the sample solution, dexamethasone acetate and 
cortisone acetate in buffers of pH 3 ,4 ,6 , and 7 were evaluated 
after storage for 24, 48, and 72 h at room temperature. The 
results showed that dexamethasone acetate was most stable 
at pH 6  as indicated by the slow appearance of dégradâtes. 
Cortisone acetate was found to be most stable at pH 4. Rep
resentative liquid chromatograms for the control, initial, and 
24 h solution using acetonitrile-water (1 + 1) are illustrated 
in Figure 4 for dexamethasone acetate and Figure 5 for cor
tisone acetate. The stabilized solutions of the 2 acetates in 
buffers are shown in Figures 6  and 7.

For the analysis of cortisone acetate bulk drug and dosage 
forms, the bulk material can be used as received. Sample 
stability can be achieved by storage in diluent of 50% ace

tonitrile in pH 4 buffer. Ambient temperature reverse phase 
chromatography and acetonitrile-water mobile phase is used. 
However, for dexamethasone acetate, the bulk drug sub
stance should be dried at 105°C before analysis and the sam
ple should be dissolved in 50% acetonitrile in pH 6  buffer 
for stability.
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Liquid Chromatographic Determination of Coumarin Anticoagulants in Tablets: 
Collaborative Study

ELLA S. M O O R E
Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, N Y 11232-1593

Collaborators: W. Hock; M. Horiuchi; E. Jefferson; J. Meyer; D. Morano; E. Netz; P. Wilson; R. H. Albert
(Statistical Consultant)

A liquid chromatographic method for the determination of coumarin 
anticoagulants in tablets was collaboratively studied by 7 laborato
ries. The method uses an octadecylsilane-bonded microparticulate 
column, tetrahydrofuran-methanol-water-acetic acid mobile phase, 
and photometric detection at 311 nm. Each collaborator received 
samples of warfarin sodium, phenprocoumon, and dicumarol as a 
synthetic composite and as commercial individual and composited 
tablets. Pooled average assay values for synthetic and commercial 
tablet samples of warfarin sodium were 101.6 and 99.5%, respec
tively, with a combined reproducibility SD of 2.38% (CV = 2.37%) 
and combined repeatability SD of 1.49% (CV = 1.49%). Pooled 
average (SD) assay values for dicumarol and phenprocoumon com
mercial samples were 98.0 (2.27) and 101.3% (4.00), respectively. 
The content uniformity determinations of 2 mg warfarin sodium and 
25 mg dicumarol tablets indicated average tablet contents (range) of 
99.5% (91.0-116.0) and 98.0% (89.8-108.8), respectively. The meth
od has been approved interim official first action.

A previous paper from this laboratory described the devel
opment of a rapid, specific, accurate liquid chromatographic 
(LC) method for the identification and quantitative deter
mination of those coumarin anticoagulants of current clinical 
interest, in both bulk and commercial tablet samples (Moore,
E., & Lau-Cam, C. [1986] J. Assoc. Off. Anal. Chem. 69,629- 
632). This method, which is based on a reverse phase (RP) 
separation on a C l8 column with a quaternary, slightly acidic 
mobile phase and detection in the ultraviolet spectral region, 
was submitted for a collaborative study. The results of the 
study are the subject of this report.

Collaborative Study

Seven collaborators were supplied with 6  samples (labeled 
A-F). Four samples were to be used for identification and 
assay, and 2  samples for determination of content uniformity. 
The samples included a synthetic formulation that simulated 
a commercial tablet of warfarin sodium (sample D); indi
vidual 2 mg warfarin sodium commercial tablets (sample C) 
and 25 mg dicumarol (sample F) commercial tablets; the 
corresponding powdered composites of these latter 2  com
mercial formulations (samples B and E); and a powdered 
composite of commercial 3 mg phenprocoumon tablets (sam
ple A). The collaborators were given an instruction sheet, a 
copy of the method, vials containing the samples, and re
porting forms. The collaborators were informed of the av
erage tablet weights and label declarations of the composited 
tablet samples. Collaborators were instructed to weigh du
plicate portions of each composite for the quantitative de
terminations. Each assay preparation was injected in dupli-

Submitted for publication March 31, 1987.
This report o f the Associate Referee was presented at the 99th AOAC Annual 

International Meeting, Oct. 27-31, 1985, at Washington, DC.
The recommendation of the Associate Referee was approved interim official 

first action by the General Referee, the Committee on Drugs and Related 
Topics, and the Chairman of the Official Methods Board. The method will 
be submitted for adoption official first action at the 101st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. See the Gen
eral Referee and Committee reports, J. Assoc. O ff. A n a l. C hem . (1988) 71, 
January/February issue.

cate, and the average peak response was used in the 
calculations.

Dicumarol, Phenprocoumon, and Warfarin Sodium 
in Drug Tablets

Liquid Chromatographic Method 
Interim First Action

Principle
Coum arin anticoagulants dicum arol, phenprocoum on, and war

farin N a are identified and quant, detd in com. tablets by reverse 
phase LC on C ,8 colum n with tetrahydrofuran-M eO H -H 20 -H O A c  
m obile phase, and photom etric detection at 311 nm.

Apparatus
(a) L iq u id  ch rom atograph . —Equipped with D u Pont M odel 8800 

solv. pum p, variable wavelength detector, and strip chart recorder 
(E. I. du Pont de N em ours & Co.), or equiv.; and Rheodyne M odel 
7125 injection valve with 20 /xL sam ple loop (Rheodyne Inc., PO 
Box 996, C otati, CA 94928), or equiv. Operating conditions: colum n 
tem p, am bient; solv. flow rate 1.5 m L/m in; detector wavelength 311 
nm; detector a ttenuation 16 AUFS; recorder range 1 mV; chart speed 
0.5 cm /m in.

(b) C h ro m a to g ra p h ic  c o lu m n .— Stainless steel, 30 cm x 3.9 m m  
id, packed with 10 jum /rBondapak C 18 (W aters Associates, Inc.), or 
equiv.

Reagents
(a) S o lv e n ts .— LC grade M eOH and reagent grade glacial H O  Ac 

(Fisher Scientific Co.); tetrahydrofuran (M allinckrodt, Inc.); and H 20  
double d istd  in glass.

(b) M o b ile  p h a se . — T etrahydrofuran-M eO H -H 20 -H O A c  (35 + 
10 +  65 +  0.1 v /v /v /v). Filter th ru  0.45 /rm m em brane and degas 
under vac.

(c) D ic u m a r o ls td s o ln . —0.05 mg/m L. Accurately weigh ca 25 mg 
U SP Ref. Std D icum arol into 100 m L vol. flask, dissolve in and dil. 
to vol. with 0.0 IN  N aO H , and mix. Pipet 5 m L o f  this soln in to  25 
m L vol. flask, dil. to  vol. with m obile phase, and mix.

(d) W arfarin  N a  s td  s o ln .— 0.2 m g/m L. Accurately weigh ca 10 
mg LISP Ref. Std W arfarin Na into 50 m L vol. flask, and dissolve 
in m obile phase. Dil. to vol. w ith m obile phase, and mix.

Table 1. Collaborative results for LC analysis of 25 mg dicu
marol tablets*

Coll.

Found, % of declared

Run 1 Run 2 Av.

1 98.8 96.4 97.6
2 100.8 100.4 100.6
3 97.6 101.2 99.2
4 93.6 96.4 95.0
5 95.8 98.1 96.9
6 97.6 99.6 98.4
7 ” 88.9 87.8 88.3

Av. 98.0
SD 2.27
CV, % 2.32

•Average tablet weight = 77.1 mg.
b Procedural outlier. Not included In the statistical evaluation. See text.
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Table 2. Collaborative results for LC analysis of 3 mg phenpro- 
coumon tablets9

Coll.

Found, % of declared

Run 1 Run 2 Av.

1 101.0 101.3 101.3
2 109.3 108.3 108.7
3 98.3 101.7 100.0
4 101.3 99.0 100.2
5 96.3 97.3 96.8
6 97.0 99.0 98.0
7 104.9 103.0 103.9

Av. 101.3
SD 4.00
CV, % 3.95

•Average tablet weight = 198.2 mg.

(e) P h e n p ro co u m o n  s td  so ln . —0.12 m g/m L. Accurately weigh ca 
3 mg U SP Ref. Std Phenprocoum on into 25 m L vol. flask, and 
dissolve in m obile phase. Dil. to vol. w ith m obile phase, and mix.

Preparation of Sample
(a) T a b le t c o m p o s ite s .— Weigh and finely powder > 20  tablets. 

Transfer accurately weighed am t o f powder to suitable vol. flask and 
quant, dissolve in m obile phase with aid o f  ultrasonic bath. Dil. to 
vol. w ith m obile phase to  prep, soln contg ca 0.12 m g/m L o f phen
procoum on or 0.2 m g/m L o f warfarin Na. For dicum arol samples, 
first dissolve powder in 0.0 IN  N aO H  with aid o f ultrasonic bath  to 
obtain soln contg 0.25 m g/m L; then quant, dil. 5.0 m L aliquot o f 
soln with m obile phase to final dicum arol concn o f  ca 0.05 mg/m L. 
Filter all sample prepns prior to injection into LC system.

(b) S in g le  ta b le ts . — Place 1 powdered tablet in suitable vol. flask, 
and proceed as described for tablet composites.

Determination
Equilibrate system with m obile phase at 1.5 m L /m in  until baseline 

is steady. Use sam pling valve to inject m easured vol. o f  std soln 
into LC system. A djust injection vol. and operating param eters so 
std soln gives peak h t ca 60% full scale. U nder these conditions, 3 
replicate injections o f a std soln should give coeff o f var. <3%  and 
tailing factor <2.0. M ake alternate injections o f equal vols o f  std 
and sam ple solns. M easure peak responses in sam ple and std solns.

Calculations
Calc, am t coum arin anticoagulant in sam ple as follows:
Tablet com posite sample:

m g/tablet =  ( H /H ‘) x ( W T D ') x ( D /W )  x A

Table 3. Collaborative results for LC determination of warfarin 
sodium in 2 mg tablets and 2 mg synthetic tablet samples9

Found, % of declared

Commercial tablet Synthetic tablet

Coll. Run 1 Run 2 Av. Run 1 Run 2 Av.

1 97.5 96.5 97.0 99.5 98.5 99.0
2 102.0 102.0 102.0 102.5 101.5 102.0
3 99.5 102.0 101.0 106.0 103.5 104.8
4 103.0 99.5 101.3 101.0 101.0 101.0
5 97.5 93.5 95.5 103.5 101.5 102.5
6 99.5 102.0 101.0 100.5 103.5 102.0
7 98.7 99.7 99.2 100.0 100.1 100.1

Av. 99.5 101.6
SD 2.64 2.00
CV, % 2.66 1.96
Reproducibility SD 2.38
Reproducibility CV, % 2.37
Repeatability SD 1.49
Repeatability CV, % 1.49

Table 4. Collaborative results for LC analysis of individual 2 mg 
warfarin sodium tablets

Found, % of declared 
Tablet ----------------------------------------------------—-----

No. Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6 Coll. 7

1 98.0 100.5 96.0 100.0 98.0 109.9 104.4
2 95.5 103.0 96.5 98.5 106.0 104.6 97.7
3 99.5 101.0 107.5 100.0 101.0 101.6 105.2
4 91.0 101.5 97.0 100.0 103.0 104.5 98.4
5 95.5 102.5 105.0 103.0 102.0 105.9 98.2
6 94.5 97.0 97.5 95.5 96.5 97.2 99.2
7 93.0 99.0 97.5 99.5 90.0 99.4 97.3
8 100.5 101.0 100.5 116.0 97.5 100.9 96.8
9 97.0 99.0 96.5 99.5 91.0 98.0 96.7

10 97.0 105.5 99.5 99.5 91.0 96.2 100.0
Av. 96.0 101.0 99.5 101.2 97.6 101.8 99.4

Range 91.0- 97.0- 96.0- 95.5- 90.0- 96.2- 96.7-
100.5 105.5 107.5 116.0 106.0 109.9 105.2

Single tablet sample:

m g/tablet =  ( H /H 1) x ( W D ' )  x D

where H  and  H ' =  peak responses o f  sam ple and std solns, resp.; W  
and W' =  mg sam ple and std taken, resp.; D  and  D '  =  diln  factors 
for sam ple and std solns, resp.; and A  =  av. tablet wt, mg. T o calc, 
am t warfarin N a in either tablet com posites or individual tablets, 
use 1.071 as m ultiplier in above equations (1.071 =  ratio  o f  M W  of 
warfarin N a/M W  o f warfarin).

CAS-66-76-2 (dicum arol)

CAS-435-97-2 (phenprocoum on)

CA S-81-81-2 (warfarin)

C A S-129-06-6 (warfarin Na)

Results and D iscussion

Collaborative assay results for the synthetic and commer
cial tablets samples are given in Tables 1-3. Commercial 
tablets of dicumarol (Table 1), phenprocoumon (Table 2), 
and warfarin sodium (Table 3) were found to contain on the 
average (SD; CV; n = 7 for phenprocoumon and warfarin 
sodium, n = 6 for dicumarol) 98.0% (2.27; 2.32%), 101.3% 
(4.00; 3.95%), and 99.5% (2.64; 2.66%) of the declared 
amount. The synthetic tablet of warfarin sodium was found 
to contain on the average (SD; CV) 101.6% (2.00; 1.96%) of 
the formulated amount (Table 3). Collaborative assay results 
for the content uniformity determination of 2 mg warfarin 
sodium and 25 g dicumarol tablets are presented in Tables

Table 5. Collaborative results for LC analysis of individual 25 
mg dicumarol tablets

Found, % of declared
Tablet ______________________________________________________

No. Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6 Coll. 7*

1 93.6 95.6 95.6 94.0 94.3 99.7 87.4
2 100.2 102.0 94.8 95.4 98.1 91.6 84.6
3 102.6 100.0 97.6 98.0 92.0 96.4 94.2
4 99.5 103.6 103.2 92.4 100.4 98.2 85.5
5 100.6 106.8 103.6 93.6 95.8 97.2 80.3
6 90.1 102.0 102.0 106.0 97.4 104.6 81.4
7 92.5 103.2 104.8 101.2 90.7 90.8 77.4
8 100.1 108.4 94.8 104.4 91.4 90.2 80.2
9 100.2 95.6 103.6 108.8 92.9 92.9 67.1

10 95.9 97.2 93.6 102.8 93.7 89.8 72.4

Av. 97.5 101.4 99.4 99.7 94.7 95.1 81.0

Range 90.1- 95.6- 93.6- 92.4- 90.7- 89.8- 67,1-
102.6 108.4 104.8 108.8 100.4 104.6 94.2

• Values reported by this collaborator were procedural outliers and were ex
cluded from the statistical evaluations. See text.• Average tablet weight = 222.0 mg.
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4 and 5, respectively. Although 7 laboratories participated 
in the study, the results from one of the collaborators were 
found to be procedural outliers (Tables 1 and 5) because of 
failure to use an ultrasonic bath for preparation of the sample. 
These results were excluded from statistical treatment.
No difficulties with the reverse phase LC method were 

reported nor were procedural modifications suggested by any 
of the collaborators.
R ecom m en da tion

It is recommended that the proposed reverse phase LC 
method for the determination of coumarin anticoagulants in 
tablets be adopted official first action.
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Liquid Chromatographic Methods for Assay of Carbamazepine, 1 0,1 1 -Dihydrocarbamazepine, 
and Related Compounds in Carbamazepine Drug Substance and Tablets

T E R R Y  D . C Y R ,  F U M IK O  M A T S U I ,  R O G E R  W . S E A R S ,  N O R M A N  M . C U R R A N ,  and 
E D W A R D  G. L O V E R IN G
H e a l th  a n d  W e lfa r e  C a n a d a ,  H e a l th  P r o te c t io n  B ra n c h , B u r e a u  o f  D r u g  R e s e a r c h , O t ta w a ,
O n ta r io  K 1 A  0 L 2 ,  C a n a d a

Liquid chromatographic (LC) methods have been developed for the 
determination of carbamazepine, the impurity 10,11-dihydrocarba- 
mazepine, and related compounds in carbamazepine drug substance 
and tablets. The LC methods specify a 5 (im diol column and a mobile 
phase of acetonitrile-methanol-0.05% aqueous acetic acid (5 + 5 +  
90). Iminodibenzyl and iminostilbene, starting materials for some 
routes of synthesis, elute late in the LC system; therefore, a thin- 
layer chromatographic method for their detection at the 0.05% level 
has been developed. Eight tablet and 13 raw material samples from 
several sources were examined. The impurities most frequently found 
were 10,11-dihydrocarbamazepine and a compound identified as 10- 
bromocarbamazepine at levels up to 1.3 and 0.5%, respectively; min
imum detectable amounts were about 0.01 and 0.03%, respectively.

Carbamazepine (5//-dibenz[b,i]azepine-5-carboxamide), used 
in the treatment of trigeminal neuralgia and as an anticon
vulsant, is manufactured by several companies. The drug 
and tablets are listed in the U.S. P h a rm a co p e ia (USP) (1) 
and the B ritish  P h a rm a co p o e ia (BP) (2). No specific restric
tions on related substances are listed in USP, but a proposed 
general test and a limit for ordinary impurities are included
(3). The B ritish  P h a rm a co p o e ia requires a thin-layer chro
matographic (TLC) test for related substances in drug raw 
material and tablet formulations that limits impurities to no 
more than 0.2 wt% of the drug; iminodibenzyl is used as a 
standard.
Typical syntheses of carbamazepine proceed via the de

hydrogenation of an iminodibenzyl derivative, either directly 
or through an intermediate 10-halogenated compound, to an 
iminostilbene, followed by deprotection of the nitrogen, car- 
bonylation with an equivalent of phosgene, and finally ami- 
dation (4, 5). The major metabolites of carbamazepine are 
reported to be 10,1 1-epoxycarbamazepine and /raws-10,1 1-

Received August 12, 1986. Accepted December 24, 1986.

dihydro-10,1 l-dihydroxycarbamazepine (6). Early methods 
for determination of carbamazepine-related compounds in 
blood used quantitative TLC (6, 7), but these have been 
supplanted by liquid chromatographic (LC) methods for 
10,11-epoxycarbamazepine in body fluids (8, 9). Gas chro
matographic (GC) methods for carbamazepine have also been 
reported but the drug is unstable at the temperature required 
for vaporization (10).
The purpose of the present work was to develop liquid 

chromatographic (LC) methods for the determination of car
bamazepine, the impurity 10,11 -dihydrocarbamazepine, and 
other related impurities in drug substance and tablets. Also 
described are a thin-layer chromatographic (TLC) method 
for iminodibenzyl and iminostilbene in carbamazepine drug 
substance and tablets and a procedure primarily developed 
to facilitate identification of trace impurities by gas chro
matography with an electron capture detector and a mass 
spectrometer.

Experimental
R eagen ts

Acetic acid, acetonitrile, and methanol were LC grade and 
ethanol was USP grade. Antipyrine, iminostilbene, imino
dibenzyl, and 10,11-dihydrocarbamazepine were obtained 
from Aldrich Chemical Co., Milwaukee, WI. T ra n s- 10,11- 
dihydro- 10,11 -dihydroxycarbamazepine and 10,11 -epoxy - 
carbamazepine were gifts from Ciba-Geigy, Basel, Switzer
land. All other chemicals were ACS reagent grade.
A p p a ra tu s

Two Hewlett-Packard gas chromatographs were used: a 
Model 5840 equipped with a flame ionization detector (FID) 
and a Chromalytic Technology Model SPH4 septum purge
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head, and a Model 5730A equipped with an electron-capture 
detector (ECD). The same bonded dimethylpolysiloxane col
umn, 30 m x 0.53 mm, film thickness 1.5 fim, was used in 
both chromatographs. Operating conditions were as follows: 
ultra pure grade hydrogen carrier gas, 10 mL/min; nitrogen 
makeup gas, 40 mL/min; hydrogen FID gas, 30 mL/min; air, 
300 mL/min; injection port, 210 ± 10°C; detector, 300°C; 
column temperature program, 210°C for 10 min, increase 47 
min to 290°C, and hold for 10 min. A Finnigan MAT au
tomated gas chromatograph-electron impact mass spectrom
eter and a Bruker Model WP-80 nuclear magnetic resonance 
spectrometer were also used. The liquid chromatograph was 
a Varian Model 5000 with a CDS 401 data station.
Id en tifica tio n  o f  1 0 -B ro m o ca rb a m a zep in e

During development of the LC methods for related sub
stances in carbamazepine, unidentified impurities were ob
served in some drug raw materials and tablets. Therefore, a 
gas chromatographic (GC) procedure was developed to re
solve these impurities from the drug and subsequently to 
obtain their mass spectra.

G as C h ro m a to g ra p h y . — Carbamazepine and related com
pounds were injected on-column as solutions, 2 mg/mL, in 
glass-distilled ethyl acetate. The relative retention times are 
given in Table 1. The response of the peak at a relative 
retention time of 1.35 was several orders of magnitude greater 
on the electron-capture detector compared to the flame ion
ization detector, indicating a possible halogen-containing 
compound.

M a ss  sp e c tro sco p y .— The mass spectrum of the peak at a 
relative retention time of 1.35 (Table 1) had molecular ions 
at m/z 314 (36%) and 316 (34%), indicating the presence of 
one bromine atom in the molecule. Other major fragments 
include: m/z = 273 (78%), 271 (80%), 192 (38%), 191 (60%), 
190 (73%), and 165 (100%).

S yn th es is  o f  1 0 -b ro m o c a rb a m a ze p in e  (1 1 ) .— Carbamaze
pine was treated with bromine in chloroform to yield a pre
cipitate of 10,11 -dibromo-10,11 -dihydrocarbamazepine 
which was filtered, dried, dissolved in tetrahydrofuran, and 
dehydrobrominated with l,8-diazobicyclo(5,4,0)undec-7-ene. 
The 10-bromocarbamazepine thus obtained had a mass spec
trum and LC and GC retention times identical with the bro- 
minated impurity found in some carbamazepine samples. 
The NMR spectrum was consistent with that of 10-bromo- 
carbamazepine.

G C  a ssa y  o f  c a rb a m a ze p in e -re la te d  c o m p o u n d s—A pow
dered tablet composite equivalent to 10 mg carbamazepine 
was tumbled with 5 mL ethyl acetate for 30 min and cen
trifuged, and a 1 p L aliquot was injected. Quantitation was 
done by the external standard method.

METHODS
I. LC Method for 10,11-Dihydrocarbamazepine and Other
Related Substances in Carbamazepine Drug Substance 

and Tablets
A p p a ra tu s  a n d  R ea g en ts

(a) E q u ip m e n t.—U se liquid chromatograph equipped with 
detector set at 230 nm and 5 p m diol bonded column, 250 x
4.6 mm (Merck).
(b) S olu tion s. — Acetic acid solution: 0.05% in double-dis

tilled water (v/v). Standard solution 1:0.003 mg/mL of 10,11 - 
dihydrocarbamazepine and 0.001 mg/mL of carbamazepine 
in ethanol-methanol (1+9) (v/v). Standard solution II: 0.03 
mg/mL of 10,11 -dihydrocarbamazepine and 0.01 mg/mL of 
carbamazepine in ethanol-methanol (1+9) (v/v).

Table 1. Relative retention times by LC and GC of carbama- 
zepine-related substances

Compound LC* GC
Carbamazepine6
Trans-10,11 -dihydro-10,11 -dihydroxycarba-

1.0 1.0

mazepine 0.58 1.36
10,11 -Epoxycarbamazepine 0.72 1.25
10,11 -Dihydrocarbamazepine 0.83 0.95
10-Bromocarbamazepine 1.52 1.35
Iminostilbene 2.76 0.47
Iminodibenzyl 3.00 0.43
• Flow rate 2 mL/min.
6 Absolute retention times by LC and GC are 3.14 and 16.71 min, respec
tively.

(c) M o b ile  phase. — Acetonitrile-methanol-acetic acid so
lution (5 + 5 + 90) (v/v/v), adjusted to obtain required 
resolution. Row rate ca 1 mL/min.
S y s te m  S u ita b il ity

Condition column until stable baseline is obtained. Inject 
five 10 p L aliquots of standard solution II. Resolution be
tween carbamazepine and 10,1 1-dihydrocarbamazepine 
should be greater than 1. Relative standard deviation of peak 
responses should be no more than 3%.
C a lib ra tio n

Chromatograph duplicate 10 p L aliquots of standard so
lutions I and II and calculate response factors for carbama
zepine and 10,11-dihydrocarbamazepine.
P rocedu re

D ru g  su b s ta n ce .— P repare solution containing ca 3.5 mg/ 
mL drug substance, accurately weighed, in ethanol-methanol 
(1 + 9).

T ablets. — Transfer amount of powdered tablet composite, 
accurately weighed, equivalent to ca 35 mg carbamazepine 
to tube fitted with Teflon-lined screw cap, add 10.0 mL eth
anol-methanol (1 +9), tumble for 30 min, and centrifuge. 
Inject duplicate 10 p L aliquots of standard and test solutions 
into chromatograph and record responses. Estimate amount 
of 10,11-dihydrocarbamazepine by interpolation on stan
dard curve for this substance. Estimate amount of any other 
impurity by interpolation on standard curve for carbama
zepine.

II. LC Procedure for Assay of Carbamazepine 
Drug Substance and Tablets

A p p a ra tu s  a n d  R ea g en ts

(a) E q u ip m e n t a n d  m o b ile  p h a s e .— Described in Method I.
(b) S olu tion s. — Internal standard solution: 0.015 mg/mL 

ofantipyrine in ethanol-methanol (1 + 9). Standard solution:
0.02 mg/mL of carbamazepine in internal standard solution.
S y s te m  su ita b ili ty

Condition column until stable baseline is obtained. Inject 
five 10 p L aliquots of standard solution. Resolution between 
carbamazepine and antipyrine should be greater than 3.5. 
Relative standard deviation of ratio of carbamazepine to 
antipyrine responses should be less than 2%.
P rocedure

D ru g  substance. — Prepare solution containing ca 0.02 mg/ 
mL of carbamazepine, accurately weighed, in internal stan
dard solution.
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to

TIME (min)

Figure 1. Liquid chromatogram of carbamazepine raw material 
(Manufacturer II, Lot B, 4.93 mg/mL, rt = 3.14 min) spiked with 
10,11-dihydrocarbamazepine (Aldrich, 0.493 mg/mL, rt = 2.62 
min) and 10-bromocarbamazepine (synthetic, 0.555 mg/mL, rt = 
4.76 min) in ethyl acetate (rt =  1.40 min), 5.0 ftL injection, flow 2 
mL/min, 16 mV full scale deflection. Peak at 0.59 min is due to 

methanol-ethanol (9 + 1) solution used to rinse syringe.

T ablets. —Transfer amount of powdered tablet composite, 
equivalent to ca 20 mg carbamazepine, accurately weighed, 
to tube fitted with Teflon-lined screw cap, add 10 mL internal 
standard solution, tumble 30 min, and centrifuge. Transfer 
1 mL of this solution to 100 mL volumetric flask, dilute to 
volume with internal standard solution, and mix. Inject du
plicate 10 g L aliquots of standard and test solutions into 
chromatograph and record responses. Calculate concentra
tion of carbamazepine in mg/mL in test solution by C(Ru/ 
Rs), where C = concentration in mg/mL of carbamazepine 
in standard solution, and Ru and Rs = ratios of response of 
carbamazepine peak to internal standard peak obtained from 
test solution and standard solution, respectively.

III. TLC Method for Iminodibenzyl and Iminostilbene in 
Carbamazepine Drug Substance and Tablets

A p p a ra tu s  a n d  R eagen ts

(a) T L C  sys tem . —Precoated Merck 0.25 mm silica gel 60 
F-254 plates, toluene mobile solvent.

(b) D etec tin g  agen ts. — (7) Short wavelength ultraviolet 
(254 nm); (2) 0.5% potassium dichromate (w/v) in 20% 
aqueous sulfuric acid (v/v).
(c) S o lu tio n s .— Standard solution I: 0.0025% iminodi-

8

Figure 2. Capillary gas chromatogram of carbamazepine raw 
material (Manufacturer II, Lot B, 4.93 mg/mL, rt = 18.22 min) 
spiked with 10,11-dihydrocarbamazepine (Aldrich, 0.493 mg/mL, 
rt = 17.28 min) and 10-bromocarbamazepine (synthetic, 0.555 
mg/mL, rt = 23.70 min) in ethyl acetate (rt = 1.05 min), 0.4 j*L 

injection on-column, attenuation 32.

benzyl in chloroform (w/v). Standard solution II: 0.0025% 
iminostilbene in chloroform (w/v). Test solution: 5% car
bamazepine in chloroform (w/v).
P rocedure

Separately apply 10 ¿¿L aliquots of standard and test so
lutions. Let plate develop (15 cm) in chamber previously 
equilibrated with mobile solvent for ca 1 h. Remove plate 
and let it dry in air to remove toluene. Observe under ultra
violet light, then spray with the dichromate solution and 
observe under ordinary light. Spots in the test solution cor
responding to iminodibenzyl or iminostilbene that are larger 
than spots in the standard solution indicate the presence of 
these compounds at levels greater than 0.05%. Use dichro
mate detection for iminodibenzyl and ultraviolet for imi
nostilbene.

Results and Discussion 
L iq u id  C h rom a to g ra p h ic  M eth o d s

An LC procedure was developed to resolve and quantitate 
a series of carbamazepine-related substances (Figure 1). These 
compounds and their retention times relative to carbama
zepine are listed in Table 1. The method has been used to 
assay 8 tablet and 13 raw material samples of carbamazepine 
for related substances. Some of the samples were also assayed 
for drug content (Table 2). Levels of 10-bromocarbamaze
pine and 10,11 -dihydrocarbamazepine in drug raw material 
and tablets were also assayed by gas chromatography (Figure
2) to confirm the LC results (Table 2). Results obtained by
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Table 2. Concentration of carbamazepine and related sub
stances in drug raw materials and tablets by LC and G O 6

Manufacturer
(lot) Assay, %

10,11-Dihydro-
carbamazepine,

%

10-Bromo 
carbamazepine,

%
Drug raw materials

1 (A) 101.4 0.12 (0.08) nd"(0.01)
(B) — 0.12 (0.12) 0,05 (0.09)
(C) — 0.54 (0.59) 0.06 (0.05)
(D) — 0.10 (0.11) nd (tr)"

II (A) — nd (nd) nd (nd)
(B ) — 0.01 (nd) tr (nd)
(C) — 0.01 (nd) tr (nd)
(D) 101.2 nd (nd) nd (nd)

III (A) 100.5 0.28 (0.29) 0.09 (0.12)
IV (A)» 101.0' 0.04̂ (0.04) nd (nd)

(B ) — 1.2 (1.3) 0.06 (0.06)
(C) — 1.3 (1.3) tr (0.08)

V (A) — nd (nd) nd (nd)
Tablets

1 (A) 95.8 1.4 (1.6) 0.10(0.12)
(B ) 95.2" 0.94'(0.93) 0.05'(0.05)
(C) 97.1 0.12 (0.09) nd (tr)
(D ) 99.5 0.13 (0.12) nd (0.02)

II (A) 100.3 tr (nd) nd (nd)
(B ) 96.5 tr (0.02) nd (nd)

III (A) 98.7 0.03 (0.02) 0.53 (0.62)
VI (A)* 97.4 0.85 (0.96) 0.09 (0.15)

* Values are the means of duplicate analyses, unless otherwise noted. None 
of the samples analyzed contained detectable amounts of trans-10,11 -dihy- 
dro-10,11-dihydroxycarbamazeplne, 10,11-epoxycarbamazepine, imlnostll- 
bene, or Iminodibenzyl.

6 Results in parentheses were obtained by GC.
* None detected.
"Trace; minimum detectable amount of 10,11-dihydrocarbamazepine Is 
0.01% (0.01%), of 10-bromocarbamazepine, 0.03% (0.02%).

* Mass spectroscopy showed this sample to contain a monobromlnated im
purity: LC RRT = 1.52 (0.09%), GC RRT = 1.84 (0.07%).

' Mean of 6 determinations, RSD = 0.5%.
0 Mean of 6 determinations, RSD = 14.5%.
" Mean of 4 determinations, RSD = 2.1%.
'Mean of 4 determinations, RSD = 12.4%.
' Mean of 4 determinations, RSD = 13.2%.
‘This sample contained an unidentified impurity: LC RRT = 1.33 (0.03%).

the 2 methods are in good agreement. The gas chromato
graphic method lacks robustness and is not recommended 
for routine use.
The LC responses to carbamazepine and 10,11 -dihydro- 

carbamazepine were linear up to 0.32 and 0.36 /ug on-column, 
respectively, with what were essentially zero intercepts. The 
minimum detectable amounts of 10,11-dihydrocarbamaze- 
pine and 10-bromocarbamazepine are about 0.01 and 0.03%, 
respectively (3.5 and 10.5 ng, 35 >xg carbamazepine on-col
umn). Levels of 10-bromocarbamazepine were determined 
relative to carbamazepine. The molar absorptivities of car
bamazepine, 10-bromocarbamazepine, and 10,11-dihydro
carbamazepine at 230 nm are 13830, 17010, and 5950L/mol 
cm, respectively.
The extraction procedure was verified by shaking pow

dered tablet composites equivalent to 9-27 mg carbamaze
pine with 6 mL internal standard solution. The amount of 
drug extracted in each case was directly proportional to the 
amount of tablet matrix present. Shaking for periods of up 
to 45 min made no difference in the amount of drug extracted. 
Reproducibilities for the related substances method and as
say are less than 15% and 3%, respectively (Table 2).
T L C  M e th o d s  f o r  Im in o d ib e n zy l a n d  Im in o stilb en e

None of the samples analyzed contained detectable amounts 
of iminodibenzyl or iminostilbene. These compounds are

Table 3. TLC R, values for carbamazepine and related 
compounds

Compound BP*
TLC method 
IP" USP" BDR"

Carbamazepine 0.15 0.27 0.63 0
10.11 -Dihydrocarbamazepine
10.11 -Dihydro-10,11-trans-dihydroxycar-

0.16 0.27 0.67 0

bamazepine 0.04 0.13 0.64 0
10,11 -Epoxycarbamazepine 0.11 0.24 0.62 0
Iminodibenzyl 0.69 0.71 0.75 0.51
Iminostilbene 0.65 0.68 0.75 0.31
10-Bromocarbamazepine 0.12 — — 0

• Official in BP (2). Mobile solvent: toluene-methanol (95 + 5).
0 Proposed for inclusion in International Pharmacopoeia, 3rd Edition. Mobile 
solvent: toluene-methanol (86 +14).

c Proposed USP method for Ordinary Impurities (3). Mobile solvent: etha
nol-acetic acid (90 + 10).

“ Bureau of Drug Research method described in this paper. Mobile solvent: 
toluene.

starting materials in some routes of carbamazepine synthesis, 
and their detection forms the cornerstone of the BP test for 
related substances. They elute at about 15 min in the LC 
method, but the peak shape makes quantitation unreliable. 
For this reason, several TLC systems were investigated as 
alternatives to LC quantitation. The systems evaluated and 
the Rr values observed are presented in Table 3. The TLC 
systems are all based on silica gel 60 plates, and all call for 
virtually the same detection agents.
Only the method described in this paper resolves imino

stilbene and iminodibenzyl from each other and from car
bamazepine. Minimum detectable amounts of iminodiben
zyl and iminostilbene under shortwave ultraviolet light are
0.2 and 0.05 gg, respectively; after treatment with dichromate 
spray, the minimum detectable amounts of iminodibenzyl 
(blue spot) and iminostilbene (blue-green spot) were 0.05 and
0.2 pg, respectively. None of these systems could be used to 
obtain a complete profile of impurities in carbamazepine.
G as C h rom atograph y

Carbamazepine is reported to be unstable under some gas 
chromatographic conditions (12). In our laboratory, decom
position to iminostilbene and 9-methylacridine was de
creased from 15 to 4.5% by decreasing the injection port 
temperature from 290 to 210°C. Decomposition was further 
reduced by avoiding any packing material in the injection 
port liner and using on-column injection after attachment of 
a septum purge head. A lower injection port temperature 
would have been preferred because decomposition was vir
tually eliminated at 160°C, but recycling of the injection port 
temperature of the gas chromatograph used in this work was 
very inconvenient. The best results were obtained with cool, 
on-column, injection.
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Analysis of Piperazine Drug Formulations for /V-Nitrosamines

BRIAN A. DAWSON and ROBERT C. LAWRENCE
H e a lth  a n d  W e lfa re  C a n a d a , H e a lth  P ro te c tio n  B ra n ch , B u rea u  o f  D ru g  R esea rch , T u n n e y ’s  P a stu re , 
O tta w a , O n ta r io  K 1 A  0 L 2 , C a n a d a

A quantitative method is described for the measurement of A’-mono- 
nitrosopiperazine (NPIP) and A',¡V'-dinitrosopipera/.ine (DNPIP) in 
drug formulations containing piperazine, using a gas chromatograph 
interfaced to a thermal energy analyzer (GC/TEA). The method has 
detection limits of 20 ppb for NPIP and 12 ppb for DNPIP. In a 
survey of 6 products available on the Canadian market, all contained 
NPIP at levels of 0.38-15.3 jtg NPIP/g piperazine and none contained 
any detectable amount of DNPIP.

It is well known that many A'-mtroso compounds are mu
tagenic and/or carcinogenic. Many drugs contain primary or 
secondary amine functional groups, which could possibly 
nitrosate in vivo or in vitro. Piperazine (PIP) (an anthel
mintic) contains 2 secondary nitrogens and has been shown 
to undergo nitrosation in vitro as well as in experimental 
animals, yielding both V-mononitrosopiperazine (NPIP) and 
N , A'-dinitrosopiperazine (DNPIP) (1). Some controversy ap
pears in the literature concerning whether or not NPIP is 
mutagenic (2, 3) and/or carcinogenic (4, 5), but DNPIP has 
been shown to be both mutagenic (3) and carcinogenic (6). 
It has been reported (7, 8) that different batches of a piper
azine drug formulation sold in Sweden contained 3-20 gg  
NPIP/g PIP, but no detectable amounts of DNPIP. In the 
present report a method for the determination of NPIP and 
DNPIP in drug formulations containing piperazine, or its 
citrate or adipate salts, is described, and results are reported 
for products on the Canadian market.

METHOD
A p p a ra tu s

(a) G a s ch ro m atog raph /therm al en erg y  a n a lyz er (G C /  
T E A ) .— Hewlett-Packard Model 5840A reporting gas chro
matograph interfaced to Model 502 thermal energy analyzer 
(Thermo Electron Instruments, Inc., Hopkinton, MA 01748). 
Operating conditions: 3.05 m x 4.0 mm id coiled glass col- 1 
umn packed with 10%OV-101 on 80-100 mesh Supelcoport; 
temperatures: injection and detector ports 250°C, oven 150°C, 
TEA furnace 475°C; carrier gas (argon) 20 mL/min; pressure
1.1 torr.

(b) R o ta ry  eva p o ra to r.— Buchi Roto vapor R attached to 
a circulating pump containing ice water.
(c) E v a p o ra tive  concentrator. — 10 mL round-bottom flask 

(14/23 neck) with 1 mL cone, graduated in 0.1 mL incre
ments, on the bottom.

Received July 16, 1986. Accepted December 24, 1986.

R eagen ts

(a) P ip era z in e  fo rm u la tio n s. — Piperazine adipate suspen
sion was purchased locally. All others were obtained from 
manufacturers.

(b) D ich lo ro m eth a n e .— Distilled in glass (Caledon Labo
ratories Ltd, Georgetown, Ontario, Canada).
(c) l - A scorbic  acid. — (BDH Chemicals Ltd, Poole, UK.)
(d) S o d iu m  su lfa te .— Anhydrous (J. T. Baker Chemical 

Co., Phillipsburg, NJ 08865).
(e) S o d iu m  h y d ro x id e .— (BDH Chemicals Ltd, Toronto, 

Ontario, Canada.)
(f) P iperazin e. —(Aldrich Chemical Co., Inc., Milwaukee, 

WI 53201.)
(g) S o d iu m  nitrate. — (BDH Chemicals Ltd.)
(h) N P IP  a n d  D N P IP  s to ck  so lu tions. —Slowly add solu

tion of 8.4 mg piperazine in 1 mL 4M HC1 to solution of
6.67 mg sodium nitrate in 1 mL water. After 15 min, make 
this solution alkaline by adding 5 mL 5M NaOH, then extract 
with dichloromethane (3 x 33.3 mL). Dry combined dichlo
romethane extracts over anhydrous sodium sulfate and then 
decant into bottle. Crimp-seal bottle and wrap in aluminum 
foil. Store in refrigerator when not in use.

(i) S ta n d a rd  so lu tio n .— Pipet 0.5 mL stock solution into 
10 mL volumetric flask and dilute to volume with dichlo
romethane.

( j)  S p ik in g  solution. — Pipet 15 mL stock solution into 500 
mL volumetric flask and dilute to volume with dichloro
methane.
P rocedure

Pipet 10.0 mL liquid piperazine formulation into 125 mL 
separatory funnel. Add 100 mg L-ascorbic acid and 7 mL 
water. (For solid formulations, dissolve 2 g granules and 100 
mg L-ascorbic acid in 17 mL water.) If sample is to be spiked 
to obtain estimate of nitrosamine recoveries, add 1.0 mL 
spiking solution and shake funnel vigorously for a few min
utes. Add 3 mL 5M sodium hydroxide and extract solution 
with dichloromethane (5 x 30 mL). Dry combined extract 
over anhydrous sodium sulfate and reduce volume to ca 5 
mL on rotary evaporator. Quantitatively transfer solution to 
evaporative concentrator and reduce volume to 1.0 mL. Ana
lyze this solution with GC/TEA by comparing average areas 
for 5 injections of 5 g L each with average area for 5 injections 
of standard solution (also 5 g L each). Figure 1 shows typical 
chromatograms for standard solution and for one of the sam
ples (“C” in Table 1), both unspiked and spiked.
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MINUTES

Figure 1. Typical gas chromatograms. A, Standard solution; 
B and C, unspiked and spiked extracts for formulation C in 

Table 1.

Results and Discussion
After the stock solution of NPIP was prepared, a 10 mL 

aliquot was concentrated to 0.2 mL and analyzed by GC- 
flame ionization detection and by GC/mass spectrometry 
(GC/MS). Comparison of the peak areas showed that the 
solution contained 0.4% PIP, 95.7% NPIP, and 3.9% DNPIP. 
Repeating the preparation 2 more times gave comparable 
percentages of these components (identified by GC/MS).
A thermal energy analyzer was used for the nitrosamine 

analysis because of its well-known sensitivity and selectivity 
in the detection of A-nitroso compounds (9). To calibrate 
the TEA instrument, a series of solutions covering the range 
of 100-10 000 ppb NPIP was prepared by appropriate di
lutions of the stock solution. Since no suitable nitrosamine 
could be found to serve as an internal standard, absolute 
injections were used to determine the levels of NPIP. To 
check the precision of this procedure, each of the standard 
solutions was injected several times and the percent standard 
deviation for each was calculated. At concentrations of 10 000, 
5000, 3000, 1000, 500, and 100 ppb, the standard deviations 
were 1.05, 1.01, 0.85, 4.78, 6.37, and 12.96, respectively. 
TEA response to NPIP was linear (slope = 3470; intercept = 
-24 500; correlation coefficient = 0.9998).
The analytical procedure described above calls for the 

dichloromethane extraction of the nitrosamines from an 
aqueous solution. To verify complete extraction, this part of 
the procedure was repeated using five 30 mL portions of 
dichloromethane for representative samples of each type of 
product. In each case, no detectable levels of either nitros
amine were found in the second extract. This not only shows 
that the first extraction is essentially complete, but also that 
no appreciable artifactual formation of either nitrosamine 
occurs during this procedure.
To check the reproducibility of the method, one of the 

samples containing piperazine citrate was analyzed 5 times,

Table 1. Levels and percent recoveries of NPIP in piperazine 
formulations, using GC/TEA

Formu
lation

Piperazine
derivative

NPIP found

ppb ng/g pip Recovery, %

A adipate 84 0.38 87.4 ± 1.2
B adipate 164 3.69 98.0 ± 2.3
C citrate 456 10.26 91.5 ± 3.2
D citrate 501 11.27 99.3, 98.4
E citrate 515 11.58 ± 4.3% 97.4, 95.5
F hexahydrate 681 15.32 95.0,101.2

giving 11.58 /ug NPIP/g PIP ± 4.3%. To check the repro
ducibility of the recovery experiments, replicate analyses were 
conducted with 3 different types of formulations, each spiked 
with 1 mL of 3000 ppb NPIP. The results were 87.4 ± 1.2% 
(5 determinations) for the solid preparation (A), 98.0 ± 2.3% 
(5 determinations) for the suspension (B), and 91.5 ± 3.2% 
(4 determinations) for the liquid formulation (C).
The results for all the piperazine formulations analyzed 

are given in Table 1. The levels of NPIP found vary from 
84 to 681 ppb of the formulation, which corresponds to 0.38 
to 15.32 /ig/g PIP. This is in good agreement with the results 
reported by Bellander et al. (8), who found values in the 
range 3-20 pg/'g PIP for 3 batches of a piperazine formulation 
sold in Sweden. None of the formulations contained any 
detectable levels of DNPIP.

Conclusion
The GC/TEA method described here is suitable for the 

analysis of piperazine formulations for A-mononitrosopip- 
erazine and A,A'-dinitrosopiperazine with detection limits 
of about 20 ppb and 12 ppb, respectively.
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Thin-Layer Chromatographic Determination of Sterigmatocystin in Cheese:
Interlaboratory Study
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Collaborators: R. Beaver, G. Bennett, H. Chang, H. van Egmond, R. Erickson, J. Evans, K. Johnson, T. Lolling, E. C. Netz, 
W. E. Paulsch, J. Spilmann, M. Stack, E. Windham

A collaborative study of a method for the determ ination of sterig
matocystin in cheese was conducted by 10 laboratories. The study 
included control samples and samples spiked at levels of 5, 10, and 
25 ppb, in coded blind pairs. Recoveries were 60.0, 90.7, and 59.3%, 
outliers excluded, for the respective levels. The mean reproducibili
ties, outliers excluded, were 81.97, 17.13, and 52.77%, respectively. 
M ean repeatabilities, outliers excluded, were 77.66,17.13, and 46.40%, 
respectively. Results of this collaborative study indicate th a t the 
method, modified as described in this report, is applicable to the 
determ ination of sterigm atocystin in cheese a t low levels (5-50 ppb) 
for the purpose of surveys. W ith  regard to the difficulty with thin- 
layer chromatography in this study, it is recommended th a t a more 
satisfactory determinative step be developed. Recommendation for 
official first action status is deferred.

The study reported here was initiated to evaluate the method 
of Francis et al. (1) for the determination of sterigmatocys
tin in cheese. Cheese is extracted with acetonitrile-4% KC1 
(85 + 15). A simplified liquid-liquid partition cleanup is 
used, and the sample extract is passed through a cupric car- 
bonate-Celite column for final purification. Sterigmatocystin 
is quantitated using one-dimensional thin-layer chromatog
raphy (TLC) after the plate is treated with the fluorescence
enhancing sprays consisting of 15% A1C1, in EtOH and sil
icone-ether (18 + 82). Experience in our laboratory has shown 
this method to be satisfactory and efficient. Due to the fa
vorable performance characteristics exhibited during those 
trials and to the need for further evaluation of this method 
for the determination of sterigmatocystin in cheese, a col
laborative study was initiated.

C o lla b o ra tiv e  S tu d y  

D escrip tio n  o f  S a m p les

The gouda cheese sample selected for use in the study, as 
the control and for spiking, contained no detectable sterig
matocystin. The sample was prepared for analysis by size 
reduction in a meat grinder followed by homogenization in 
a planetary mixer. All analytical samples were weighed into 
wide-mouth glass jars:

(1) Each collaborator’s practice sample contained about 
115 g cheese. Analysts were instructed to analyze a 36 g 
portion of the sample as a control, and to spike 2 additional 
36 g portions of sample with 10 and 25 ppb of the provided 
standard spiking solution. This scheme was designed to de
termine if a collaborator’s system was suited for this analysis. 
In the event of problems, a method monitor/consultant was 
provided.

Received January 22, 1987. Accepted February' 7, 1987.

(2) Control and spiked samples were provided in coded 
blind pair sets, containing 0, 5, 10, and 25 ppb sterigmato
cystin. Spiked samples were prepared by adding known 
amounts of sterigmatocystin in benzene to the weighed sam
ple from the control lot of cheese. The solvent was allowed 
to evaporate ca 60 min, and the containers were tightly sealed.
(J) Samples and standards were frozen prior to packaging. 

Frozen materials were placed into Styrofoam ice chests, along 
with frozen wet-packs, and shipped via express mail.
Participants were instructed to use the entire contents of 

each jar (36 g) for each analysis.
D escrip tio n  o f  S tu d y

Fourteen laboratories originally agreed to participate in 
the study, and each was provided with the previously de
scribed, coded samples.
Each collaborator’s package included sample and standard 

materials, standard data sheet, storage information for sam
ples and standards, instructions describing the quantitative 
procedure of transferring sample materials from jars to ex
traction containers, and a copy of the method.
S te r ig m a to cystin  S ta n d a rd s

(a) P ractice sa m p le  sp ik in g  s ta n d a rd.—Approximately 450 
ixL sterigmatocystin solution (10.8 g g /m L ) dissolved in ben
zene and contained in sealed glass ampules.

(b ) W o rk in g  s ta n d a rd .— Approximately 1.5 mL sterig
matocystin solution (1.0 Mg/mL) dissolved in benzene and 
contained in sealed glass ampules. Collaborators were in
structed to report any deviations in standard weight from 
that recorded on the accompanying data sheet. They were 
also instructed to transfer the ampule contents without rins
ing to a small (2-5 mL) volumetric flask or vial, stopper the 
container tightly, and store in a freezer. Samples were to be 
brought to room temperature and mixed prior to being used.
D a ta  R equ ested

Each collaborator was provided a report sheet that re
quested his or her name, address, type of TLC plate used, 
and other parameters such as grades of solvents used. In 
addition, a tabulated format was designed for listing analyt
ical results. Remarks (comments, suggestions, criticisms, and/ 
or descriptions of difficulties) were requested. Instructions 
also stated that if method modifications were tried, collab
orators were to report the findings to the monitor, but to 
keep those data separate from the study report.

METHOD
T he m eth o d  has been  pu b lish ed  (1).
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Table 1. Collaborative results for TLC determination of sterig- 
matocystin in spiked cheese samples

Spike levels, ng/kg

_ PracticeCon- .samples

Coll. 0 5 10 25 0 10 25

1a 18 2 3 9 (36)» (27) 36 13 — — —
2C 0 0 —d — 9 — — 2 — — —
3 0 1 5 2 11 9 33 17 0 9 26
4 0 0 7 2 11 7 13 18 0 9 20
6 4 0 4 7 9 11 22 22 0 9 27
7 0 0 0 T* 4 4 9 17 0 9 22
9 0 0 (28) (31) (19) (14) 9 7 0 9 25

12 0 0 0 4 9 9 22 0 0 9 16
13 0 0 4 0 7 9 18 18 0 11 22
14 0 0 4 3 9 8 20 18 0 10 17

" Data submitted by this collaborator omitted from calculations.
» Values In parentheses are statistical outliers by Dixon or Grubbs tests.
* Incomplete data submitted; values were not used In calculations.
» No data submitted.
* This result was reported as a trace, but was interpreted to be 0 because 
the value Is below the detection limit of the method.

Results and Discussion
The results reported by each collaborator for the deter

mination of sterigmatocystin in cheese are presented in Table
1. Results were reported by 10 of the 14 laboratories to which 
samples were issued.
Of the 10 reporting laboratories, 8 submitted the results 

of their practice samples. Those results show no false-neg
ative or false-positive spots for the controls, and they showed 
mean recoveries for the spikes of 9.4 and 21.9 ppb, with 
RSDs of 7.9 and 18.5%, for the 10 and 25 ppb levels, re
spectively.
With respect to the coded, blind spikes, 3 of the 9 collab

orators whose results were statistically included reported a 
total of 4 (22.2%) false-positive spots for the control samples. 
In the case of collaborator 1, all results were eliminated from 
further statistical evaluation for the following reasons: results 
of practice samples were not reported; both controls were 
reported as false positives, including the exceptionally high 
value of 18 ppb; and results reported at the 10 ppb spike 
level were classified as statistical outliers by both Dixon and 
Grubbs tests (2, 3).
The result of 1 ppb in the control sample reported by 

collaborator 3 was interpreted as 0 because the value is less 
than the detection limit of the method. Subsequently, the 
evaluation of data for the control samples showed there to 
be 1 false-positive result (collaborator 6) of the 16 samples 
from 8 collaborators considered (6.25%).
Results reported by collaborator 9 for the 5 and 10 ppb

Table 2. Precision measurements of TLC method to determine 
the presence of sterigmatocystin in cheese

Added, ppb

Statistic 5 10 25

Mean, ppb 6.31 (3.00)* 9.33 (9.07) 14.83
Recovery, % 60.0 90.7 59.3
RSD„, % 153.01 (81.97) 38.05 (17.13) 52.77
S , 9.659 (2.459) 3.559 (1.555) 8.226
RSD0, % 36.51 (77.66) 19.64 (17.13) 46.40
s„ 2.305 (2.330) 1.837 (1.555) 7.233
Outliers Lab. 9—Grubbs, Lab. 9—Dixon none

Dixon Lab. 7—Grubbs
Expected RSD„, % 38.36 32.47 30.16

» Values In parentheses are quantities after outlier rejection.

Table 3. Results of postcollaborative study to determine if prod
uct or analyte degradation occurred between the times of sample 

preparation and collaborator analyses

Sample set

Spike levels, rig/kg

Control
0 5 10 25

1 0 3.4 9.6 22.2
0 4.1 11.0 17.2

2 0 4.5 10.2 18.4
0 4.8 8.9 21.6

Range; low — 3.4 8.9 17.2
high — 4.8 11.0 22.2
X — 4.2 9.9 19.9
SD — 0.61 0.89 2.43
RSD, % — 14.4 8.99 12.2
Ree., % — 84.0 99.3 79.4

Overall ree., % 87.6

spike levels were determined to be statistical outliers by the 
Dixon test; however, the collaborator’s results for the 25 ppb 
spike level are included in the calculations. A cursory eval
uation of those spiked sample results may indicate a problem 
with crossed-up samples.
In Table 2, the overall precision estimates for sterigma

tocystin found in the spiked samples, outliers excluded, 
showed mean values of 3.00, 9.07, and 14.83, representing 
recoveries of 60.0, 90.7, and 59.3% for the levels of 5, 10, 
and 25 ppb, respectively. A one-way analysis of variance was 
applied to each duplicate sample set and was used to calculate 
the reproducibility relative standard deviation (variation be
tween laboratories), RSD„ and the repeatability relative 
standard deviation (within laboratory variation), RSD„, for 
the spiked samples. RSD, values for spiking levels 5, 10, and 
25 ppb were 81.97, 17.13, and 52.77%. RSD„ values for 
spiking levels 5, 10, and 25 ppb were 77.66, 17.13, and 
46.40%. RSDs for reproducibility and repeatability were sat
isfactory at the 10 ppb spike level but were much higher for 
the 5 and 25 ppb spike levels, compared to their calculated 
expected RSDs (4).
Results obtained at the 10 ppb level agreed with results 

obtained during method development and with results ob
tained by collaborators for practice samples.
The unexpected results obtained at the 5 and 25 ppb level 

spikes were investigated for the possibilities of product or 
analyte degradation; 2 extra sample sets were analyzed after 
completion of the collaborative study to resolve this matter. 
As shown in Table 3, the obtained results eliminate those 
possibilities.Feedback received from collaborators 2, 4, 13, and 14 
indicated that some problems existed with the thin-layer 
chromatographic determinative step in that some back
ground streaking made spot estimation difficult. This concern 
was also investigated during the postcollaborative study ex
periments; we concur that streaking did occur, but not to the 
point where it interfered with quantitation. Coincidental to 
the matter of TLC quantitation, collaborator 7 was not able 
to obtain the recommended type of TLC plates and, as a 
result, experimented with other types of available TLC sup
ports. The collaborator reports that very acceptable results 
were obtained using E. Merck HPTLC plates, with no back
ground streaking. We evaluated the collaborator’s findings 
and concur. Additional TLC experiments yielded very sat
isfactory TLC results for Whatman KC2 reverse phase TLC 
plates and development with hexane-methanol (95 + 5) for
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45 min to 1 h, followed by the previously described spray 
enhancers.
Collaborators 3 and 4 commented on problems with the 

glass wool filtration technique, indicating that filtration was 
unusually slow. Since this is a minor procedural detail, it was 
suggested that the filtration surface area be increased by pass
ing the material through a larger-diameter glass wool-packed 
tube such as a Pyrex No. 3700 butt tube.

Recommendations
Results of the collaborative study indicate that the method, 

modified as described in this report, is applicable to the de
termination of sterigmatocystin in cheese, if we take into 
account that the purpose of this work is to provide a simple, 
economical, rapid method for hazard assessment surveys that 
are intended to determine levels and incidence of contami
nation in cheese below the 50 ppb level of current methods. 
Statistically, the analytical variance of results at the 10 ppb 
level is acceptable. However, because of the high variability 
at the 5 and 25 ppb levels, a recommendation for official first 
action status is deferred pending development of a more 
satisfactory determinative step.
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The great sensitivity of some cell species to toxins has been adapted 
to a direct biological determ ination of trichothecene contam ination 
of food and feeds. The murine spleen lymphocyte stim ulated by PH A  
(P h a seo lu s vu lg a ris  phytohaem agglutinin) appeared to be the most 
convenient cells because of their particular sensitivity to cytotoxic 
trichothecenes and the opportunity to translate th is cytotoxicity to 
imm unosuppressive hazard, one of the most im portant concerns for 
trichothecenes. In th is paper, the use of cell cultures was adapted for 
a  survey of corn. The toxins were extracted by aqueous m ethanol, 
and the extract was defatted with hexane and purified on a silica gel/ 
Florisil column. T his extract was then used for a gas chrom atographic 
(GC) determ ination and the biological test. The growth of cells was 
measured by the incorporation of tritiated  thym idine (’H  Tdr), and 
the inhibition was expressed by the IC*,: concentration of corn extract 
inhibiting by ha lf the 3H  T dr incorporation. We have tested pure 
toxins, control corn, corn spiked with T-2 toxin, corn experimentally 
inoculated with toxigenic F u sariu m  strains, and naturally  contami
nated corn. A good correlation exists between IC S0 and the T-2 toxin 
concentration as determined by GC analysis. T he response is not 
affected by the presence of zearalenone or by small amounts of deox- 
ynivalenol. A quantitative evaluation of cytotoxic trichothecenes in 
corn is valuable in the range of 100 ppb to 10 ppm, expressed as 
T-2 toxin equivalents. The result is obtained in 48 h.

Received September 2, 1986. Accepted December 23. 1986.
1 Address correspondence to this author.

Trichothecenes compose a large group of myco toxins, of which 
more than 75 compounds have been identified. They are 
mostly produced by microfungi such as F u sa riu m , also re
sponsible for the production of zearalenone, butenolide, 
moniliformin, and other less toxic compounds. They con
stitute an important problem in public health and in animal 
feeding because of their possible occurrence in food and feed 
and their implication in numerous human and animal dis
eases. Trichothecenes belong to the scirpen group; their ac
tivity is highly modulated by the number and size of sub
stituents to the central nucleus. Lethal doses (LD50) range 
from 0.5 mg/kg for verrucarine A to 810 mg/kg for crotocin
(1).Because of the lack of fluorescence, the UV absorption in 
a limited range of the spectrum (A to 210 nm), and the 
immunosuppressive characteristics that make antibody pro
duction difficult (2), quantitative analysis of trichothecenes 
is particularly challenging. Thin-layer chromatography (TLC), 
either with nonspecific sulfuric acid development or with 
other more specific reactions (3, 4) is not accurate enough to 
determine levels in agricultural commodities, except for par
ticular compounds like deoxynivalenol (DON) that can be 
detected by TLC through A1C13 development (5). Because of 
higher specificity, gas chromatography (GC) (6) and GC/mass
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Figure 1. Example of GC separation of trichothecenes extract
ed from corn spiked with 0.5 pg/g of DON, DAS, HT-2, and T-2 
toxin. (ME and OC are added as internal standards, see text.)

spectrometric analyses (7) are now being used in numerous 
laboratories.

Physicochemical determination of a few particular my- 
cotoxins that could contain numerous molecules with various 
activities cannot realistically portray the measure and sig
nificance of contamination in foodstuffs. Therefore, it would 
be useful to perform a global evaluation of contamination 
from mycotoxins on the basis of their toxicological charac
teristics. For example, detection using the necrotizing power 
on animal skin (8) or the lethal effect of most trichothecenes 
on A rte m ia  sa lin a  larvae has been studied (9).

Most trichothecenes show a strong cytotoxic activity in 
some cell lines; therefore, tests with cell cultures have proved 
to be good methods for evaluating the potential toxic con
tamination of a food product. Several cells even show a se
lective sensitivity to trichothecenes, particularly lymphoid 
cells, epithelial cells of intestinal mucosa, and some tumor 
cells (10, 11). A first method based on the use of cell cultures 
has been published (12).

In the present paper, a method suitable for surveying cy
totoxic mycotoxins in contaminated agricultural products is 
proposed and applied to com samples. The presence in veg
etable products of stimulating lectins and inhibitory alkaloids 
required the evaluation of possible interference from the com 
itself and the development of a procedure for cleanup and 
dilution of extracts. Two kinds of cells were used: murine 
splenic lymphocytes stimulated by P h aseo lu s vu lgaris phy- 
tohaemagglutinin (PHA) and a rat hepatoma cell line (LF 
cells). In addition to their suitability for in vitro culture, the 
lymphocytes permit the estimation of one of the main tox
icological effects of trichothecenes—their immunosuppres
sive potency.

Experimental
M a t e r ia l s

Pure mycotoxins were purchased from Makor (PO Box 
6570, Jerusalem, Israel) except for deoxynivalenol which was 
a gift from H. Cohen (Ottawa, Ontario, Canada). All products 
and solvents were analytical grade. Some batches of DMSO 
appear to be significantly toxic to cells, so this solvent must 
be tested before use.

Two media were used for cell cultures: Roswell Park Me
morial Institute Medium 1640 (RPMI 1640) and Minimum 
Essential Medium (MEM) (Eurobio).

P r e p a r a t io n  o f  C o r n  E x t r a c t s  a n d  G C  A n a ly s is

Two methods were necessary for trichothecene determi
nation in naturally or artificially contaminated com samples.

(a) D O N  d e te rm in a tio n .—T h e  first method concerns po
lar trichothecenes (i.e., DON). A 50 g sample of ground com 
is extracted with 200 mL acetonitrile-water (84 + 16 v/v) 
according to the procedure proposed by Trucksess et al. (5). 
After filtration through paper, 20 mL organic phase is de
fatted by hexane and evaporated to dryness. The residue is 
dissolved in 5 mL chloroform, and 5 mL hexane is added. 
This extract is then purified on a Florisil column, previously 
deactivated with 10% water, by eluting with 40 mL chloro
form. DON is then eluted with 60 mL chloroform-acetone 
(50 + 50 v/v). After evaporation to dryness, 20 pg  N-meth- 
yldecosanoate and N-octacosane are added as internal stan
dards.

Prior to GC analysis, TMS-DON derivative is prepared 
by heating with 100 p h  Tri-Sil/TBT (Pierce, Rockford, IL 
61105) for 10 min at 60°C. The resulting derivative and 
solvent are used for GC analysis.

(b) T -2 , H T -2 , D A S , a n d  zea ra len o n e  d e te r m in a tio n .— 
For cytotoxic trichothecenes and zearalenone, extraction is 
more efficient with pure methanol (200 mL for 50 g grain). 
Nevertheless, it is necessary to change slightly the polarity 
and ionic strength by adding 80 mL water with 2% NaCl 
before the extract is washed with 100 mL hexane. Toxins are 
then reextracted from aqueous phase by 100 mL chloroform. 
One half is used for LC determination of zearalenone after 
purification according to a procedure adapted from Mirocha 
et al. (13).

The other half is evaporated to dryness and then purified 
on a column of silica gel/Florisil/10% water, for T-2, HT-2, 
and diacetoxyscirpenol (DAS) determination. Nonpolar im
purities are first removed with 20 mL benzene and toxins 
are collected with 50 mL benzene-acetone (50 + 50). An 
aliquot of this extract is evaporated to dryness and used for 
the cell culture test. TMS derivatives are prepared using 
BSTFA (N , O-bis(trimethylsilyl)trifluoroacetamide) for 60 min 
at 60°C.

(c) G as ch ro m a to g ra p h y. — GC separation is performed on 
a glass capillary column (50 m x 0.3 mm id) coated with 
SE-52 as stationary phase. Oven temperature is maintained 
at 100°C for 10 min after splitless injection and increased to 
250°C at 10°/min. With the flame ionization detector, the 
average sensitivity is better than 100 p g /\g \  1 p L  injection 
represents 100 mg corn.

C e l l  C u l tu r e s

After silica gel/Florisil column purification, dry extracts 
were then dissolved in DMSO in increasing dilutions, to 
contain between 10~5 and 0.5 g equivalent corn per volume 
of DMSO (10 juL), which is applied to 1 mL cell culture 
medium. Cell growth is estimated by incorporation of triti- 
ated thymidine (TMM199B, 25 Ci/mM, CEA, Saclay, France).

(a) S plen ic  lym phocytes. — Preparations were obtained from 
spleen of Balb/c mice as described elsewhere (14). Spleens 
were aseptically removed, minced with scissors, and filtered 
through a 200-mesh stainless steel sieve. Cell suspensions 
were collected and centrifuged 10 min at 2000 rpm. The pellet 
was resuspended in a known volume of RPMI 1640. A 50 
p L  aliquot (diluted 1:10 with trypan blue) was counted with 
a hemocytometer.

Cells (500 000) were seeded in microplate wells in 150 pL  
RPMI supplemented with 2 mM glutamine, 10% fetal calf 
serum inactivated by heating 30 min at 56°C, and antibiotics 
(100 IU penicillin/mL and 100 pg streptomycin/mL). Then 
50 p L  PHA (HA 16, Wellcome, 1 p g /m L  cell culture) and 2 
p L  dilutions in DMSO of test extract were added to each
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Figure 2a. Tests on lymphocytes. Control and T-2 toxin spiked corn.
Inhibition is calculated by comparing 3H Tdr incorporation in cells treated by dilutions of corn extract with that in control cells. Each point 

was made in triplicate. For each extract, a curve is plotted from the dilution range of the extract; the percent variation compared to controls 
is expressed as a function of “equivalent corn” concentration in g/mL cell culture.

Figure 2b. Tests on lymphocytes. Corn used as substrate for
F. lateritium culture. (....) 1 ppm T-2 toxin. See Figure 2a for

conditions.

Figure 2c. Tests on lymphocytes. Corn used as substrate for
F. graminearum culture. See Figure 2a for conditions.

well. Cells were incubated at 37°C in an atmosphere of 5% 
CO, and 95% air for 48 h.

Five hours before cells were harvested, 1 p C i tritiated thy
midine was added to each well. Cultures were harvested with 
an automated sample harvester (Skatron) on glass fiber filters. 
The radioactivity was counted in Omnifluor (1 mL) in a 
liquid scintillation spectrometer.

(b) L F  cells. — LF hepatoma cells were taken from a trans
plantable rat hepatoma obtained from a primary cancer in
duced by paradimethylaminoazobenzene. The cell line was 
established in the laboratory and subcultured twice a week 
in MEM containing 10% fetal calf serum, glutamine, and

Figure 2d. Tests on lymphocytes. Corn used as substrate for 
F. sporotrichioides. See Figuer 2a for conditions.

Figure 2e. Tests on lymphocytes. Naturally contaminated corn. 
(----- ) 1 ppm T-2 toxin. See Figure 2a for conditions.

antibiotics (100 IU penicillin and 100 pg streptomycin/mL). 
LF cells were seeded at 20 000 cells per well in 200 p L  MEM. 
The dilutions of extract to be tested were added in 2 p L  
DMSO. Cells were incubated at 37°C in an atmosphere of 
5% CO, and 95% air for 24 h. Tritiated thymidine was added 
at 1 /iiCi/well, 32 h before the end of culture. Just before 
harvesting, the cells were trypsinized for 10 min at 37°C. The 
results were expressed in percent variation compared to the 
controls which had received only 2 p L  pure DMSO.

(c) Z e a m le n o n e  in terferen ce .—T o  characterize the inter
ference of zearalenone, a limited number of tests in culture 
were done before column purification of the extracts. The
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Figure 3. Correlation between IC50 on lymphocytes and T-2 toxin 
level of corn sample: x = spiked corns; A  = corns contaminated 

with F. sporotrichioides (T-2 toxin is estimated by GC).

level of zearalenone was determined by LC. The test was 
done on corn samples inoculated with F. la te r itiu m  (No. 62 
and 63) and F. g ra m in ea ru m  (No. 55, 56, 64, and 65). The 
crude extracts dissolved in small volumes of DMSO gave a 
sticky solution, very difficult to handle; usually the test must 
be performed with purified extracts.

From the results obtained, a curve could be plotted and 
the extract concentration that inhibits cell growth by half 
(IC50) compared with control cells could be estimated.

Results
E ffe c t o f  C le a n u p

A survey of GC patterns showed that the charcoal-alumina 
cleanup columns proposed by Trucksess et al. (5) for TLC 
analysis of DON gave recoveries significantly lower than the 
Florisil columns used in this study. For the proposed pro
cedures, recoveries from spiked samples were better than 
85% for DON, 95% for T-2 toxin, 69% for HT-2, 98% for 
DAS, and about 90% for zearalenone. Figure 1 is an example 
of chromatographic separation.

E f fe c t  o f  C e l l  L in e s

Results obtained on lymphocytes (Figures 2 and 3) and LF 
cells (Figure 4) can be compared. All contaminated extracts 
could be clearly separated from controls. Sensitivity for a 
given toxin frequently varied between different cell lines, and 
could explain the slight differences between tests on spleen 
lymphocytes and LF cells. For example, the com sample No. 
20 seemed much more inhibitory for lymphocytes than for 
LF cells (Figure 2).

T e s ts  w i t h  P u r e  T o x in s

Inhibitory activity of pure toxins is given in Table 1, dis
tributed into 2 groups: T-2, HT-2, and DAS were active at 
concentrations of ng/mL and should be detected by the pro
posed cytotoxicity test; in contrast, DON and zearalenone 
were very less active and were hardly detected. We investi-

Table 1. IC50 obtained with standard toxins for murine splenic 
lymphocytes stimulated by PHA and for LF hepatoma cells

Toxin Lymphocytes, ng/mL* LF cells, ng/mL*

T-2 toxin 1.1 ± 0.24 1.5 ±  0.06“
HT-2 toxin 3.1 ± 0.56 3.9 ± 0.4
DAS 5.9 ± 0.8 10 ± 0.13“
DON 115 ± 23 200 ± 12 “
Zearalenone 3200 ± 800 5450 ± 2000

* Mean value ± SD for 3 or more analyses each. 
“ According to Robbana-Barnat et al. (11).

Figure 4a. Tests on LF cells. Control and T-2 toxin spiked corns.
A curve is plotted from the dilution range of each extract; the 

percent variation compared to controls is expressed as a function 
of "equivalent corn” concentration in g/mL cell culture.

Figure 4b. Tests on LF cells. Naturally contaminated corn. 
( - • -----) control. See Figure 4a for conditions.

gated whether combinations of several trichothecenes would 
have additive or synergistic effects by testing 5 toxins (T-2, 
HT-2, DAS, DON, and zearalenone) 2 by 2 on spleen lym
phocytes (data not shown). The inhibition of lymphocytes 
stimulated with PHA was evaluated as previously indicated. 
Generally, no significant synergy was shown; in particular, 
no effect was shown for zearalenone. Slightly increased lym
phocyte response was observed when DAS was associated 
with the 3 other trichothecenes at low concentration.

T e s t S u rv e y

We used the cell culture test to survey the following sam
ples: com considered sound; com spiked with T-2 toxin; com 
used as substrate for the following F u sa riu m  cultures; F. 
la teritiu m , F. g ra m in ea ru m , F. sporo trich io ides, F. m o n ili-  
fo r m e ;  and naturally contaminated com. Results are sum
marized in Figure 2 and Table 2.

(a) S o u n d  corn  (control) a n d  corn  sp ik e d  w ith  T -2  to x in  
(F igure 2a). —Control com has a slight inhibitory action on 
lymphocytes in culture, but this phenomenon is regular and 
reproducible. The IC50 value is equivalent to 0.2 ± 0.05 g 
com per mL cell culture. There is no effect at concentration 
equivalents less than 0.05 g/mL. No hypothesis can be made 
on the nature of inhibitory substances extracted with the 
polar solvents used.

Among the control com tests, one of 10 samples tested 
showed a clear inhibitory effect on both types of cells. This 
suggests the presence of a not-yet-identified contaminant.

Com was spiked with increasing concentrations of T-2 
toxin (1, 5, and 10 ppm), added to the solvent used for
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extraction. These curves were distinct from the com controls. 
For example, on the 1 ppm curve, IC50 equaled 0.003 g com 
equivalent/mL, whereas on the control curve IC50 equaled 
0.2 g/mL, with a coefficient of 70 between the 2 values. The 
correlation between IC50 and T-2 toxin concentration is good, 
which enables quantitative evaluation of contamination (Fig
ure 3).

(b) A rtificia lly  co n ta m in a ted  corn. — Pure F u sariu m  strains 
were inoculated in sterilized control com with water activity 
adjusted to 0.98; samples were taken at 7, 14, 25, and 47 
days of culture at 22°C.

DON and zearalenone producers (F. la te r itiu m  and F. gra- 
m in ea ru m , Figure 2b and 2c): LC analysis confirmed the 
presence of zearalenone at concentrations ranging from 0.8 
to 355 ppm, and GC analysis showed quantities of DON up 
to 4 ppm in F. la te r itiu m  samples. Contaminated samples 
were distinct from controls but did not reach the levels of 
com spiked with T-2 toxin (1 ppm). Thus, the presence of 
zearalenone did not interfere with the detection of trichothe- 
cenes.

Cytotoxic trichothecene producers sporo trich io ides, 
Figure 2d): All samples reached T-2 toxin levels up to 29 
ppm. Inhibitory curves were distinct from controls, and con
firmed previous observations for spiked com. Good corre
lation was shown among levels of T-2 toxin determined by 
GC, observed IC50 values, and results for spiked com (Figure 
3).

(c) N a tu ra lly  c o n ta m in a te d  corn  (F igure 2e). — Com con
taminated with low quantities of zearalenone (No. 30 = 170 
ppb) shows curves near controls. Most naturally contaminated 
com cannot be confused with control com. Some extracts 
had an inhibitory effect (up to 1 ppm T-2 toxin) that cannot 
be explained by the toxins detected. Because no enhancing 
effects were found with pure toxins, different toxins not tested 
may be present. Some extracts showed significant stimulation 
of toxicity when they were sufficiently diluted.

T e s ts  o n  L F  C e l ls

We used the LF cell culture procedure to test sound com, 
com spiked with T-2 toxin (Figure 4a), and naturally con
taminated com (Figure 4b). Results confirmed those previ
ously obtained with lymphocytes.

Discussion
Many biological tests concerning trichothecene detection 

have been proposed. The lymphocyte test was more suitable 
than the phytotoxic and skin tests because it could be more 
easily quantitated and extrapolated than, for example, the 
A rte m ia  sa lin a  test (9).

Cells in culture that show a selective sensitivity to cytotoxic 
trichothecenes enable a global evaluation of contamination 
by toxins for which no standards are yet available and for 
which physicochemical detection would therefore be difficult. 
Lymphocyte tests were simple and easy to reproduce and 
codify. They exhibited great sensitivity toward cytotoxic tri
chothecenes and results could be obtained in less than 48 h. 
In our experiment, the use of an established line (LF hepa
toma) gave reproducible results from one test to another. The 
sensitivity, although slightly lower than that observed for 
lymphocytes, enabled a satisfactory detection of contami
nants. The incorporation of tritiated thymidine is a good 
marker of cytotoxicity for both cell types used. By contrast 
with lymphocytes, LF cells require permanent maintenance; 
the test on lymphocytes is therefore more convenient.

C o rn .— Noncontaminated com always contains small 
quantities of inhibitory substances that are difficult to char-

Table 2. Characteristics of tested corn

Period of T-2 toxin
Fusarium Toxins detected equiva-
culture, by GC or LC, Lymphocyte tests, lent,

Com days ppm ICk, (g/mL) ppm

Control corn
1 - 6, 8, 0 0.23 ± 0.05

34, 39 
17 0 2.09.10 2

T-2 spiked corn:
7, 10-13 T-2: 1 2.75.10 3 ± 0.23.10-3
15 T-2: 5 3.31.IO 4 ± 0.09.10"4
16 T-2: 10 5.25.10 s ± 0.5.10~5

Corn inoculated with F. lateritium:

49 , 7 DON: 0.3 2.51.10 1 0
50 7 DON: 0.3 1.91.10 2 0.35
51 14 DON: 0.55 2 .88.10 2 0.27
52 14 DON: 0.6 4.78.10“2 0.2
57 7 Z: 0.3 6.61.10-2 0.16
58 14 Z: 11 4.78.10-2 0.2
59, 60 25 DON: 4 1.94.10 3 1.4
62 25 Z: 170 1.44.10'2 0.4
63 47 Z: 355 5.01 .IO“3 0.8

Corn inoculated with F. gram inearum:

55 7 Z: 0.8 1.73.10"' 0
56 14 Z: 8 1.38.10-' 0
64 25 Z: 103 2.19.10-2 0.3
65 47 Z: 288 4.57.10-3 0.5

Corn inoculated with F. sporotrichioides:

53 7 T-2: 12 6.31.10-5 10.5
54 14 T-2: 27 5.12.10 6 39
61 25 T-2: 29 8.31.10 6 35

Com inoculated with F. moniliforme:

67 25 T-2: 0.4; 7.24.10-3 0.63
DON: 0.1; 
DAS: 0.1; 
Z: 1.2

71 47 DON: 0.17 5.01.10-3 0.8

Naturally contaminated corn:
18 Z: 6.4 + 10 -2 0.5

DON: 0.5
20 Z: 6.4 + 6.92.10-4 2.6

DON: 0.5 
+ T-2, 
HT-2: 
traces

21 Z: 41 + 1.82.10-3 1.4
DON: 20

22 Z: 3 + 4.79.10-3 0.8
DON: 1

24 Z: 3 + 2.17.10“2 0.3
DON: 1

26 Z: 41 + 7.24.10“3 0.6
DON: 20

28 Z: 1 + 9.12.10-2 0.1
DON: 0.17

30 Z: 1 + 1.82.10-' 0
DON: 0.17

32 Z: 0.15 + 1.40.10-' 0
DON:
traces

41, 42 Z: 0.8 + 2 .6.1 0“3 1.2
DON: 3

43, 45 Z: 2.8 + 2.3.10-3 1.2
DON: 5

46 Z: 0.8 + 1.38.10"2 0.4
DON: 3

47 Z: 0.8 + 1.38.10 2 0.4
DON: 3

48 Z: 2.8 + 1.15.10 2 0.5
DON: 5
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acterize. Reproducibility of results from one test to another 
suggests natural constituents of com. Among the 10 samples 
tested, 9 gave a homogeneous response; one showed a more 
inhibitory effect that was repeated in the 2 cell strains and 
is apparently due to a contaminant that is not detected through 
the usual methods.

T oxin s. — Many toxins can be found in com: zearalenone, 
DON, cytotoxic trichothecenes, etc. The use of com spiked 
with T-2 toxin allowed standardization of the response and 
showed the repeatability of the test for quantitative analysis. 
Inhibition due to T-2 toxin even at low levels was apparent 
over that observed for sound com. The limit of the method 
sensitivity is about 50-100 ppb T-2 toxin; a quantitative 
evaluation can be performed in a range of concentration of 
0.1 to 10 ppm T-2 toxin. The test eliminates interference by 
zearalenone, a frequent com contaminant that is easily de
tected by physicochemical methods. Com contaminated with 
up to 8 ppm zearalenone does not differ from controls; even 
at 300 ppm, the contaminated corn shows less inhibition 
than 1 ppm T-2 toxin.

DON is not easily detected; its presence (4 ppm) has no 
major effect on cell growth curves. Although DON is a tri- 
chothecene, it exhibits a rather low toxicity; IC50 = about 
100-150 ng/mL in both cell tests. Contaminated com ex
tracts do not reach such concentrations. DON is easily de
tected by TLC or GC analysis.

In some naturally contaminated com or com samples in
oculated with F. la teritiu m , the unexplained toxicity (Table
2) must be due to undetected toxins or unknown synergism.

In 3 cases we observed a stimulating effect with low con
centrations of contaminated com extracts (Figure 2c). Al
though this effect has been observed with pure toxins (14), 
we suspect the presence of stimulating factors in the extract. 
These factors may interfere with the quantitation of results 
in terms of T-2 equivalents, but the result itself represents 
the toxic potency of the com, as indicated by the cellular 
response.

Conclusion
The biological test based on the use of murine splenic 

lymphocytes gives results in agreement with those obtained 
with physicochemical methods. The cell response is regular;

although not specific, it is selective enough to detect primarily 
contamination by cytotoxic trichothecenes. The simple test 
using cells in culture can process a great many samples to 
give results in 48 h. All samples significantly contaminated 
with T-2, HT-2, or DAS can be distinguished from controls; 
therefore, the test is useful for determining safety of agri
cultural products.
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Liquid Chromatographic Determination and Stability of the Fusarium Mycotoxin 
Moniliformin in Cereal Grains

PETER  M . SC O T T  and G U IL L A U M E  A . L A W R E N C E
H e a lth  a n d  W e lfa re  C a n a d a , H e a lth  P ro te c tio n  B ran ch , F o o d  R e se a rc h  D iv is io n , O tta w a ,  
O n ta r io  K 1 A  0 L 2 , C a n a d a

Moniliformin is a mycotoxin produced by F u sariu m  su b g lu tin a n s  and 
other F u sariu m  species. A rapid, liquid chromatographic method for 
its determination in corn and wheat is described. Samples are ex
tracted in acetonitrile-water (95 + 5); following defatting with 
n-hexane, an aliquot of the extract is evaporated and cleaned up on 
small CI8 and neutral alumina columns successively. Reverse-phase 
liquid chromatography (LC) is conducted on a C,„ column with 10 
or 15% methanol or acetonitrile in aqueous ion-pair reagent as mobile 
phase, with detection by ultraviolet absorption at 229 and 254 nm. 
Average recoveries of moniliformin (potassium salt) added to ground 
corn and wheat at levels of 0.05-1.0 jig/g were 80% (» = 20) and 
85% (n = 12), respectively, and the limit of detection was ca 0.01-
0.18 Mg/g? depending on LC conditions. Analysis of 24 samples of 
wheat, 4 samples of rye, and 12 samples of corn showed moniliformin 
in only 2 corn samples (0.06 and 0.2 Mg/g)- Moniliformin was also 
detected in a sample of artificially damaged (slashed) corn (0.2 Mg/g) 
and selected kernels of corn that were field-inoculated with F. su b g l
u tin a n s  and F. m o n ilifo rm e  (50 Mg/g and 0.5 ng/g, respectively). In 
stability studies, moniliformin (potassium salt, 1 Mg/g) in ground corn 
and ground wheat heated at 50, 100, and 150°C for 0 .5-2  h decom
posed moderately, e.g., 55% remained in corn after 0.5 h at 100°C.

Moniliformin was discovered as a mycotoxin from F u sariu m  
m o n ilifo rm e  by Cole et al. (1) and was structurally charac
terized as the sodium or potassium salt of 1 -hydroxycyclo- 
but-l-ene-3,4-dione (2). The free acid had previously been 
chemically synthesized (3, 4). Moniliformin is now known 
to be produced by several other species of F u sariu m , of which
F. m o n ilifo rm e  var. su bg lu tin a n s  (F . su bg lu tin an s) and F. 
g ra m in ea ru m  are, together with F. m o n ilifo rm e, particularly 
important pathogens of corn and other cereal crops (5-7). 
Yields as high as 34 mg/g were reported in cultures of F. 
m o n ilifo rm e  on autoclaved com, whereas up to 0.65 mg/g 
was found in field-inoculated corn ears (6). Moniliformin is 
acutely toxic to cockerels (1), chicks (8), and ducklings (9), 
with oral LD50 values of 3.7-5.4 mg/kg; in rats and mice the 
oral LD50 values ranged from 42 to 50 mg/kg (9, 10). Lack 
of mutagenicity of moniliformin in the Ames test was re
ported by Wehner et al. (11).

Natural occurrence of moniliformin in ears of com visibly 
infected with F u sa riu m  (up to 45 ^g/g, mean 10.9 Mg/g) and 
in ears of com intended for human consumption (up to 12 
Mg/g, mean 2,1 Mg/g) in Transkei was demonstrated by Thiel 
et al. (12, 13), who used ion-pair reverse-phase and ion- 
exchange liquid chromatography (LC) for the determina
tions. However, overall recovery data were not given and 
were stated to be low and to vary with the cleanup step (12). 
Thalmann et al. (14) similarly used ion-pair reverse-phase 
LC analysis to detect moniliformin in 25 of 58 German com 
samples (24 of these contained <0.65 Mg/g)- Recently another 
LC method for moniliformin has been published by Shep
herd and Gilbert (15). Densitometric thin-layer chromatog
raphy (TLC) has been used in 2 other methods for deter
mining moniliformin in grains (16, 17). It was apparent that 
further method development for moniliformin was needed,
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particularly since preliminary studies in this laboratory had 
indicated recovery problems (18). Because the free acid of 
moniliformin has a very low pKa of 0.0-1.7 (19-21), it would 
not be expected to occur as such in grains; therefore, all work 
was carried out using the potassium salt. In addition to the 
simple method described here for determining moniliformin 
in com and wheat, a limited survey of Canadian grains for 
moniliformin and a study of toxin stability in ground com 
and wheat at different temperatures are included in this pa
per.

METHOD
Moniliformin should be handled with caution and treated 

as a toxic substance.

A p p a r a tu s

Equipment specified is not restrictive and other suitable 
equipment may be substituted.

(a) L iq u id  ch ro m a to g ra p h ic  app a ra tu s. — Rheodyne Mod
el 7125 syringe-loading sample injector (20 mL loop); Altex 
Model 110A pump; 2.1 mm id x  6 cm guard column packed 
with 30-38 Mm Whatman Co: Pell ODS; 4.6 mm id x 250 
mm LC column packed with 5 Mm Ultra Techsphere ODS; 
Waters Model 440 absorbance detector with 229 nm and 254 
nm filters; recorder with 10 mV input, 2 mm/min chart speed.

(b) B lender. — Osterizer, with 400 mL Mason jar.
(c) F ilter  tu b e .— Glass, 4.6 cm diameter, medium-poros

ity glass frit.
(d) R o ta ry  ev a p o ra to r .— Buchi Rotavapor R.
(e) S o lid -p h a se  ex tra c tio n  co lum ns. — Baker-10 SPE® C18 

disposable columns, 3 mL, Cat. No. 7020-3 (J. T. Baker 
Chemical Co., Phillipsburg, NJ 08865); filtration rack (An- 
alytichem Int., Harbor City, CA 90710). Use with 2.5 mL 
Plastipak disposable plastic syringe (Becton, Dickinson and 
Co., Canada, Ltd, Mississauga, Ontario).

(f) A lu m in a  f ilte r  colum n. — 1 mL BD Tuberculin syringe 
fitted with Millex HV„ filter unit, 0.45 Mm, 4 mm diameter 
(Millipore No. SJHV004NS) and packed with 0.15 g neutral 
alumina (100-200 mesh Bio-Rad AG 7, grade I).

(g) S crew -ca p  vials. —4 mL and 2 mL.
(h) F ilter  u n it .— For solvents; Millipore with attached 1 

L flask.
(i) S yringes. —Glass, 10, 25, and 500 mL.

R e a g e n ts

(a) Solven ts. — Distilled-in-glass acetonitrile, hexane, and 
methanol.

(b) Io n -p a ir  so lu tio n .— Tetrabutylammonium hydroxide, 
40% (w/w) in water (Aldrich Chemical Co., Inc., Milwaukee, 
WI). Mix 48 mL with 100 mL 1.1M KH2P 04 in deionized, 
distilled water (final pH ca 7.3).

(c) L C  m o b ile  p h a se s .— Dilute 10 mL ion-pair solution 
to 1 L with 10-15% (v/v) methanol in water or 10-15% (v/ 
v) acetonitrile in water. Use deionized, distilled water filtered 
through 47 mm diameter Millipore type HA disc, 0.45 Mm. 
Filter methanol through 47 mm diameter Millipore type FG 
disc, 0.2 Mm and mobile phase containing acetonitrile through
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Figure 1. Chromatograms of corn sample naturally contami
nated with moniliformin (arrows).

(A) 10% methanol in aqueous ion-pair reagent, 254 nm, 0.02 AUFS, 
25 mg corn equiv. injected, 0.18 jug moniliformin/g estd concentration.
(B) 10% methanol in aqueous ion-pair reagent, 229 nm, 0.01 AUFS, 
25 mg corn equiv. injected, 0.22 ̂ g moniliformin/g estd concentration.
(C) 10% acetonitrile in aqueous ion-pair reagent, 254 nm, 0.02 AUFS, 
50 mg corn equiv. injected, 0.15 /zg moniiiformin/g estd concentration.
(D) 10% acetonitrile in aqueous ion-pair reagent, 229 nm, 0.01 AUFS, 
25 mg corn equiv. injected, 0.20 p g  moniliformin/g estd concentration.

type HA disc, 0.45 /¿m, or filter either solvent through 47 
mm diameter Ultipor Nylon-66 disc, 0.20 nm (Chromatog
raphy Sciences Co., Montreal, cat. No. 120-3). Degas aqueous 
methanol mobile phase by stirring under reduced pressure.

(d) S ta n d a r d  so lu tio n s .— Potassium salt of moniliformin 
was donated by H.-D. Scharf, Rheinisch-Westfälischen 
Technischen Hochschule Aachen, FRG. Prepare stock so
lution in methanol (500 ng/mL). Dilute to 0.0625-0.25 p g / 
mL in mobile phase. Solutions are stable at least 1 week at 
22°C. (Note: Sodium salt of moniliformin is available from 
Sigma Chemical Co., St. Louis, MO.)

Figure 2. Stability of 0.2 pg moniliformin (potassium salt)/g in 
single samples of ground corn and wheat at 22°C.

Table 1. Recovery of moniliformin (potassium salt) added to 
ground corn and wheat

Sample
Moniliformin 
added, ¡¿gig Rec. ± SD, %

Corn 0.05 74.2 ± 4.7 (r> == 4)
0.125 70.3, 78.8 (n == 2)
0.2 83.3 (n == 1 )
0.25 82.7 ± 9.1 (n == 6)
0.5 81.1, 91.3 (n == 2)
1.0 79.7 ± 7.1 (n == 5)

Wheat 0.05 72.7, 92.0 (n == 2)
0.1 83.1 ± 13.7 (n == 5)
0.2 81.4, 84.5 (n == 2)
1.0 89.7 ± 15.2 (n == 3)

E x t r a c t io n

Weigh 10 g ground and mixed sample into blender jar, 
add 100 mL acetonitrile-water (95 ± 5), and blend 5 min at 
“purée” setting. Filter through medium-porosity glass frit 
under reduced pressure. Shake filtrate (for com only) with 
150 mL «-hexane in 250 mL separatory funnel; let phases 
separate and drain lower layer. Discard hexane layer. Evap
orate 50 mL extract to dryness under reduced pressure on 
rotary evaporator at <50°C and dissolve residue in 2.0-2.5 
mL methanol.

C le a n u p

Condition Baker-10 SPE C1S disposable column by forcing 
2 mL water through column with plastic syringe (Waters C,8 
Sep-Pak may also be used in the same way). Add 200-250 
p L  extract solution onto top of column by syringe pressure, 
but do not force through column. Elute moniliformin with
2.0 mL water and collect eluate in 25 mL round-bottom flask. 
Evaporate to dryness using rotary evaporator at < 50°C.

Dissolve residue in 0.5 mL LC mobile phase. Pass solution, 
without rinsing flask, through small alumina column (ap
paratus f) by syringe pressure and collect eluate in 2 mL vial.

L C  D e te r m in a t io n

Successively inject 20 p L  standard solution, 20 p L  each of 
2 sample solutions, and again 20 p L  standard solution. Use 
flowrate o f0.8 or 1.0 mL/min and attenuation o f0.02, 0.01, 
or 0.005 AUFS. Dilute sample solution if necessary with 
mobile phase. Compare peak height of moniliformin (reten
tion time ca 10 min in 10% acetonitrile system) with average 
of the standard peak heights. Calculate moniliformin con
centration as follows:

Moniliformin, p g /g  = (sample peak ht/std peak ht) 
x (std concn, p g /m L /w )  x 20

where w  =  mg equiv. sample injected (e.g., 25 mg based on 
initial extract volume of 2.0 mL and 250 rL added to C18 
column). Standard curve is linear (1.25-5.0 ng moniliformin 
injected).

Confirm presence of moniliformin with alternative solvent 
system and wavelength. At end of each day, wash LC column 
with deionized, distilled water flowing for at least 30 min at 
1 mL/min, then with methanol at the same flow rate for ca 
10 min; before the first LC run of the day, wash column with 
deionized, distilled water for ca 15 min at 1 mL/min.

S t a b i l i t y  S tu d ie s

Ground com and wheat were spiked with 0.2 pg  monili
formin/g and analyzed after storage at 22°C for periods of
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Figure 3. Stability of moniliformin (potassium salt) in ground corn (1 pg/g) (at left) and ground wheat (1 pglg) (at right) heated at 
50, 100, and 150°C. Recoveries at >30 min are means of duplicate samples analyzed.

up to 150 h. They were also spiked with 1 pg monilifor- 
min/g and analyzed after being heated at 50, 100, and 150°C 
in a constant-temperature cabinet (Stabil. Therm., Blue M 
Electric Co., Blue Island, IL) for times up to 2 h.

Stability studies were also conducted on moniliformin it
self heated at temperatures of up to 150°C for 15 min. As 
ancillary information for the analytical method, the stability 
of moniliformin was determined in com and wheat extracts 
(=0.25 pg moniliformin/g) kept in 10% acetonitrile LC mo
bile phase for 7 days at 22°C.

M a s s  S p e c t r o m e t r ic  C o n f i r m a t io n

Add 2 drops (ca 50 p L) HC1 to 0.5 mL extract residue in 
LC mobile phase and extract with two 0.5 mL portions of 
methylene chloride. Evaporate solvent under N,. Carry out 
negative chemical ionization (NCI) mass spectrometry (MS) 
using a VG 7070 EQ mass spectrometer (or equivalent) op
erated in the conventional sector only, with methane as re
agent gas and sample introduction by direct probe heated

T E M P E R A T U R E  (” C)

Figure 4. Stability of moniliformin (potassium salt) heated as 
thin film (1 pg) at various temperatures for 15 min. Recoveries 

are means of duplicate experiments.

from ambient temperature to 250°C. A prominent signal at 
m/z 97 provides confirmatory evidence of the presence of 
moniliformin. Run controls on blank corn and wheat extracts 
taken through the procedure described above. Use free-acid 
form of moniliformin for reference mass spectrum (m/z 
97 = 100%, m/z 98 = 13%, and m/z 195 = 10%).

Results and Discussion
The method developed for determining moniliformin in 

com and wheat is rapid and sensitive. Recoveries averaged 
80% for com and 85% for wheat, at spiking levels of 0.05 to
1.0 pg/g , respectively (Table 1). The 229 nm wavelength was 
preferred over 254 nm because detectability was 3 times 
greater. Thiel et al. (12) used 229 nm for paired ion LC of 
moniliformin in corn extracts. Acetonitrile was favored over 
methanol as the organic solvent component of the LC mobile 
phase because sensitivity was greater and interferences sep
arated better (Figure 1). Detection limits of the method using 
a 229 nm wavelength and 10% acetonitrile in the mobile

Figure 5. Stability of moniliformin (potassium salt) in extracts 
of corn and wheat in LC mobile phase (10% acetonitrile) at 22°C 

over 7 days.
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phase were 0.01 p.g/g for com and 0.02 p g /g  for wheat (signal- 
to-noise ratio, 3:1). At 254 nm, detection limits were 0.11 
jiig/g for com and 0.12 yug/g for wheat. Changing the organic 
solvent component of the mobile phase to methanol resulted 
in detection limits for com of 0.02 p g /g  at 229 nm and 0.18 
/rg/g at 254 nm. In spite of these differences in detection 
limits, it is advisable to use the alternative detection wave
length and mobile phase for confirmatory purposes.

The proposed method was used to analyze 20 Canadian 
soft wheat samples from Ontario and Nova Scotia, 4 western 
Canadian hard wheat samples, 4 Canadian rye samples, and 
12 Ontario com samples for moniliformin. Ten of the wheat 
samples and all 12 of the com samples had previously been 
shown to contain vomitoxin and thus can reasonably be as
sumed to have been contaminated with F. g ra m in e a ru m  in 
the field. Moniliformin was found in only 2 com samples. 
One was contaminated with about 0.2 pg  moniliformin/g and 
the good agreement for the 4 LC measurement conditions is 
illustrated in Figure 1. A second sample contained 0.05-0.06 
fig/g as determined at 229 nm. Moniliformin was confirmed 
in the first sample extract by NCI mass spectrometry, show
ing a prominent signal at m/z 97 (twice background inten
sity); however, 0.2 p g /g  is close to the limit for confirmation 
of moniliformin in com by this technique. In addition to the 
survey samples, 3 other com samples were analyzed for mo
niliformin by LC: 0.23-0.52 p g /g  was found in an artificially 
damaged (slashed) com sample from an experimental plot,
50-54 p g /g  was found in hand-selected kernels of com that 
had been inoculated in the field with F. su bg lu tin an s, and
0.49-0.69 fig/g was detected in selected kernels of com field 
inoculated with F. m on iliform e.

The potassium salt of moniliformin was moderately stable 
in ground com and wheat kept at room temperature. After 
6 days, about 68-77% remained after correction for method 
recovery (Figure 2). However, heating at 50°C produced sim
ilar losses of moniliformin after only 2 h, and at higher tem
peratures (100 and 150°C) only 38% (corrected) remained in 
the ground com and 15-22% (corrected) in the wheat after 
2 h (Figure 3). The potassium salt of moniliformin was itself 
unstable when heated at 150°C (Figure 4).

Experiments to determine the stability of moniliformin in 
the LC mobile phase in the presence of grain extracts showed 
that the wheat extract had no effect on moniliformin; how
ever, it would not be advisable to keep moniliformin-con- 
taining com extracts in mobile phase beyond 1 day (Figure
5). It should also be pointed out that the free acid of monili
formin must not be used as a standard because of its insta
bility in both methanol and water (18).
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F U N  S U N  C H U , T IT A N  S. L. F A N , G U A N G -S H I Z H A N G , and Y I-C H U N  X U
U n iv e r s ity  o f  W isco n sin , F o o d  R e se a rc h  I n s ti tu te  a n d  D e p a r tm e n t o f  F o o d  M ic ro b io lo g y  a n d  T o x ic o lo g y , M a d is o n ,  
W I  5 3 7 0 6
S U S A N  F A U S T  and PH IL IP  L. M cM A H O N
A g r iT e c h  S y s te m s , In c., P o r tla n d , M E  0 4 1 0 1

A n im proved enzym e-linked  im m unosorben t assay  (E L IS A ) fo r af
la to x in  B, in  co rnm eal an d  p ean u t b u tte r  w as developed. A fla tox in  
B , in  cornm eal an d  p ean u t b u tte r  sam ples w as e x trac ted  w ith  70%  
m ethano l in  w ater con ta in ing  1%  d im ethy lfo rm am ide d ilu ted  w ith 
a ssa y  buffer to a  final co ncen tra tion  o f 7 .0%  m eth an o l, an d  d irec tly  
sub jected  to an  E L IS A  procedure  th a t  took  less th a n  1 h  fo r qu an 
tita tiv e  an aly sis  an d  less th a n  30 m in  for sc reen ing  tes ts . A na ly tica l 
recoveries fo r 5 -1 0 0  ppb  B, ad d ed  to  th e  cornm eal an d  p ean u t b u tte r 
w ere 91 an d  95 .4% , respectively . T h e  in terw ell an d  in te ra ssa y  coef
fic ien t o f v aria tio n  w as 10%  or less a t  th e  20 ppb  level and  above. 
A greem en t fo r B, levels in  m ore th a n  30 n a tu ra lly  co n tam in a ted  corn, 
m ixed  feed, and  p ean u t b u tte r  sam ples w as exce llen t betw een th e  
E L IS A  d a ta  an d  th e  d a ta  ob tained  from  d ifferen t in dependen t lab 
o ra to ries  using  T L C  or o th er a n a ly tica l m ethods.

Aflatoxins are a group of toxic secondary metabolites pro
duced by Aspergillus flavus and A. parasiticus (1). Aflatoxin 
Bi; the most toxic compound in this series, has been found 
to be one of the most potent carcinogens occurring naturally
(1). Because of frequent contamination of B, in agricultural 
commodities such as peanuts, com, and animal feedstuff's, 
aflatoxin problems become a potential hazard to human and 
animal health (1). To control the aflatoxin problem, consid
erable efforts have been made to develop a simple, sensitive, 
and specific method for the analysis of aflatoxin in different 
commodities (2-4). However, because of interfering sub
stances in the sample matrixes, most of the analytical meth
ods need a cleanup step before actual analysis (2-4). Thus, 
different commodities need a different procedure (2-4). Re
cent investigations in our laboratory (5-11) and others (12-
14) have led to a simple, rapid, and specific enzyme-linked 
immunosorbent assay (ELISA) for aflatoxins B, and M, in 
different commodities. Detection limits for B, in com and 
peanuts were around 3-5 ppb (10, 11, 14, 15). Aflatoxin after 
extraction from samples without column chromatography 
cleanup was directly subjected to ELISA. Milk samples with
out any treatment were also directly used in ELISA (16). The 
detection limit of ELISA for M, without cleanup was 0.25- 
0.5 ppb (16) and with cleanup was between 0.01 and 0.05 
ppb (17, 18). Although ELISA is sensitive and simple, the 
assay is still prone to some interference; thus, the coefficients 
of variation in some ELISAs were still relatively high (5-7). 
In addition, the overall time for ELISA was also long, taking 
approximately 2  h to finish the assay after the sample was 
extracted (10, 11, 14, 15). In view of these problems, efforts 
to optimize the ELISA conditions and to improve the ELISA 
protocol were made in our laboratories. We have shortened 
the assay time to less than 1 h by optimizing the hyperim
mune serum coating and incorporating a more sensitive sub
strate. The improved protocol has been tested for the analysis 
of com and peanut butter spiked with a known amount of 
B, as well as for a number of naturally contaminated samples. 
Details of the improved protocol as well as results obtained 
from such analyses are presented in this paper.

Received October 17, 1986. Accepted January 20, 1987.

Experimental

Apparatus
(a) Blender.— Explosion-proof Waring blendor or tissue 

homogenizer.
(b) ELISA washer. —Automatic ELISA washer, such as 

Dynatech (Alexandria, VA) Model B Mini washer, or equiv
alent.

(c) ELISA reader.— Dynatech MR 600, or equivalent.
(d) ELISA plate.— Dynatech Immunlon I, or equivalent.
(e) Dispenser. —Oyster Bay, NY.
( 0  Automatic pipet. — Titertek (Flow Laboratories, 

McLean, VA) 8  channel automatic pipet (50-200 pL) and 
single-channel automatic pipet such as a Gilson automatic 
pipet (Rainin Instrument Co., Wobum, MA) (50 and 100 pL 
sizes).

Reagents
(a) Phosphate-buffered saline (PBS).— 0.01 mol/L sodium 

phosphate buffer containing 0.15 mol/L of NaCl, pH 7.4.
(b) Carbonate-bicarbonate buffer.— 0.05 mol/L, pH 9.6.
(c) Tween-PBS.-0.05% (v/v) Tween 20 in PBS.
(d) BSA-PBS solution.— 0.05%. Dissolve 0.05 g bovine 

serum albumin (BSA) (Sigma Chemical Co., St. Louis, MO) 
in 100 mL 0.01M PBS (pH 7.4).

(e) Sample extraction solvent (SES).—Similar to that of 
Whitaker and Dickens (19) as modified by Ram et al. (14). 
Mix 70 mL methanol with 29 mL water and 1 mL dimethyl
formamide (DMF).

(f) Sample and standard dilution buffer (SDB). — Mix 7 
mL methanol with 92 mL PBS and 1 mL DMF.

(g) Substrate buffer.— 0.05 mol/L of citric acid plus 0.1 
mol/L of Na2H P04, pH 5.0.

(h) Enzyme substrate solution (ESS). — Dissolve 40 mg
o-phenylenediamine and 0.04 mL 30% H 20 2 in 100 mL sub
strate buffer. Make fresh daily and use within 60 min after 
preparation.

(i) Stopping solution (SS). — 0.1N HC1.
( j )  Stock solutions.—{Note: Because aflatoxins are sensi

tive to light, all the standards should be kept in the dark.) 
Prepare B, stock solution according to AO AC secs 2 6 .0 0 6 -  
2 6 .0 1 1  (2). Store in benzene-acetonitrile (9.8 +  0.2, v/v) at 
a concentration of 1 pg/mL in the dark. To prepare primary 
working stock solution, withdraw 0.2 mL stock solution and 
dilute to 1 mL with methanol (200 ng/mL). Store methanolic 
solution in the dark and use within 1 week.

(k) Working solution.— Prepare fresh working solution 
daily. Withdraw 0.5 mL primary working stock solution and 
dilute to 2 mL with dilution buffer (SDB), which gives a 
concentration of 50 ng/mL, and then make a series of dilu
tions with dilution buffer to give final concentrations of 0 , 
0.1, 0.25, 0.5, 1, 2.5, and 5 ng/mL.

(l) Antisera and antisera coating. — Produce antisera 
against B, in rabbits according to procedure described by 
Chu and Ueno (8 ). Hyperimmune serum is obtained 1 year 
after initial immunization and booster injections with car-
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Figure 1. Effect of sample matrix on ELISA of B,. Samples (50 
g) were extracted with 250 mL extraction solvent, diluted in PBS, 
and subjected to ELISA directly. B, buffer control; P, peanut ex
tract; W, white cornmeal extract; and Y, yellow cornmeal extract. 
Numbers in x-axis represent times of dilution. Thus, at 1:20 di
lution, sample extract contained 10 mg sample in each assay.

AFB CONCENTRATION (ng/ml)
Figure 2. Effect of incubation time on ELISA of B,. Top curve 
(back) represents incubation of standard solutions with aflatoxin 
B,-horseradish peroxidase in wells for 30 min followed by 10 
min of substrate incubation (30/10 system). Lower curve (front) 
represents 10 min incubation time for both steps(10/10 system).

AFB = aflatoxin B,.

boxymethyl-oxime (CMO) B,-BSA conjugate (20). Deter
mine optimal dilutions by titration against B,-horseradish 
peroxidase (POD) conjugate (9). Coat each well of ELISA 
plate with 100 pL diluted antisera (1:5000 dilutions in car
bonate buffer) using method described by Saunders (21). Use 
Oyster Bay dispenser in the coating. Coated plates are ready 
to use the day after coating and can be stored at 4°C for at 
least 6  months.

(m) Aflatoxin B,-POD conjugates.— Prepare aflatoxin B, 
peroxidase by conjugating CMO-B, to POD enzyme by 
A-hydroxysuccinimide (Sigma Chemical Co., St. Louis, MO) 
method of Kitagawa et al. (22, 23). Activate CMO-B, with 
A-hydroxysuccinimide in presence of 1,3-dicyclohexylcar- 
bodiimide (Aldrich Chemical Co., Milwaukee, WI) and then 
react directly with enzyme.

Sample Preparations
Extract aflatoxin from sample directly by homogenizing 

sample with extraction solvent. In recovery study, B, is added 
to samples one day before the experiment and then subjected 
to the above procedures.

Weigh 20 g ground sample into blender jar and add 100 
mL SES. Blend 2-3 min at high speed, let settle for several 
minutes, and filter upper phase through glass wool-packed 
funnel or centrifuge for 5 min at 2000 rpm. Dilute small 
portions of filtered extracts ( 1 : 2 0  or higher dilution) with 
dilution buffer (SDB). Sample is now ready for ELISA.

ELISA Protocol
Add 50 pi aflatoxin B, standard or diluted sample and 50 

pL B,-POD conjugate to each well, incubate at room tem
perature (15-30°C) 30 min. (Assay can be performed with 
10 min incubation time.) Wash 3-5 times by adding 300 ^L 
portions of water to each well and then aspirating contents. 
Add 100 pL substrate to wells, incubate 10 min at room 
temperature then add 100 pL stopping reagent. Read color 
at 490 nm. Run samples in triplicate.

Calculations
Calculate mean A (490 nm) for each standard and sample. 

Calculate B/B0 for each standard and sample:

B/B0 =[mean A (490 nm) standard or sample]/
[mean A (490 nm) for blank (0 ppb) standard]

Calculate logit B/B0. Plot standard curve on semilogarithmic 
graph paper, placing values of standard on x-axis, and cor
responding logit B/B0 values on y-axis. Read B, concentration 
in samples directly from curve (in ppb, or ng/assay) found 
in original samples.

Results
Effect of Sample Matrix on the ELISA

The effect of sample matrix on the improved direct ELISA 
was studied by incubation of different dilutions of sample 
extracts (peanut butter, white cornmeal, and yellow corn- 
meal) with the aflatoxin B ,-horseradish peroxidase in the 
absence of B, and followed by regular ELISA protocols. Re
sults of such studies are presented in Figure 1. It is apparent 
that at sample dilution of 1:20—i.e., 10 mg sample/mL assay 
buffer—absorbances were comparable to those obtained from 
the buffer alone.

Standard Curve for AFB
The effect of sample incubation time on ELISA standard 

curves is shown in Figure 2. Standard curves established with 
a shorter incubation time ( 1 0 / 1 0  system, i.e., 1 0  min sample 
incubation time and 1 0  min substrate incubation time) gave 
lower absorbance readings compared to ones obtained with 
the longer incubation (30/10 system). A typical standard curve 
for quantitative analysis of B, by ELISA as plotted according 
to the method described is presented in Figure 3. Under the 
experimental conditions, the value for the blank standard 
(B0) was generally about 1.6-1. 8  and 0.8-1.2 for the 30/10 
and 10/10 systems, respectively. Since the blank readings 
were considered in the calculations, no difference between 
the standard curve is established by the 30/10 and the 10/ 
10 systems. However, shorter incubation time generally gave 
a higher standard deviation. Thus, it can only be recom
mended for a screening test. In the 30/10 system, the inter
assay coefficient of variation (CV) for the standards in the 
range of 0.05 to 1.0 ng/mL was 3.5-13.5% (av. 9%).

Analytical Recovery of Aflatoxin B, Added to Cornmeal and 
Peanut Butter Samples

Recovery of B, added to cornmeal and peanut butter was 
between 5 and 100 ppb as shown in Table 1. For each sample, 
5 to 9 trials were made at different concentrations. Overall



856 CHU ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

LO G A F B  C O N C E N T R A T I O N ,  (n9/ml)

Figure 3. Standard curve for ELISA of B,. Standard deviations 
were smaller than points indicated in curve; best range for assay 

is shown in shaded area. AFB = aflatoxin B,.

recoveries for all concentrations tested for B, added to corn- 
meal and peanut butter were 91 and 95.4%, respectively. At 
concentrations of 20 ppb or above, the interassay CV was 
below 10%. Higher CV was observed at concentrations below 
10 ppb. However, when samples were subjected to a Sep- 
Pak treatment, the CV at the 5 ppb level was about 10%.

Analysis of Naturally Contaminated Samples
To test the effectiveness of the present improved ELISA 

protocol, a large number of naturally contaminated samples 
that had been analyzed for aflatoxins by other laboratories 
were subjected to analysis. In the first experiment, about 30 
com samples, including both white and yellow com which 
had been analyzed by a TLC method similar to the AOAC 
BF approach (24), were subjected to the ELISA analysis. 
Results of this study are shown in Figure 4. A correlation 
coefficient of 0.91 between TLC and ELISA data was ob
tained. In this study, the TLC data were about 11% higher 
than the ELISA data. Results for analysis of B, in a variety 
of naturally contaminated commodities are presented in Ta
ble 2. In those studies the variation between trials (interassay) 
over a period of 1 0  days and the variation between wells 
(interwell) in a single analysis for some samples were deter
mined. In general, the interwell CV was 6-10%, whereas for 
interassay it was 2-19%. Data obtained from ELISA are gen
erally slightly lower than those obtained by TLC. At con
centrations below 2 0  ppb, a larger difference between the 
data obtained by TLC and ELISA methods was observed. 
In the 1985 WHO collaborative studies, the mean B, con
centrations in yellow com by CB, BF, European Economic 
Community (EEC), and liquid chromatographic (LC) meth
ods were 66.54, 51.06, 82.18, and 73.10, respectively. The 
mean B, concentrations in peanut samples by CB, BF, EEC, 
and liquid chromatography were 72.49, 56.21, 93.38, and
85.42, respectively.

D is c u s s io n

Although previous investigations in our laboratory and 
others have led to a simple, specific, and sensitive ELISA 
method for B, in com, peanuts, and other commodities as 
well as an ELISA method for M, in different dairy products 
(5-7), the assay is still prone to interference by the sample 
matrixes (5-7) and to a high CV, i.e., 20-30% (10, 14, 15). 
To overcome the interference problem, Ram et al. (14, 15) 
incorporated “toxin-free sample matrix extracts” or “high

Table 1. Recovery of aflatoxin B. added to cornmeal and peanut 
butter, using ELISA

Added,
ppb

Cornmeal Peanut butter

ppb (%) SD (CV)* ppb (%) SD (CV)

5 4.29 (85.8) 0.82 (19.1) 5.28 (105.6) 1.75 (33.1)
56 4.75 (95.0) 0.42 (8.90) 5.09 (102.0) 0.54 (10.5)

10 9.43 (94.3) 1.91 (20.2) 9.28 (92.8) 1.90 (20.5)
20 17.92 (89.6) 0.86 (4.80) 18.33 (91.7) 0.30 (1.6)
50 46.97 (93.4) 4.33 (9.20) 47.95 (95.9) 3.47(4.1)

100 91.92 (91.92) 3.75 (3.75) 91.80(91.0) 7.73 (8.4)

* SD, standard deviation; CV, coefficient of variation.
“ All samples in this row were subjected to Sep-Pak treatment before 

ELISA. In this study, 10 mL sample extract obtained from the second 
sample preparation step was mixed with 40 mL distilled water and 
passed through a prewashed C„ reverse-phase Sep-Pak cartridge 
(Waters Associates) according to the method described by Hu et al. (17). 
After cartridge was washed with 25 mL 25% aqueous methanol, B, was 
eluted with 10 mL 30% methanol in water which was then diluted for 
ELISA.

concentration of extraction solvents” in the preparation of 
the standard curve. However, such approaches often result 
in a loss of sensitivity and an increase in errors (14, 15). In 
the present study, another approach to resolve the problem 
was undertaken. We found that as long as the ELISA system 
provides good sensitivity, it is not necessary to incorporate 
the solvent extract of the sample matrix in the ELISA system. 
Consequently, we devoted our efforts to optimizing the ELISA 
protocol and to improving the overall sensitivity.

The improved ELISA protocol described herein is consid
erably more sensitive than the method previously reported 
by our laboratory (10) and others (14, 15); as little as 5 pg 
B, can readily be determined in each assay. Thus, after a 
simple extraction, samples can be used directly in ELISA. 
Practically no interference was observed at a sample con
centration of 10 mg/mL in each assay (Figure 1). Because of 
the high sensitivity and possible matrix interference effect, a 
1:20 dilution of sample was necessary in each assay. Con
sequently, less sample matrix was introduced into the assay 
system and, subsequently, less interference. This is one of

Figure 4. Correlation of ELISA with TLC data for analysis of B, 
in naturally contaminated corn samples. Linear regression equa
tion of Y = -9.8 + 0.99X with correlation coefficient of 0.91 was 
obtained. X and Y represent B, concentrations ffig/kg or ppb) as 
determined independently by TLC and ELISA in 2 laboratories.

AFB = aflatoxin B,.
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Table 2. Comparison of recoveries of aflatoxin B, from naturally 
contaminated samples by ELISA and by other methods

Recoveries by ELISA6 
--------------------------------------------- or other

Sample* ppb SD
CV-A,

%
CV-B,

%
methods,

ppb

Corn 428 72.5 6.41 8.8 (6)' 7.2(15) 83 (114.5)‘
Corn 429 18.7 3.47 18.6 (5) ND 13 (69.5)
Corn 430 11.5 0.57 4.9 (5) ND 22 (191.3)
MF 325 44.0 4.86 11.0 (6) 8.3(16) 52 (118.2)
MF 327 45.6 3.21 7.0 (5) 10.0 (20) 49 (107.5)
MF 328 146.0 2.83 1.9(2) 5.5 (20) 158 (108.2)
MF 364 16.8 4.09 24.4 (4) 8.0(11) 12 (71.4)
WHO yellow corn* 68.5 8.80 13.0(2) ND 64.5 (94.0)
WHO peanuts 62.2 11.0 17.0(2) ND 75.2(114.0)

* Samples supplied and analyzed by FDA except as otherwise specified;
MF =  mixed feeds.

0 SD, standard deviation; CV-A, coefficient of variation between separate 
trials on different days within a 10-day period (interassay); CV-B, coeffi
cient of variation within a single plate (interwell); ND, not determined.

" Values in parentheses are number of determinations.
"Values in parentheses are percent of ELISA results.
*1985 WHO collaborative study samples; analytical data for the WHO sam

ples were the overall means of all the methods obtained from different lab
oratories.

the major advantages of the current method over the previous 
protocol which is still prone to considerable sample matrix 
interferences (10, 14, 15). The analytical time was also short
ened to less than 1 h compared to the previously published 
methods which require about 2 h for the whole assay. The 
improved method can also be adapted for a screening test 
which requires less than 30 min for each assay (10/10 sys
tem).

The effectiveness of the improved ELISA protocol was 
tested both by analytical recovery studies and by analysis of 
naturally contaminated samples. Good analytical recovery 
was obtained in all the tested ranges for B, in com and peanut 
butter. The CVs for the recovery experiments were low. Al
though a higher CV (20-30%) at levels below 10 ppb was 
found, a simple treatment of the extracted sample on a 
C-18 reverse-phase Sep-Pak cartridge improved the CV to 
about 10%. Therefore, if one needs very accurate data below
10 ppb, the Sep-Pak treatment step can be incorporated in 
the protocol. It is unnecessary to use the Sep-Pak treatment 
in the general assay. The ELISA data for the B, levels in 
naturally contaminated samples and the data obtained by 
other methods that were analyzed independently by 2  other 
laboratories were in good agreement. In the 1985 WHO col
laborative studies, excellent agreement between ELISA and 
other methods was observed also. Because these analyses 
were carried out by different laboratories with different meth
ods, present results indicate that the improved ELISA is a 
valid method for B, analysis. Data obtained from ELISA 
appear to be more accurate than those obtained by the TLC 
method. For example, it is apparent from Figure 4 that whereas 
TLC can only approximate the concentration range, ELISA 
can determine the B, level very accurately in a typical sample. 
Thus, it was common that B, levels in different samples were 
found to be identical by the TLC method, whereas ELISA 
provided a different concentration for each individual sam
ple. Our results also show good reproducibility for ELISA as 
evident from the low interwell and interassay CVs for the 
standard and the naturally contaminated samples. This im
provement was primarily due to the coating technique in 
which a mechanical device was used instead of the previously 
used manual method (9). In conclusion, the improved ELISA 
is a sensitive, simple, and rapid method and could be adopted

for quantitative analysis of aflatoxin B, in a variety of com
modities.
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PESTICIDE A N D  IN D U S T R IA L  C H E M IC A L  RESIDUES________

Pesticide Confirmation by Triple Stage Quadrupole Mass Spectrometry:
Etrimfos and Dimethoate

THOMAS CAIRNS and EMIL G. SIEGMUND
Food and Drug Administration, Office o f Regulatory Affairs, Los Angeles District Laboratory, 1521 W Pico Blvd, 
Los Angeles, CA 90015

T h e  production  o f a  p ro to n ated  m olecu lar ion. M H +, fo r a  pestic ide  
u nder investiga tion  is often p re fe rred  for p rim ary  iden tifica tion  pur
poses. H ow ever, th e  lack  o f frag m en t ions under such  chem ical ion
iza tion  conditions can  p lace th e  b u rden  of p roof on a  sing le  ion species 
for confirm ation . A lthough  a  single  ion re p resen tin g  th e  m olecule a t 
th e  correc t re ten tio n  tim e on a  packed  colum n or h igh -reso lu tion  
cap illa ry  colum n m igh t seem  to have fu rn ished  suffic ient evidence 
fo r unam biguous confirm ation , in a  num ber o f cases ad d itio n a l spec
ific ity  can  im prove th e  a n a ly tica l re su lt. W ith  th e  in troduc tion  in to  
com m erce o f trip le  stage  quadrupole  (T S Q ) in stru m en ts , th e  possi
b ility  o f im proving th e  degree o f specificity  by chem ical ionization  
h a s  em erged for p rac tica l pestic ide  residue  confirm ation  analysis. 
U se  o f co llision-activated  d issociation  (C A D ) ex perim en ts  to form  
d a u g h te r ions from  th e  p ro to n ated  m olecu lar ion o f  2 rep resen ta tive  
o rganophosphorus p estic ides h as provided a  second d im ensional 
p lane  o f c h arac te riza tio n  for confirm atory  purposes a t  in cu rred  re s
idue levels.

During routine regulatory analysis for pesticides and indus
trial chemical residues, it is often necessary to confirm the 
presence of a particular contaminant by mass spectrometry 
before regulatory action can be initiated. The primary meth
od of analysis is usually gas chromatography (GC) on various 
stationary phases (nonpolar, semipolar, and polar) and with 
various detectors (phosphorus, sulfur, nitrogen, halogen, etc.); 
added confirmation by mass spectrometry (MS) is normally 
required to provide unambiguous proof of the violation. In 
many of these cases, the concentration level is extremely low 
(< 1 ppm), and multiple ion detection (MID) techniques must 
be used to achieve the necessary level of sensitivity by mass 
spectrometry as well as to disregard selectively any endog
enous materials in the sample matrix. The use of chemical 
ionization (Cl) techniques to favor production of a molecular 
ion species for characterization purposes has also been a 
cornerstone for resolving such analytical problems.

To assist in identifying residues and “unknown analytical 
responses” (UARs), a comprehensive listing of pesticides and 
industrial chemicals has been organized according to molec
ular weight (1). Such a listing—containing all the possible 
compounds that might be encountered in regulatory analysis 
(both registered and unregistered) together with their respec
tive spectra (both electron impact [El] and chemical ioniza
tion), relative retention data on 3 columns, molecular for
mulas, and source reference data—has already proven to be 
a valuable asset (2). This database and its indexes were es
tablished to improve the success rate of identifying UARs, 
because cross-correlating GC retention data was time con
suming and relied heavily on the exact recreation of the 
standard conditions under which the original data for com
parison were formulated.

In essence, the present approach to structural elucidation 
of UARs, especially when low-resolution instruments are 
used, is to attempt to determine the molecular weight of the

Received July 14, 1986. Accepted November 18, 1986.

compound under investigation by using Cl techniques (meth
ane and ammonia). With knowledge of the molecular weight, 
the possibilities can be narrowed by searching the compiled 
database. If the compound is on the list, then absolute con
firmation can be provided by recording the standard refer
ence material available from the U.S. Environmental Pro
tection Agency. This process is speedy and cost effective. If, 
however, the UAR does not correspond to an already-listed 
compound, a number of possibilities have been instantly 
eliminated, but nevertheless identification could require ex
tended study via additional observed fragmentation path
ways.

Supporting evidence from GC analysis using specific de
tectors to suggest that the compound contains phosphorus, 
nitrogen, sulfur, or halogen (i.e., potential for toxicity) should 
not be overlooked in the overall process of structural eluci
dation and priority attention. Indeed, GC detector data can 
be used to indicate potential toxicants as well as to supple
ment low-resolution measurements. With the combined 
knowledge of partial elemental composition, molecular weight 
determined by chemical ionization, and fragmentation pat
tern determined by electron impact or sometimes chemical 
ionization, UARs can quite often be identified without the 
use of more sophisticated techniques such as high-resolution 
measurements. In some cases, however, high-resolution mea
surements are mandatory to convert proposed fragmentation 
pathways into verified pathways.

In practical terms, the production of a protonated molec
ular ion, MH+, for the pesticide under investigation is pre
ferred for primary identification purposes because back
ground ions from potential interferences are greatly reduced. 
The lack of fragment ions under such Cl conditions, however, 
can place the entire burden of proof for confirmation on a 
single ion species. Although a single ion representing the 
molecule at the correct retention time on a packed column 
or high-resolution capillary column might seem to have fur
nished sufficient evidence for unambiguous confirmation, in 
a number of cases additional specificity is needed. Undoubt
edly, the greater number of ions usually provided by El detec
tion can often be considered as definitive proof of the pres
ence of a particular compound. However, with real residue 
extracts, whether cleaned up or not, the interpretation of the 
El data obtained at the low-ppm level can become compli
cated. In many cases, the El fragment ions represent several 
bond cleavages, thus specificity might be obscured, because 
generic ions would have to be used for confirmation (i.e., 
successive loss of CH? characteristic of hydrocarbons). The 
use of Cl techniques has avoided some of these analytical 
difficulties.

With the introduction into commerce in 1981 of triple
stage quadrupole (TSQ) instruments, the possibility of im
proving the degree of specificity by chemical ionization 
emerged for practical pesticide residue confirmation analysis 
at low levels. Use of collision-activated dissociation (CAD)
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Figure 1. Mass spectral data acquired on bean extract: A, total ion current chromatogram under El conditions; B, total ion current 
under methane Cl conditions; C, mass chromatogram for m/z 293 performed on Cl data.

Figure 2. Mass spectral data for etrimfos: A, El mass spectrum; B, Cl mass spectrum; C, CAD daughter spectrum on m/z 293
obtained under Cl conditions.
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Figure 3. Proposed daughter fragmentation pathway of the pro- 
tonated molecular ion at m/z 293 for etrimfos using CAD with 

argon as the collision gas.

experiments to enhance the formation of daughter ions from 
the protonated molecular ion has now provided a new di
mensional plane of characterization.

This paper describes a recent incidence in an extract of 
beans of an organophosphorus pesticide UAR that was later 
identified as etrimfos (0 ,0 -dimethyl-0 -6 -ethoxy-2 -ethyl- 
pyrimidin-4-yl phosphorothioate) and was confirmed by CAD 
experiments. These experiments have now resulted in a de
tection protocol which uses generic daughter ions for iden
tification of phosphorothionates and phosphorodithionates 
at low-ppm levels in produce extracts.

Experimental

Reagents
All chemicals were reagent grade except as indicated. 

Methane (99.9%) was purchased from Matheson Gas Prod
ucts, Cucamonga, CA.

Mass Spectrometry
Mass spectra were recorded on a Finnigan Model 45A 

triple-stage quadrupole mass spectrometer equipped with a 
chemical ionization source and Incos data system. Operating 
conditions for residue samples were as follows: 30 m DB-5 
capillary column programmed at 207min from 50° to 200°C 
and at 5/min from 200° to 250°C. Typical instrument pa
rameters used were: extractor, —7 V; lens, -1 5 0  V; electron 
energy, 100 V; quad entrance, -2 7  V; source pressure, 300 
mtorr; electron multiplier, -1050 V; source 170°C. Colli
sion-activated dissociation studies were conducted using ar
gon as the collision gas at a pressure of 1 mtorr with the 
collision energy voltage set between —14 and —29 V.

Results and Discussion

In the multiresidue procedure (3) adopted for routine use 
in this laboratory in the pesticide monitoring program on 
fruits and vegetables, a Hall electrolytic conductivity detector 
is used for organohalogen, organonitrogen, and organosulfur 
pesticides and a flame photometric detector (FPD-P) is used 
for organophosphorus pesticides. These detectors are now 
routinely sensitive in the sub-nanogram range. In the absence 
of a sample cleanup step, background peaks are kept to a 
minimum through the use of these element-sensitive detec
tors.

In the incident reported here, the unknown compound of 
interest had a retention time relative to chlorpyrifos of 0.56, 
0.53, and 0.64 on OV-101, OV-225, and DEGS columns, 
respectively (4). With these relative retention data, a trans
lation can be made to gas chromatography/mass spectrom
etry (GC/MS) from FPD-P analysis. The wealth of data usu
ally gathered by a typical total ion current (TIC) 
chromatogram, as compared to that gathered by the highly 
specific GC detector, can give an entirely different elution 
profile. This dramatic change in elution profile (Figure 1) can 
cause some problems. First, the transition from a packed 
column used isothermally in gas chromatography to a cap-
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illary column used with temperature programming in GC/ 
MS analysis requires 2 additional reference standards with 
retention times that bracket the UAR. Such an approach has 
been useful in locating the precise retention window which 
contains the UAR of interest. Second, the ability of the GC/ 
MS system to detect all eluting compounds rather than just 
those containing phosphorus requires detailed handling of 
the acquired data in the TIC mode to sort out the mass 
spectrum of the compound of interest. In many cases, the 
UAR is obscured by a coeluting compound in the extract.

In this particular bean extract, the 2 pesticide reference 
standards selected to locate the UAR were fonofos and pi- 
rimiphos-methyl. Examination of the TIC chromatogram 
produced under both El and Cl conditions (Figure 1) revealed 
gross interference by a coeluting hydrocarbon. In spite of this 
coeluting hydrocarbon, the UAR of interest was found (ar
rowed positions in Figure 1), by careful data profile analysis 
and subtraction techniques, to have a molecular weight of 
292 (MH+ = 293, Figure 1C). The complementary tandem 
use of El and Cl techniques to assist in the correct assignment 
of location and molecular weight is fundamental to the an
alytical approach adopted in such cases. Usually the only 
piece of data collected by this approach is a potential mo
lecular weight since many fragment and adduct ions are com
pletely obscured by coeluting compounds. However, this sin
gle piece of evidence, in conjunction with phosphorus being 
present from FPD-P, was sufficient to cause us to suspect, 
by consulting the U.S. Food and Drug Administration’s mo
lecular weight listing of pesticides, that the UAR could be 
phorate sulfone, diethyl carbethoxy dichloromethylphos- 
phate, fensulfothion oxygen analog, etrimfos, or inezin. 
Whereas some of these possibilities could be instantly elim
inated (e.g., no chlorine isotope ratios were observed), closer 
examination of the retention data in this listing revealed that 
etrimfos was a reasonable candidate. Repeating the experi
ment with a standard reference material for etrimfos con

firmed the assumption. However, neither El nor Cl mass 
spectra (Figure 2) had sufficient fragmentation to extend the 
characterization beyond identification by the appropriate 
molecular weight. Although some fragment ions were pres
ent, the relative abundances in the residue were such as to 
preclude their use for absolute confirmation. All too often, 
fragment ions of low relative abundance either are lost in the 
background or cannot be assigned to the UAR because of 
strong coeluting compounds such as hydrocarbons. There
fore, in this particular case, the only ion of consequence was 
either at m/z 292 (El, Figure 2A) or at m/z 293 (Cl, Figure 
2B). The presence of only one ion at the correct retention 
time cannot be viewed as unambiguous proof of the presence 
of a particular pesticide (5).

By selecting the protonated molecular ion at m/z 293 and 
by performing CAD experiments, daughter ions can be pro
duced which are structurally related to the parent compound 
and hence provide a new dimensional plane of characteriza
tion for confirmation. In the case of etrimfos, the daughter 
ion spectrum derived from MH 4  at m/z 293 (Figure 2C) 
provided a number of significant ions suitable for confir
mation purposes. In particular, the ion at m/z 125 was ex
tremely useful because it provided proof of the presence of 
a dimethoxy phosphorothionate or phosphorodithionate 
(Figure 3). Furthermore, the copresence of 2 other daughter 
ions at m/z 109 and 143 provided additional evidence that 
the compound under investigation was a phosphorothionate. 
Had the potential identity of the UAR not been readily avail
able, this CAD daughter spectrum would have been valuable 
in detecting the presence of a dimethoxy phosphorothionate. 
Other daughter ions produced from m/z 293 were the loss 
of 1, 28, and 60 daltons. The presence of the molecular ion 
at m/z 292 is revealing in that a suspected site for protonation 
of etrimfos is the ether linkage between the pyrimidinyl side 
chain and the phosphorus atom. Removal of a hydrogen 
atom by CAD using argon gas would seem to indicate that
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this reagent gas hydrogen atom is weakly bound to that oxy
gen atom. Loss of 28 daltons from m/z 293 is probably loss 
of ethylene. Using the daughter ions derived from a study of 
the reference material, etrimfos in the bean extract at 0 . 1  

ppm was confirmed using the protocol discussed above. With 
regard to sensitivity parameters, the lower detection level 
established for this confirmation procedure using 5 CAD 
daughter ions was 0.5 ng injected on-column.

To extrapolate the potential utility of the generic daughter 
ion spectrum observed for dimethoxy phosphorothionates, 
a dimethoxy phosphorodithionate (dimethoate) was then 
studied (Figure 4). It was apparent that the ion at m/z 125 
was the dominant ion present representing the dimethoxy 
moiety discussed above (Figure 5). The lack of other daughter 
ions at m/z 109 and 143 was a strong indication that the 
compound was not a phosphorothionate. However, the weak 
presence of daughter ions at m/z 171 and 157 did confirm 
the dithionate as the basic structure with a methylene group 
adjacent to the second sulfur atom.

Conclusions
In defining the minimum criteria for confirmation of a 

pesticide residue, the ability to monitor at least 4 structurally 
related ions does not always present itself when such primary 
ionization techniques as El or Cl are used. The use of Cl to 
produce a protonated molecular ion focuses attention on

molecular weight of the compound but generally lacks frag
ment ions to provide unambiguous confirmation of presence. 
CAD experiments produce structurally important daughter 
ions not observable under El or Cl conditions, thereby pro
viding an additional dimensional plane of characterization 
which, when used in tandem with the MH+ from chemical 
ionization, can offer acceptable analytical protocols for con
firmation as well as provide valuable structural clues to iden
tify UARs. In the instance reported here, the presence of a 
daughter ion at m/z 125 from a pesticide known to contain 
phosphorus was strong evidence as to the presence of a phos
phorothionate or phosphorodithionate.
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Assisted Distillation Cleanup of Pesticide Residues in Animal Fats:
New Beadless Distillation Tube

ANDREW B. HEATH and ROBERT R. BLACK
N S W  D e p a r tm e n t o f  A gricu ltu re , B o a r d  o f  T ic k  C o n tro l, L a b o ra to ry , P O  B o x  2 8 5 , L is m c r e , N S W  2 4 8 0 , A u s tra lia

A new assis ted  d istilla tio n  tube  h a s  been developed w hich  con ta ins 
no g lass  beads o r g lass wool. T h e  sam ple  is  in jec ted  in to  th e  top  of 
th e  tube, an d  a  septum  is no t req u ired . L arge  g round-g lass jo in ts  (1 0 / 
19) a re  used a t  th e  gas in le t an d  a t  th e  F lo ris il tra p  connection  for 
m axim um  stre n g th . E x is tin g  a ssis ted  d is tilla tio n  a p p a ra tu s  w as eas
ily m odified to  accep t th e  new tubes. R ecoveries o f  9 o rganochlorine  
p estic ides from  b u tte r  an d  ca ttle  fa t ranged  from  87 to  104%  a t  a 
tube  tem p era tu re  o f 230°C an d  a  n itrogen  flow ra te  o f 250 m L /m in . 
N o  s ign ifican t change occurred  in  recoveries o f 8 o f th e  9 pestic ides 
a fte r 85 uses o f  th e  bead less tube. O n ly  th e  recovery o f H C B  from  
b u tte r  decreased , from  95 to 80% , a fte r 51 ru n s. T h e  new tu b e  was 
com pared  w ith  th e  U n itre x  g lass bead-packed  concen tric  tube  a t  flow 
ra te s  o f 230, 400, an d  600 m L  n itro g en /m in . R ecoveries from  th e  
U n itre x  tube  w ere s im ila r to th o se  o f th e  bead less tube  fo r a ll pes
tic ides excep t D D T  w hich  w as sign ifican tly  low er, in d ica tin g  incom 
p lete  d is tilla tio n  a t  250 m L /m in  an d  possib le  p a r tia l b reakdow n a t 
400 an d  600 m L /m in . A  procedure  is  in troduced  fo r p ressurized  
solvent w ash ing  of d istilla tio n  tubes . T h is  procedure  is  m ore efficient 
th a n  vacuum  w ashing.

Assisted distillation as described by the authors (1, 2) is a 
refinement of the sweep codistillation technique of Storherr 
et al. (3) and is used for the cleanup of pesticide residues in

R e c e iv e d  J u n e  11 , 1 9 8 6 . A c c e p te d  O c to b e r  7 , 1 9 8 6 .
P r e s e n te d  in  p a r t  a t  12 th  C o n f e r e n c e  o f  P e s t ic id e  R e s id u e  C h e m is ts ,  S y d n e y , 

A u s t r a l i a .  O c to b e r  2 1 . 1 9 8 5 .

animal fat and butter fat samples for pesticide residue anal
ysis. This is achieved by introducing 1 g melted fat into a 
tube packed with glass beads and maintained at a high tem
perature so that a thin film of fat is formed over the beads. 
The fat is suspended in the vertical tube by a high-velocity 
flow of nitrogen. Over a period of approximately 30 min, the 
pesticides are distilled from the fat and collected in a Florisil 
trap (4); the fat remains in the tube.

Our major modification of the original technique (3) was 
the elimination of solvent injection into the distillation tube. 
We therefore renamed the modified technique “assisted dis
tillation” because the sweeping codistilling solvent as Stor
herr et al. described it, was no longer used. Neidert and 
Saschenbrecker (5) investigated the effect of silanization on 
recoveries from sweep codistillation and assisted distillation 
tubes. A commercially constructed assisted distillation ap
paratus (Unitrex) was described by Luke et al. (6 ). Their 
compact design and the new top injection technique were 
significant improvements. The Unitrex distillation tube con
sists of 2  concentric tubes with the space between them packed 
with glass beads and glass wool.

Our aim was to develop a tube that did not contain glass 
wool or glass beads, thereby increasing the number of uses 
before cleaning was required. In addition, the tube should 
have top injection and be easily fitted to our existing appa
ratus. This paper reports the evaluation of the new tube over
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a limited range of temperatures and flow rates; its perfor
mance is also compared to that of a Unitrex tube.

Experimental
Optimization

All recoveries were obtained using butter fat and cattle fat 
fortified with HCB and lindane, 0.075 mg/kg; heptachlor, 
0.17 mg/kg; aldrin, heptachlor epoxide, DDE, and dieldrin, 
0.25 mg/kg; DDD, 0.50 mg/kg; and DDT, 0.75 mg/kg.

Depth of insertion of the distillation tube into the heating 
block was varied in the following ways to determine its effect 
on pesticide recovery from the beadless tube: bulb on top of 
block, 4 mm of bulb above block, and bulb wholly inserted 
into block. The following investigations were made with the 
bulb wholly inserted into the block: (/) nitrogen flow rates 
of 250, 400, and 600 mL/min at a block temperature of 
230°C; (2) distillation temperatures through the range 220- 
250°C in 10° increments, using 250 mL nitrogen/min; (3) 
reproducibility of recoveries over the range of 230-250°C 
and 250 mL/min with butter fat only; and (4) recoveries 
from the Unitrex tube at nitrogen flow rates of 230, 400, and 
600 mL/min at a temperature of 235°C, using cattle fat only.

Reagents and Apparatus
As described by Heath and Black (1,2) with the following 

modifications:
(a) New distillation tube.' —See Figure 1.
(b) Florisil trap.— Figure 1. Similar to that of McDougall

(4) but with the Florisil section widened and with a ground- 
glass cone instead of a socket. Removable tip of PTFE tubing 
containing small plug of glass wool.

(c) Florisil. — 60-80 mesh, activated at 680°C for 3 h; 
partially deactivated by adding 5% w/w water when cool.

(d) Assisted distillation apparatus ///. — Modified to allow 
insertion of the bulb of new distillation tubes. This consisted 
of enlarging, to 25 mm diameter, the upper 25 mm of the 
eleven 16 mm diameter holes in the heating block. The side 
of the hole opposite the operator was also filed so that the 
bulb and outlet to the condenser could be closely fitted into 
the block.

(e) Pressure washing reservoir. — Stainless steel vessel of 
approximately 5 L capacity (fitted) with ‘/t in. stainless steel 
inlet and outlet tubes. The outlet tube should reach to within 
approximately 6  mm of the bottom of the reservoir.

(f) Petroleum ether.— 57-63°C bp.
(g) 10% diethyl ether in petroleum ether.
(h) Unitrex glass column tube. — Packed with silanized glass 

beads, Part No. 093294.

Procedure
Set aluminum block temperature to 230°C and insert dis

tillation tube (see Figure 1). Connect nitrogen supply to 
ground-glass socket so that gas flows down central tube. Add 
Florisil to trap by dispensing from separatory funnel; replace 
removable PTFE tip. Connect Florisil trap to other socket. 
Secure both ground-glass connections with slight twist. Mea
sure nitrogen flow rate at outlet of trap with bubble meter 
and adjust to 250 mL/min. Disconnect nitrogen and inject
1.0 g melted fat into center tube, using 2 mL syringe with 
50-100 mm, 16 gauge needle. Reconnect nitrogen.

After 30 min distillation, disconnect trap and place it in
20-30 mL test tube calibrated at 10 mL. Let trap cool and

1 Patent pending. Persons interested in a commercial model may contact 
the authors.

Figure 1. Distillation tube and condenser: a, outer tube wall 
thickness =1.5 mm, id = 10.5 mm ± 0.02 mm (selected tube); 
b, inner tube wall thickness =1.1 mm, od = 10.0 mm ± 0.02 mm 
(selected tube); c, ground-glass sockets 10/19; d, 10/19ground- 
glass cone; e, Florisil; f, reservoir; g, removable PTFE tip packed 

with glass wool; h, glass wool.

rinse reservoir walls with 2 mL of 10% v/v diethyl ether in 
petroleum ether followed by additional 10 mL when the first 
wash has drained into Florisil. Adjust eluate to 10.0 mL for 
analysis. Remove distillation tube from heating block and 
support in fume cupboard. Connect pressure vessel to tube 
outlet and connect waste-collecting vessel to inlet with PTFE 
tubing and nylon or PTFE B10 stoppers. Wash hot tube by 
forcing approximately 35 mL petroleum ether at 12-15 psi 
through tube. Disconnect tube and drain, then dry by drawing
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Table 1. Effect of depth of insertion of tube into heating block 
on condensation of pesticides in tube bulb

Pesticide

% Residue In bulb“

Wholly
inserted

4 mm not 
Inserted Not inserted

DDT <2 3.9 ±  2.4 15 ±  2.5
DDD <2 2.2 ±  1.1 15 ±  3.8
Dieldrin <2 <2 8 ±  5.9
DDE <2 <2 12 ±  5.4

• Each recovery is the mean of 3 replicates ±  SD.

stream of air through tube. It is important to conduct washing 
procedure in fume cupboard to control solvent vapors.

Glass wool plugs in removable tip and trap body may be 
reused.

Results and Discussion
The investigation of tube insertion depth into the heating 

block showed that no detectable levels of HCB, lindane, hep- 
tachlor, or heptachlor epoxide were recovered from the bulb 
when the tube was inserted at any of the 3 depths tested. 
Various levels of the other pesticides were found when the 
bulb was not fully inserted (Table 1). Less than 2% of any 
pesticide remained in the bulb when the tube was fully in
serted. This was considered satisfactory.

Residues remaining in the bulb after 30 min distillation 
were determined by removing the tube from the heating block 
and letting it cool to approximately 20-30°C. The tube was 
then immersed in ice water to a point just below the bulb to 
solidify the fat. The tube was then removed, dried, and in
verted over a 50 mm funnel on a small Florisil column. The 
inside surfaces of the bulb were then washed down with 3 
mL of 10% diethyl ether/petroleum ether. This was followed

Table 2. Effect of nitrogen flow rate on percent recovery of 
pesticides from butter fat at 230°C

Recovery, %•

Pesticide 250 mL/min 400 mL/min 600 mL/mln

HCB 95 ±  0.6 83 ±  4.4 85 ±  0.8
Lindane 100 ±  2.1 98 ±  7.5 91 ±1 .1
Heptachlor 89 ±  3.5 87 ± 2.9 47 ±  2.8
Heptachlor epoxide 104 ±  4.0 98 ± 6.1 99 ±  1.9
Aldrin 99 ±  1.0 100 ±  1.2 95 ±  1.3
Dieldrin 95 ±  2.1 104 ± 3.8 94 ±  5.7
DDE 98 ±  1.7 101 ± 1.2 93 ±  1.6
DDD 95 ±  2.6 99 ±  1.7 95 ±  2.7
DDT 88 ±  0.6 93 ± 0.6 94 ±  2.9

* Each recovery is the mean of 3 replicates ±  SD.

Table 3. Effect of nitrogen flow rate on percent recovery of 
pesticides from cattle fat at 230°C

Pesticide

Recovery, %a

250 mL/min 400 mL/min 600 mL/min

HCB 95 ±  3.0 98 ±  3.1 96 ±  2.6
Lindane 99 ±  1.2 105 ±  2.5 101 ±  4.2
Heptachlor 91 ±  1.0 83 ±  2.5 67 ±  3.8
Heptachlor epoxide 98 ±  1.2 101 ±  1.7 105 ±  3.2
Aldrin 95 ±  3.5 93 ±  2.1 99 ±  0.6
Dieldrin 98 ±  1.2 100 ±  1.2 89 ± 1.5
DDE 100 ±  2.1 100 ±  3.1 98 ±  6.4
DDD 98 ±  5.5 101 ±  4.1 104 ±  1.2
DDT 87 ±  2.5 90 ± 2.1 94 ±  3.2

Table 4. Effect of distillation tube temperature on percent re
covery of pesticides from butter fat at 250 mL/min

Recovery, %*

Pesticide 220°C 230-C 240°C 250°C

HCB 95 ± 1.2 95 ± 0.6 84 ± 4.0 84 ±  1.5
Lindane 99 ±  4.0 100 ± 2.1 94 ± 3.6 97 ±  0
Heptachlor 99 ±  4.0 89 ± 3.5 86 ±  3.2 87 ±  11.1
Heptachlor epoxide 105 ±  3.7 104 ± 4.0 97 ±  1.5 99 ±  1.7
Aldrin 102 ±  7.0 99 ± 1.0 95 ±  5.0 101 ±  0.6
Dieldrin 91 ±  3.1 95 ±  2.1 106 ±  6.6 105 ±  2.1
DDE 99 ±  2.6 98 ± 1.7 99 ±  4.5 100 ±  2.1
DDD 78 ±  5.6 95 ±  2.6 90 ±  5.6 99 ±  0.6
DDT 68 ±  6.4 88 ±  0.6 88 ±  1.0 93 ±  2.7

* Each recovery is the mean of 3 replicates ±  SD.

by a further 10 mL to complete elution of the pesticides 
through the Florisil.

Pesticide recoveries from butter and cattle fat at nitrogen 
flow rates of 250, 400, and 600 mL/min at 230°C are shown 
in Tables 2 and 3. When the flow rate was increased from 
250 to 400 mL/min, the recovery of DDT from butter fat 
increased by 5% but with no further increase at 600 mL/min. 
Recoveries of heptachlor decreased to 47 and 67% in butter 
and cattle fat, respectively, as the flow rate was increased to 
600 mL/min. The higher flow rates also removed the water 
from the Florisil faster and hence reactivated it, causing lower 
dieldrin recoveries from the Florisil. Either more solvent or 
less Florisil is required to allow elution of dieldrin. No further 
heptachlor eluted, however. At this time, we are unable to 
explain the low recovery of heptachlor at this high flow rate.

Two types of distillation tubes were studied: (a) truly con
centric, i.e., a uniform gap of 0.25 mm between tubes, and
(b) nonconcentric, in which, although the average gap was
0.25 mm, the gap varied between 0.05 and 0.45 mm between 
tubes. Both types of tubes gave similar recoveries at 250 mL/ 
min. When the truly concentric tube was used at flow rates 
above 270 mL/min, excess fat rose into the bulb and all 
recoveries were low (<20%). For this reason all the results 
reported were obtained with the nonconcentric (type b) tube 
which did not suffer from this problem.

For the pesticides studied, we recommend the use of 250 
mL nitrogen/min to minimize the deleterious effects of the 
higher flow rates on the recovery of heptachlor and on the 
water content of the Florisil. This flow rate is also compatible 
with both concentric and nonconcentric distillation tubes.

Recoveries of 9 organochlorine pesticides from butter fat 
and cattle fat over a temperature range of 220-250°C at a 
nitrogen flow rate of 250 mL/min are shown in Tables 4 and 
5. At 220°C, DDT recoveries from butter fat were on average

Table 5. Effect of distillation tube temperature on percent re
covery of pesticides from cattle fat at 250 mL/min

Pesticide

Recovery, %‘

230°C 240°C 250°C

HCB 95 ± 3.0 96 ±  2.0 97 ±  2.6
Lindane 99 ± 1.2 96 ±  7.8 104 ±  1.7
Heptachlor 91 ± 1 .0 94 ±  7.0 81 ± 4.7
Heptachlor epoxide 99 ±  1.2 102 ±  0.6 103 ±  1.5
Aldrin 95 ±  3.5 103 ±  2.6 102 ± 1.0
Dieldrin 98 ±  1.2 102 ±  2.5 105 ±  4.6
DDE 100 ±  2.1 104 ±  3.5 107 ± 3.6
DDD 98 ± 5.5 101 ±  1.2 108 ± 1.7
DDT 87 ±  2.5 85 ±  0.6 85 ±  3.2

* Each recovery is the mean of 3 replicates ±  SD. * Each recovery Is the mean of 3 replicates ±  SD.
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Table 6. Reproducibility of percent recovery of pesticides from butter fat, using the beadless distillation tube at 230°C and 250
mL/min

Sample HCB Lindane Heptachlor
Hept.
epox. Aldrln Dieldrin DDE DDD DDT

1 94 99 85 100 98 93 96 94 89
2 96 98 91 108 99 96 99 93 88
3 94 102 91 103 100 97 99 98 88
4 90 107 100 105 96 101 105 92 85
5 89 98 94 102 102 98 94 100 93

Mean 92.6 100.8 92.2 103.6 99.0 97.0 99.6 95.4 88.6
RSD 3.2 3.8 5.8 3.0 3.2 2.8 4.1 6.3 3.3

22% below those obtained at 230-250°C, indicating incom
plete distillation. At 230, 240, and 250°C, there is no signif
icant change in the recoveries of the other pesticides studied 
except for heptachlor in cattle fat which decreased signifi
cantly from 91% at 230°C to 81% (P < 0.01) at 250°C. In 
consideration of these data, we chose 230°C as our recom
mended temperature.

Table 6  shows the reproducibility of 5 recoveries from 
butter fat at 230°C and 250 mL nitrogen/min. These are 
comparable to those achieved in our previous investigation 
( 1 ).

Table 7 shows recoveries obtained with the Unitrex tube 
silanized according to manufacturer’s specifications and used 
at the recommended conditions (6 ) of 235°C and nitrogen 
flow rate of 230 mL/min. In addition, flow rates of 400 and 
600 mL/min were studied for comparison with our tube. 
Because of the side arm on the Unitrex tube, we were unable 
to evaluate this tube in our heating block. We were successful, 
however, in evaluating the tube in a calibrated fan-forced gas 
chromatograph oven using an external Florisil trap; to ensure 
that results were not affected by the different heating medium, 
we carefully compared the results obtained from our beadless 
tube in the same oven. There was no significant difference 
in recoveries from our tube when heated in the air oven or 
the heating block, so we considered this to be an acceptable 
comparison of the 2 tubes. Generally, the results from the 
Unitrex tube at 230 mL nitrogen/min were comparable to 
results from our tube at 250 mL/min except for DDT which 
was recovered at 69% from the Unitrex tube (Table 7). (Our 
tube showed no significant difference in recoveries between 
230 and 250 mL nitrogen/min.) When we continued the

Table 7. Effect of nitrogen flow rate on percent recovery of 
pesticides from cattle fat at 235°C using the Unitrex tube

Pesticide

Recovery, %*

230 mL/min 400 mL/min 600 mL/min

HCB 98 ±  4.0 95 ±  1.2 94 ±  3.1
Lindane 101 ±  4.2 93 ±  9.7 106 ± 4.2
Heptachlor 95 ±  2.9 90 ±  6.1 71 ± 24.7
Heptachlor epoxide 99 ±  8.1 99 ±  3.1 98 ±  1.2
Aldrin 102 ±  7.4 99 ± 2.1 102 ±  2.1
Dieldrin 97 ±  6.9 92 ±  3.6 95 ±  7.8
DDE 99 ±  10.4 104 ±  4.0 95 ±  2.1
DDD 93 ±  6.4 100 ±  3.5 93 ±  9.2
DDT 69 ±  4.2 78 ±  4.2 76 ±  2.0

* Each recovery is the mean of 3 replicates ±  SD.

distillation with the Unitrex tube for another 30 min at this 
flow rate, a further 11% DDT and 15% DDD was collected, 
showing incomplete distillation. Distillation was still incom
plete at 400 mL/min, when 4% DDT and 8 % DDD were 
found in the second 30 min fraction. At 600 mL/min, less 
than 2% DDT and 2% DDD were found in the second frac
tion. The low 76% DDT recovery compared to the 87% 
reported by Luke et al. (6 ) may have occurred due to DDT 
breakdown on unpolished areas of glass beads. We also found 
that at the higher flow rates, droplets of fat entered the Florisil 
trap, increasing the probability of fat being eluted with the 
pesticides.

Calculation shows that the beadless tube and the Unitrex 
tube have similar surface areas available for fat. We suggest 
that the higher DDT recoveries from cattle fat on the beadless 
tube may be due to the thinner film of fat formed by the 
higher gas velocity of 100 cm/s compared with 38 cm/s in 
the Unitrex tube we evaluated.

For 8  of 9 of the pesticides studied, the usable life of the 
beadless tube was in excess of 85 runs before nitric acid 
recleaning (2 ) was required.

After 51 runs, the recovery of HCB from butter fat de
creased from 95 to 80%. No obvious charring or darkening 
of the tubes occurred over the 85 runs.

Conclusion
The new distillation tube presented shows that neither glass 

wool nor glass beads are necessary for the distillation of 
pesticides from fat. With no glass surfaces in contact, the 
need for acid cleaning is virtually eliminated, and the number 
of uses is greatly increased.

Pesticide recoveries obtained with this tube are compa
rable with those obtained with our previous glass bead-packed 
tubes and have been achieved at the lower flow rate of 250 
mL/min.
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Total Arsenic in Foods after Sequential Wet Digestion, Dry Ashing, Coprecipitation with 
Ammonium Pyrrolidine Dithiocarbamate, and Graphite-Furnace Atomic 
Absorption Spectrometry

R O B E R T  W . D A B E K A  and G L A D Y S  M . A . L A C R O IX
F o o d  R e sea rch  D iv is io n , B u rea u  o f  C h e m ic a l S a fe ty , F o o d  D ire c to ra te , H e a lth  P ro te c tio n  B ran ch ,
H e a lth  a n d  W e lfa re  C a n a d a , O tta w a , O n ta r io  K 1 A  0 L 2 , C a n a d a

A graphite-furnace atomic absorption (GFAAS) method is described 
for determining total arsenic (organic and inorganic compounds) in 
foods. Samples ranging from 1 to 40 g (depending on moisture con
tent) were digested with HN03 and dry-ashed at 500°C overnight 
after addition of MgO. After dissolution in HCI, the arsenic was 
reduced with iodide and ascorbic acid and precipitated with ammo
nium pyrrolidine dithiocarbamate (APDC) in the presence of nickel 
carrier. Precipitates were collected on 0.3pm cellulose acetate filters 
and dissolved in 10% HN03 containing modifier. Ba(N03)2 was added 
to remove a sulfate interference resulting from decomposition of APDC. 
Arsenic was determined using GFAAS. Accuracy of the method was 
good for 7 U.S. National Bureau of Standards (NBS) Standard Ref
erence Materials and 3 National Research Council of Canada (NRCC) 
round-robin samples. Recovery of arsenic(V) from foods averaged 
99.2% for peak heights and 97.1% for peak areas, with relative 
standard deviations (RSD) of 2.2% for peak heights and 3.3% for 
peak areas for all NBS and NRCC materials. Detection limit of the 
method was ca 10 ng arsenic.

A graphite-furnace atomic absorption spectrometric (GFAAS) 
coprecipitation method ( 1 ) recently developed by us for total 
arsenic in foods had several advantages over other methods: 
It could be automated at the instrumental step; only 1 flask 
and 1 funnel top per sample required washing, and disposable 
unwashed test tubes could be used for dissolution of precip
itate and storage of analyte solutions prior to measurement; 
and synthetic standards could be used, thereby reducing an
alyst time. Nevertheless, the method also had some weak
nesses: The detection limit was limited by sample size be
cause only about 1 g organic matter could be dry-ashed. There 
were interferences for all liver samples, resulting in recoveries 
as low as 40-50%, and recoveries for other foods generally 
varied in the 80-100% range, depending on the food (1 ). 
Finally, application of the method by 3 analysts in our lab
oratory revealed that much technical skill was needed to 
achieve the correct pH of precipitation.

This paper presents the results of investigations to over
come the problems and limitations of the method described 
above. The improvements made to the original method in
clude addition of a digestion step prior to dry-ashing to fa
cilitate larger sample sizes and, hence, detection limits 3-10 
times lower than previously obtained; changes to the matrix 
modifier to reduce sulfate and cationic interferences; a change 
in buffer so that use of a pH meter will be minimal; and 
simplification of the reduction procedure.

Experimental
Apparatus

(a) Atomic absorption spectrometer.— Varian Model 775- 
ABQ, equipped with simultaneous deuterium-continuum 
background corrector (Varian Associates of Canada, Ltd., 
Ottawa, Ontario).

(b) Graphite furnace.—V  arian Model GTA-95 equipped 
with programmable autosampler, pyrolytically coated graph
ite tubes, and pyrolytic-graphite L’vov platform (Varian As
sociates).

Received March 24, 1986. Accepted September 7. 1986.

(c) Vacuum filtering system. —Consisting of water aspi
rator vacuum, filter base and clamp (Millipore Corp., Bed
ford, MA 01730, Cat. No. XX10 025 00) for holding 24 mm 
diam., 0.3pm cellulose acetate filters (Millipore Corp., Cat. 
No. PHWP 02400), and funnel top with 125 mL capacity 
and a base to match the Millipore filter base. The latter was 
custom-made by a glass blower.

(d) Polystyrene centrifuge tubes with caps. — 15 mL capac
ity (Falcon Corp., Oxnard, CA 93030, Cat. No. 2095). Ex
amine each tube against light and discard cracked tubes.

(e) Repeater pipet. — 10 mL, inversion type (Fisher Sci
entific Co., Ottawa, Ontario, Cat. No. 13-683- 10C).

(f) Variable-volume hand pipet. — Gilson-Pipetman® 
Model P5000, 5 mL (Mandel Scientific Co., 143 Dennis St., 
Rockwood, Ontario, Cat. No. GF23603).

R e a g e n ts

Unless otherwise specified, all reagents were reagent grade.
(a) Deionized water. — ASTM Type I was used throughout 

study.
(b) Iron(III) solution. — 5000 pg/mL in 5% H N 03. Dis

solve 5 g high-purity (m4N8; t4N+) iron rod (Alpha Prod
ucts, Danvers, MA 01923, Cat. No. 00164) by heating in 
solution containing 70 mL H N 0 3 and 200 mL water. Cool 
and dilute to 1 L with water. Store indefinitely in tightly 
capped Pyrex bottle.

(c) Copper(II) solution. — 5000 pg/mL in ca 5% H N 03. 
Dissolve 5 g high-purity (m5N) copper metal (Alpha Prod
ucts Cat. No. 400388) in 100 mL H N 0 3 (1 + 1). Cool and 
dilute to 1 L with water. Store indefinitely in tightly capped 
Pyrex bottle.

(d) Nickel(II) solution. —1000 pg/mL in 10% H N 03. Dis
solve 4.95 g Ni(N03)2-6 H20  in 10% H N 0 3 and dilute to 1 
L with 10%HNO3.

(e) Arsenic primary standard. — 500 pg/mL. Add 25 mL 
1M NaOH to 0.660 g As20 3 and heat gently until dissolved. 
Cool, dilute to ca 150 mL with water, and neutralize with 
1% H N 03. Dilute to 1 L with water. Solution may be stored 
in Pyrex bottle several years.

(0 Arsenic stock standard. —10 pg/mL in 5% H N 03. Pipet 
2 mL arsenic primary standard (e) into 100 mL volumetric 
flask and dilute to volume with 5% H N 03.

(g) Arsenic stock standard. — 1 pg/mL in 0.5% H N 03. Pi
pet 10 mL 10 pg/mL arsenic standard (f) into 100 mL vol
umetric flask and dilute to volume with water.

(h) Light magnesium oxide. —Cover several 250 mL bea
kers containing 100-150 g Mg(N03) 2 ■ 6  H20  (Baker Analyzed 
Reagent) with watch glasses and heat in muffle furnace at 
200°C until samples liquefy. Heat at 350°C until evolution 
of nitric oxide (brown fumes) substantially subsides (ca 1.5 
h). Heat at 500°C at least 4 h or overnight, cool, and grind 
to fine powder. Commercial high-purity, light MgO may be 
used after absence of arsenic blank is assured.

(i) Ashing aid. — Prepare fresh just before use. Add 250 
mL water to 25 g MgO (h), stir until homogeneous and ready 
for use, and transfer to repeater pipet (e).
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(j) H ydrochloric acid, — 10M. Dilute 840 mL HC1 to 1 L 
with water.

(k) R educing agent. —Dissolve 25 g Nal and 2.5 g ascorbic 
acid in water and dilute to 100 mL with water. Prepare fresh 
once a month and store in refrigerator when not in use.

(l) Ascorbic acid  solution. — 2.5%. Dissolve 2.5 g ascorbic 
acid in water and dilute to 100 mL with water. Prepare fresh 
once a month and store in refrigerator when not in use.
(m) M asking  agen t.— Dissolve 2 g ethylenediaminetetra- 

acetic acid disodium salt (EDTA) in water and dilute to 100 
mL with water.

(n) Buffer.— Dissolve 136 g sodium acetate trihydrate in 
ca 450 mL water in 600 mL beaker. While stirring, cautiously 
add acetic acid until pH is 5.8 . Transfer to 500 mL volumetric 
flask and dilute to volume with water. Final pH should be
5.6-5.7.

(o) Carrier. —100 Mg/mL nickel(II) in 1% H N 03. Into 100 
mL volumetric flask, pipet 10 mL 1000 Mg/mL nickel(II) 
solution (d), and dilute to volume with water.

(p) M ethyl violet indicator.— 0.1% (w/v) in water. Dissolve 
0.2 g methyl violet in ca 200 mL water and filter through 
medium-porosity filter paper. Store in dark in refrigerator 
when not in use. Prepare fresh every 6  months.

(q) A P D C  solution. —1.5% (w/v) in water. Dissolve 3 g 
APDC in water and vacuum-filter through 0.3jum membrane 
filter. Dilute to 200 mL. Prepare fresh solution daily.

(r) D issolution so lu tion .— 20 Mg/mL nickel(II), 250 Mg/mL 
iron(III), and 200 Mg/mL copper(II) in 10% H N 03. Into 2 L 
volumetric flask, transfer 40 mL 1000 Mg/mL nickel(II) so
lution (d), 100 mL 500,6,Mg/mL iron(III) solution (b), 80 mL 
5000 Mg/mL copper(II)^olution (c), and 200 mL H N 03. Let 
cool and dilute to volume with water. Solution may be stored 
several years in original flask.

(s) Barium  solution. — 15 000 Mg/mL barium. Dissolve 2.86 
g Ba(N03) 2 in water and dilute to 100 mL with water.

Standard Preparation
Using pipet (f), transfer into each of six 100 mL volumetric 

flasks 5 mL of 5000 Mg/mL iron(III) solution (b), 4 mL of 
5000 Mg/mL copper(II) solution (c), 3 mL of 1000 Mg/mL 
nickel(II) solution (d), 5 mL of 15 000 Mg/mL barium solution 
(s), and 9.25 mL H N 03. Swirl, cool to room temperature, 
and pipet 0 ,2 ,4 , 6 , 8 , and 10 mL of 1 Mg/mL arsenic standard
(g) into the respective flasks. Dilute to volume with water. 
Standards are stable at least 3 months.

Procedure
Washing. — Wash glassware with H N 0 3 and rinse directly 

with water. Polystyrene test tubes from 10 lots did not require 
washing; however, the analyst should test each lot for the 
possibility of contamination.

D igestion an d  ash ing.— Weigh food samples into 250 mL 
Erlenmeyer flasks, limiting weight to ca 5 g organic matter. 
Include 3 blanks. If necessary, heat foods in oven to remove 
bulk of moisture (120°C during day or 50°C overnight). Add 
35 mL H N 0 3 and let stand 4 h or overnight. Gently boil to 
reduce to 2-4 mL volume without charring. Repeat H N 0 3 

addition and digestion a second time and repeat a third time 
if digest is not homogeneous. Blanks containing the same 
total volume of H N 0 3 may be boiled down more rapidly on 
a separate hot plate at medium-high temperature.

Add 10 mL ashing aid (i) to each flask and heat in muffle 
furnace at 120°C overnight. Increase temperature by ca 7 5°C/h 
to 300°C heat until evolution of nitrogen oxide gasses ceases 
(ca 1-2 h). Increase temperature to 500°C and ash at least 4

Table 1. Temperature program for the Varian Model GTA-95 
graphite furnace using 15 mL total volume pipetted onto a L’vov 

platform

Step Temp., °C Time, s

Argon
flow,
L/min Read

1 120 0.2 3
2 120 10.0 3
3 225 2.0 3
4 225 35.0 3
5 900 5.0 3
6 900 5.0 3
7 900 1.0 0
8 2650 0.8 0 *
9 2650 2.0 0 *

10 2650 1.0 3
11 40 13.0 3
12 40 5.0 3

h or overnight. To cooled flasks add 5 mL water and 25 mL 
10M HC1, washing down sides of flasks with acid. Discard 
solutions with an undissolved black residue, which indicates 
inadequate digestion with H N 03. Inadequate digestion can 
be remedied by reducing sample size or increasing the num
ber of digestions with H N 03.

Reduction o f arsenic(V).— After dissolving the ash, add 1 
mL reducing agent (k) and let stand 20 min. A yellow or 
yellow-brown color should appear. Dilute to ca 75 mL with 
water. The color should disappear. Heat solution near boiling 
until pale yellow color just appears, or for 30 min maximum 
if no color appears, then remove from heat. If pale yellow 
color continues to deepen, add 1 mL 2.5% ascorbic acid (1).

Precipitation.—To each flask, add 1 mL masking agent (m), 
1 mL buffer (n), and 1 mL carrier (o).

To first flask, add 3 drops of methyl violet solution (p); 
then, dropwise, add ammonium hydroxide, swirling until 
color just changes from blue to violet. Add 5 mL buffer (n) 
and check pH. It should be 4.5, but 4.3 to 4.8 is acceptable. 
Repeat for other flasks. Add 10 mL 1.5% APDC solution (q) 
to each flask, swirl, and let stand 30 min. Filter solution (c). 
Rinse flask with ca 10 mL water and add rinse to filter funnel. 
Transfer filter to centrifuge tube (d).

Pipet 9.5 mL dissolution solution (r) into tubes, cap tubes, 
and let stand overnight or until dark precipitate dissolves. 
Pipet 0.5 mL barium solution (s) into each tube, cap tube, 
shake, and let stand at least 1 h.

Determinations by GFAAS
Set up and optimize spectrometer with simultaneous back

ground correction and graphite furnace according to manu
facturer’s instructions for arsenic determinations (193.7 nm 
wavelength). Table 1 lists furnace temperature program used 
in this study. Peak height or area measurements may be used. 
Set autosampler to pipet 10 mL aliquot of sample or standard 
solution onto platform. If autosampler can be programmed 
to pick up blank or modifier simultaneously with each sample 
solution, use water in the modifier position and include 2  mL 
water in the autosampler program. This improves precision 
by washing out traces of standard or sample solution from 
the pipet.

Set up analytical sequence of solutions in autosampler in 
following order: standards in order of decreasing concentra
tion, sample blanks, samples, and again standards in order 
of decreasing concentration.

Analyze solutions, making 3 replicate atomizations for each 
solution. Tabulate measurements and calculate mean for each 
solution. If absorbance for any sample solution exceeds that
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Table 2. Recovery of organoarsenical spikes (400 ng as arsenic) from NBS Pine Needles under basic and acidic ashing conditions

Compound

Recovery, %

Acidic ash," Basic ash,“

Peak ht Peak area Peak ht Peak area

Sodium methyl arsonate 97.3 ±  1.3 93.5 ±  4.0 101.5 ±  2.6 89.9 ±  4.3
Sodium methyl arsenate 101.1 ±  3.4 98.6 ±  0.9 106.6 ±  5.2 97.7 ±  7.1
Arsenobetaine 110.0 ±  4.2 99.7 ±  1.3 102.4 ±  13.6 98.6 ±  3.6
Dimethylarsenic acid 93.9 ±  9.5 94.6 ±  7.4 108.2 ±  2.9 99.1 ±  9.1

* Acidic ashing constituted digestion with HN03 followed by addition of an Mg0-Mg(N03)2 ashing aid (2) which contained insufficient oxide to neutralize the 
HN03.

0 Basic ashing consisted of ashing with the same mixed ashing aid as above but without the HN03 digestion, so that the final mixture prior to drying and 
ashing was basic.

of the highest standard, dilute the solution by pipetting 0.9 
mL sample blank and 0.1 mL sample into a sampling cup 
and reanalyze.

Calculations
Compare absorbances of the standards run before and after 

the samples. If 3 or more of the standards change by more 
than 1 0 % in any one direction, reanalyze all solutions.

Calibrate using all the standards (run both before and after 
samples). This may be done either by drawing a calibration 
curve or by using a reliable calibration algorithm that can 
handle nonlinear curves. Calculate the solution concentra
tions of sample blanks and samples and subtract mean sam
ple blank concentration from sample solution concentra
tions.

Calculate arsenic concentration in samples according to 
the formula:

Arsenic, Mg/g = (C x V)/(1000 x sample wt)

where C is the blank corrected concentration (ng/mL) of the 
sample solution, V is the final volume (mL) of solution, in
cluding dilutions, and sample weight is expressed in grams.

Results and Discussion 
Destruction o f Organic Matter

The original dry-ashing method (1) was developed using 
magnesium nitrate and magnesium oxide, which had been 
proved valid for inorganic as well as several organoarsenic 
species common to biological samples (2). In spite of its 
success, it was limited to sample sizes ofca 1 g organic matter. 
Periodically some samples would combust in the muffle fur
nace with a resultant arsenic loss, and some authors have 
reported an average of 5-6% arsenic losses (3, 4). Because 
there are still uncertainties about the relative merits of var
ious wet digestion and dry-ashing techniques (2-4), the con

cept of dry-ashing was retained for this method, but ways to 
overcome some of the above problems were added.

Specifically, samples were digested with H N 0 3 prior to 
being ashed, enabling a larger sample size to be used without 
fear of combustion losses during ashing (5). The amount of 
HNO, present after the digestion was only marginally neu
tralized with the original Mg0-Mg(N03) 2 ashing aid, result
ing in effects on the muffle furnace during drying. To over
come this, MgO was used in place of Mg(N03) 2 so that the 
total amount of magnesium present, 1 g as MgO per sample, 
would be the same as in the mixed ashing aid. This was 
sufficient to neutralize 3 mL H N 03, reducing acid attack on 
the furnace. According to the method, however, 2-4 mL 
HNO, could remain after digestion, and the resulting ashing 
conditions could be either acidic or basic, depending on 
whether H N 0 3 or MgO was in excess. The effect this might 
have on recovery of organoarsenic compounds was evaluated 
(Table 2) and found to be minimal. Use of a larger quantity 
of MgO to guarantee neutralization was judged impractical 
because larger quantities caused expansion and periodic loss 
of the ash (4), and because, for purity reasons, the MgO was 
prepared from the nitrate (6 ).

The sample size limitation of 5 g organic matter for this 
method was about 5 times that of the original method (1,2).

Reduction o f Arsenic(V)
The method of arsenic reduction was simplified over the 

previous method (1 ) by adding the reducing agent only once.
One of the problems encountered for isolated samples, 

using both the previous method and the present one, was 
that while the solution and the reducing agent were being 
heated, the pale yellow color continued to deepen after it was 
removed from the hot plate. If this occurred, arsenic was not 
quantitatively precipitated. Addition of 2.5% ascorbic acid 
solution to the hot sample solution when this occurred pre
vented arsenic loss.

Table 3. Levels of arsenic recovered from NBS Standard Reference Materials and NRCC round-robin samples

Sample No. of analyses Certified level,* jig/g

Found (±

Peak ht

SD), jig/g

Peak area

Bovine liver 5 0.047 ±  0.006 0.053 ± 0.001 0.044 ±  0.001
Rice flour 7 0.41 ±  0.05 0.375 ±  0.007 0.375 ±  0.020
Orchard leaves 4 10.0 ±  2.0 10.64 ±  0.12 10.71 ±  0.44
Citrus leaves 4 3.1 ±  0.3 3.10 ±  0.04 3.15 ±  0.06
Tomato leaves 7 0.27 ±  0.05 0.311 ±  0.027 0.270 ± 0.018
Pine needles 6 0.21 ±  0.04 0.211 ±  0.006 0.198 ±  0.012
Oyster tissue 6 13.4 ±  1.9 13.78 ±  0.10 14.14 ±  0.26
Dogfish muscle0 3 30.8 ±  4.2 26.4 ±  0.5 28.2 ±  0.6
Scallops0 3 6.0 ±  0.9 5.45 ±  0.05 6.13 ±  0.02
Swordfish muscle0 3 4.1 ±  1.0 3.72 ±  0.03 4.16 ±  0.09

* Uncertainty expressed as 95% confidence level for NBS Standard Reference Materials.
0 NRCC materials not certified and uncertainty expressed as standard deviation of round-robin results after rejection of outliers (8).
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Table 4. Levels and recovery of arsenic(V) spikes from foods 
analyzed in a routine manner as part of a total-diet survey

Food

Peak ht Peak area

Level,*
ng/g

Ree.,6
%

Level,
ng/g

Ree.,
%

White bread 5.7 ± 0.5 102 ± 5 10.0 ± 0.3 102 ± 3
Donuts 5.0 ± 0.1 104 ± 2 4.9 ± 1.2 94 ± 0.2
Crackers 9.3 ± 1.8 95 ± 1 9.7 ± 3.7 86 + 3
Wheat cereal <3 103 ± 4 <3 104 ± 2
Whole milk <0.4 92-2 <0.8 88 ± 5
Peanut butter 12.4 ± 2.4 97 ± 4 16.8 ± 3.1 91+5
Eggs <0.4 96 + 3 <2 98 + 5
Luncheon meat 4.9 ± 0.4 107 ± 4 3.8 ± 0.8 98 ± 1
Raw beef

muscle 14.7 ± 0.6 96 ± 7 16.2 ± 2.1 98 ± 6
Raw pork

muscle 5.1 ± 0.8 98 ± 3 9.4 ± 0.6 97 ± 4
Apple juice 4.5 ± 0.1 96 ± 1 2.5 ± 1.3 100 ± 2
Apple sauce <0.25 101 ± 0.1 <0.25 101 ± 1
Strawberries 3.8 ± 1.5 103 ± 0.2 3.6 ± 1.1 102 + 1
Broccoli 2.4 ± 0.5 107 ± 0.6 3.1 ± 0.1 101 ± 0.6
Cauliflower 1.7 ± 0.3 92 ± 2 1.8 ± 0.2 98 ± 0.1
Baked potato 3.3 ± 1.0 94 ± 1 6.2 ± 0.8 90 ± 1
Boiled potato 3.9 ± 1.1 103 ± 2 2.0 ± 1.0 102 ± 2
Coffee (instant) 0.3 ± 0.07 101 ± 0.1 0.5 ± 0.07 98 ± 0.6
White sugar <2.5 99 ± 7 <2.5 97 ± 7
* Uncertainties given as standard deviation. Two replicates were run for 

each of the spiked and unspiked samples.
6 Spiking level, 400 ng arsenic(V).

A hypothesis of the mechanism for the effect described 
above was that the yellow color was due to interference from 
iodine. Addition of ascorbic acid reduced the excess iodine 
back to iodide.

Precipitation and Dissolution o f Arsenic
The buffer solution of the original arsenic method (1) was 

modified so that a pH meter was not required on a routine 
basis.

Dissolution time for the precipitate was generally over
night. However, depending on sample type and weight and 
on pH of precipitation, 2 days were sometimes needed. The 
best indicators of complete dissolution were a clean filter and 
the absence of any dark brown residue on the bottom of the 
test tube.

Reduction o f Sulfate and Cationic Interferences
Preliminary tests of the coprecipitation method revealed 

that, during dissolution of the precipitate, some APDC was 
being converted to sulfate, which interferes with arsenic in 
the furnace (7, 8 ). Since the amount of APDC in the precip
itate depended on the concentration of other ions, such as 
iron and copper, in the food item, the interference was food 
related. This may explain why liver samples, which contain 
high concentrations of other cations, gave poor recoveries 
( 1 ).

Addition of barium nitrate after dissolution of the sample 
eliminated the interference, and good recoveries ensued for 
all sample types. Two possible reasons for the reduction of 
the sulfate interference were removal of the sulfate by pre
cipitating barium sulfate and interference reduction due to 
the presence of the barium ions themselves, simulating the 
sulfate interference reduction observed in the presence of 
magnesium ions (7). It was not necessary to filter the barium 
sulfate from the solution prior to analysis.

Preliminary investigations revealed that copper(II) and 
iron(III) caused, respectively, positive and negative interfer
ences in the graphite furnace. The concentrations of these

ions vary extensively in different foods and the elements are 
coprecipitated along with arsenic; thus, copper(II) and iron(III) 
were added as matrix modifiers to reduce interferences their 
presence in some foods might cause. A more complete dis
cussion of choice of modifier will be presented in another 
publication.

Accuracy and Precision
Table 3 demonstrates that both peak heights and area were 

accurate for arsenic in NBS SRMs and NRCC round-robin 
samples (9). Recovery of arsenic(V) from foods analyzed in 
a routine manner as part of a dietary intake study ranged 
from 92 to 107% and averaged 99.2% for peak heights. Peak 
area recoveries averaged 97.1% (range 86-104%) (Table 4). 
Recovery from liver samples averaged 102%. In comparison, 
the earlier variation of the method gave recoveries averaging 
61.3% for liver samples and 89.4% (range 77-102%) for other 
foods ( 1 ).

Precision averaged 2.2% RSD for peak heights and 3.3% 
RSD for peak areas for the NBS and NRCC materials (Table
3). For the foods in Table 4, precision for the spiked samples 
averaged 2.6% RSD for both peak heights and areas. Pre
cision at the natural arsenic levels in Table 4 averaged 17% 
for peak heights and 2 1 % for peak areas.

Blanks and Detection Limit
For routine analysis of foods, 3 blanks were included in 

each analytical series. The mean blank level over 20 analyt
ical series was 1.7 ng arsenic absolute (range, -12 .4  to 17.4 
ng) for peak heights and 0.6 ng (range, -13.9  to 17.0 ng) for 
peak areas. The presence of negative blanks may have been 
due to a negative baseline during atomization because the 
instrument autozero was performed on a cold furnace before 
each atomization.

The mean standard deviation of replicate blanks over 20 
analytical series was ±2.7 ng arsenic absolute (range ±4 to 
±5.6) for peak heights and ±3.8 ng (range ± 1  to ± 8 . 2  ng) 
for peak areas. The detection limit of the method (3 x the 
mean SD of blanks) averaged 8  ng for peak heights and 11 
ng for peak areas.

Organoarsenic Compounds
Results for the NBS oyster tissue and 3 NRCC materials 

(Table 3) indicate applicability of the method to organoar
senic compounds, because Lawrence et al. (10) found that 
71-91% of the arsenic in 25 fresh- or seawater fish and crus
taceans, including scallops, was in the form of arsenobetaine, 
arsenocholine, or an unidentified methanol-extractable ar
senic compound. Good recovery for sodium methyl arsenate, 
sodium methyl arsonate, arsenobetaine, and cacodyllic acid 
can also be expected on the basis of results in Table 2.

GFAAS Conditions
Because the modifier elements, iron and copper, were pres

ent in large concentrations and because they atomize at high 
temperatures, the atomization temperature and times (Table
1 ) were chosen so that gradual buildup of the elements on 
the platform and within the tube would not occur. Thus, 
inclusion of a 1 - 2  s clean-out step immediately after atom
ization appeared to be the only critical factor in the temper
ature program.

Application of other models of graphite furnace may re
quire modifications to the furnace parameters according to 
manufacturer’s instructions. For instance, for larger-diame- 
ter graphite tubes used with a L’vov platform, a longer clean
out time may be required to remove the modifier elements
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completely from the tube. The good agreement between peak 
height and area results indicates that the method may even 
work with atomization from the wall in the absence of a 
platform.
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Gas Chromatographic Determination of Mecarbam and Its Metabolites Mecarboxon, 
Diethoate, and Diethoxon in Cottonseeds

RACHEL S. GREENBERG
M in is tr y  o f  A g r icu ltu re , P la n t P ro te c tio n  D e p a r tm e n t,  P O  B o x  78 , B e t-D a g a n  5 0 2 5 0 , I s ra e l

A gas chromatographic method is described for determining residues 
of mecarbam and 3 of its metabolites, mecarboxon, diethoate, and 
diethoxon, in cottonseeds. For mecarbam analysis, following Soxhlet 
extraction with chloroform (after blending), the oily extract is par
titioned with propylene carbonate and cleaned up on a silica gel 
column. Metabolites are extracted by the same method, followed by 
cleanup of mecarboxon on a silica gel column or diethoxon on an 
alumina column; cleanup of diethoate can be performed on either 
column. All 4 compounds are determined using a flame photometric 
detector equipped with a phosphorus filter. Average recoveries for 
cottonseed samples fortified with 0.03-1.0 ppm mecarbam ranged 
from 80 to 88%. Average recoveries were 81-88% for mecarboxon 
and 90-92% for diethoate (alumina column) and diethoxon from 
samples fortified with 0.05-1.0 ppm. Average recovery of diethoate 
from samples cleaned up on the silica gel column were 84-88% in 
the range of 0.05-0.2 ppm. Values obtained for mecarbam residues 
in field-treated samples are also presented.

Mecarbam, .S’-(Ar-ethoxycarbonyl-Ar-methylcarbainoylmeth- 
yl)-D, O-diethylphosphorodithioate (also known as Murfa- 
tox), is an organophosphorus compound having the struc
tural formula (EtO)2P(S)SCH 2C O N M e C O O E t .  It is a 
slightly systemic insecticide and acaricide used to control 
scale insects, olive fly, and other fruit flies ( 1 ).

The 3 main metabolites of mecarbam, as described in stud
ies of mecarbam degradation (2 ), are mecarboxon, structural 
formula (EtO)2P(0)SC H 2C O N M e C O O E t ,  the oxygen 
analog of mecarbam; diethoate, structural formula (EtO) 2 

P(S)SCH2CONHMe; and diethoxon, structural formula 
(Et0)2P(0)SCH2C0NHMe, the oxygen analog of diethoate.

A gas chromatographic (GC) method using a thermionic 
detector has been described for determining residues of the 
parent compound in several vegetables and in olive oil (3 ). 
In vegetables, the method involves extracting with hexane 
or hexane-acetone and partitioning with acetonitrile; in olive 
oil, acetonitrile is used for the extraction. In both cases the 
extract is cleaned up in 2 steps: charcoal and Florisil. As far
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as could be determined, there are no published methods for 
determining the metabolites.

The present work describes a procedure in which Soxhlet 
extraction with chloroform after blending is used to deter
mine mecarbam and its 3 principal metabolites. For mecar
bam determination, the extract is partitioned with propylene 
carbonate-petroleum ether (4, 5), cleaned up on a silica gel 
column, and quantitated. For determining the metabolites, 
the extraction procedure is followed only by column chro
matographic cleanup of the oily extract and by quantitation. 
GC determination with a flame photometric detector (FPD) 
is used for all 4 compounds. Samples of cottonseed treated 
with mecarbam in an agricultural trial were also analyzed.

METHOD
Apparatus

(a) Gas chromatograph. —Tracor Model 560 equipped with 
flame photometric detector set at 525 nm. GC columns: for 
mecarbam analysis, glass, 1.8 m x 3 mm id, packed with 
5% OV-101 on 80-100 mesh Chromosorb W(HP); for me
tabolite analysis, glass, 1.25 m x 3 mm id, packed with 4% 
OV-17 on 80-100 mesh Gas Chrom Q. Operating conditions 
for all 4 compounds: gas flows (mL/min), nitrogen carrier 
40, hydrogen 60, air 110; Westronics M/T recorder (Tracor), 
chart speed 0.4 cm/min; temperatures (°C), column oven 185, 
detector 2 0 0 , injector 2 2 0 .

(b) Rotary evaporator. — Heildolph (Kelheim, FRG), or 
equivalent.

(c) Blender. — Osterizer liquifier blender (Milwaukee, WI), 
or equivalent.

(d) Chromatography columns.— Small glass column, 30 x 
0.75 cm id with capillary opening and funnel at top; large 
glass column, 40 x 1.70 cm id with 0.28 cm opening and 
funnel (ca 200 mL) at top.

(e) Centrifuge tubes. —100 and 200 mL with ground glass 
stoppers.

(f) Filter paper.— Whatman glass microfiber.
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TIME (m in )

Figure 1. Chromatograms of mecarbam in cottonseeds, using 5% OV-101 GC column: A, 5 ng mecarbam standard (retention time 
relative to parathion, 1.36 min; RT for parathion, 4.1 min); B, extract equivalent to 70 mg cottonseeds; C, extract equivalent to 28 mg 
cottonseeds fortified with 0.3 ppm mecarbam; D, extract equivalent to 49 mg from field-treated sample (application 1.25 kg a.i./ha); 

E, extract equivalent to 70 mg cottonseeds fortified with 0.03 ppm mecarbam.

Reagents
(a) Solvents. — Petroleum ether (bp 40-60°C), analytical 

grade; chloroform; distilled-in-glass acetone (Frutarom 
Chemical Laboratory, Haifa, Israel); propylene carbonate, 
chemically pure >99% (Fluka, Buchs, SG, Switzerland) 
(df 1 .2 0 ).

(b) Silica gel. -70 -230  mesh ASTM, Kieselgel 60 (Merck 
Chemical Co., Darmstadt, FRG).

(c) Aluminum oxide-neutral. — Fluka type 507C. Heat 4 
h at 425°C, cool, add water (10%) with shaking, equilibrate 
24 h.

(d) Anhydrous granular sodium sulfate. —(Merck). Heat 5- 
6  h a t  130°C.

(e) Mecarbam standard and metabolites mecarboxon, di- 
ethoxon, and diethoate.— Supplied by Murphy Chemicals, 
Ltd, Wheathampstead, UK.

(f) Stock solution. — 1 mg mecarbam/mL acetone and 0.5 
mg mecarboxon, diethoate, or diethoxon/mL acetone.

Field-Treated Samples
In an agricultural trial conducted by the Luxembourg 

Chemical Co., cottonseed received 3 sprayings of 1.25 kg
a.i./ha (formulation 50% a.i.) at 5-day intervals. Cottonseed 
samples were taken 8  days after last application. Three rep
licated samples of 500 g each from treated and untreated 
cottonseeds were supplied for analysis. To obtain informa
tion about the behavior of mecarbam in field-treated plants, 
we analyzed 2 samples of each of the 3 replicates. To deter
mine metabolite residues, we analyzed one sample of each 
of the 3 field replicates. In the analysis for diethoate, one of 
the 3 samples was subjected, for purposes of comparison, to 
cleanup on both alumina and silica gel columns.

Extraction o f Mecarbam and Its Metabolites from Cottonseed
The same extraction method can be used for all 4 com

pounds. The amount of cottonseed required depends on the 
number of compounds to be analyzed. The method described

is for a 1 0 0  g sample of cottonseed, which is enough for the 
analysis of all 4 compounds.

Weigh 100 g (or 60 g with a corresponding 60% volume 
of solvent for determination of mecarbam residues only) of 
a well-mixed representative field sample of cottonseeds into 
400 mL beaker. Add 150 mL chloroform and let stand 1-2 
h. Because better blending is achieved with smaller amounts, 
transfer seeds in 2 portions to blender, add 140 mL solvent 
to each portion, and blend 30 s at low speed and 2Vi min at 
high speed. Suction blended mixture through Whatman glass 
microfiber, using 2 filter papers. Rinse blender and extracted 
seeds with ca 100 mL chloroform. Quantitatively transfer 
extracted seeds to thimbles for continuous Soxhlet extraction 
with chloroform for 6  h. Dry chloroform extracts with an
hydrous sodium sulfate and evaporate chloroform obtained 
from the 2  extraction steps in a weighed round-bottom flask 
on a rotary evaporator at ca 40°C. (Perform all evaporations 
this way.) Add a few mL of petroleum ether and evaporate 
again. Weigh flask again to calculate percentage of oil in 
cottonseed sample. Use chloroform-free extract for analysis. 
From 20-22 g oil extract, which is the amount usually ob
tained from 1 0 0  g cottonseed, use 1 0  g for mecarbam in the 
solvent partitioning step (4); transfer 4 g to silica gel column 
for mecarboxon and diethoate cleanup; and transfer 2  g to 
alumina column for diethoate and diethoxon cleanup.

Analysis o f Mecarbam
Solvent partitioning.—Weigh 10 g cottonseed oil extract 

into small centrifuge tube, add 12 mL propylene carbonate, 
shake 2 min, and centrifuge 10 min at 1500 rpm. Pipet pro
pylene carbonate phase (lower layer) into small separatory 
funnel. Again extract the oil in centrifuge tube with 8  mL 
propylene carbonate and add propylene carbonate layer ob
tained after centrifugation to first portion in separatory fun
nel. Allow any traces of oil to separate and drain off propylene 
carbonate into a beaker, leaving ca 1 mL (which contains 
remaining traces of oil). Transfer 10 mL aliquot (of total of
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Figure 2. Chromatograms of mecarboxon in cottonseeds, using 
4% OV-17 GC column: A, 24 ng mecarboxon standard (retention 
time relative to parathion, 0.28 min; RT for parathion, 4.6 min); 
B, extract equivalent to 156 mg cottonseeds; C, extract equiv
alent to 150 mg cottonseeds fortified with 0.2 ppm mecarboxon; 
D, extract equivalent to 160 mg cottonseeds fortified with 0.05 

ppm mecarboxon.

ca 20 mL) of propylene carbonate extract to large (200 mL) 
centrifuge tube, add 50 mL each petroleum ether and water, 
and shake vigorously 2 min. Centrifuge and dry petroleum 
ether phase (46-48 mL volume, equivalent to 4.6-4.8 g oil) 
with anhydrous sodium sulfate held in a funnel. Concentrate 
petroleum ether extract to a few milliliters for silica gel clean
up step.

S ilica  g e l ch ro m a to g ra p h y. — Place small glass wool plug 
at bottom of small chromatographic column, add 4.5 g silica 
gel, and top with 1.5 cm layer of sodium sulfate. Tap column 
to settle adsorbent. Quantitatively transfer petroleum ether 
extract by rinsing flask with a total of 15 mL petroleum ether 
followed by 2 additional rinses of 3 mL 3% acetone in pe
troleum ether. Elute column with 100 mL 3% acetone in 
petroleum ether. Evaporate solvent almost to dryness and 
dissolve residue in acetone (minimum 3.0 mL) for GC/FPD 
determination.
A n a ly s is  o f  M e ta b o lite s

S ilica  g e l ch ro m a to g ra p h y .—U se for cleanup of mecar
boxon and diethoate. Procedure consists of 2 successive 
cleanup steps on different-sized columns using silica gel as 
adsorbent. First, pack large column (described under A p p a 
ratus) by adding, in order, a glass wool plug, 12 g silica gel, 
and 1.5 cm anhydrous sodium sulfate. Transfer 4 g cotton
seed oil extract dissolved in 40 mL petroleum ether to the 
dry column. Rinse flask 4-5 times with a total of 125 mL of 
2% acetone in petroleum ether. Fraction 1 contains most of 
the oil and can be discarded. Maintain flow rate of 5-6 mL/ 
min. Use 230 mL of 10% acetone in petroleum ether as 
second eluting solvent to elute mecarboxon residues (fraction
2). To recover diethoate from this column, change receiver 
and use third eluting solvent of 200 mL of 20% acetone in 
petroleum ether (fraction 3). Evaporate solvent of fraction 3 
and add at least 2 mL acetone for GC determination.

Table 1. Recovery of mecarbam, mecarboxon, diethoate, and 
dlethoxon from cottonseeds

Added,
ppm

Ree., %'

Mecarbam
Mecar
boxon

Diethoate

Alumina Silica gel 
column column Diethoxon

1.0 88 ± 5.1 88 ± 3.5 91+1.9 _b 91+1.9
0.5 86 ± 6.3 — — — —
0.3 84 ± 1 — — — —
0.2 — 86 ± 2.4 92 + 0 88 ± 3.5 90 ± 0
0.1 84 ± 1 86 + 3 90 ± 1.9 84 ± 0 92 ± 3.8
0.05 — 81 ± 0.9 90 ± 0 84 ± 3.8 90 ± 0
0.03 80+1.1 — — — —

* Values shown are average ± standard deviation of triplicate (mecarbam 
and mecarboxon) or duplicate (diethoate and diethoxon) analysis. 

b Blanks indicate no recovery tests performed.

Some oil remains after evaporation of the solvent of frac
tion 2, which contains mecarboxon, and so, additional clean
up is performed using another silica gel column, this time a 
small one (described under A ppara tu s). Add 5 mL petroleum 
ether to oily residue (free of acetone) left after evaporation 
of the second eluate (fraction 2) and transfer to chromato
graphic column packed with silica gel as described for me
carbam cleanup. Rinse flask 3-4 times with 2% acetone in 
petroleum ether from a total of 90 mL eluting solvent used 
for first elution. Add 30 mL of 10% acetone in petroleum 
ether to column to remove last traces of oil. Change receiving 
flask and use 110 mL of 10% acetone in petroleum ether to 
elute mecarboxon residues. Evaporate solvent almost to dry
ness and dissolve in at least 1 mL acetone for GC determi
nation.

A lu m in a  co lu m n  c h ro m a to g ra p h y .— Use for cleanup of 
diethoate and diethoxon. Place a small glass wool plug at the 
bottom of small chromatographic column. Add 5 g alumina 
and cover with 2 cm anhydrous sodium sulfate. Transfer 2 
g chloroform-free cottonseed oil extract dissolved in 20 mL 
petroleum ether to column. Rinse flask thoroughly 3-4 times 
with 3% acetone in petroleum ether and transfer to column. 
Use a total of 60 mL of 3% acetone in petroleum ether for 
rinsing and elution. Change receiving flask and add 100 mL 
of 20% acetone in petroleum ether to elute diethoxon and 
diethoate. Maintain flow rate of 2-3 mL/min for all elutions 
from the small column. (If the elution rate is too slow during 
washings, increase it by exerting slight pressure with glass 
stirring rod on sodium sulfate layer.) Evaporate solvent and 
dissolve residue in at least 1 mL acetone for GC determi
nation.

G C  a n a ly s is .—U se 2 columns for quantitation: 5% OV- 
101 column for mecarbam and 4% OV-17 column for the 
metabolites. Use peak height measurement for determination 
of all 4 compounds. Retention times for the metabolites on 
the 4% OV-17 column are different, thus enabling simulta
neous determination. Note that since diethoate can be eluted 
from both alumina (together with diethoxon) and silica gel 
columns (fraction 3), quantitation of all 3 metabolites would 
still be possible even if there were no differences in retention 
times on a particular GC column.

Results and Discussion
For analysis of recovery, standard solution of mecarbam 

or of metabolites was added directly to the cottonseeds about 
1 h before solvent was added. In most cases, cottonseeds 
were fortified with all 3 metabolites together. In a few cases, 
cottonseeds were fortified with diethoate alone or with die-
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Figure 3. Chromatograms of diethoate and diethoxon in cottonseeds, cleaned up on an alumina column: A, 12 ng diethoate standard 
(retention time relative to parathion, 0.7 min) and 12 ng diethoxon standard (retention time relative to parathion, 0.5 min); B, extract 
equivalent to 83 mg cottonseeds; C, extract equivalent to 66 mg cottonseeds fortified with 0.2 ppm diethoate and diethoxon; D, 3.5 
ng diethoate standard and 3.5 ng diethoxon standard; E, extract equivalent to 83 mg cottonseeds fortified with 0.05 ppm diethoate;

F, extract equivalent to 87 mg cottonseeds fortified with 0.05 ppm diethoxon.

thoxon plus mecarboxon as an additional check for interfer
ing peaks on the chromatogram of alumina column eluant.
The average recovery of mecarbam from cottonseeds for

tified at levels of0.03-1.0 ppm was 80-88% (Table 1). Typ
ical chromatograms of a standard, untreated cottonseed sam
ple and of samples fortified with 0.3 and 0.03 ppm are shown 
in Figure 1. Table 1 also shows recoveries of mecarboxon, 
diethoate, and diethoxon from cottonseeds fortified with dif
ferent levels of metabolites. At spiking levels of 0.05-1.0 
ppm, mecarboxon recovery was 81-88%, and recoveries of 
diethoate (alumina column) and diethoxon were 90-92%. 
For diethoate eluted from the large silica gel column, recov
ery was 84-88% at spiking levels of 0.05-0.2 ppm (Table 1). 
Typical chromatograms of standards, untreated products, and 
samples fortified with metabolites at 0.05-0.2 ppm are shown 
in Figures 2-4. Figures 3 and 4 show chromatograms of 
diethoate eluted from 2 different columns; in chromatograms 
C and E of Figure 3, diethoate is eluted from an alumina 
column, and in chromatogram B of Figure 4, it is eluted from 
the silica gel column.
The recommended maximum amounts (mg) injected for 

the 4 compounds are those indicated in each case on the 
chromatograms. Their volumes injected from the final ex
tract solutions (see A n a ly s is  o f  M e c a rb a m and A n a ly s is  o f  
M eta b o lite s) were 8 f L  for mecarbam, 9 i±L for mecarboxon, 
and 10 fiL for diethoate and diethoxon.From the characteristics of the chromatograms of samples 
fortified at low levels and from the absence of interfering 
peaks in the untreated samples, the limit of detection based 
on an average signal-to-noise ratio of 5 (6) was about 0.015 
ppm for mecarbam, diethoate, and diethoxon, and 0.020 for 
mecarboxon.
For all 3 metabolites, 3 columns are required in the cleanup 

step. If only diethoate and diethoxon are to be analyzed, an 
alumina column is sufficient, and if mecarboxon alone or 
mecarboxon and diethoate are to be analyzed, only silica gel 
columns are required. In the cleanup of mecarboxon, an

attempt was made to use a single small silica gel column and 
only 1.5 g oil extract instead of using 2 columns for oil re
moval. However, it afforded lower recovery values and poor
er reproducibility.

Figure 4. Chromatograms of diethoate in cottonseeds cleaned 
up on a silica gel column: A, extract equivalent to 83 mg cotton
seeds; B, extract equivalent to 72 mg cottonseeds fortified with 

0.05 ppm diethoate.
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To determine the behavior of all 4 compounds on the GC 
column, the OV-17 column was tested also for mecarbam. 
In addition to mecarbam standard, final extracts of an un
treated cottonseed sample and of a fortified sample were 
analyzed. About the same retention time relative to para- 
thion, 1.40 on OV-17 vs 1.36 on OV-101, and response for 
mecarbam standard and similar chromatograms for the cot
tonseed samples were found on both GC columns.
In the analysis of field-treated samples (3 replicates, 2 sam

ples each), the average values and standard deviations (ppm) 
for mecarbam residues were 0.11 ± 0.014, 0.148 ± 0.01, 
and 0.085 ± 0.035. The overall average and standard de
viation for all 6 samples was 0.11 ± 0.04 ppm. A chro
matogram of a field-treated sample containing 0.16 ppm 
mecarbam is shown in Figure ID. None of the extracts of 
field-treated samples displayed peaks at the retention time 
of mecarboxon, diethoate, or diethoxon.
Of all the alternative methods used in working with cot

tonseeds in our laboratory, the extraction method described 
here, which combines advantages of 2 ways of extraction— 
namely, blending and Soxhlet—seems to be the most suit
able. We have used it in recent years in the analysis of or- 
ganophosphates, synthetic pyrethroids, and carbamates.
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Two Enzyme Immunoassays to Screen for 2,4-Dichlorophenoxyacetic Acid in Water

JAMES FLEEKER
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Two solid-phase enzyme immunoassays were developed to measure
2,4-dichlorophenoxyacetic acid (2,4-D), using 2 sets of structurally 
distinct immunogens and enzyme ligands. The 2,4-D analog, 2-meth- 
yl-4-chlorophenoxyacetic acid (MCPA), gave a similar response with 
both methods, whereas other phenoxy herbicides cross-reacted dif
ferently. In method A, the aromatic moiety of 2,4-D was distal from 
the carrier protein and labeled enzyme, whereas in method B, the 
acetic acid portion of the herbicide was distal. The use of both meth
ods to screen for this herbicide in ground water and municipal and 
river water reduced the number of false-positive responses. Water 
sources having a low background response could be monitored with 
either method alone. When a concentration step, with disposable Clg 
extraction columns, was used, the limit of sensitivity was 5 /tg/L. 
Method A was the more sensitive of the 2 methods with a limit of 
detection of 10 gg/L without the concentration step.

The legally established limit for the herbicide 2,4-dichloro
phenoxyacetic acid (2,4-D) in potable water is 0.1 ppm (1). 
As an important pollutant, it is monitored in municipal water 
and ground water. It is most commonly determined by gas 
chromatography (GC) after derivatization to an ester (2). A 
radioimmunoassay (RIA) has been described for the deter
mination of 2,4-D in ground water (3); however, many lab
oratories are not equipped for handling radioisotopes. Herein 
are described 2 enzyme immunoassay (EIA) methods that 
may be used together or alone to detect 2,4-D in water.

Received May 15, 1986. Accepted November 7, 1986.

Experimental
A p p a ra tu s

(a) E x tra c tio n  c o lu m n .— C8 (Baker 7087-6). Before ex
traction of sample, wash column with 5 mL methanol fol
lowed by 5 mL water.
(b) G as ch rom atograph . —Tracor Model 222 equipped with 

63Ni electron-capture detector and 2 mm x 1.6 m glass col
umn packed with 10% OV-1 on 80-100 mesh Gas-Chrom
Q. Operating conditions: column, 160°C, increase to 220°C 
at 157min, starting at time of injection; injector, 230°C; de
tector, 290°C; carrier gas, nitrogen at 40 mL/min; detector 
gas, nitrogen at 50 mL/min; detector sensitivity, 32 x 10 10 
AFS.

(c) L iq u id  sc in tilla tio n  counter.

R eagen ts

(a) S o lv e n ts .— Reagent grade.
(b) 2 ,4 -D [2 - ,4C ] .— (Amersham Corp., Arlington Heights, 

IL 60005), 28 mCi/mmol. Check for radiochemical purity 
with silica gel thin layer plates.
(c) D e ve lo p in g  so lven ts. —Diethyl ether-hexane-formic 

acid (70 + 30 + 2) and ethyl acetate-formic acid (98 + 2).
(d) A n a ly tica l reference stan d a rd s o f  ch loroph en oxy acids. — 

Obtained from EPA Standards Repository, Research Tri
angle Park, NC.
(e) In te rn a l sta n d a rd . —Standard toluene['4C].
(f) S o lu tio n s .—P i buffer.— 0.1M sodium phosphate, ImM
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MgCL, 3mM NaN, (pH 7.4). A ssa y  bu ffer.—Pi buffer sup
plemented with 0.1 mM dithioerythritol. W ash  buffer. — Pi 
buffer supplemented with 0.1% Tween 20. S u b s tra te  so lu 
tio n .— Assay buffer supplemented with 100 mg 4-methylum- 
beIliferyl-/3-galactoside/L. C o a tin g  buffer. — 0.025M sodium 
carbonate (pH 9.0).
(g) Im m u n o g en  A . — To solution of 42 mg 2,4-D[14C] (0.19 

mmol, 2 f i d  ,4C) and 22 mg Ar-hydroxysuccinimide (0.19 
mmol) in 2 mL dioxane, add 39 mg (0.19 mmol) N ,N '-  
dicyclohexylcarbodiimide in 0.5 mL dioxane. Let solution 
stand overnight at room temperature, then filter to remove 
precipitate. Remove solvent under reduced pressure at 35°C. 
To residue, add 3 mL 0.15M sodium borate (pH 9) containing 
500 mg bovine serum albumin (BSA). After 45 min at room 
temperature, dialyze solution against Pi buffer, then with 
0.1M ammonium formate, and finally against 2 changes of 
water. Freeze-dry dialyzed solution. To estimate amount of
2,4-D[l4C] bound to protein, dissolve 5 mg portion of prep
aration in 1 mL water containing 10 mg 2,4-D diethylamine 
salt. After 60 min, pass solution through Sephadex G-75 
column. Measure ,4C found with void volume and use this 
value to estimate herbicide bound to protein. Typically, ca 
15 moles of 2,4-D is bound per mole of protein.
(h) Im m u n o g e n  B. —Prepare 2-chloro-4-nitrophenoxy- 

acetic acid by the method of Brown and McCall (4). Dissolve 
5 g of this compound in 60 mL ethyl acetate and add 0.8 g 
5% Pd/C. With stirring, treat for 1 h with H2 at atmospheric 
pressure to obtain 2-chloro-4-aminophenoxyacetic acid. Re
crystallize from methanol-water (mp is greater than 250°C
[5]). Stir suspension of phenoxyamino acid (160 mg, 0.9 
mmol) in 4 mL of 1.0M HC1 at 2-5°C and add 80 mg (1.17 
mmol) sodium nitrite in 1 mL water over 3 min period. 
Continue stirring and cooling another 5 min. Add and dis
solve 30 mg solid ammonium sulfamate. Add 2.0 mL of this 
solution dropwise to 500 mg porcine thyroglobulin in 40 mL 
of 1M sodium carbonate (pH 9.5), while stirring and cooling 
in ice-water bath. Continue stirring and cooling 2 h after 
addition is complete. Pass deep-red solution through Seph
adex G-75 column equilibrated with 0.05M ammonium for
mate. Collect material eluting at void volume and freeze- 
dry. Repeat reaction using BSA in place of thyroglobulin.
(i) A n tis e ra .— Dissolve immunogen in 0.9% saline (2-4 

mg/mL) and homogenize with equal volume of Freund’s 
complete adjuvant. Immunize rabbits every 10-14 days for 
3 months with 0.5 mL portions of homogenized immunogen. 
Alternate use of BSA and thyroglobulin conjugates. Inject 
intramuscularly in flank, but on every third inoculation inject 
material subcutaneously at 6-8 sites on the back. Treat anti
sera with equal volume of 70% saturated ammonium sulfate. 
Centrifuge, then take up the pellet in 0.5 mL of 0.9% saline 
and dialyze against several changes of this solution. Add 
equal volume of glycerol to dialyzed solution and store glob
ulin fraction at -20°C.
a) L a b e le d  e n zy m e A —Prepare 2,4-D hydrazide by the 

method of Chao et al. (6). Reflux 1.7 g (7.8 mmol) 4-male- 
imidobenzoic acid in 20 mL toluene and 20 mL thionyl 
chloride for 60 min. Cool and remove solvents under reduced 
pressure at 35°C. Add 15 mL toluene and remove again under 
the same conditions. Take up acid chloride in 20 mL dry 
tetrahydrofuran (THF). With cooling, add acid chloride to 
stirred solution of 1.8 g 2,4-D hydrazide in 20 mL THF. Stir 
60 min, then reflux 30 min. The product, 1 -(4-maleimido- 
benzoyl)-2-(2,4-dichlorophenoxyacetyl)hydrazine (ligand A), 
separates on cooling. Recrystallize from dimethylformamide 
(DMF)-water (5 + 2) [mp = 240-242°C; ‘H NMR: 5(Me„Si,

DMSO-<76-CDCl3, 1 + 1) = 7.2-8.1 (m , 9H, aromatic), 4.8 
(s, 2H, CH2), 3.3 (s, 2H, NH-NH)].
To remove thiol reagents from commercial E . co li /3-ga- 

lactosidase (Sigma 5635), pass 2500 units through Sephadex 
G-75 column (1x15 cm) equilibrated with Pi buffer. Pool 
fractions containing enzyme (2.7 mL) and dilute with 50 ¡xL 
DMF containing 50 ¡xg ligand A. After 3 h, separate deriva- 
tized enzyme (labeled enzyme A) from unreacted ligand by 
chromatography on Sephadex G-100 equilibrated with assay 
buffer. Dilute labeled enzyme A with equal volume of glyc
erol and store at -20°C.
Estimate enzyme activity remaining after conjugation re

action and chromatography by the method of Dray et al. (7) 
using <9r//zo-nitrophenyl-/3-galactoside. (Sixty percent of the 
activity was recovered.)
(k) L a b e le d  e n zy m e  B. —Reflux 660 mg (3.2 mmol)

4-maleimidobenzoic acid in 10 mL toluene and lOmL thion
yl chloride 1 h and work up the preparation as described 
above. Dissolve acid chloride in 15 mL THF and add 600 
mg (3 mmol) 2-chloro-4-aminophenoxyacetic acid. Stir sus
pension 60 min and reflux 30 min. Add 5 mL water while 
solution is warm. Let cool and obtain pale yellow crystals of
2-chloro-4-(4-maleimidobenzamido)phenoxyacetic acid (en
zyme-ligand B). Recrystallize from ethanol [mp = 225-227°C; 
'H NMR: <5(Me4Si, DMSO-i/6) = 7.2-8.3 (m, 9H, aromatic),
8.7 (bs, 1H, NH), 4.9 (s, 2H, CH2)].
Remove thiol reagents from E . co li /3-galactosidase (5000 

units) using Sephadex chromatography as described above. 
Cool enzyme solution (2 mL) and dilute with 20 ¡xL solution 
containing 10 mg enzyme-ligand B in 3 mL DMF. After 3 
h, separate derivatized enzyme (labeled enzyme B) from un
reacted ligand by chromatography on Sephadex G-100 equil
ibrated with assay buffer. Dilute with equal volume of glyc
erol and store at — 20°C. (Fifty-six percent of the enzyme 
activity was recovered.)
E x tra c tio n  o f  2 ,4 -D  fr o m  W a ter  S a m p les

Procedure is essentially that described by Yip (8). To water 
samples (1.0 L), add 5 mL 6M  H2S04 and store in covered 
glass containers in the dark at 4°C for up to 50 days (9). To 
extract 2,4-D, pass 50 mL aliquot of acidified water sample 
through prewashed C8 column according to manufacturer’s 
directions. Wash column with 5 mL of 0.01M HC1, then 
force gentle stream of air through column to remove excess 
water. Elute column with 5 mL methanol and collect eluate 
in small tube. Remove methanol by warming solution at 40°C 
while under stream of nitrogen gas. Take up residue in 1.0 
mL Pi buffer. Use this solution directly in assay protocol.
C o a tin g  T iter  D e term in a tio n

Prepare serial dilutions (1:2 or 1:3) of antisera in coating 
buffer, starting at 1:1000 dilution. Add 1.0 mL portions of 
95% ethanol to 12 x 75 mm polystyrene tubes. After 30 
min, drain tubes and dry. Add 0.6 mL portions of immu
noglobulin dilutions to duplicate tubes. Incubate 4 h at 37°C 
or 18 h at room temperature. Aspirate coating solution and 
rinse each tube once with 1.0 mL wash buffer and twice with
1.0 mL Pi buffer. To each tube add 0.009 unit of appropriate 
labeled enzyme in 0.5 mL assay buffer and incubate overnight 
(18 h) at room temperature. Aspirate solution and wash the 
tubes twice with 1.0 mL portions of assay buffer. Add 0.5 
mL substrate solution and incubate 60 min at 37°C. Stop 
reaction with 1.0 mL 1M Na2C03. Measure fluorescence with 
excitation at 360 nm and emission at 448 nm. Choose di-
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Analyte* 2,4-D

Cl
Cl
O-CHjjC-NH-PROTEIN

Method A

PROTEI N -  N=N o - ch2- c o o h

Method B

Table 1. Cross-reactivity of antisera
Cross-reactivity"

EIA EIA
method A method B

2,4-D 1.00 1.00
2,4-D amide 8.33 <0.003
2,4-D butoxypropyleneglycol ester 3.57 <0.003
4-(2,4-Dichlorophenoxy)butyric acid 0.50 <0.003
2,4,5-T richlorophenoxyacetic acid 0.05 1.00
2-(2,4-Dichlorophenoxy)propionic acid 0.07 <0.003
3-(2,4-Dichlorophenoxy)propionic acid 0.35 <0.003
2-Methyl-4-chlorophenoxyacetic acid 0.60 0.72
2,4-Dichlorophenol 0.10 <0.005
Diclotop (acid) <0.05 <0.003
Fluazifop (acid) <0.003 <0.003

* Cross-reactivity is defined here as nmol 2,4-D causing 50% displacement 
of labeled enzyme per nmol of tested compound causing the same dis
placement.

HAPTEN STRUCTURES OF IMMUNOGENS

Method A

0

0 S I
ENZY ME

0

I
ENZYME

Method B

STRUCTURES OF ENZYME-LABELS

Figure 1. Structures of 2,4-D, the haptens of immunogens A 
and B, and the enzyme labels for methods A and B.

lution of antisera for use in immunoassay which binds ca 
60% of maximum amount of labeled enzyme.
A ssa y  P ro to co l

Coat and wash tubes as described for titer determination. 
To each tube add 0.1 mL sample, standard, or control so
lution in Pi buffer and 0.4 mL diluted labeled enzyme con
taining same total activity used in coating protocol. Incubate 
overnight (18 h) at room temperature. Aspirate solution and 
wash twice with 1.0 mL portions of assay buffer. Add 0.5 
mL substrate solution and incubate 60 min at 37°C. Add 1.0 
mL of 1M Na2C03 and determine fluorescence. Prepare stan
dard curves from tubes containing between 10 and 500 ng
2,4-D per tube. Determine each concentration in triplicate. 
Replicate blank for standard curve with a minimum of 12 
tubes using Pi buffer. Concentration of 2,4-D that gives re
sponse 3 times the standard deviation of the mean blank 
response is limit of detection. Analyst must establish that 
distilled water carried through concentration protocol gives 
response similar to blanks.

Results and Discussion
Figure 1 shows the structures of the hapten moieties of the 

immunogens and the enzyme labels used in assay methods

A and B. In method A, the distal portion of the hapten and 
enzyme label represent the aromatic moiety of the herbicide. 
In method B, the acetic acid moiety of 2,4-D is represented 
in the distal portion of the hapten and enzyme label. The 
antibodies produced to these haptens were expected to be 
most specific to the distal portion of the group.
Both methods detected 2-methyl-4-chlorophenoxyacetic 

acid (MCPA) nearly as well as 2,4-D (Table 1). Other phen- 
oxy herbicides such as the esters of 2,4-D, 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T), and 4-(2,4-dichlorophen- 
oxy)butyric acid (2,4-DB) cross-reacted well with only one 
of the 2 methods. Esters of 2,4-D are rapidly hydrolyzed to
2.4- D in the environment (10), and the amide of 2,4-D is 
not used as an herbicide (11); therefore, these compounds 
are less likely to appear in ground or surface waters. When 
both assay methods are used, only 2,4-D and MCPA should 
give similar responses in either method.
The limit of quantitation for the study was the concentra

tion of 2,4-D that gave a response 3 times the standard de
viation of the mean of the blank response for the least sen
sitive method (method B). This was 5 ng/mL of 2,4-D in the 
solution to be extracted, or 50 ng/tube. The method A limit 
of quantitation under these conditions was 1 ng/mL; how
ever, the recovery experiments were carried out with samples 
fortified at 5 ng/mL.
The recovery of 2,4-D[14C] with the microcolumns was 

94 ± 2% (n = 18) when ground water and river water were 
fortified at 5.0 ng/mL. The groundwater samples (n  = 16) 
from this experiment were analyzed by the EIA methods. 
Method A gave an assay mean of 5.4 ± 1.9 ng/mL, and 
method B assay gave 5.2 ± 2.4 ng/mL.
The performance of an RIA method developed earlier in 

this laboratory (3) was not compared to the present EIA 
methods. The preparation of the iodinated ligand used in the 
RIA was necessary every 2 months, whereas the ligand-la
beled enzymes have been stable over a 12 month period. 
The performance of the RIA varied with each preparation 
of the iodinated ligand.
The use of both EIA methods was helpful in evaluating 

some false-positive responses obtained when analyzing river 
water samples from sources in North Dakota and Minnesota. 
Method A indicated 7 of 11 samples contained > 5 ng/mL
2.4- D, and method B indicated 4 of 11 samples as positive. 
Only 2 samples of the 11 were positive by both methods. 
Gas chromatography indicated all 11 samples contained <0.5 
ng/mL of 2,4-D, MCPA, or 2,4,5-T. Sixty-nine groundwater 
samples were also analyzed by EIA, but no positive responses
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Figure 2. Comparison of the 2,4-D[14C] levels measured by the 
immunoassay methods, to 14C recovered. Water samples were 
fortified with 14C-labeled herbicide and carried through a con
centration step. Concentrates were assayed for 14C and for 2,4-D 

by EIA methods A and B.

were obtained by EIA and no gas chromatography was car
ried out on these samples.
Substances present in ground water or surface water may 

affect the immunoassay technique. For instance, chaotropic 
agents such as detergents may be present in sufficient con
centration to reduce the interaction between antibody and 
labeled enzyme and cause a false-positive response. Another 
source of false-positive responses (sample-matrix effects) is 
synthetic or natural substances that weakly interact with the 
antibody compared to the strong interaction by the analyte 
but are present at a sufficiently high concentration to give a 
false-positive value with the assay. A substance that interferes 
with one immunoassay system may interfere to a much dif
ferent extent in a different immunoassay. The use of 2 im
munoassay methods for 2,4-D, consisting of 2 different an
tibodies and 2 different enzyme-ligand structures for the same 
analyte, is an attempt to overcome partially the sample-ma
trix variation one may expect from ground water and surface 
water of diverse composition. When diverse water sources 
are analyzed, the matrix variation limits an immunoassay to

1.0 -

screening purposes rather than quantitation. For a given water 
source, the compositional variation may be small, and then 
an immunoassay may be useful for quantitation.
Six groundwater samples that were known to contain <0.5 

ng/mL of 2,4-D, MCPA, or 2,4,5-T were fortified with 2,4- 
D[14C] at levels ranging from 5.0 to 70 ng/mL. The fortified 
samples were concentrated with the microcolumns and as
sayed by EIA methods A and B and by l4C determination. 
The results are shown in Figure 2. Standard response curves 
are shown in Figure 3.
On a routine basis, the heterogeneous EIA technique de

scribed here can be used to analyze a large number of samples 
more rapidly than gas chromatography. A water source that 
chemically varies little from day to day, such as municipal 
water or ground water, could be analyzed by either of the 2 
methods alone. In this case, method A could be used without 
a concentration step.
Immunoassay methods have been described for difluben- 

zuron (12), chlorsulfuron (13), diclorfop-methyl (14), atra- 
zine (15), and paraquat (16, 17). Different labels were used 
in these methods, either fluorescent, enzyme, or radioiso
topic, but all were solid-phase methods in which a polysty
rene surface was coated with a protein-ligand conjugate or 
antibody. The solid-phase method, although it was used here, 
has a disadvantage in the time required for the coating and 
washing steps. An alternative technique, the homogeneous 
immunoassay, offers the advantage of eliminating these steps 
and should be examined for analysis of environmental sam
ples.
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Gas Chromatographic Relative Retention Data for Pesticides on Nine Packed Columns: II. 
Organophosphorus and Organochlorine Pesticides, Using Electron-Capture Detection

S U S A N  M . P R IN S L O O  and P IE T E R  R. D e B E E R
P la n t P ro te c tio n  R e sea rch  In s titu te , P r iv a te  B a g  X I 3 4 , P re to r ia  0 0 0 1 , S o u th  A frica

The retention time relative to parathion, absolute retention time, 
concentration range, peak asym metry factor, and peak shape class 
are given for each of 42 organophosphorus pesticides and 28 or
ganochlorine pesticides analyzed by gas chrom atography (GC) on 9 
different packed columns. The packing m aterials 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% 
QF-1, 3% Carbowax-20M , and 4%  Reoplex-400. Retention data  were 
determined a t 200°C with a carrier gas flow a t fiop„ using a  63Ni 
electron-capture detector. Results should be useful for prelim inary 
identification of environmental samples and also for single or multiple 
pesticide residue analysis.

In continuation of the work done on relative retention data
(1), it was thought necessary to generate data for the or
ganochlorine as well as the organophosphorus pesticides on 
9 packed columns by using a 63Ni electron-capture detector 
(ECD). ECD is useful for single-component and multiresidue 
environmental samples containing organochlorine pesti
cides, but it can also be used to detect most organophos
phorus pesticides.
A publication by Bot and Hollings (2) was used as a guide 

to choose the organophosphorus and organochlorine com
pounds. Furthermore, organochlorine metabolites as well as 
discontinued organochlorine pesticides such as dieldrin, en- 
drin, and DDT, were included because they are still found 
in the environment (3, 4).
As previously stated, the trend in residue analysis is to use 

capillary columns (5), but packed columns are still widely 
used as illustrated in the most recent Transmittal Notices of 
the U.S. Environmental Protection Agency Pesticide Ana
lytical Manual (6) where most analytical techniques for pes
ticides still specify packed columns.
The same criteria used to establish the previous retention 

index (1) are used again with some minor modifications.
Experimental

A p p a ra tu s

A Varian Model 6000 gas chromatograph, equipped with 
63Ni ECD, was coupled to a Varian Model 401 data system 
(Varian Instrument Group, Palo Alto, CA 94303). Operating 
conditions were as follows: temperatures (°C), injection port 
225, column oven 200, and detector 280; nitrogen carrier gas

R e c e iv e d  M a y  2 , 1 9 8 6 . A c c e p te d  S e p te m b e r  5 , 1 9 8 6 .

flow was set at fiopl for each column, as determined with 
parathion.
R eagen ts

Reagents were the same as used in the first study (1), except 
that atmospheric air was used to determine gas holdup time 
for the calculation of average linear gas velocities.
C olu m n  P repara tion

The same 9 columns evaluated previously (1) were used 
to obtain the results for the 2 pesticide groups with electron- 
capture detection.
C olu m n  E va lu a tion

An oven temperature of 200°C with an optimal carrier gas 
flow determined with parathion was used to evaluate all col
umns. The height equivalent to one theoretical plate (HETP) 
was determined as described previously (1). As mentioned 
earlier, atmospheric air instead of butane was used to deter
mine the average linear gas velocity of each column by in
jecting ca 8 jitL to produce an unretained peak. The number 
of theoretical plates (n) at wopI for each column was the same 
as previously reported (1).
G C  P rocedure

The GC procedure was exactly as previously reported (1). 
In addition, special care was taken to use only pretested 
solvents and specially cleaned glassware to avoid contami
nant peaks and abnormally wide solvent peaks that could 
interfere with the measurement of early-eluting peaks.

Table 1. Peak data of the 9 columns evaluated

Column

No. of 
com

pounds . 
eluted

No. of compounds 
in each class*

1 2 3 4

3% S P-2100 48 21 19 6 2
1% Dexsil-300 48 8 35 4 1
3% OV-17 48 22 21 4 1
1.5% OV-17 + 1.95% QF-1 51 2 42 3 4
4% SE-30 + 6% QF-1 55 12 34 5 4
3% OV-17 + 3% OV-210 41 17 19 2 3
5% DC-200 + 7.5% QF-1 45 21 22 0 2
3% Carbowax-20M 43 18 19 5 1
4% Reoplex-400 48 10 34 3 4

* Class refers to peak symmetry.



Table 2. Alphabetical l i s t  o f a l l  the organophosphorus and organochlorine pesticides tested on nine packed columns using electron capture detection

Pesticide
3%

RRT3
SP-2100
. b _ ,c As Dql

1% Dexsil- 
RRT As

■300
Dql

3% OV-17 
RRT As Dql

1.5% OV-17 + 1.95% QF-1
RRT As Dql

4% SE-30 + 
6% QF-1

RRT As Dql
3%3%

RRT
: OV-17 +: 0V-210
As Dql

5%7.
RRT

DC-200 + 5% QF-1
As Dql

3% Carbowax-20M 
RRT As Dql

4% Reoplex1 
RRT As

-400
Dql

Aldrin 1.00 1.0 A 0.70 1.5 A 0.75 1.0 A 0.57 1.3 A 0.52 1.3 A 0.61 1.3 A 0.46 1.0 A 0.33 1.4 A 0.29 1.1 AAzinphos-et - - - - - - - - - - - - - - - - - - - - - - - - - - -Azinphos-me - - - - - - - - - - - - - - - - - - - - - - - - - - -Alpha BHC 0.48 1.0 A 0.38 1.9 A 0.39 1.1 A 0.32 1.6 A 0.27 1.5 A - - - 0.08 1.4 A 0.26 1.0 A 0.04 1.2 ABeta BHC 0.53 1.0 B 0.46 1.1 A 0.55 1.2 A 0.44 1.5 A 0.34 1.4 A 0.47 1.3 A 0.34 1.3 A 0.75 1.1 A 0.22 1.1 AGamma BHC 0.79 1.1 A 0.46 1.8 A 0.49 1.2 A 0.38 1.4 A 0.33 1.3 A 0.42 1.5 A 0.32 1.0 A 0.10 3.2 A 0.12 1.3 ADelta BHC 0.60 1.1 A 0.53 1.3 A 0.66 1.3 A 0.54 1.7 A 0.39 1.4 A 0.56 1.1 A 0.39 1.2 A 0.18 1.5 A 0.22 1.5 ABromchlorphos - - - - - - - - - 0.33 2.4 C 0.29 1.8 C - - - - - - - - - - - -Bromophos-et 1.40 1.0 A 1.20 1.4 B 1.35 1.2 A 1.04 1.3 B 0.91 1.5 B 1.11 1.0 C 0.80 1.0 B 0.76 1.0 C 0.55 1.3 CBromophos-me 1.09 1.2 A 0.95 1.6 B 1.09 1.4 B 0.85 1.6 C 0.73 1.0 C 0.90 1.3 C 0.65 1.1 C - - - 1.54 1.6 CChlordane 1.22 1.4 B 1.32 1.6 A 1.23 1.5 A 1.02 1.5 A 0.88 1.4 A 1.04 1.2 A 0.78 1.1 A 0.75 1.4 A 0.76 1.1 AChlorfenvinphos 0.35 2.1 B 0.45 3.5 B 1.38 3.5 A 1.29 6.2 B 1.15 4.4 B 0.24 1.5 A 0.20 1.3 B 0.20 2.3 A 0.91 1.6 BChlormephos 0.28 2.0 A 0.26 2.0 C 0.16 1.1 B 0.14 1.2 B 0.12 1.3 C 0.13 1.6 B 0.13 1.7 C 0.10 1.1 B 0.08 1.3 BCh1orobenz i1ate - - - - - - - - - 1.83 4.8 C 1.47 3.8 C 0.89 4.2 C 0.70 4.3 C - - - - - -Chlorpyrifos-et 0.97 1.5 B 0.83 1.7 B 0.94 1.2 B 0.73 1.5 B 0.61 1.0 B 0.77 1.1 B 0.56 1.0 B 0.50 1.0 B 0.44 1.3 BChlorpyri fos-me 0.76 1.2 B 0.66 1.7 B 0.68 1.2 C 0.52 1.5 B 0.42 1.3 C 0.57 1.1 B 0.41 1.0 B 0.44 1.3 C 0.35 1.3 Bop DDD 1.74 1.0 B 1.64 1.6 A 1.90 1.4 A 1.42 1.4 A 1.40 1.5 A 1.45 1.1 A 0.92 1.2 A 1.45 1.3 B 1.47 1.9 Bpp' DDD 2.12 1.1 B 2.22 1.2 A 2.40 1.2 B 1.87 1.5 B 1.06 1.4 A 1.87 1.2 A 1.24 1.4 B 1.95 1.2 B 2.51 1.8 Aop DDE 1.67 1.3 A 1.51 1.5 A 1.62 1.1 A 1.21 1.5 B 0.97 1.5 B 1.23 1.1 A 0.82 1.2 B 1.06 1.1 B 0.89 1.6 Bpp* DDE 1.66 1.0 A 1.51 1.5 A 1.62 1.2 A 1.21 1.7 B 0.97 1.5 B 1.23 1.1 A 0.81 1.2 B 1.05 1.2 B 0.89 1.8 Bop DDT 2.18 1.1 B 1.95 1.2 C 2.30 1.4 C 1.69 1.3 C 1.68 1.2 C 1.44 2.8 B 1.04 1.2 C 1.42 1.2 C 1.32 2.1 Cpp1 DDT 1.67 1.5 B 2.45 1.4 C 1.63 1.3 B 2.22 1.1 C 1.21 1.2 C 1.86 1.6 C 1.40 1.3 B 1.03 3.3 B 0.97 2.7 BDemeton S-me 0.46 8.0 C - - - 0.32 3.0 C - - - - - - - - - - - - - - - 0.26 1.8 DDiazinon 0.57 1.3 B 0.43 2.0 C 0.45 1.0 C 0.35 1.3 C 0.31 1.1 C 0.36 1.0 B 0.30 1.0 B 0.20 1.2 C 0.16 1.2 CDichlorvos 0.24 1.8 C - - - 0.11 3.5 B 0.12 2.5 B 0.10 3.3 B - - - - - - 0.70 1.6 C 0.06 1.5 CDicloran 0.56 1.6 B 0.56 1.3 A 0.49 1.5 A 0.44 3.5 A 0.41 2.5 A 0.46 1.6 A 0.40 1.3 B 0.72 1.3 B 0.74 2.0 ADicofol 1.06 2.8 B 0.99 2.5 A 1.02 2.3 A 0.83 1.9 B 0.71 2.3 A 0.86 2.1 A 0.71 1.4 A 0.82 1.5 A 0.81 1.6 ADicrotophos - - - - - - - - - - - - 1.14 3.0 D - - - - - - - - - - - -Dieldrin 1.73 1.2 A 1.55 1.4 A 1.64 1.3 A 1.30 1.6 A 1.14 1.4 A 2.02 1.1 A 1.02 1.3 A 1.01 1.3 A 1.04 1.4 ADimethoate 0.34 1.7 C - - - 0.56 1.8 C 0.60 5.8 D - - - - - - - - - - _ - 1.12 1.5 DDisulfoton 0.61 1.1 C 0.54 1.7 C 0.51 1.0 B 0.41 1.4 B 0.37 1.5 B 0.41 1.3 C 0.35 1.1 C 0.28 1.0 B 0.22 1.3 CEndrin - - - 2.61 1.1 A - - - 1.59 2.0 B 1.30 1.4 B - - - - - - 1.11 1.1 B 1.17 1.6 BAlpha Endosulfan 1.50 1.0 A 1.29 2.0 A 1.35 1.3 A 1.07 1.4 B 0.96 1.1 B 1.09 1.1 A 0.88 1.2 B 0.74 1.2 A 0.81 2.0 BBeta Endosulfan 2.04 1.6 B 2.08 2.0 A 2.39 1.1 A 1.92 1.5 A 1.50 1.4 A 2.98 1.1 A 1.39 1.3 A 0.32 1.0 A 2.49 2.3 BEndosulfan S04 2.58 1.6 C 2.93 1.3 A 3.33 1.8 A 3.14 1.6 A 2.75 1.3 A 0.49 1.8 B 2.64 1.5 A 0.33 3.0 A 1.12 3.6 BFenchlorphos 1.34 1.0 C 0.71 6.4 C - - - 0.59 1.3 C 0.52 1.7 B 0.60 1.2 C 0.48 1.2 C 0.50 1.4 C 0.44 1.2 CFenitrothion 0.88 2.5 B 0.86 1.8 B 0.96 1.5 D 0.91 1.8 B 0.88 1.6 B 0.93 1.6 C 0.85 1.2 C - - _ 1.12 1.5 CFer.thion 0.94 2.0 B - - - 1.03 1.0 B - - - - - - - - - - - - - _ _ _ _ _Folpet - - - - - - - - - - - - 1.10 1.9 C - - - - - - 0.67 4.2 D 0.54 6.5 DFormothion - - - - - - 0.80 1.5 C - - - 0.76 4.0 C 1.32 2.8 c - - - - - - _ _ _Heptachlor 0.83 1.0 A 0.68 2.0 A 0.62 1.3 A 0.46 1.3 A 0.44 1.2 A 0.50 1.3 A 0.40 1.5 A 0.30 1.0 A 0.28 1.2 AHeptenophos 0.19 1.6 B - - - 0.13 1.0 B 0.10 1.6 B 0.08 1.8 B 0.09 3.7 C 0.09 1.1 A 0.07 2.0 B 0.07 2.4 BIsofenphos 1.25 1.5 C 1.06 1.3 D 1.24 1.7 C 1.05 1.5 C 0.93 1.7 D 1.09 1.7 D 0.86 1.3 B 0.76 1.3 C 0.72 1.4 CJodf enphos 1.58 1.8 B 1.45 1.1 C 1.87 1.1 B 1.42 1.3 C 1.05 1.0 B 0.40 1.2 C 0.90 1.0 C - - - 1.26 1.3 CLeptophos - - - 5.04 2.2 C - - - 5.05 1.4 C - - - - - - 2.51 1.7 D - - - - - -Malathion 0.93 2.1 C 0.81 2.6 C 0.99 1.5 C - - - 0.78 1.4 B - - - 0.76 1.4 B 0.75 1.8 C 0.73 1.3 BMethamidophos - - - 4.76 2.1 D - - - - - - - - - - - - - - - - - - - - -Methidathion - - - 1.37 1.3 D - - - - - - 1.20 1.8 D - - - - - - - - - _ _ _Mevinphos 0.56 2.5 C - - - 0.18 2.8 C 0.21 3.6 C 0.22 7.0 D - - - - - - 0.14 1.5 C 0.13 1.9 CParathion-et(REF)1.00 1.2 B 1.00 1.3 B 1.00 1.1 B 1.00 2.4 C 1.00 1.2 B 1.00 1.2 B 1.00 1.2 B 1.00 1.2 B 1.00 1.3 BParathion-me 0.79 2.6 B 0.71 1.8 B 0.79 1.2 C 0.79 1.6 c 0.77 1.4 C 0.78 1.6 B 0.77 1.6 C _ _ _ 1.07 1.7 CPhenthoate - - - 1.08 1.0 B - - - 1.23 1.5 c 0.95 1.2 B - - - 0.84 1.4 B 1.17 1.3 C 1.05 1.5 BPhorate 0.46 1.1 B 0.40 1.4 B 0.34 1.0 B 0.29 1.3 B 0.25 1.5 C 0.28 1.5 B 0.25 1.3 C 0.19 1.0 C 0.16 1.1 BPhosalone - - - 5.98 1.2 D - - - 6.77 1.5 D 5.00 1.7 C - - - - - _ - _ _ _ _ _Pirimiphos-me 0.85 1.6 C 0.73 1.6 D 0.82 1.3 D - - - 0.52 1.4 D 0.67 1.2 C - _ _ 0.48 1.9 D _ _ _Profenofos - - - 1.01 1.3 D - - - 1.63 2.1 C 1.39 3.0 C - - - - - _ _ _ _ 1.09 1.1 DPropetamphos 0.55 1.3 B 0.44 3.5 C 0.44 1.0 B 0.40 1.5 C 0.38 1.6 C 0.41 1.9 C 0.36 1.2 C 0.41 1.7 B 0.36 1.0 CProthiophos 1.62 1.2 B - - - 1.60 1.3 D 1.25 1.5 C 1.03 1.0 D 1.39 1.3 D 0.89 1.5 c 0.89 1.2 D 0.36 1.5 CPyrazophos - - - 7.48 2.0 D - - - - - - - - - - - - - - - - - - _ - _Tetrachlorvinphos0.49 2.5 B 0.50 2.3 C 0.36 1.8 B 0.31 2.3 B 0.29 1.4 C 1.52 1.7 C 0.29 1.8 c 0.26 2.5 B 0.34 2.6 CTetradi fon 4.64 2.7 B 5.40 1.3 C 6.47 1.3 D 5.89 1.5 D 4.54 1.4 C - - - 4.10 1.9 D _ _ _ _ _Thiometon 0.49 1.1 B 0.44 1.0 c 0.42 1.0 C 0.34 1.5 B 0.29 1.2 c - - - 0.28 1.5 C 0.28 2.5 C 0.26 1.3 BTriadimefon 1.35 5.0 C ' ' ■ 0.97 5.3 C 0.96 8.5 D 0.97 2.5 c 1.21 6.0 D 0.98 4.6 D 0.87 2.0 C - - -
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P eak Shape

The peak classification criteria described in the previous 
study (1) were used, where the following 4 classes of peak 
shapes were distinguished: 1, asymmetry factor < 1.2; 2, > 1.2 
but <2.4; 3, >2.4 but <3.6; and 4, >3.6. Class 1 is essentially 
a symmetrical peak.
D etec ta b le  Q u a n tity  L evels f o r  P estic id es

The same criteria described before (1) were applied to the 
electron-capture detector. The electron-capture detector was 
not affected by the low average linear gas velocities, and much 
lower concentration levels could be detected. Four new quan
tity levels were thus selected and given the following symbols: 
A = 1-10 pg; B = 10-100 pg; C = 100-1000 pg; D = 1000-
10 000 pg.

Results and D iscussion

The peak shape classes, order of elution, absolute retention 
times, relative retention times of all the pesticides, and the 
exact absolute retention times of chlorpyrifos-ethyl and para- 
thion are presented in Figures 1-9. A summary of the number 
of compounds that were detected on each column as well as 
the number in each class is presented in Table 1. Retention 
times relative to parathion, peak asymmetry factors, and 
concentration ranges for all pesticides are presented in Ta
ble 2.
If the relative retention times of the organophosphorus 

pesticides in Table 2 are compared with the relative retention 
times in Table 2 of the previous paper (1), it seems that the 
majority of data for a given column agree, irrespective of the 
detector used. Certain pesticides such as tetrachlorvinphos 
and heptenophos showed large differences on almost all col
umns evaluated. Some pesticides showed differences only on 
specific columns, e.g., bromchlorphos (OV-17 + QF-1) and 
dicrotophos (SE-30 + QF-1). The possibility that the differ
ences are due to error is ruled out because of precautionary 
measures described earlier (1).
These differences can be ascribed to the thermolabile na

ture of the relevant pesticides and the fact that thermal deg
radation may take place the moment the pesticide is injected 
into a heated GC column (7). It could, therefore, be that the 
part of the pesticide containing a phosphorus atom may sep
arate from the part to which the ECD is sensitive. Detection 
of the pesticide by electron capture and by the flame pho
tometric detector (FPD) at the same retention time does not 
necessarily indicate that the pesticide did not break down, 
but that both detectors are sensitive to the same thermal 
degradation product.
Recent literature (8) indicates that chlorpyrifos is preferred 

as a reference compound for relative retention data. Unfor
tunately, much of the data for this paper had already been 
obtained by using parathion when that study was published. 
The absolute retention times of both parathion and chlor
pyrifos in Figures 1-9 are reported so that the data can easily 
be converted to those for chlorpyrifos as reference com
pound.
The same average linear gas velocities were used for each 

column as described previously (1). According to Kirkland 
et al. (9), serious errors in plate counts can occur if the equa
tion n = (tR/  W h)2 is used on even moderately tailing peaks. 
Three columns gave asy mmetry values of more than 1.2 with 
parathion, namely, the Dexsil-300, the OV-17 + QF-1, and 
the Reoplex-400. In the previous paper (1), 6 columns gave 
asymmetry values of more than 1.2. This anomaly cannot

be explained, but it could be attributable to the detector 
because all other conditions and parameters were the same 
for both studies. The reasons for using parathion to determine 
Mopl in spite of the fact that it gives asymmetry values of more 
than 1.2 on some columns was previously discussed (1).
Acephate, chlordimeform, diflubenzuron, fenamiphos, 

monocrotophos, oxydemeton-me, omethoate, phoxim, tem- 
ephos, triazophos, and trichlorfon did not elute within 2 h ± 
10 min from any of the columns used, whereas other pesti
cides did not elute from certain columns (shown by dashes). 
The reason may be that the pesticides have very short re
tention times and eluted with the solvent front, or that they 
eluted after the 2 h time limit, or that the electron-capture 
detector was not sensitive to the compound or its thermal 
degradation products. Some compounds exhibited multiple 
peaks, which probably indicate decomposition or impurities, 
and in these cases the major peak was used to determine the 
given data.
On the SP-2100 column, 48 compounds were detected, of 

which 40 fell into classes 1 and 2, and 8 fell into classes 3 
and 4. On the Dexsil-300 column, most compounds fell into 
class 2 with only a few in class 1 and classes 3 and 4. These 
2 columns may be more suitable for single-component anal
ysis since separation between peaks is very poor.
The distribution of peaks on the OV-17 column was better 

than on the previous 2 columns, but problems with sepa
ration might still be encountered in certain retention time 
slots, particularly if multiresidue analysis is undertaken. A 
reasonable separation was achieved among the organochlo- 
rines (shaded peaks, Figure 3) except near the 14 min slot. 
On this column, 48 compounds were detected, the vast ma
jority of which fell into classes 1 and 2.
On the OV-17 + QF-1 column, 51 peaks were detected of 

which 42 occurred in class 2. Separation problems occurred 
at various retention times but reasonable separation among 
the organochlorine compounds (shaded peaks, Figure 4) was 
found. All of the organochlorine peaks fell into classes 1 and 
2, with the last peak (endosulfan sulfate) eluting at ca 30 min, 
making the column most suitable for quantitative and qual
itative analysis of organochlorine pesticides.
The SE-30 + QF-1 column produced the most peaks (55) 

with 46 in classes 1 and 2. Problems with separation occurred 
near the 5 min and 17 min slots. Separation of the organo- 
chlorines was reasonable.
The smallest number of peaks (41) was detected on the 

OV-17 + OV-210 column. Most of the peaks fell into classes 
1 and 2 and were almost evenly distributed between the 2 
classes; only 5 components fell into classes 3 and 4. The 
components were well distributed over the whole time range 
with separation problems occurring at ca 9, 19, and 26 min. 
As indicated by the shaded peaks in Figure 6, this column 
is not suitable for separation of the organochlorine com
pounds tested.
On the DC-200 + QF-1 column, 45 peaks were detected. 

Minor separation problems can occur with this column at 
the 7 and 9 min slots (Figure 7). The peaks were well dis
tributed over the whole time range, making this column ideal 
for multiresidue analyses. For single component analyses it 
is also a valuable column because almost all of the peaks fell 
into classes 1 and 2; only 2 peaks fell into class 4. Separation 
of the organochlorine pesticides was good, but a slight prob
lem occurred at 9-10 min and 33-34 min.
On the Carbowax-20M column, 43 pesticides were de

tected. Major separation problems occurred at ca 1-5, 11- 
12, and 14-17 min. This column is not suitable for multi
residue analyses.
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The Reoplex-400 column produced 48 peaks with the ma
jority occurring in class 2. The peaks were reasonably well 
distributed over the 82 min time period with some separation 
problems.

It is clear from the results that no one column was able to 
separate all the compounds that were detected. Some col
umns performed better than others, but the data reported 
should give the analyst a large choice of columns.
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Figure 1. Retention data and peak shape classifications for pesticides analyzed by GC on 3% SP-2100 column at uopx of 6.20 cm/s
(25.5 mL/min).
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Figure 4. Retention data and peak shape classifications for pesticides analyzed by GC on 1.5% OV-17 + 1.95% QF-1 column at
uopt of 5.71 cm/s (23.0 mL/min).

Figures 2 (top) and 3 (bottom). Retention data and peak shape classifications for pesticides analyzed by GC on: Figure 2,1 % Dexsil- 
300 column at uopt of 6.30 cm/s (25.8 mL/min), and Figure 3, 3% OV-17 column at uop, of 7.10 cm/s (30.0 mL/min).



oooo4̂

Heptenophos. 
Chlormephos.
Alpha BHC__
Beta BHC___
Dichlorvos_
Delta BHC. 
Mevinphos.
Gamma BHC 
Heptachlor. 
Dlcrotophos. 
Tetrachlorvinpho! 
Dicloran 
Phorate. 
Disulfoton. 
Thiometon.
Diazi 
Aldri 
Ch 1 orpyri fos-et. 
Bromchlorphos. 
Bromophos-me 
Fenchlorphos. 
Propetampho! 
Chlorpyrifos 
Parathion

Profenofos. 
Parathion-et (ref).

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 (33.5 mL/min).

PRIN
SLO

O
 &

 D
E BEER: 

J. ASSO
C. O

FF. A
N

A
L. CH

EM
. (VO

L. 70. N
O

. 5, 1987)



Absolute retention times (min) 
Chlorpyrifos-et 16.19 
Parathion-et 21.11

Beta Endosulfan. 
pp' DDT. 
Parathion-et (REF

0.1 0.25 0.3
- Ì —/A

0.4 0.5_J .— l—   1— 0.7 0.8 0.9 1.00 1.1 1.2 1.3 1.4 1.5 1.85 2.00 3.00 RRT
-S-- 1---- 1---!--- H--- ,i -H- ■ r 1 ! ' r -‘ . 1 , ' i 1 , 1 , 1 i 'i1C 11 IQ IQ orv -11 11 11 IH on 1C n  io in in m  nn ^ r \ .n '  ' rnT-1—r- 1—r-1—r-J—i— —"~i—^--n--- i" ................................... „  . „ . „ .

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 39 42 63 t (minutes)

Figure 6. Retention data and peak shape classifications for pesticides analyzed by GC on 3% OV-17 + 3% OV-210 column at uop, of 5.67 cm/s (22.9 mL/min).

oo
GO

PRIN
SLO

O
 &

 DE BEER: 
J. ASSO

C. O
FF. A

N
A

L. CH
EM

. (VO
L. 70, N

O
. 5, 1987)



ooooo\

Figure 7. Retention data and peak shape classifications for pesticides analyzed by GC on 5% DC-200 + 7.5% QF-1 column at uopt
of 4.47 cm/s (17.2 mL/min).
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Figure 8. Retention data and peak shape classifications for pesticides analyzed by GC on 3% Carbowax-20M column at uopt of 5.80
cm/s (23.2 mL/min).

o o
o o

PRIN
SLO

O
 &

 D
E BEER: 

J. ASSO
C. O

FF. A
N

A
L. CH

EM
. (VO

L. 70, N
O

. 5, 1987)



oooooo

Alpha BHC______
H ep t e noph os----
Phorate________
Mev i nphos______
Gamma BHC______
Beta BHC_______
Dichlorvos_____
Diazinon_______
Heptachlor_____
Aldrin_________
Delta BHC------
Chlormephos____
Thi ometon______
Tet ra^h1orv i nphr
Disulfoton_____
Prope tamphos___
Bromophos-et___
Demeton S-me___
Chlorfenvinphos.
Malathi on______
Fenehlorphos___
Folpet________
Chlorpyri fos-me.
Isofenphos_____
Dieloran_______
Chiordane______
Chlorpyri fos-et 
Endosulfan S04_
Dicofol_________
Prothiophos_____
pp' DDT__________
Phonthnat.i-
Dimethoate______
pp7 DDE__________
Dieldrin________
Profenofos______
Fenitrothion____
op DDE _________
Parathion-me___
Alpha Endosulfan 
Endrin_________
Bromophos-me
Jodfenphos______
op DDT----------
op DDD__________
Beta Endosulfan_
pp7 HDD
Parath i on-et(REF L

Chlorpyrifos-et 14.21 
Parathion-et 32.25

0.05
1 2

0.10 0.15 0.20 0.25 0.30 0.35 .. 0.45 0.50 0.55 0.70 0.75 0.80 .. 0.90 ,0.95 1.00 1.05 1.10 1.15 ..1.25 1.30 1.45 1-50 2-25 2-50 RRT
-r-1— i----- S--------r—1— i— —t1------ 1— h --------H — — H -------r* - — i------ h— 7 / ^ 1 ------- 1 1 r------- ~̂/A— ""r1 //^ -------H 1— 1------- h~— 1— ---------r 1— r~ //~ \— L_i------ rJ------- r//~ -̂------1— J_l-------- -̂--------------------------- 1---------T~3 4 5  6 7  8 9 10 11 12 14 15 16 17 18 23 24 25 26 28 29 31 32 33 34 35 36 37 38 40 41 42 43 47 48 49 50 73 81 82 tR (minutes)

Figure 9. Retention data and peak shape classifications for pesticides analyzed by GC on 4%  Reoplex-400 column at üop, of 5.40 cm /s (21.5  mL/min).
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Pentafluorobenzylation Derivatization for Determination of Chlorinated Herbicide Acids

D O N A L D  F. G U R K A
E n v ir o n m e n ta l P ro te c tio n  A g e n c y , E n v ir o n m e n ta l  M o n ito r in g  S y s te m s  L a b o ra to ry ,
O ffice o f  R e se a rc h  a n d  D e v e lo p m e n t, L a s  V egas, N V  8 9 1 1 4  
F R E D  L. S H O R E * 1 and S H U -T E H  P A N 2 
L o c k h e e d -E M S C O , L a s  V egas, N V  8 9 1 1 4

Pentafluorobenzyl and methyl esterification methods for several com
mon herbicide acids have been evaluated and compared. Gas chro
matography/electron capture instrumental detection limits for 2 of 7 
pentafluorobenzyl esters were better than the corresponding methyl 
esters, and comparable for the other 5 herbicide esters. The linear 
dynamic concentration range was generally wider for the methyl 
esters. Gas chromatography of some pentafluorobenzyl derivatives 
was complicated by coelution of certain derivatives with each other 
and with byproducts of the derivatization reaction. The ruggedness- 
optimized pentafluorobenzylation procedure was subjected to linear 
dynamic range and detection limit studies. The choice between methyl 
or pentafluorobenzyl esters is contingent on the relative importance 
of detection limits and linear dynamic range.

Chlorophenoxy-type herbicides are widely used and are cur
rently monitored in water by the U.S. Environmental Pro
tection Agency (EPA). EPA method No. 615 (1) is a modi
fication of an older American Society for Testing and 
Materials (ASTM) procedure for herbicides in water (2). Re
cently, a gas chromatography/electron capture (GC/EC) 
method for determining herbicide acids in solid wastes, as 
their methyl esters, was reported by Gurka et al. (3).

GC/EC determination of pentafluorobenzyl (PFB) esters 
has been proposed as an ultrasensitive derivatization tech
nique by Nazareth et al. (4). This technique has been reported 
for a few herbicide acids by Waliszewski et al. (5), for phenols 
and organophosphorus compounds by Lee and Chau (6 ), 
and for amino acids by Netting and Duffield (7). A PFB 
phase-transfer derivatization has recently been published by 
Adams et al. (8 ). Of particular interest to this study is that 
successful PFB derivatization of 2-methyl-4-chlorophenoxy 
acetic acid (MCPA) has been achieved by 4 groups (9-13). 
Intuitively, it would be expected that the GC/EC detector 
would be more sensitive to the PFB derivatives than to the 
methyl esters.

Multiresidue analyses of PFB-esterified chlorinated her
bicides in water and sediment were reported by Agemian and 
Chau (14) and Lee and Chau (6 ), and an optimization of the 
PFB method for a few compounds was reported by Chau 
and Terry (15). Later, a comparison of the GC behavior of 
PFB vs methyl esters of 10 chlorophenoxyalkyl acids was 
published by de Beer et al. (16). However, coelution of several 
PFB herbicide derivatives was observed on nonpolar GC 
columns by Lee and Chau (6 ) who recommended the use of 
20 m Ultrabond columns.

De Beer and coworkers (16) noted that the mass spectral 
properties of PFB esters of 9 chlorophenoxy acids show this 
derivative gives useful spectral data for identification after 
chromatographic separation. The mass spectra show a char
acteristic m/z 181 ion with generally weak molecular ions

R e c e iv e d  A u g u s t  2 5 , 1 9 8 6 . A c c e p te d  N o v e m b e r  18 , 1 9 8 6 .
1 P r e s e n t  a d d re s s :  R a d i a n  C o r p . ,  A u s t in ,  T X  7 8 7 5 8 .
2 P r e s e n t  a d d r e s s :  R o y  F . W e s to n ,  S to c k to n ,  C A  9 5 2 1 0 .
T h i s  p a p e r  h a s  b e e n  r e v ie w e d  in  a c c o r d a n c e  w i th  U .S . E n v i r o n m e n ta l  P r o 
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(absent in the mass spectrum of 2,4,5-TB). This creates the 
possibility of gas chromatographic/mass spectrometric (GC/ 
MS) confirmation of GC/EC data.

An earlier GC/EC study of the methyl esters of dicamba, 
silvex, 2,4-D, 2,4-DB, 2,4,5-T, dinoseb, 2-(2-methyl-4-chlo- 
rophenoxy)-propionic acid (MCPP), and MCPA by Shore et 
al. (17) indicated a range of instrumental detection limits 
exceeding 2 orders of magnitude. It was deemed advisable 
to attempt improved detection limits by optimizing a pen
tafluorobenzylation technique. After a preliminary evalua
tion, the PFB GC/EC procedure was subjected to ruggedness 
testing, linear dynamic range studies, and instrumental de
tection limit determinations for 8  of the 1 0  target herbicide 
acids.

Experimental
Apparatus

(a) Gas chromatograph. — Tracor Model 540 (Tracor In
struments, Austin, TX) equipped with Tracor Model 770 
autosampler, 63Ni electron-capture detector, and IBM CS9000 
data system (IBM Instruments, Inc., Danbury, CT), with 
helium carrier gas at column head pressure of 1 0  psi, and 
Grob-type 30 s splitless injection.

(b) GC columns.— (1) DB-5 capillary column: 0.25 mm x 
30 m, 0.25 fim film thickness (J & W Scientific, Inc., Rancho 
Cordova, CA); temperature program, 70°C for 1 min, in
crease 107min to 240°C, hold 17 min. (2) SP-2250 capillary 
column: 0.25 mm x 30 m, 0.25 fim film thickness (Supelco, 
Bellefonte, PA); temperature program, 70°C for 1 min, in
crease 107min to 240°C, hold 10 min. (2) DB-5 capillary 
column: 0.32 mm x 30 m, 1.0 ¿mi film thickness (J & W 
Scientific); temperature program, 70°C for 1 min, increase 
107min to 240°C, hold 10 min.

(c) Vortex mixer.—V ortex Genie (Scientific Industries, 
Inc., Springfield, MA).

(d) Cleanup column.— Bond-Elut silica column (Analyti- 
chem, Harbor City, CA).

Derivatization and Cleanup
Hydrolysis of herbicide esters and conversion of the free 

acids to methyl esters has been optimized by Shore et al.
(17). Shore and coworkers ruggedness-tested the PFB pro-

Table 1. Retention times (min) of herbicide-PFB derivatives

Herbicide

Gas chromatography column

Thin-film DB-5 SP-2250 Thick-film DB-5

Dalapon 10.41 12.94 13.54
MCPP 18.22 22.30 22.98
Dicamba 18.73 23.57 23.94
MCPA 18.88 23.95 24.18
Dichlorprop 19.10 24.10 24.70
2,4-D 19.84 26.33 26.20
Silvex 21.00 27.90 29.02
2,4,5-T 22.03 31.45 31.36
Dinoseb 22.11 28.93 31.57
2,4-DB 23.85 35.61 35.97
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Table 2. Design for ruggedness test of experimental conditions

M " Values of conditions in determination number*
mental _____________________________________________

condition 1 2 3 4 5 6 7 8

1 A A A A a a a a
2 B B b b B B b b
3 C c c c C c C c
4 D D d d d d D D
5 E e E e e E e E
6 F f f F F f f F
7 G g 9 G g G G g

* Two levels for variables listed in Table 3.

Table 3. Ruggedness test for PFB-herbicide method

Condition
Value for 

condition X
Value for 

condition x

Mean 
differ
ence 

( X -  x)

Reaction solvent for PFBBr 
plus herbicide

acetone acetonitrile 1.1

Base catalysis for reaction 30% K2C03 10% k2c o 3 -4.2
Concentration of PFBBr for 

reaction
5% 3% - 2.1

Reaction time 4 h 3 h - 2.1
Addition of hexane to reac

tion residue and evapo
ration to dryness

+ 1.9

Silica column for cleanup Bond Elut® packed Pasteur pi- 
pet 5% deactivat
ed silica

0.7

Additional water in derivati
zation reaction

+ 30 mL no water added -0.5

cedure of Lee and Chau (6 ), using the method of Youden
(18), for 2 concentration levels. The method used for linearity 
and detection limit studies is described below.

Derivatize acidic herbicides from extraction by dissolving 
residue in 4.0 mL acetone and adding 30 /¿L of 10% K2C 0 3 

and 200 ¿tL of 3% PFBBr in acetone. Close tube with glass 
stopper and mix on vortex mixer. Heat in tube heater at 60°C 
for 3 h. After reaction, evaporate solution to 0.5 mL with 
gentle stream of nitrogen. Add 2 mL hexane and repeat evap
oration just to dryness at room temperature. Redissolve res
idue in 2 mL toluene-hexane ( 1 + 6 )  for column cleanup.

To clean up derivatives, top silica column with 0.5 cm 
hydrous Na2S04. Prewet column with 5 mL hexane and let 
the solvent drain just to top of adsorbent. To column, quan
titatively transfer reaction residue with several separate rins
ings (total 2-3 mL) of toluene-hexane (1 + 6 ). Elute column 
with the same solvent to collect 8  mL. Discard this fraction 
which contains excess reagent. Elute same column with tol

lable 5. Linear range and instrumental detection limits8 for 
methyl- and PFB-herbicide derivatives

Analyte8

Linear concn range, ng/g
Instrumental detection 

limits, ng/g

PFB ME8 PFB ME8

MCPP 4.0-160 3.1-309 0.74 333.0
Dicamba 3.2-130 2.6-520 0.49 0.60
MCPA 8.0-320 3.1-306 2.35 218.0
Dichlorprop 4.8-190 7.5-15 000 1.37 1.90
Silvex 8.0-320 2.1-4140 1.16 0.53
2,4,5-T 10.0-420 2.1-4110 1.90 0.78
2,4-DB 6.4-640 20.2-40 300 0.51 20.2

* Determined from standard solutions corected back to 50 g samples with 
9 mL final volume and 5 n i. injection.

6 Standard concentrations same as Table 4.
* Gurka et al. (3).

uene-hexane (9 + 1) to collect 8.0 mL which contains PFB 
derivatives. Analyze this fraction by GC/EC.

Measure instrumental detection limit (signal = 3 x noise) 
for each analyte. (Linearity was tested using 7 standard so
lutions varying in concentration from below the detection 
limit, to 1 0  times the linear range observed.)

Results and Discussion
The ability of DB-5 and SP-2250 capillary columns of 

various thicknesses to separate the 10 PFB esters was tested. 
These results are listed in Table 1 and show that a thick-film 
DB-5 column offers the best separation capability, although 
2,4,5-T and dinoseb are close eluters. All further work was 
then carried out with a thick-film DB-5 capillary column.

Next, the PFB derivatization step was ruggedness-tested 
using the method of Youden. Seven experimental variables 
were tested at 2 levels, as summarized in Tables 2 and 3. 
The 7 variables were the reaction solvent, the base, water 
and reagent derivative concentrations, reaction time, choice 
of cleanup column, and the effect of adding hexane to the 
reaction residue. The small mean differences noted in Table 
3 indicate that, at least for these variables, the method is 
rugged.

From the ruggedness results, a PFB derivatization proce
dure was prepared. Using this procedure the PFB derivative 
recoveries were determined for the 8  derivatives with 8  de
terminations. As shown in Table 4, mean recoveries range 
from 70% for 2,4-D to 96% for MCPP, with 7 of 8  recovery 
means exceeding 84%. The determination means ranged from
85.3 to 93.4%. These recoveries seem adequate for complex, 
multicomponent, environmental analyses. However, during 
this test, it was discovered that the PFB ester of 2,4-D chro- 
matographically coeluted with a nonherbicide byproduct 
which carried through the cleanup procedure. Accordingly, 
work on the 2,4-D PFB ester was suspended. The linear

Table 4. Relative recoveries of PFB-herbicides using ruggedness-optimized test conditions

Relative recoveries, %concn, _____________________________________________________
Analyte Ag/mL 1 2 3 4 5 6 7 8 Mean

MCPP 5.1 95.6 88.8 97.1 100 95.5 97.2 98.1 98.2 96.3
Dicamba 3.9 91.4 99.2 100 92.7 84.0 93.0 91.1 90.1 92.7
MCPA 10.1 89.6 79.7 87.0 100 89.5 84.9 92.3 98.6 90.2
Dichlorprop 6.0 88.4 80.3 89.5 100 85.2 87.9 84.5 90.5 88.3
2,4-D 9.8 55.6 90.3 100 65.9 58.3 61.6 60.8 67.6 70.0
Silvex 10.4 95.3 85.8 91.5 100 91.3 95.0 91.1 96.0 93.3
2,4,5-T 12.8 78.7 65.6 69.2 100 81.6 90.1 84.3 98.5 83.5
2,4-DB 20.1 99.8 96.3 100 88.4 97.1 92.4 94.2 91.6 95.0
Mean 86.8 85.7 91.8 93.4 85.3 89.0 8+1 91.4
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dynamic concentration range and the GC/EC instrumental 
detection limits for the herbicide PFB and methyl derivatives 
are compared in Table 5. As expected, the PFB detection 
limits are at least 2 orders of magnitude better for the PFB 
derivatives of MCPP and MCPA and one order of magnitude 
better for 2,4-DB. The instrumental detection limits of the 
methyl derivatives of silvex and 2,4,5-T are about a factor 
of 2 better than those of the corresponding PFB compounds, 
whereas those of dicamba and dichlorprop are about the 
same.

Although the comparative detection limits for the 2 de
rivatives are varied, a comparison of the linear dynamic 
ranges is more straightforward. With the single exception of 
MCPA, the methyl derivatives provide a wider GC/EC quan
titation range. Although the effect is not pronounced for 
MCPP, dicamba, and MCPA, it exceeds an order of mag
nitude for the other herbicides. The dynamic range plots level 
off at 107 GC/EC area counts indicating GC column over
loading or detector saturation.

These results suggest that the herbicide methyl esters are 
a generally more useful approach to herbicide ester analysis 
than the PFB approach. However, if lower detection limits 
are the primary concern, and if the narrower linear dynamic 
ranges can be tolerated, it may be advantageous to use the 
PFB method in certain cases.
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F O O D  A D D IT IV E S

Reverse-Phase Liquid Chromatographic Determination of Benzoic and Sorbic Acids in Foods

LA P V. B U I and C H O N G C H IT  C O O PE R
D e p a r tm e n t o f  H ea lth , D iv is io n  o f  A n a ly t ic a l  L a b o ra to r ie s , P O  B o x  162 , L id c o m b e ,
N e w  S o u th  W a le s  2 1 4 1 , A u s tra lia

A n  i s o c r a t i c  l iq u id  c h r o m a to g r a p h ic  ( L C )  t e c h n iq u e  is  d e s c r ib e d  fo r  
t h e  d e t e r m i n a t i o n  o f  b e n z o ic  a c id  a n d  s o r b i c  a c id  in  f o o d s  s u c h  a s  

b e v e r a g e s ,  f r u i t s ,  s e a f o o d ,  v e g e t a b le s ,  s a u c e s ,  a n d  d a i r y ,  b a k e r y ,  a n d  
c o n f e c t io n e r y  p r o d u c ts .  A  C 1S c o lu m n  is  u s e d  w i th  m e t h a n o l - p h o s 

p h a t e  b u f f e r  (5  +  9 5 )  a s  m o b i le  p h a s e  a n d  4 - h y d r o x y a c e t a n i l i d e  o r
3 ,5 - d in i t r o b e n z o ic  a c id  a s  i n t e r n a l  s t a n d a r d .  S a m p le  p r e p a r a t i o n  is  
s im p le ,  r a p id ,  a n d  p r o d u c e s  a  s a m p l e  e x t r a c t  t h a t  h a s  a  m in im u m  
e f fe c t  o n  t h e  c o lu m n  p e r f o r m a n c e  a n d  l i f e .  S p e c i f i c i ty  o f  t h e  m e th o d  

w a s  c h e c k e d  a g a i n s t  c o m m o n  fo o d  a d d i t i v e s  s u c h  a s  i . - a s c o rb ic  a c id ,  
c a f f e in e ,  a r t i f i c i a l  s w e e te n e r s  ( s a c c h a r i n ,  c y c l a m a te ,  a s p a r t a m e ) ,  a n 
t i o x i d a n t s  ( B H T ,  B H A )  a n d  a r t i f i c i a l  c o lo r s .  A ls o  d e s c r ib e d  a r e  2  

p r o c e d u r e s  f o r  c o n f i r m a t io n  o f  t h e  p r e s e r v a t i v e s ,  u s in g  e i t h e r  r e d o x  
r e a c t io n  o f  s o r b ic  a c id  w i th  p o t a s s iu m  p e r m a n g a n a t e  o r  g a s  c h r o -  
m a t o g r a p h y / m a s s  s p e c t r o m e t r y .  M e a n  r e c o v e r ie s  o f  9 0 - 1 0 5 %  w e re  
o b t a in e d  w i th  a  p r e c i s i o n  o f  1 - 6 %  a n d  a  d e t e c t io n  l im i t  o f  2 0  m g /k g  

f o r  t h e  2 p r e s e r v a t i v e s .

Antimicrobial agents are commonly used in foods to combat 
the proliferation of bacteria, yeasts, and molds. Benzoic acid 
and sorbic acid are the 2  preservatives most frequently used. 
Because the minimum permitted concentrations of benzoic 
acid and sorbic acid are controlled by legislation, their de
termination is important to analysts involved in the routine 
analysis of foods. Some analytical methods for their deter
mination have been described in the literature. The nonspec
ificity and extensive sample extraction procedures of pho
tometric methods have been discussed (1-3). Gas 
chromatographic methods (4, 5) are sensitive, specific, and 
accurate but may require lengthy sample preparation and 
derivatization of the 2 acid analytes. In contrast, liquid chro
matography (LC) offers high specificity with minimal sample 
preparation and does not require derivatization. Several LC 
methods for the simultaneous determination of benzoic and 
sorbic acids have been reported (3, 6-12), but these methods 
are not applicable to a wide range of foodstuffs.

This paper reports on a reverse-phase LC system for the 
simultaneous determination of benzoic acid and sorbic acid. 
The method has been used for a variety of foods such as 
beverages, fruits, seafoods, vegetables, sauces, and dairy, 
bakery, and confectionery products.

METHOD
Apparatus

(a) Liquid chromatograph. —Hewlett-Packard Model 
1084B with variable-volume injector and variable-wave- 
length detector with built-in software integrator. Operating 
conditions: detection wavelength, 227 nm; mobile phase, 
phosphate buffer (0.03M, pH 6.5)-methanol (95 + 5), 2 mL/ 
min; injection volume, < 15 pL\ temperature, ambient; chart 
speed, 0.4 cm/min.

( b )  Column.— Spheri, RP18, 10 ^m (Brownlee Labs, Inc., 
Santa Clara, CA 95050).

(c) Precolumn. — RP18 (Brownlee Labs).
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(d) Sample clarification kit. —0.45 /nn filters (Millex-HV, 
Millipore catalog No. SLHV025NS, Millipore Corp., Bed
ford, MA 01730), or equivalent.

(e) Blender. — Waring Model 32BL 79, or equivalent.
(f) Food processor. — Bamix Model M 122, or equivalent.
(g) High-speedhomogenizer.-\J\Xra-Turrax type TP/18/2 

(IKA Werk, Stauffen im Breisgau, FRG), or equivalent.
(h) Gas chromâtograph/mass spectrometer. — Hewlett- 

Packard Model 5985A. Operating conditions: carrier gas, 
helium, 1-2 mL/min; injection port, 250°C, splitless injection 
system; oven, 50°C isothermal.

(i) Capillary’ column. — Fused silica column, Ultra 1 
(bonded OV-101), 12.5 m x 0.2 mm id x 0.33 nm film 
thickness.

Reagents
(a) Methanol, acetonitrile, benzoic acid, orthophosphoric 

acid, potassium dihydrogen orthophosphate, dipotassium 
hydrogen orthophosphate, analytical reagent grade (Ajax 
Chemicals, Sydney. Australia); sorbic acid, 4-hydroxyacet
anilide (HA), 3,5-dinitrobenzoic acid (DNBA), laboratory 
reagent grade (BDH, Sydney, Australia).

(b) Potassium permanganate solution. — Dissolve 14 g 
KMn04 in 100 mL water. Filter through glass wool.

(c) Orthophosphoric acid solution (2%). — Dilute 2 mL or
thophosphoric acid (Univar grade, Ajax Chemicals) to 100 
mL with water.

(d) Stock internal standard solutions (1 mg/mL).— Dis
solve 100 mg HA (or DNBA) in 20 mL methanol and dilute 
to 100 mL with distilled water. Internal standard solutions 
can be refrigerated (4°C) for 1 month. DNBA internal stan
dard is used only for analysis of cheese and yogurt.
z (e) Stock mixed standard solutions.— Dissolve 50 mg ben
zoic acid, 50 mg sorbic acid, and 100 mg of appropriate 
internal standard (HA or DNBA) in 20 mL methanol and 
dilute to 100 mL with distilled water. This solution can be 
refrigerated (4°C) for 1 month.

(f) Mobile phase. — Phosphate buffer (0.03M, pH 6.5)- 
methanol (95 + 5). Prepare as follows: Dissolve 3.8 g K,HP0 4 

and 5 g KH2P 0 4 in 2 L water. Mix 1900 mL of this phosphate 
buffer with 100 mL methanol, then pass resulting solution 
through 0.45 ¿tin filter (Millipore catalog No. HVLP 04700). 
Prepare and degas mobile phase daily.

Preliminary Sample Preparation
Samples must be pretreated to ensure their homogeneity.
(a) Liquid foods.—Shake, carefully before sampling.
(b) Powdered milk. — Reconstitute powder to recommend

ed strength with water and use 2 0  g of this mixture for anal
ysis.

(c) Sauces, mustard, yogurt, coconut cream. — Mix with a 
spatula.

(d) Fruit yogurt. — Homogenize with a food processor.
(e) Fruit products, canned seafoods, cakes.—Mix in blender 

with equal weight of water.



BUI & COOPER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 893

Table 1. Sam ple w e igh ts  and so lu tion vo lum es fo r extraction
procedure  2, using ace ton itrile

Samples

Sample
weight,

9

Internal 
standard 

solution, mL 
(V,)

Diluent 2% 
orthophos
phoric acid 
solution, 
mL (t/2)

Acetoni
trile, mL 

(V3)

Cheese, yogurt 10.0 5.0* 25 60
Bread, flour 5.0 5.0° 20* 20
Coconut milk or cream 10.0 5.0° 0 20
Milk (cow or goat), 

reconstituted milk 20.0 2.0° 10 50

* 3,5-Dinitrobenzoic acid. 
6 4-Hydroxyacetanilide.
* Water.

(f) Bread. — Prepare as described in Official Methods of 
Analysis sec. 14:086n (13).

(g) Cheese. — Grate ca 100 g sample and mix carefully. 

Sample Preparation
With methanol.— This procedure can be applied to bev

erages, mustard, sauces (oyster, tomato, shrimp, anchovy, 
satay), fruit products, canned seafoods (prawn, crab, caviar), 
and cakes. Mix 5.0 g prepared food with 2.0 mL internal 
standard (HA, 1 mg/mL) and dilute to 15 mL with methanol. 
Centrifuge (1500 x g) 10 min and filter smalTportion of 
supemate through 0.45 pm filter for chromatographic anal
ysis. Remainder is used for confirmatory tests.

With acetonitrile.— This procedure is applicable to cheese, 
yogurt, bread, flour, coconut milk or cream, and milk. Weights 
and volumes (V„ V2, V,) are shown in Table 1. Accurately 
weigh prepared sample into a quickfit conical flask, add V, 
of appropriate internal standard solution (1 mg/mL) and V2 
of diluent (water or 2% orthophosphoric acid solution). Blend 
mixture in high-speed homogenizer (for cheese, bread, and 
flour) until homogeneous suspension is obtained (ca 1 min). 
Add V3 of acetonitrile and shake. For samples of yogurt, 
coconut milk or cream, and milk, omit homogenization stage. 
Filter mixture simultaneously through 2 filter papers—a 
Whatman No. 41 placed on top of a No. 42. Evaporate ca 
7 mL of filtrate down to ca 3.5 mL under a stream of nitrogen 
in water bath at 30°C. Dilute to 7 mL with water. Filter 2 
mL of this solution through 0.45 ¿tm filter for chromato
graphic analysis. Remainder is used for confirmatory tests.

Preparation of Working Mixed Standard Solutions
Dilute appropriate stock mixed standard solution with water 

and methanol or with water and acetonitrile (with or without 
the addition of 2 % orthophosphoric acid solution) to obtain 
working mixed standard solution similar in composition to 
that of prepared sample solution. For example, for analysis 
of fruit juice, dilute 2 mL stock mixed standard solution 
containing HA with ca 5 mL water and 8  mL methanol. For 
analysis of cheese, dilute 5 mL stock mixed standard solution 
containing DNBA with 25 mL 2% orthophosphoric acid so
lution, 15 mL acetonitrile, and 45 mL water.

Determinations
(a) Relative response factors.— Inject 10-15 fL  working 

mixed standard solution several times until retention times 
and peak area ratios, benzoic acid/intemal standard and sor
bic acid/intemal standard, have stabilized. Once reproduc
ibility of these parameters is ensured, calculate mean relative 
response factors KB and Ks for benzoic and sorbic acids, 
respectively, using 2  chromatographic runs, as follows:

Kb = (concn internal standard/concn benzoic acid) 
x (area benzoic acid/area internal standard)

= 2  x (area benzoic acid/area internal standard)

Similarly,

Ks = 2 x (area sorbic acid/area internal standard)

(b) Preservative content.— Inject 10-15 pL sample solu
tion twice and calculate the mean area ratios, benzoic acid/ 
internal standard and sorbic acid/intemal standard. Calcu
late preservative content using the following formulas:

Benzoic acid, mg/kg = (m/KB) x a x (1000/M) 
Sorbic acid, mg/kg = (m/Ks) x b x (1000/M)

where, a = mean area ratio benzoic acid/intemal standard; 
b = mean area ratio sorbic acid/intemal standard; m = in
ternal standard amount (mg), and M  = sample amount (g). 
Note: Where a sample is blended with an equal weight of 
water, the result must be multiplied by 2 .

After analysis of ca 10 samples, flush column 15 min with 
50% methanol followed by equilibration with mobile phase 
before resuming analysis. After use, flush column 15-20 min 
with 5% methanol to remove phosphate buffer, then flush 
column 15 min with 1 0 0 % methanol or acetonitrile.

Confirmation
The presence of the 2 preservatives can be confirmed by 

the following procedures:
(a) Sorbic acid.— Add 3-5 drops of potassium perman

ganate solution to 5 mL sample solution, shake and let mix
ture stand 15 min at room temperature. If violet color still 
persists, add dropwise sodium sulfite solution (5% w/v) to 
destroy excess oxidizing agent. Filter, using a Whatman No. 
42 filter paper, and pass filtrate through 0.45 pm filter. Inject 
filtrate into chromatograph. If sorbic acid is present, no peak 
corresponding to sorbic acid will appear. Similarly, internal 
standard HA would also be oxidized, and the absence from 
the above chromatogram will be noted. DNBA peak will be 
unchanged.

(b) Benzoic acid and sorbic acid by gas chromatography/  
mass spectrometry (GC/MS).—Add 1 mL of 0.5N sulfuric 
acid to 5 mL sample solution and extract with 7 mL diethyl 
ether. Separate ether layer and extract it with 2 mL of 0.5N 
sodium hydroxide. Remove aqueous layer, acidify with 3 
mL of 0.5N sulfuric acid, and extract with 5 mL diethyl 
ether. Dry ether extract with 1 g anhydrous sodium sulfate 
and remove ether by evaporation. Dissolve residue in 200 
pL chloroform and add 0.5 mL freshly prepared diazometh
ane (in hexane). Let mixture stand 2 h at room temperature 
before GC/MS analysis. Prepare reference solution by treat
ing 1 mL solution benzoic acid (100 mg/L) and sorbic acid 
(100 mg/L) in chloroform with 3 mL diazomethane (in hex
ane) and letting mixture stand 2  h before analysis.

(c) GC/MS analysis.—Inject 1 pL volumes. Approximate 
retention times are 2 min for sorbic acid and 3 min for 
benzoic acid. Use selective ion monitoring for low levels of 
preservatives: benzoic acid (m/z, % abundance)—136, 31; 
105, 100; 77, 60; 51, 16; sorbic acid (m/z, % abundance)— 
126, 46; 111, 100; 95, 58; 67, 87.

Results and Discussion
Because the separation of ionic compounds in liquid chro

matography is pH dependent (8 , 14), the mobile phase con
sists of a pH 6.5 phosphate buffer, used with a C , 8 reverse- 
phase column. Methanol (5%) was added to the buffer to
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Figure 1. Separation of benzoic acid (4.24 min) and sorbic acid 
(5.97 min) on a new column; internal standards, HA (14.57 min), 
DNBA (17.70 min). Concentrations: benzoic acid and sorbic acid, 
100 mg/L; HA and DNBA, 200 mg/ L. Injection volume: 10 pL.

reduce the analysis time. This pH value does not give an 
optimal separation of benzoic and sorbic acids, but for a 
method to be applicable to a wide range of food products, a 
compromise of optimum conditions is necessary for a sat
isfactory separation of the preservatives from background 
interference. Resolution of benzoic acid, sorbic acid, and 
internal standard (HA or DNBA) under the chosen condi
tions is illustrated in Figure 1.

The chance of false positives has been minimized by the 
chromatographic conditions which separate benzoic and sor
bic acids from most interferences. The specificity of the meth
od has been checked against common food additives such 
as L-ascorbic acid, caffeine, artificial sweeteners (saccharin, 
cyclamate, aspartame), antioxidants (BHT, BHA), and ar
tificial colors. An LC result usually needs to be confirmed by 
an alternative method, and 2  methods have been described 
for this purpose. The first method is used to confirm the 
presence of sorbic acid on the basis of its oxidation with 
potassium permanganate (15), and the second method is a 
simultaneous confirmation of benzoic and sorbic acids using 
the inherent sensitivity and specificity of GC/MS.

This LC method does not require isolation of the preser
vatives from the food matrix, thus avoiding steam distillation 
or extraction, with either Soxhlet apparatus or separating 
funnels. The precipitation of proteins and fat by the addition 
of methanol or acetonitrile, followed by centrifugation and/ 
or filtration, provided a clear solution suitable for chromato
graphic analysis. Various cleanup procedures using dispos
able columns or Carrez solutions were unnecessary. Using 
the sample preparation methods described above, no inter
ference from background peaks with benzoic and sorbic acids 
was observed in the routine analysis of preservatives when 
working at levels above 20 mg/kg. The column life was not 
significantly affected by the sample extracts which underwent 
only partial cleanup prior to injection. Column blockages 
were reported in the determination of sorbic acid in yogurt 
by direct chromatography using phosphate buffer (0.1M, pH
5.5) with 40% methanol as mobile phase, and a 3-step ex
traction scheme was therefore proposed ( 1 2 ).

Under the present conditions, with a dilute phosphate buff-

Table 2. Results of 6 replicate analyses of the benzoic acid and 
sorbic acid content of 5 different orange juice samples

Sample Preservatives
Mean,
mg/kg

SD,
mg/kg

cv,
%

1 Benzoic acid 442 5 1
Sorbic acid — — —

2 Benzoic acid 170 1.5 1
Sorbic acid 288 3 1

3 Benzoic acid 111.5 1 1
Sorbic acid 52 2 4

4 Benzoic acid 87 1 1
Sorbic acid 57 2 2

5 Benzoic acid 88.5 2 2
Sorbic acid 58 1 1

er (0.03 A/, pH 6.5) containing a small quantity of methanol, 
the problem mentioned above was eliminated. For a 12 month 
period during which the system was in continuous use with 
an average of 40 injections per week, we used a new column 
for the determination of benzoic and sorbic acids in various 
food products including yogurt and cheese. Chromatograms 
of the standard solutions during the trial period were ran
domly chosen and the separation parameters (Sj (16) for 
benzoic and sorbic acid were calculated to examine the per
formance of the column. The average values of S  in succes
sive 3 month terms during the 1 year period were 0.16,0.15, 
0.14, and 0.13, indicating a slow deterioration of the column 
performance. Separation of the 2 preservatives in the 10th 
month of the trial period, however, was still satisfactory.

Acetonitrile was suitable for the precipitation of protein 
and fat, but peak splitting occurred when the sample solution 
injected onto the column contained a significant amount of 
acetonitrile. Considerable adsorption of acetonitrile onto the 
solid phase has been measured (17), and an adsorbed layer 
of an organic liquid was shown to act as a separate stationary 
phase (18), which may account for the peak splitting ob
served. The problem may be eliminated by reducing the 
injection volume, diluting the sample solution with the mo
bile phase, or using methanol as an alternative denaturant 
solvent for less-fatty food products. If acetonitrile is used, it 
is preferable to remove the acetonitrile from the sample so
lution on a water bath at 30°C under a stream of nitrogen, 
particularly when working with low levels of preservatives.

The advantages of an internal standard method for precise 
and accurate quantitative analysis have been discussed (19). 
In the procedure described above, the use of an internal 
standard also facilitates the final steps of the sample prepa
ration where the sample solutions are concentrated or dilut
ed, because there is no need for an accurate measurement of 
volumes. 4-Hydroxyacetanilide (HA) was a suitable internal 
standard for most food products investigated in this work, 
but some cheeses and yogurts gave background peaks that 
interfered with the HA peak. 3,5-Dinitrobenzoic acid 
(DNBA), with a longer retention time, was chosen as an 
internal standard for the 2  types of dairy products examined. 
Mixed standard solutions were prepared with a concentration 
of 100 mg/L for HA and a range of concentrations (from 20 
mg/L to 500 mg/L) for benzoic and sorbic acids. These so
lutions were kept in a refrigerator (4°C) and were examined 
weekly. Duplicate injections were made, and the mean peak 
area ratios benzoic acid/HA and sorbic acid/HA were cal
culated. The results obtained for 4 weeks differed by less than 
4%, indicating no decomposition of the components in the 
mixed standard solutions. When the peak area ratios (y) were 
plotted against the weight ratios (x), a straight line passing
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Figure 2. A, chromatogram of a blank sample of Gloucester 
milk cheese on an aged column, showing a trace of naturally 
occurring benzoic acid (3.82 min), internal standard, DNBA (15.6 
min); B, chromatogram of a Gloucester milk cheese spiked with 
benzoic acid (3.81 min) and sorbic acid (5.17 min) at 40 mg/kg 

level, internal standard: DNBA (15.63 min).

through the origin was obtained for each preservative. The 
relative response factor for each preservative (slope of stan
dard curve) was therefore constant over the range of con
centration ratios examined. Similar results were obtained 
with DNBA as the alternative internal standard.

The detection limit of a method is governed by sample 
matrix interferences which vary from one class of sample to 
another. Although the method described can detect naturally 
occurring benzoic acid in dairy products at levels below 25 
mg/kg, the quantitation is not accurate at such low levels. 
The detection limit (i.e., the level of preservative that will 
produce a signal equal to twice the noise level) of the method 
is estimated to be 2 0  mg/kg for each of the preservatives in 
complex foodstuffs such as dairy products; it is much lower 
(about 5 mg/kg) in samples with less-complex matrixes, such 
as soft drinks. The detection limit for sorbic acid can be 
lowered by using its wavelength of maximum absorption 
(255 nm in the present mobile phase) at the expense of de
creased sensitivity for benzoic acid.

A very low detection limit is not necessary, however, since 
the minimum concentration of benzoic and sorbic acids for 
effective inhibitory action against bacteria, yeasts, and molds 
in foods is generally above 20 mg/kg (20). To examine the 
precision of the method, the standard deviation was deter
mined for 2 types of foods. Five commercial orange juice 
samples (containing benzoic and sorbic acids), which con
stitute a typical simple matrix, were analyzed. Six separate

Table 3. Results of replicate analyses of benzoic acid and sor
bic acid content of 6 types of food

Sample Preservatives
Spiking level, 

mg/kg
Recovery,

%

Cheese” Benzoic acid 250 99-102
50 102

Sorbic acid 250 95-106
50 110

Juices" Benzoic acid 250 99-102
50 96-104

Sorbic acid 250 98-99
50 90-100

Goat's milk" Benzoic acid 250 98-104
50 92-106

Sorbic acid 250 99-101
50 95-104

Cow's milk" Benzoic acid 250 99-100
50 94-106

Sorbic acid 250 98-101
50 94-104

Canned seafoods" Benzoic acid 250 97-101
50 92-102

Sorbic acid 250 97-98
50 93-101

Yogurt* Benzoic acid 250 98-103
50 93-108

Sorbic acid 250 98-103
50 90-100

'  Six replicate analyses each on mozzarella, pasturella, matured Cheddar, 
cream, elbostyle, and edam.

" Duplicate analyses on pineapple, grapefruit, vegetable fruit, tropica! and 
apple, and tomato ]uice.

c Duplicate analyses.
“  Duplicate analyses on seafood mix, clams, lumpfish roe, prawns, and 
crabs.

• Duplicate analyses on skim milk natural yogurt, natural low-fat yogurt, pre
mium fruit salad low-fat yogurt, traditional natural yogurt, and strawberry 
yogurt.

analyses were run on each sample. The analytical results are 
shown in Table 2 together with the calculated standard de
viations. The coefficients of variation (CV) range from 1 to 
2% for benzoic acid and from 1 to 4% for sorbic acid.

Table 3 shows recovery data for cheese, fruit juices, goat’s 
milk, cow’s milk, canned seafood, and yogurt. Six replicate 
analyses of 6  samples of cheese, which represents a more 
complex matrix, were spiked with benzoic and sorbic acids 
at levels of 50 and 250 mg/kg. Means and standard deviations 
ranged from 51 ± 2 mg/kg to 296 ± 7 mg/kg. The CV was 
<4% for benzoic acid and < 6 % for sorbic acid; recoveries 
were 95-110%. Recovery experiments and blank determi
nations were performed on the other 5 categories of foods as 
follows: Five samples within each category, differing in for
mulation or origin, were spiked with benzoic and sorbic acids 
at 250 mg/kg and 50 mg/kg, and each sample was analyzed 
in duplicate. Blank determinations were performed to ensure 
that no peaks corresponding to the preservatives were present 
in the unspiked samples. Where a low level of benzoic acid 
was detected in the unspiked dairy products (Fig. 2A), GC/ 
MS was used for confirmation. It has been shown (5) that 
benzoic acid does occur naturally at low levels in some milk 
products.

Figure 2B shows the separation of added benzoic and sor
bic acids from the interfering background peaks usually found 
in cheese samples; other types of food examined showed less 
interference, with the exception of tuna in oil, herring in 
tomato sauce, and samples containing garlic. Benzoic and 
sorbic acids would not be determined in these products be
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cause of the presence of interfering peaks with similar reten
tion times.

Recoveries of benzoic acid and sorbic acid from the food 
products investigated in this work (see Sample Preparation) 
were in the range of 90-105%, except for dairy products 
spiked with preservatives at 50 mg/kg in which higher re
coveries (up to 1 1 0 %) were found.

The method described is not suitable for the analysis of 
trace levels (less than 2 0  mg/kg) of benzoic and sorbic acids, 
but it can be successfully applied to their determination when 
they are added in a variety of foods.
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Simultaneous Ultrasonic Extraction and Silylation for Determination of Organic Acids, 
Alcohol, and Phenols from Airborne Particulate Matter

ALEXANDER R. GHOLSON, J r , ROBERT H. ST. LOUIS, and HERBERT H. HILL, Jr * 1

Washington State University, Department of Chemistry, Pullman, WA 99164-4630

T h r e e  m e th o d s  f o r  t h e  e x t r a c t i o n  a n d  d e r i v a t i z a t i o n  o f  a lc o h o ls ,  c a r 

b o x y l ic  a c i d s ,  a n d  p h e n o l s  f r o m  a i r b o r n e  p a r t i c u l a t e s  w e re  c o m p a r e d  
a n d  e v a l u a t e d .  D e r i v a t i z a t i o n  o f  t h e  s a m p l e  d u r in g  u l t r a s o n ic  a g i 
t a t i o n  to  f o r m  t r i m e t h y l s i l y l  d e r iv a t iv e s  i n c r e a s e d  t h e  r e c o v e r y  o f  

“ r e a c t iv e  o x y g e n a t e d  h y d r o c a r b o n s ”  c o m p a r e d  to  t h e  s t a n d a r d  m e th 
o d  o f  e x t r a c t i o n  fo l lo w e d  b y  d e r i v a t i z a t i o n .  A s in g le  s o lv e n t ,  m e th 
y le n e  c h lo r id e ,  w i th  a  s t r o n g  a n d  v o la t i l e  s i l y l a t i n g  r e a g e n t ,  N,0- 
b i s ( t r i m e th y l s i l y l ) t r i f l u o r o a c e t a m id e ,  e x t r a c t e d  a  l a r g e  n u m b e r  o f  
r e a c t iv e  c o m p o n e n ts  w i th  a  m in im u m  o f  i n t e r f e r e n c e .  W h e n  t h e  e x -  
t r a c t i o n / d e r i v a t i z a t i o n  p r o c e d u r e  w a s  r e p e a t e d  4 or m o r e  t im e s  fo r  
a  t o t a l  e x t r a c t i o n  t im e  o f  a t  l e a s t  3 0  h ,  g r e a t e r  t h a n  9 0 %  o f  t h e  m a jo r  
m o n o -  a n d  d i f u n c t io n a l  g r o u p - c o n ta in in g  c o m p o n e n ts  w a s  re c o v e r e d .

Oxidation processes which occur with organic molecules in 
ambient air are complex and not well understood. While the 
majority of the oxygenated organic compounds contained in 
air are believed to be in the vapor state, many of these com
pounds exist on or as condensed particles. A number of po
tential sources exist for that fraction of oxygenated organic 
matter contained in the atmospheric particulate matter. Par
ticles can be directly emitted into the atmosphere through 
natural or anthropogenic sources; nonpolar hydrocarbons can 
be oxidized in the gas phase by either photooxidation or 
chemical oxidation to produce polar compounds that in turn 
can either condense to form a particle or can adsorb onto 
particles already present; and, finally, oxidation may occur 
while the organic matter is in the particulate state. Needless 
to say, sorting out the various potential pathways in which 
organic oxidation can occur is a complicated matter.

The first step in determining any chemical mechanism is 
to identify the starting material, the intermediate species, 
and the final products. After identities of the principal species 
are known, then quantitative data must also be obtained. 
Niki et al. (1), in a discussion of air chemistry, made the 
following perceptive comment: “Clearly, to gain further in
sight into these complex reactions, it is imperative to identify 
and quantify the relevant products. The current knowledge 
of atmospheric reactions is, in general, limited largely by the 
lack of analytical methods suitable for monitoring the reac
tants and products under simulated atmospheric condi
tions.”

The analytical technique that has provided the most qual
itative information on organics in particles is high resolution 
thermal mass spectrometric analysis (HRTMSA) (2, 3). With 
this technique, samples are collected on glass fiber filters 
which are inserted directly into the electron impact (El) ion
ization source with a temperature-controlled probe. As the 
components volatilize, high resolution mass spectra are ob
tained. This technique has inherent ambiguities in identifi
cation and quantitation of individual components that may 
have fragments with the same exact mass and overlapping 
volatilities. Moreover, oxygenated compounds that are ad
sorbed to particles may undergo thermal degradation at the 
higher probe temperatures.

Specific attempts to determine carboxylic acids on panic-

Received August 13, 1986. Accepted October 31, 1986.
1 Address correspondence to this author.

ulates have been made using procedures which require ex
traction of the particulate fraction followed by some form of 
derivatization (4-7). Not only is this 2-step process time 
consuming, the polar nature of the underivatized acid, al
cohol, or phenol is expected to reduce the extraction effi
ciency with moderately polar to nonpolar solvents. The pri
mary objective of the present study was to investigate the 
extraction efficiency of these compounds from airborne par
ticulate matter when the extraction and derivatization pro
cesses were accomplished simultaneously.

Experimental
Procedure

Air samples were taken from the roof of Dana Hall on the 
campus of Washington State University in Pullman, WA. 
The air particles were collected onto 8  x 10 in. glass fiber 
filters (Gelman Sciences, Ann Arbor, MI) with a HiVol sam
pler (General Metal Works, Cleves, OH). The glass fiber 
filters were pretreated in an annealing oven at 500°C to re
move organic contaminants. The filters were weighed before 
and after sampling to determine the mass of particles col
lected. The glass fiber filters were found not to be hygroscopic, 
and stable mass measurements could be made without al
lowing for equilibration with room humidity.

Three extraction/derivatization procedures were com
pared: ultrasonic bath extraction followed by silylation 
(UEFS), simultaneous ultrasonic bath extraction silylation 
(SUES), and Soxhlet extraction followed by silylation (SEFS). 
In each case, methylene chloride (Burdick and Jackson Lab
oratories, Muskegon, MI) was used as the solvent and N,0- 
bis(trimethylsilyl)trifluoroacetamide (BSTFA) (Supelco, Inc., 
Bellefonte, PA) was used as the silylating reagent. Methylene 
chloride was chosen because of its availability in highly pure 
form, its ability to dissolve the compounds of interest, and 
its hydrophobic character (minimizing the possibility of water 
contamination and interference with the silylation reaction). 
Also, the high volatility of methylene chloride allows con
centration steps at room temperature without sample loss, 
and it elutes before sample components from the GC column 
with a sharp solvent peak. BSTFA was used as the silylating 
reagent because of its ability to react swiftly and completely 
with alcohols, phenols, and carboxylic acids, its availability 
in pure form, and its quick elution time which, like the sol
vent, did not interfere with sample peaks. Trimethylchlor- 
osilane (TMCS) (Pierce Chemical Co., Rockford, IL) was 
added at a 1% level (compared with BSTFA) to catalyze the 
silylation reaction.

Ultrasonic Bath Extraction and Silylation
The glass fiber filter was cut into strips and covered with 

50 mL glass-distilled methylene chloride in a round-bottom 
flask. This was fitted with a condenser, placed in an ultrasonic 
bath (Bransonic 220, Shelton, CN), and agitated for a pre
determined time. The agitation maintained the bath tem
perature at 45°C, which refluxed the extracting solvent. The 
ground-glassjoints were wrapped with Teflon tape to prevent



898 GHOLSON ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Table 1. Sampling and ultrasonic extraction conditions, sequential (seq.) and simultaneous (sim.) treatment

Sample No.

Condition 1210 1229 115 128 131

Sampling time, h 167.0 168.8 50.1 71.67 98.33
Amount sampled, cu. m 18 200 16 600 5650 8080 10 700
Mass of particles, g 0.5277 0.5571 0.2828 0.1565 0.5515

Procedure: Seq. Sim. Seq. Sim. Seq. Sim. Seq. Sim. Seq. Sim.

BSTFA added, mL — 0.40 — 0.75 — 0.75 — 0.50 — 0.50
Extraction time, h 2 2 3 3 2 2 2 2 3 3

loss of solvent through the ungreased joints. After agitation, 
the solvent was filtered and concentrated to 2 mL at room 
temperature with a rotovaporator. The sample was concen
trated to its final volume with a stream of prepurified nitrogen 
at room temperature. After this underivatized sample was 
analyzed by GC, 0.2 mL BSTFA with 1% TMCS was added 
to silylate the sample, and the sample was concentrated to 
the original volume with a flow of nitrogen and sealed in a 
reaction vial. The vial was heated to 45°C for 2 h. The sil- 
ylated sample was then analyzed by gas chromatography.

Simultaneous Extraction/Silylation
The silylating reagent, BSTFA with 1% TMCS, was added 

with the methylene chloride to the filter strips in the round- 
bottom flask. The amount of BSTFA added varied with the 
sample. Ultrasonic extraction conditions were identical to 
those used above. Enough silylation reagent was added to 
ensure that a large excess was always available. The filtered 
extract was concentrated in the same manner as above and 
analyzed by gas chromatography.

Soxhlet Extraction and Silylation
The filter strips were placed into a glass Soxhlet extraction 

thimble with a coarse porous frit and extracted in a Soxhlet 
extractor for 8 h. After extraction, the extract was silylated 
and analyzed as described above.

Instrumentation
A Hewlett-Packard 5810 gas chromatograph containing an 

all-glass split-injection system with a minimum split ratio of 
1:13 at an injection port temperature of 250°C was used for 
the analysis. Split ratios less than this resulted in a broad 
solvent peak. Hydrogen was used as the carrier gas at a linear 
velocity of 38 cm/s with an oven temperature of 250°C.

Two columns were used: (/) 30 m x 0.25 mm id, 0.25 pm 
film thickness, SE-30 fused-silica column; and (2) for all 
quantitative work, 30 m x 0.25 mm id, DB-1 0.25 pm film 
thickness, Durabond fused-silica column (J & W Scientific, 
Rancho Cordova, CA). For all samples, an initial oven tem
perature of 70°C with a 2 min hold was followed by a 4°/ 
min increase to a final temperature of 250°C. A standard 
flame ionization detector with a make-up flow of 30 mL/min 
of nitrogen was used to help the column effluent into the 
flame and to enhance the FID response. The silicon-selective 
hydrogen atmosphere flame ionization detector [HAFID (Si)] 
was constructed and used as described by Osman et al. (8). 
The hydrogen flow was doped with ferrocene vapors by pass
ing a controlled flow of nitrogen through a column of 80- 
100 mesh Chromosorb W (Manville, Denver, CO) saturated 
with ferrocene (Sigma Chemical Co., St. Louis, MO). Both 
the FID and the HAFID (Si) signals were amplified by the 
HP 5710A electrometer, recorded on a strip chart recorder, 
and integrated by interfacing with an auxiliary A/D board 
of an HP 5830 gas chromatograph.

Results and Discussion
Comparison of Ultrasonic Derivatization Procedures

After 5 high-volume air samples ranging from 5000 to 
18 000 cu. m were collected over 1 week, the glass fiber filters 
were carefully cut into 2 equal parts. Extractions were begun 
within 24 h of each sample collection. Table 1 lists the sam
pling and extraction conditions.

One half of the glass fiber filter from each sample was 
extracted with pure methylene chloride. The extract was then 
split with one half remaining underivatized; the other was 
treated with BSTFA. Figure 1 illustrates typical chromato
grams obtained from both the unsilylated and the silylated 
extracts. The particulate sample used in Figure 1 was number 
1229, but similar results were obtained for all particulate 
samples. Chromatograms in Figure 1 clearly demonstrate the 
necessity of derivatization if organic analysis of particulate 
matter is to be attempted. A massive number of additional 
peaks was detectable when the extract was derivatized.

The object of this investigation was to compare simulta
neous extraction and derivatization with sequential extrac
tion and derivatization. Thus, the real purpose for compar
isons of the type shown in Figure 1 was to identify important 
nonpolar components in the mixture, i.e., those compounds 
which do not require derivatization prior to chromatography. 
By comparing the silylated chromatogram from the sequen
tial extraction/silylation procedure (Figure 1A) with the un
silylated chromatogram from the same extraction (Figure 
1B), unsilylated peaks, representing hydrocarbons and other 
organic compounds nonreactive with BSTFA, could be dis
tinguished from the reactive oxygenated compounds. The 
peaks that appear in chromatogram B but are not in chro
matogram A are unsilylated reactive organic compounds.

Once a number of underivatized peaks were established 
for each of the 5 test samples, these peaks could be used to 
normalize the extraction efficiency between the simultaneous 
and the sequential extraction and derivatization procedures.

By identifying the underivatized peaks in both procedures, 
their areas could be compared, because it was assumed that 
they would be extracted with the same efficiency by both 
procedures. The differences found in the areas of these peaks 
would be due either to differences in the amount of particles 
on the 2 filter halves or to losses during preparation of the 
sample. Knowing the magnitude of these differences, a cor
rection was made by finding the average area ratio between 
the 2 procedures for the underivatized peaks. These values 
are shown in Table 2. The areas of the silylated peaks were 
then adjusted by using these average ratios, allowing the 
efficiency of the 2 procedures in extracting and derivatizing 
the reactive organic compounds to be compared.

For each of the samples, the adjusted areas obtained by 
both procedures were compared for the major silylated peaks. 
Table 3 lists the assigned retention time and the adjusted 
area ratios for these peaks. In certain cases where no peak
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Figure 1. Chromatograms of silylated (A) vs unsilylated (B) ultrasonic extract. These 2 chromatograms from column 1 demonstrate 
typical results obtained when HiVol filters (Sample 1229) are extracted with methylene chloride by ultrasonication followed by silylation

with BSTFA.

was detected in  sequential trea tm ent, the area reject value, 
w h ich  is set in  the in tegrater to  ignore sm aller peaks, was 
used to determ ine a greater than (> )  value fo r the ra tio .

F igure 2 g raph ica lly  shows the average o f  these values w ith  
the standard dev ia tions m arked. B elow  a re la tive  re ten tion  
tim e  o f  l.O, sim ultaneous trea tm ent was substantia lly  m ore 
effective than sequential trea tm ent in  extracting and de riv - 
a tiz ing  the reactive com pounds fro m  the particles.

The w ide fluc tuations in  ra tios between d iffe ren t com 
pounds ind ica te  tha t the com pounds w h ich  react to  fo rm  
T M S  de riva tives va ry  w ide ly  in  th e ir  a ttrac tio n  to  the pa r
ticles a n d /o r th e ir  s o lu b ility  in  m ethylene ch loride . A  no 
ticeable trend  tow ard  low er ra tios occurs as the re ten tion  
tim e  increases. The longer retained peaks m ay be less po la r 
due to  increased p ro p o rtio n  o f  n onpo la r com ponents com 
pared to  the num ber o f  po la r fun c tiona l groups as the com 
pounds increase in  size.

Table 2. Area ratios of underivatized peaks: simultaneous/se- 
quential treatment

Sample No. No. of peaks
Ratio of unreactive 

response ratio RSD, %

1210 7 1.34 11.3
1229 14 0.695 26.7
115 13 0.775 32.4
128 22 0.803 42.5
131 20 1.13 25.7

A n o th e r observation is the large values fo r  the standard 
dev ia tion  fo r some o f  the com pounds w ith  h igher ratios. T h is  
is p r im a rily  due to  the fact the tha t larger uncerta in ties in  
the sm aller value, w h ich  were som etim es close to  the detec
t io n  l im it ,  are am p lified  by  the d iv is io n  process. T h is  also 
cou ld ind ica te tha t the m ore d iff icu lt-to -e x tra c t com pounds, 
w h ich  give the higher ratios, are m ore susceptible to  d iffe r
ences in  sample m atrixes and extraction  cond itions. Such 
factors as m oistu re content, inorgan ic  com position , and 
physica l parameters such as size and surface area cou ld  vary  
am ong samples.

Extraction Efficiency of Simultaneous Treatment Protocol
The qu an tita tive  recovery o f  alcohols, phenols, and car

bo xy lic  acids was investigated using rep e titive  extractions o f  
the same sample filte r. F u ll recovery was assumed when fu r
ther repe tition  o f  the extraction  produced no detectable sam
ple peaks. F o r com parison, rep e titive  extractions using the 
sequential and Soxhlet m ethods were also obtained.

F rom  high vo lum e samples, collected as described in  Table 
4, each f ilte r was sp lit in to  4 equal parts. One quarte r was 
Soxhlet-extracted (frac tion  D ), 2 quarters were s im ultaneous
ly  extracted and s ily la ted (fractions A  and C), and one quarter 
was sequentia lly  extracted and s ily la ted (frac tion  B). The 
extraction  procedure was repeated fo r  va rious in te rva ls  as 
shown in  Table 5.

The percent recovery was de term ined fo r  a va rie ty  o f  com -
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Figure 2. Adjusted area ratios of silylated compounds as a func
tion of relative retention times. Plot of data presented in Table 
3: point plotted is average of ratios for each sample at a given 
relative retention time. Average values are bracketed by stan

dard deviation of 5 different samples.

pounds in  order to  represent a w ide range o f  functiona l groups. 
Com pounds chosen were g lyco lic  acid (a hydroxyacid); glu- 
ta ric  acid (a d iac id ); ph tha lic  acid (an a rom atic  d iac id );
2 -naphtho l (a phenol); 1 -naphthalene acetic acid (a po lycyclic  
a rom atic  acid); dodecanol (a fa tty  a lcohol), and p a lm itic  acid 
(a fa tty  acid). P a lm itic , ph tha lic , and g lyco lic  acids were iden
tif ie d  by mass spectrom etry. The o ther com pounds were 
id en tified  by  com parison o f  re ten tion  tim es w ith  know n stan
dards.

Figures 3 and 4 illus tra te  the results o f  the extraction  study 
fo r these test com pounds. F igure 3 reports the percent re
covery fo r  the nonarom atic  com pounds; F igure 4 provides 
in fo rm a tio n  on the a rom atic  com pound. The in fo rm a tio n  
p rov ided  by these experim ents no t on ly  corroborates w hat 
was ind ica ted in  F igure 2, b u t d ra m a tica lly  illustra tes tha t 
the s im ultaneous m ethod o f  ex traction  and de riva tiza tio n  is 
m ore effic ient than e ither o f  the o ther 2 m ethods in  w h ich  
d e riva tiza tion  fo llow s the extraction  process.

The data fro m  the sequential m ethod, w h ich  are denoted 
by the d iam ond-shaped sym bols in  the graphs o f  Figures 3 
and 4, ind ica te tha t the m ax im um  effic iency o f  the extraction  
process ranged fro m  about 10 to 20% fo r m ost o f  the test 
com pounds. P a lm itic  acid was an exception to  th is  trend 
although the m ax im um  extraction  effic iency fo r  th is  com 
pound was s till on ly  about 50%. D ata  fro m  the Soxhlet ex
trac tion  m ethod, denoted by  the cross m arks, ind ica ted tha t 
the m ax im um  extraction efficiency was somewhat higher than 
fo r the fo rm er, ranging from  10 to  50%.

Since Soxhlet ex trac tion  is a con tinuous ly  repe titive  p ro -

Table 3. Adjusted area ratios for silylated peaks: simultaneous/ 
sequential treatment

Peak
No.

Rei.
time

Adjusted area ratios of samples

1210 1229 115 128 131

1 0.143 1.065 1.61 1.38 0.679 1.05
2 0.177 1.52 1.52 — 1.30 1.74
3 0.209 0.746 0.758 — 5.27 4.70
4 0.261 — 1.74 3.37 1.83 >1.2
5 0.332 >1.7 — 3.17 — >2.2
6 0.399 >5.5 3.61 5.04 — >2.1
7 0.436 6.17 2.01 4.59 9.61 4.37
8 0.468 3.97 2.65 17.5 9.78 12.3
9 0.548 1.77 0.848 0.682 1.63 >5.0

10 0.641 2.49 1.24 1.36 1.63 1.30
11 0.662 — 1.37 1.47 1.82 2.40
12 0.687 2.87 1.75 3.21 — 2.91
13 0.717 1.51 1.40 1.81 2.47 2.16
14 0.7521 2.78 1.40 4.39 2.58 2.40
15 0.837 1.53 13.9 2.19 4.40 9.11
16 0.854 2.12 2.76 2.40 5.47 3.41
17 0.888 3.83 3.46 1.91 4.40 3.62
18 0.928 1.12 2.93 3.28 2.41 2.10
19 0.953 1.59 1.28 2.13 2.86 1.14
20 1.000 1.02 — 0.923 0.826 0.688
21 1.167 1.02 1.19 1.03 0.912 1.06
22 1.322 1.02 0.989 0.932 0.884 0.851
23 1.401 1.03 0.952 — 0.963 0.996
24 1.464 1.00 0.865 — 1.29 0.867
25 1.531 1.53 1.02 1.03 1.03 0.956
26 1.601 1.05 1.05 0.999 1.32 0.985
27 1.745 1.27 1.05 1.12 1.12 1.13
28 2.040 1.03 0.902 — — 1.11

Table 4. Sampling conditions used in extraction efficiency 
study

Total
suspended

Sampling time, Total flow, Sample mass, particles,
Sample No. h cu. m 9 ng/cu. m

217 97.90 10 900 0.5606 32.2
33 163.8 18100 0.3508 30.9

Table 5. Extraction conditions used in efficiency study

Filter 1 Filter 2

Extn A B C A B C D
method Sim. Seq. Sim. Sim. Sim. Sim. Sox.

1 0.3* 0 0.75 0.50 0.50 0.80 0
2° 2 12 5 5 5 20

2 0.20 0 0.20 0.20 0.20 0.20 0
2 2 2 11 11 11 20

3 0.20 0 0.20 0.20 0.20 0.20 —

2 2 2 6 6 6 —

4 0.20 0 0.2 0.20 0.20 0.20 —

2 2 2 12 12 12 —

5 0.20 0 0.20 0.20 0.20 0.20 —

2 2 4 6 6 6 ___

6 0.20 — — — — —

7

8 

9

0.20
2
0.20
2
0.20

—

—
—

—
—

— — —
—

— —

10 0.15 — — — — — —

5 — — — — — —
* Throughout, first line is BSTFA, mL. 
'’Throughout, second line is duration, h.
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Glutaric Acid

Palm itic  Acid 1- Dodecanol

Figure 3. Extraction efficiencies of selected nonaromatic acids and alcohols. Extraction times and amounts of silylation reagents 
were varied for each extraction and are given in Table 5. Symbols: (O ) sim., filter section 1A; (0 )  seq., 1B; (A) sim., 1C; (O) sim.,

2A; (V) sim., 2B; (□) sim., 2C; ( o )  sox., 2D.

cess, i t  is no t surp ris ing tha t i t  was m ore effic ient than 5 
cycles o f  the sequential m ethod. O n ly  fo r p a lm itic  acid  was 
the u ltrason ic extraction  procedure m ore effic ient than the 
Soxhlet ex traction  m ethod. The data set fo r th is  study was 
a very  com plica ted one, s im ila r to  tha t shown in  F igure 1. 
Thus, i t  is probable tha t w ith  th is  one com pound a con tam 
inan t coeluted w ith  the s ily lated p a lm itic  acid, p roducing a 
response greater than tha t ob ta ined w ith  the Soxhlet extrac
t io n  m ethod in  w h ich  the con tam inan t d id  no t exist o r was 
suffic ien tly  separated fro m  the test com pounds no t to  be 
integrated as the same peak. A lso , i t  is im p o rta n t to  realize 
tha t these experim ents were no t designed to  com pare spe
c ifica lly  the Soxhlet and u ltrason ic  methods. C o nd ition s  fo r

Table 6. Percent quantitative extraction efficiencies from syn
thetic samples

Compound
No. of 
extns

Total time 
extd, h

Extn recovery,
%

Glycolic acid 5 36 92.3
Lactic acid 4 37 99.5
Catechol 5 36 92.8
Glutaric acid 5 36 88.3
1-Naphthol 5 36 99.1
1-Dodecanol 5 36 100
1-Naphthalene acetic acid 4 37 95.2
Fluoranthene 4 37 95.7
Palmitic acid 4 37 100
n-Docosane 4 37 93.0

the 2 extraction  processes were no t m atched. The ultrason ic 
extraction  was perfo rm ed fo r 10 h w ith  5 repetitions, w h ile  
the Soxhlet ex traction  was con tinued  fo r 40 h.

The p rim a ry  purpose o f  these experim ents was to  inves
tigate the po ten tia l o f  sim ultaneous u ltrason ic  extraction  and 
s ily la tio n . U sing glass fibe r f ilte r  sections num bered 1 A , 1C, 
2A , 2B, and 2C, the process was app lied  w ith  d iffe ren t ex
trac tion  tim es and s ily la tio n  reagent concentra tions as given 
in  Table 5. The m ost effic ient single extractions were obta ined 
fo r  section 1C, w h ich  was extracted fo r 12 h w ith  0.75 m L  
o f  BSTFA. E xtrac tion  efficiencies between 45 and 90% were 
achieved fo r these in it ia l cond itions. W ith  subsequent ex
tractions, 100% efficiency cou ld be achieved fo r  each o f  the 
test com pounds w ith in  a 24 h ex trac tion  period . F o r a ll s i
m ultaneous extraction  cond itions  investigated, 100% effi
ciencies were achievable w ith in  a 48 h extraction  period.

Quantitative Extraction Studies
In  the extraction  efficiency studies described above, 100% 

efficiency was de term ined fo r each o f  the com pounds when 
a d d itiona l quan tities o f  tha t com pound cou ld  n o t be extract
ed w ith  subsequent extractions. The advantage o f  th is  ap
proach is tha t ex traction  efficiencies can be measured using 
real samples. The disadvantage is tha t absolute quan tities 
cannot be measured, because i t  is no t possible to  know  the 
true q u a n tity  o f  the com pounds in it ia l ly  conta ined in  the real 
samples.

A n  a lte rna tive  procedure fo r investiga ting  the effectiveness
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Phthalic Acid

TIME (HOURS)

Figure 4. Extraction efficiencies of aromatic acids and phenols. Glass fiber filter sections, extraction times, extraction methods, 
and extraction conditions were the same as those given in Figure 3 and Table 5.

o f  an extraction  m ethod is to  prepare a synthetic sample w ith  
know n quan tities o f  test com pounds. In  th is  study, a standard 
m ix tu re  o f  acids, alcohols, and phenols w as prepared by d is 
solving underivatized standards in  a com patib le  solvent. T h is  
so lu tion  was added to  a glass fibe r filte r, and the so lven t was 
allow ed to evaporate at roo m  tem perature under n itrogen. 
U s ing  the sim ultaneous m ethod o f  ex traction  and s ily la tio n , 
th is  glass fibe r f ilte r  was extracted in  5 steps ove r 36 h. A n  
equal am oun t o f  the standard so lu tion  was added to  a pure 
d e riva tiz ing  agent and heated fo r 2 h at 60°C. These co n d i
tions were found  to be suffic ient fo r  com plete d e riva tiza tion  
o f  the standard so lu tion . The de riva tized  standard so lu tion  
was adjusted to  the same vo lum e as tha t o f  the spiked filte r 
extract, and the chrom atogram s o f  the 2 m ix tu res were com 
pared to  determ ine the percent recovery o f  the extraction  
process.

The results o f  th is  study are shown in  Table 6. Better than 
88% extraction  recovery was obta ined fo r  a ll com pounds in  
the standard m ix ture . A lso, extraction profiles s im ila r to  those 
shown in  Figures 3 and 4, using the s im ultaneous m ethod, 
were ob ta ined w ith  the synthetic sample. C learly, these stud
ies have illus tra ted  tha t m any po la r organic com pounds are 
so tenaciously he ld  to  a irborne pa rticu la te  m atte r tha t the 
standard extraction  techniques used to  access the organic

frac tion  o f  these partic les are insu ffic ien t to  recover com 
plete ly m any o f  these com pounds. A ltho ug h  the studies re
ported here were no t investigated in  suffic ient de ta il to  rec
om m end an o p tim a l procedure, s ily la tio n  o f  samples du rin g  
u ltrason ic ag ita tion  was shown to  s ign ifican tly  increase the 
recovery o f  alcohols, phenols, and carboxy lic  acids com pared 
to  extraction  fo llow ed by s ily la tion .
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DISINFECTANTS

Evaluation of Penicylinders Used in Disinfectant Testing: Bacterial Attachment and Surface 
Texture

EUGENE C. COLE, WILLIAM A. RUT ALA, and JOHNNY L. CARSON
U n ivers ity  o f  N o r th  C a ro lin a  a t  C h a p e l H ill, D iv is io n  o f  In fe c tio u s  D ise a se s , C h a p e l H ill, N C  2 7 5 1 4

Two possible deficiencies in the AOAC use-dilution method for reg
istration of chemical disinfectants by the Environmental Protection 
Agency are examined: (7) the physical disparities among brands of 
penicylinders and (2) the variability of bacterial numbers on peni
cylinders depending upon test strain and penicylinder surface texture. 
Textural differences of 2 brands of stainless steel penicylinders, one 
brand of porcelain, and one brand of glass were assessed by scanning 
electron microscopy. A considerable variation in smoothness of both 
inner and outer surfaces of stainless steel and porcelain penicylinders 
was observed. Glass penicylinders were very smooth. Numbers of 
bacteria attached to a penicylinder were assessed by vortexing the 
penicylinders 30 s at No. 4 after using the AOAC method of bacterial 
inoculation and drying 40 min at 37°C. With this methodology, stain
less steel carriers retained the 3 AOAC-recommended bacterial test 
strains differentially: ca 107 for Pseudomonas aeruginosa, 5 x 10s 
for Staphylococcus aureus, and 106 for Salmonella choleraesuis-, glass 
retained 10M07 organisms of all 3 test strains; porcelain retained 
about that amount of S. aureus but 105-106 P. aeruginosa and lO’-lO4
S. choleraesuis. These data suggest that disinfectants are not similarly 
challenged with the AOAC-recommended test bacteria and that an 
alternative method should be considered to ensure comparable num
bers of bacteria on penicylinders.

The A O A C  use -d ilu tio n  m ethod (1) is the o ffic ia l m ethod 
fo r eva luating the bacte ric ida l a c tiv ity  o f  hosp ita l d is in fec
tants. F o r m any years, the E nv iron m en ta l P ro tection  Agency 
(EPA) pe rfo rm ed in tra m u ra l pre- and postreg is tra tion effi
cacy testing o f  some chem ica l disinfectants. In  1982, the 
testing was curta iled , presum ably fo r  budgetary reasons and 
to  reduce governm ent regu la tion  o f  business. Thus, m anu
facturers presently do n o t need ve rifica tio n  o f  efficacy c la im s 
by EPA o r by an independent testing labo ra to ry  when they 
apply to  register a d is in fectant. In  the past 5 years, the test 
m ethod has often been critic ized , and several federal, com 
m ercia l, state, and un ive rs ity  labora tories pe rfo rm ing  the test 
have been unable, because o f  e ither in tr in s ic  deficiencies o f  
the d is infectants o r p rob lem s w ith  the m ethod, to  substan
tia te  the bacteric ida l c la im s o f  some m anufacturers (2).

The present investiga tion  was undertaken to  exam ine 2 
deficiencies tha t have been proposed to  account fo r  the A O A C  
use-d ilu tion  test v a ria b ility : physical d isparities among brands 
o f  pen icy linders and the re la tionsh ip  o f  such d isparities to 
the adherence o f  bacteria to  penicylinders.

E xperim enta l

Media and Reagents
(a) N utrien t b ro th .— A O A C  4.001a. A na tone (A m erican 

Laboratories, Inc., O m aha, N E  68127) and beef extract (D if-  
co Laboratories, D e tro it, M I  48232) were used as specified 
and prepared according to  d irec tions w ith  water. P r io r  to  
s te riliza tion , p H  was adjusted to  6.8.

(b) P o u r  p la te  agar. — Plate count agar (D ifco ).
(c) P h osph ate b u ffer d ilution  water. — A O A C  4.020(f).
(d) L a b o ra to ry  d istilled  water.
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Presented in part at the 85th Annual Meeting of the American Society for 
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(e) A sp a ra g in e .— Bacto asparagine (D ifco ) 0.1% (w /v ) 
aqueous so lu tion.

(f) E t h a n o l— (1)  95% (v /v )  fo r  concentra tions o f  25, 50, 
75, and 95%. (2) A bso lu te  alcohol.

(g) F reo n  1 3 . — E. I. duP on t de N em ours &  Co., W il
m ing ton , D E  19898).

(h) F r e o n  7 7 3 .— (P o lysc iences  In c ., W a rr in g to n ,  P A  
18976).

( i)  F ix a t iv e .— 2% g lu tara ldehyde-2%  paraform aldehyde. 
G lutara ldehyde 50% (Ted Pella, Inc., T us tin , C A  92680). 
Paraform aldehyde, reagent grade (F isher S cientific , P itts 
burgh, P A  15219).

( j)  S o re n so n ’s ph osph ate buffer, 0 .2 M .— T o  363.5 m L  
w ater 10.325 g sod ium  phosphate, d ibasic (F isher Scientific) 
was added and dissolved; 136.5 m L  w ater and 3.715 g po 
tassium  phosphate, m onobasic, was added. p H  was adjusted 
to  7.3.

(k) So ren so n  ’s ph osph a te  buffer, 0 .1M . — Sorenson’s 0 .2 M  
buffer was d ilu te d  1:2 w ith  water.

( l)  O sm iu m  tetroxide, 1.0 % . — 1.0 g osm ium  (E lectron M i
croscopy Sciences, F t. W ashington, P A  19034) was d issolved 
in  50.0 m L  w ater and d ilu te d  1:2 w ith  Sorenson’s phosphate 
bu ffe r 0 .2M .

(m) D ilution  w afer.—Phosphate bu ffe r d ilu t io n  water, 
AOAC 4.020(f) (1).
Organisms

S ta p h y lo c o c c u s  a u re u s  6538 , S a lm o n e l la  c h o le ra e s u is  
10708, P seu d om o n a s a eru gin o sa  15442 (A m erican  Type 
C u ltu re  C o llection , R o ckv ille , M D  20852).

Apparatus
(a) Sta in less stee l pen icy lin d ers. — % ±  1 m m  od, 6 ±  1 

m m  id , length 10 ±  1 m m  (S & L  M e ta l P roducts Corp., 
M aspeth, N Y  11378; and F isher Scientific).

(b) P o rcela in  pen icylinders. — 8 ± 1 m m  od, 6 ± 1 m m  
id , length 10 ±  1 m m  (F isher Scientific).

(c) G lass p en icy lin d ers . — 8 ±  1 m m  od, 6 ±  1 m m  id , 
length 10 ±  1 m m  (U n iv e rs ity  Research Glassware, Carr- 
boro, N C  27510).

(d) C o lo n y  counter. — (N ew  B runsw ick  Scientific , Edison, 
N J  08818-4005.)

(e) V ortex m ix e r .—V o rtex  G enie (F isher Scientific).
( f)  Sc rew -c a p p ed  (SC ) tu b es.— F lin t  glass, 20 x 150 m m  

(F isher Scientific).
(g) P etri d ish e s .—Polystyrene, 100 x  15 m m  (F isher Sci

entific).
(h ) S c a n n in g  electron m icroscope. — ETEC  Autoscan (Per- 

k in -E lm e r E lectron Beam Technology, H ayw ard , C A  94545).
( i)  S o n ic a to r .— U ltra so n ic  C leaner M od e l 450 (R A I Re

search Corp., Hauppauge, N Y  11787).
( j)  F ilt e r  paper. — W ha tm an  N o . 2, 9 cm  d iam ete r (W ha t

m an L td ., M aidstone, U K ).

Procedures
(a) B roth  m e d iu m .— N u tr ie n t b ro th  was prepared as in  

A O A C  4.001a (1), w ith  10 m L  po rtions  placed in  20 x 15
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Figure 1. Types of available penicylinders for the use-dilution 
method. From left to right, porcelain (Fisher Scientific), stainless 
steel (Fisher Scientific), stainless steel (S&L Metal Products 
Corp.), and glass (University Research Glassware). All penicyl

inders are 8 ± 1 mm od, 6 ±  1 mm id, and 10 ± 1 mm long.

m m  screw-capped, f l in t  glass tubes, and steam sterilized at 
121°C fo r 15 m in . B roths were inocu lated fro m  stock cu ltu re 
slants and incubated ove rn igh t at 37°C. A t  least 3 consecutive 
24 h  b ro th  transfers were made w ith  4 m m  id  p la tin u m / 
rh o d iu m  loop  (A m erican  Scientific  Products, M cG aw  Park, 
I L  60085). B roths used fo r testing were inocu la ted and in 
cubated 49 h. The 49 h b ro th  cultures con ta in  ca 1 x 109 P. 
a eru g in o sa ! rn L  and 5 x 10s S . aureus and S . choleraesuis/  
m L.

(b) P en icy lin d er  p re p a ra tio n .—N e w  pen icy linders were 
bo iled  in  water fo r  > 1 0  m in  to  rem ove o il residues. A fte r 
water was poured off, penicy linders were sonicated in  water 
fo r at least 5 m in  to  rem ove a d d itiona l debris. Used pen i
cylinders were steam -sterilized fo r 15 m in  at 121°C p r io r  to 
sonication. A fte r sonic cleaning and rins ing  in  water, a ll pen i
cylinders were placed in  IN  N a O H  ove rn igh t as specified in  
A O A C  4.009 (1). Penicylinders were then rinsed in  tap w ater 
u n t il neutra l to  pheno lphtha le in , rinsed tw ice  in  water, 
dra ined, placed 10 to  a tube (20 x 150 m m , screwcap, f lin t  
glass), covered w ith  fresh 0.1% asparagine so lu tion , sterilized 
15 m in  at 121°C (15 psi), and he ld a t roo m  tem perature u n til 
ready fo r  use. D u rin g  preparation , any cy linders w ith  no 
ticeable im perfections (scratches, chips, etc.) were discarded.

(c) P en icy lin d er  in o cu la tio n .— Test pen icy linders were 
aseptically placed in  sw irled b ro th -cu ltu res w ith  vo lum e o f 
b ro th  d irec tly  p ro p o rtio n a l to  num ber o f  pen icy linders (i.e., 
1 m L  b ro th /pen icy linde r). W hen we sim ultaneously in ocu 
lated m ore than one type o f  pen icy linde r, we alternated th e ir 
placem ent in to  the tubes. I f  necessary, tubes were shaken to 
rearrange cylinders in  b ro th  so tha t a ll were covered by b ro th  
culture. Tubes rem ained und is tu rbed  15 m in  at roo m  tem 
perature.

(d) P en icy lin d er  drying. — F o llow ing  in ocu la tio n , pen icy l
inders were rem oved fro m  b ro th  w ith  a flam ed w ire  hook 
and were placed on end in  sterile glass p e tri dishes (no m ore 
than 10/dish) m atted w ith  2 layers o f  9 cm  d iam ete r W h a t
m an N o. 2 f ilte r paper. The dishes were covered and placed 
in  an incuba to r at 37°C and were d ried  40 m in  at 25-35%  
re la tive  h u m id ity .

(e) E v a lu a tio n  o f  ce ll rem o va l m eth o d s.— T w o  m ethods o f  
m echan ica lly rem ov ing  attached bacteria fro m  penicy linders 
using a vo rtex  m ixe r were com pared. F o r each o f  the 3 bac
te ria  tested, 9 penicy linders were inocu lated as described 
above. Six were ran do m ly  selected, and each was placed in to  
a 20 x 150 m m  screw-capped, f l in t  glass tube con ta in ing  10

i—i

Figure 2. Scanning electron photomicrographs of penicylinder 
surface textures: S&L stainless steel, outside (A) and inside (B); 
Fisher stainless steel, outside (C) and inside (D); porcelain, out

side (E); and glass, outside (F). Scale: bar = 1 jun.

m L  sterile phosphate buffe r d ilu t io n  w ater (P B D W ), A O A C  
4.020(f) (1). F o r m ethod A , a vo rtex  m ixe r set at N o . 4 fo r 
30 s was used; fo r m ethod B, a vortex  m ixe r set at N o . 8 fo r 
3 m in  was used. A fte r each vo rtex ing  procedure, d ilu tio n s  
o f  10 4 and 10 5 in  P B D W  were prepared fo r S . aureus and 
P. aeruginosa, and d ilu tio n s  o f  10 3 and 10“4 were prepared 
fo r S . choleraesuis. F o r each d ilu t io n , 1.0 m L  was inocu la ted 
in to  each o f  tw o  15 x 100 m m  sterile p e tri dishes to  w h ich  
15-17 m L  po u r plate agar at 42-45°C  was added. W hen a ll 
plates so lid ified , they were in ve rted  and incubated 48 h at 
37°C. Colonies on a ll plates were enum erated using a co lony 
counter, and those w ith  counts between 30 and 300 were 
used fo r  calculations.

(f) B a cteria l rem o val fro m  pen icy lin d ers.—A fte r they were 
dried , each o f  5 penicy linders was aseptica lly placed in to  a 
20 x 15 m m  screw-capped, f l in t  glass tube con ta in ing  10 m L  
sterile P B D W . Organism s were rem oved fro m  d ried  pen i
cylinders by p lacing tube on a vo rtex  m ixe r set at N o . 4 fo r  
30 s. D ilu tio n s  o f  1 O'3, 10 '4, and 1 O'5 were prepared in  P B D W  
using sample a liquots o f  1.0 m L . A t  each o f  the 3 d ilu tio ns ,
1.0 m L  was plated in  duplicate by the pour plate m ethod, 
described above. W hen so lid ified , a ll plates were inve rted  
and incubated 48 h at 37°C. F o llow ing  incuba tion , colonies 
were enum erated using a co lony counter, and those w ith  
counts between 30 and 300 were used fo r  calcula tions.

(g) S c a n n in g  electron m icroscopy (S E M ). — S terile pe n i
cylinders fo r  surface texture exam ina tion  were prepared as 
described above. They were aseptically rem oved fro m  sterile 
0.1% asparagine so lu tion  and placed in to  sterile glass p e tri 
dishes m atted w ith  2 layers o f  W ha tm an  N o . 2 f ilte r  paper 
and allow ed to  d ry  > 3 0  m in  at 37°C. P en icylinders w ith  
adherent bacteria were inocu la ted and d ried  as described
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Figure 3. Comparison of numbers of use-dilution test bacteria 
seeded on recommended S&L stainless steel penicylinders: A, 
P. aeruginosa; B, P. aeruginosa residing in penicyiinder (S&L) 
grooves; C, S. aureus; and D, S. choleraesuis. Scale: bars =

1 nm.

above. A l l  pen icy linders were im m e d ia te ly  fixed in  a m ix tu re  
o f  2% g lu tara ldehyde-2%  paraform aldehyde (pH  7.2) and 
then rinsed in  phosphate buffer. They were postfixed in  a 
buffered 1 % osm ium  te trox ide  so lu tion , dehydrated in  a grad
ed ethanol series, passed through graded so lu tions in to  a 
trans ition  flu id  o f  Freon 113, and d ried  by c r it ic a l p o in t 
technique using Freon 13. Penicylinders were m ounted on 
SEM  specimen stubs w ith  s ilve r paste and were spatter-coat
ed w ith  go ld o r g o ld -pa llad iu m . Specimens were exam ined 
in  an ETEC  A utoscan scanning electron m icroscope at an 
accelerating voltage o f  20 kV . P rio r to  photographing a sur
face, at least 20 typ ica l fields were exam ined.

Results

Surface Texture of Penicyiinder Types
E xam ina tions were pe rfo rm ed to  de term ine i f  physica l d i f 

ferences exist am ong the 4 types o f  ava ilab le  penicylinders: 
stainless steel (bo th  S & L  and Fisher), porcela in , and glass 
(F igure 1). A s can be seen in  F igure 2, s ign ificant differences 
in  surface texture were noted am ong the penicy linders when 
exam ined by SEM. The 2 brands o f  stainless steel pe n icy lin 
ders were m arked ly  d iffe rent, w ith  the ou ter surfaces o f  the 
A O  A C -recom m ended S & L  brand p rin c ip a lly  sm oo th  (F igure 
2A ) bu t e xh ib itin g  some grooves where bacteria cou ld  reside. 
The inne r surface o f  the S & L  pen icy iinde r (F igure 2B) and 
the ou te r/in n e r surfaces o f  the occasionally used F isher pen i
cy iinde r (F igure 2C, D ) showed deep grooves and sign ificant 
p ittin g . Porce la in pen icy linders were extrem ely irregu lar 
(F igure 2E) and the glass pen icy linders were very  sm ooth 
(F igure IF).

Cell Removal from Penicylinders
F or S . aureus, bo th  m ethods A  and B revealed iden tica l 

mean values o f  1.3 x  107 organism s (P >  0.1). SEM  ex
a m ina tion  o f  a ran do m ly  selected pen icy iinde r revealed no 
cells attached to  the pen icy iinde r fo llo w in g  processing ac
cord ing to  m ethod A . M ean values fo r  S . cho leraesu is  were
9.7 x 105 fo r m ethod  A , and 1.2 x  106 fo r m e thod  B (P >

Table 1. Mean numbers of organisms (±standard deviation) on 
penicylinders seeded with AOAC-recommended test bacteria

Peni
cyiinder

No. of organisms,” x 106 ±  SD

S. aureus 
(ATCC 6538)

P. aeruginosa 
(ATCC 15442)

S. choleraesuis 
(ATCC 10708)

Stainless steel
S&L 5.98 ±  1.61 13.70 ±  5.20 0.82 ±0 .11»
Fisher 5.38 ±  2.59 18.92 ±  12.48 0.99 ±  0.33»

Porcelain 7.04 ±  4.01 0.97 ±  0.94»'” 0.01 ±  0.009»”
Glass 7.94 ±  8.92 13.22 ±  8.63 1.70 ±  0.34»”

* All mean numbers of organisms represent 5 replicates except P. aerugi
nosa on porcelain penicylinders which has 4 replicates.

» Significant difference between test strains, P < 0.05.
” Significant difference between penicyiinder types, P < 0.05.

0.1). P. aeru ginosa  showed a mean value o f  6.3 x  106 cells 
using m ethod A , and 1.5 x 107 cells using m ethod  B (P >
O. 1). Because the num ber o f  cells per pen icy iin de r d id  no t 
d iffe r by m ore than 0.5 log despite w h ich  rem ova l m ethod 
was used and because m ethod B o ften resulted in  tube break
age, m ethod A  was used.

Cell Attachment to Penicyiinder Types
The mean num bers o f  S . aureus  th a t adhered to  S & L  and 

F isher stainless steel pen icy linders were d ire c tly  com parable 
(about 5 x 106), as they were on glass and porce la in  (about 
7 x 106) (Table 1); there were no significant differences among 
the 4 pen icy iinde r types. M ean num bers o f  P. aeru ginosa  
attached to  S & L  and F isher stainless steel pen icy linders also 
were d irec tly  com parable, whereas differences were observed 
between porcela in (low  cell num bers) and the o the r pen icy l
inders (Table 1). A n  SEM  o f  a porce la in  pen icy iinde r in oc 
ulated w ith  P. aeruginosa, however, showed cell a ttachm ent 
in  large num bers, m ost lik e ly  in d ica ting  d iff ic u lty  in  rem ova l 
o f  the cells fro m  the rough surface. N o  sign ificant difference 
was observed between glass and stainless steel. M ean n u m 
bers o f  S . choleraesuis  on S & L  and F isher SS penicy linders 
again were d irec tly  com parable w ith  about 106 organism s/ 
pen icy iinder, w h ile  the porce la in  and glass bo th  d iffe red sig
n ifican tly  fro m  the stainless steel. A l l  3 A O  A C  recom m ended 
test bacteria and a ll 4 brands o f  pen icy linders varied  consid
erably as dem onstrated by the large standard devia tions.

W hen num bers o f  the 3 A O A C  test bacteria  adhering to  
the recom m ended S & L  pen icy iinde r (Table 1) were assessed,
P. aeru ginosa  appeared m ost adherent, w ith  a mean num ber 
o f  organism s approaching 1.4 x 107; som ewhat less S . aureus  
attached, at approx im ate ly  6.0 x  106; and S . choleraesuis  
attached the least, at 8.2 x  105. These find ings were v isu a lly  
corroborated by SEM  when inocu la ted pen icy linders were 
exam ined (F igure 3).

D iscussion

The surface texture o f  ava ilab le  pen icy linders tha t m igh t 
be used in  the A O A C  use -d ilu tio n  m ethod o f  d is in fectan t 
testing varies s ign ificantly . Bacteria th a t reside in  p e n icy iin 
der grooves m ay be pro tected fro m  d is in fectan t exposure. 
The m ethod recom m ends on ly  the S & L  brand o f  stainless 
steel pen icy iinde r; however, in  1982, S & L  M e ta l P roducts 
Corp. suspended the m anufacture o f  th e ir  pen icy linders fo r  
14 m onths. A t  tha t tim e  m any laboratories were forced to 
purchase stainless steel pen icy linders fro m  the o ther m a jo r 
m anufacturer, F isher Scientific.

The F isher penicy linders have the same measurements as 
those fro m  S& L, b u t F isher pen icy linders have ends beveled 
to  the inside. The degree o f  po lish  on the 2 brands also was 
v is ib ly  d iffe rent. The F isher pen icy iinde r appeared less p o l
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ished than the S& L, a lthough the com panies have m anufac
tu rin g  specifications tha t are nearly iden tica l. S & L  M eta l 
Products Corp. m anufactures th e ir  penicy linders using 304- 
grade stainless steel, w ith  a m ax im um  degree o f  po lish  o f  32 
iim  on the outside and 36 ^m  on the inside. F isher Scientific  
also uses 304-grade stainless steel bu t specifies a m ax im um  
degree o f  po lish  o f  32 ^m  on the outside and the inside. A  
m easurement o f  32 ¿¿m indicates tha t the distance fro m  the 
lowest to the highest p o in t o f  a depression on the po lished 
surface can be no greater than 32 jim . Scanning electron 
m icroscopy corroborated the m arked tex tu ra l difference be
tween the 2 brands. The 3 bacteria l test strains, however, 
exh ib ited  s im ila r adherence to  bo th  brands o f  penicylinders.

EPA requires tha t porce la in  pen icy linders be used as car
riers in  the use -d ilu tion  m ethod i f  a ge rm ic ida l c la im  is made 
fo r a porous surface. F isher Scientific  is the sole m anufacture r 
and supp lie r o f  th is  pen icy linder, w h ich  is iden tica l to  the 
F isher stainless steel pen icy linde r in  term s o f  size and design. 
The porcela in surface was found  m icroscop ica lly  to  be ex
trem ely rough. Bacterial adherence to  the porcela in varied  
s ign ificantly  am ong the test bacteria, a lthough values fo r P. 
aeru ginosa  m ay be falsely lo w  due to  d iff ic u lty  in  rem oving  
cells fro m  the m a tr ix  o f  the porce la in  cy linde r by the vortex 
m ethod. In  ad d ition , the porce la in  is susceptible to cracking 
and chipp ing. F o r these reasons i t  cannot be recom m ended 
as a substitute fo r  stainless steel in  use -d ilu tion  testing.

Glass penicy linders were inc luded in  th is  study because o f  
the ir extrem ely sm ooth in ne r and outer surfaces. These were 
custom -m ade fro m  Pyrex tub ing  (w ith  fire  po lished ends) to  
the exact d im ensions o f  the S & L  stainless steel penicylinders. 
The m ost s im ila r bacteria l adherence (10fi—107) am ong the 3 
test strains was found  on glass pen icy linders w hen com pared 
w ith  steel o r porce la in  penicylinders. H ow ever, glass pen i
cylinders d ried  very poorly ; therefore i t  is possible tha t the 
bacteria l a ttachm ent is n o t en tire ly  representative o f  organ
isms dried  on to  the glass surface, bu t ra ther represents o r
ganisms carried ove r in  the rem a in ing  d rop le t o f  undried  
bro th .

The m ost s ign ificant find ing  o f  the study was tha t the 3 
test bacteria specified in  the A O  A C  m ethod attached to  sta in
less steel penicy linders d iffe ren tly , w ith  m ore than 107 fo r P. 
aeruginosa, app rox im a te ly  5 x  106 fo r S. aureus, and 106 o r 
less fo r S . choleraesuis. Thus, a 1.5 log difference o r m ore 
am ong the test organism s is possible. Such a difference m igh t 
no t be unexpected considering d iffe ring  num bers o f  cells in 
b ro th  cu ltu re  as w e ll as o ther m orpho log ica l and physio log

ica l differences among the test strains tha t m ay affect bacteria l 
a ttachm ent to  penicylinders.

T h is  is the firs t dem onstra tion  tha t d is in fectants c la im in g  
efficacy against various bacteria are no t s im ila r ly  challenged 
in  the A O  A C  use -d ilu tion  m ethod. W hen 18 laboratories 
tested 6 hosp ita l d is infectants against the 3 A O A C -reco m - 
m ended test bacteria, the test d is in fectants fa iled  m ost fre 
quen tly  (62%) when they were challenged w ith  P. aeru ginosa  
(Ruta la , Cole, unpublished results). T h is  m ay be due to  the 
larger num ber o f  P. aeru ginosa  per pen icy linde r, o r to  the 
in tr in s ic  resistance o f  th is  organism , o r both.

In  ad d itio n  to  sign ificant v a r ia b ility  am ong the bacteria l 
strains, v a r ia b ility  is high am ong replicates using the same 
bacteria and penicylinders, as evidenced by large standard 
devia tions. Test results cou ld be affected by th is  in tr in s ic  
v a r ia b ility , because the tim e  requ ired fo r k il l in g  m ic ro o r
ganisms is d irec tly  related to the in it ia l num ber o f  cells (3). 
T h is  m ay p a rtia lly  exp la in w hy in  a test w ith  60 p e n icy lin 
ders, some o f  the penicylinders w i l l  pass and some w il l  fa il.

In  conclusion, textura l differences am ong the types o f  
ava ilab le  penicy linders (porcela in, glass, and 2 brands o f  
stainless steel) m ay affect the a ttachm ent o f  bacteria to  them . 
C om parable num bers o f  each o f  the 3 A O A C -recom m ended 
bacteria l test strains attached to  bo th  brands o f  stainless steel; 
however, the strains attached in  d iffe ren t num bers fo r  each 
organism , w ith  m ore than 107 fo r P. aeru ginosa, ap p ro x i
m ate ly 5 x  106 fo r  S. aureus, and 106 o r less fo r  S . ch o ler
aesuis. In  v ie w  o f  these findings, we recom m end (7) tha t 
stainless steel be retained as the requ ired carrie r in  fu tu re  
rev is ion  o f  the use -d ilu tion  m ethod, (2) tha t S & L  and F isher 
brands o f  stainless steel penicy linders be com para tive ly  s tud
ied, and ( i )  tha t a lte rna tive  m ethodolog ies be considered to 
ensure com parable num bers o f  challenge bacteria.
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FEEDS

Comparison of HgO and CuS04/T i0 2 as Catalysts in Manual Kjeldahl Digestion for 
Determination of Crude Protein in Animal Feed: Collaborative Study

P E T E R  F. K A N E
P u rd u e  U n iversity , D e p a r tm e n t o f  B io c h e m is try , W e s t L a fa y e t te ,  I N  4 7 9 0 7

C ollaborators: S. A llis o n ; P. Eggerman; C. G ehrig; P. Lonn ; H . F. M o rr is ; W . V . Perry; H . R ibbke ; T . Roades; J. Sieh;
R . S m ith ; R. Stedman; R. Sweeney; R. M . V icke ry ; G. W illkens

Because of environmental concerns about HgO, and because of lengthy 
digestion requirements for HgO and CuS04, interest in alternative 
catalysts for the Kjeldahl determination of animal feeds remains high. 
A digestion system using a mixed CuS04/T ¡02 catalyst has been 
found to reduce digestion times to 40 min. A collaborative study was 
carried out to compare this system to the official AO AC HgO method,
7.015. Thirty-eight samples, consisting of blind duplicates of closely 
matched pairs and 2 standard materials, were analyzed once by each 
method. Results were received from 13 laboratories. Means and stan
dard deviations of individual samples were comparable, with an over
all difference of grand means of 0.005% protein. With only one 
exception, analyses of variance showed no significant method differ
ence at the 95% confidence level. The CuS04/T i0 2 method has been 
approved interim official first action as an alternative method for 
determination of crude protein in animal feed.

The selection o f  cata lyst in  the K je ld a h l de te rm ina tion  o f  
crude p ro te in  continues to  be a top ic  o f  great in terest. The 
tra d itio n a l cata lyst o f  choice has been HgO , b u t th is  has 
raised m uch en v iro nm en ta l concern. In  ad d ition , the o ffic ia l 
A O A C  m ethod using HgO , 7.015 (1), specifies a lengthy 2 h 
d igestion whenever the sample contains organic m ateria l.

Because o f  these concerns, m any laboratories have ex
pressed the need fo r  an a lte rna tive  catalyst. A  m ethod using 
C u S 04 as a cata lyst (2) was successfully co llabora ted in  1984
(3), and is now  an A O A C  o ffic ia l firs t action m ethod, 7 .033-
7.037 (1). The de te rm in a tion  is m ercury-free, and the diges
t io n  tim e  is reduced fro m  120 to  90 m in .

M ore  recent w o rk  has shown a m ixe d  catalyst o f  C u S 0 4 
and T i0 2 (4) to  be m ore effective than C u S 04 used alone. 
U sing o p tim ize d  am ounts o f  C u S 0 4 (0.01 g) and T i0 2 (0.6 
g), i t  is possible to  reduce the digestion tim e  to  40 m in , less 
than h a lf  the tim e  requ ired fo r C u S 0 4 alone. T h is  was con
sidered a s ign ificant enough advantage to  ju s t ify  a co llabo
ra tive  study.

Collaborative Study
T h irty -e ig h t samples were used in  the co llabo ra tive  study. 

They consisted o f  18 b lin d  duplicates as 9 closely m atched 
pairs, plus 2 standard m ateria ls. The co llabora to rs were in 
structed to  pe rfo rm  b o il tests to  v e r ify  heat in p u t, then to  
analyze each sample once by the o ffic ia l H gO  m ethod, 7.015
(1), and once by the C u S 0 4/ T i 0 2 m ethod.
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Protein (Crude) in Animal Feed 

CuS04/Ti02 Mixed Catalyst Kjeldahl Method 

Interim First Action 

(Caution: See 51.030, 51.037.)

Principle
Sample is digested in H2S04, using CuS04/T i0 2 as catalysts, 

converting N to NH3 which is distd and titrd.

Reagents
(a) Sodium hydroxide soln.— Dissolve ca 450 g NaOH pellets or 

flakes (low N) in H20 , cool, and dil. to 1 L; or use soln with sp. gr. 
>1.36.

(b) Boiling stones.—Alundum, 8-14mesh(No. 1590-D18; Thomas 
Scientific Co., 99 High Hill Rd at 1-295, PO Box 99, Swedesboro, 
NJ 08085-0099).

(c) M ethyl red indicator.—Dissolve 1 g Me red (Na salt) in 100 
mL MeOH.

(d) Hydrochloric or sulfuric acidstd soln.—0.5N. Prep, as in 50.011-
50.017 or 50.039-50.040.

(e) Sodium hydroxide std soln.—0.1N. Prep, as in 50.032-50.035. 
After stdzg both acid and base by methods suggested in (d) and

(e), also check one against the other. In addn, check entire method 
by analyzing NBS Std Ref. Material No. 194, NH4H2P 0 4, certified 
12.15% N, and a high purity lysine HC1.

Table 1. Collaborative samples for Kjeldahl determination of 
crude protein

Closely 
matched 
pair No.”

Sample Nos 
of blind 

duplicates
Approx. 

% protein Material

1 1,27 40 cattle concentrate
17,32 40 cattle concentrate

2 2,34 17 alfalfa pellets
15,23 17 dehydrated alfalfa meal

3 3,21 20 broiler finisher
6,29 20 broiler finisher

4 4,33 88 soy protein concentrate
20,25 88 soy protein concentrate

5 5,22 48 soybean meal, solv. extd
11,31 48 soybean meal, solv. extd

6 7,37 80 blood meal
9,30 80 blood meal

7 8,38 36 dry milk powder
14,26 36 dry milk powder

8 10,35 80 feather meal
19,28 80 feather meal

9 12 21.31 Fisher Scientific Co. 
primary std (NH4)2S 04 
lot 852132

10 13,36 50 meat meal
16,24 50 meat meal

11 18 95.86 Aldrich Chemical Co. 
L-lysIne-HCI
(Gold Label), lot 0523AM

• Pairs are from different lots of same product from same manufacturer.
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Table 2. Collaborative results for study of CuS0„/Ti02 and HgO catalysts for Kjeldahl determination of crude protein

Sample
Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6

Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO
1 40.98 40.06 40.15 39.64 41.9 41.0 40.18 40.35 41.24 40.63 41.38 41.03
2 16.98 17.16 16.40 17.27 15.9» 16.9 16.34 16.85 17.15 16.67 17.13 17.07
3 20.66 20.66 20.62 20.47 21.6 2 1.1 20.70 21.49 21.24 20.91 21.04 20.91
4 87.60 87.10 85.65 85.44 87.3 87.1 86.75 87.01 87.62 86.90 87.60 86.77
5 48.72 48.75 47.33 48.02 48.8 49.0 48.06 47.70 48.99 48.75 49.04 49.01
6 21.22 21.24 20.67 2 1.12 21.6 21.3 2 1.12 21.15 21.33 21.52 21.22 21.22
7 81.08 81.33 77.76 80.21 81.5 81.0 81.62 81.83 80.83 79.56 81.61 80.30
8 35.12 35.15 34.64 34.57 35.1 34.9 35.34 35.11 35.26 35.16 35.34 35.16
9 84.40 85.05 81.97» 82.98 84.0 84.3 84.38 84.80 83.72 83.23 85.15 84.96

10 83.96 84.15 82.13 83.08 84.6 84.6 84.25 84.29 84.51 84.18 84.64 84.02
1 1 48.82 48.20 45.30» 47.22 48.0 48.5 47.24 47.55 48.43 48.11 48.45 48.32
12 131.60 132.10 130.95 131.08 133.4 133.1 132.25 132.91 132.05 130.31 133.25 132.82
13 53.26 53.20 52.63 53.24 54.4 54.1 53.50 53.76 53.76 53.52 53.70 54.07
14 35.28 35.36 34.27» 34.77 35.2 35.1 35.11 35.31 35.16 35.40 35.21 35.01
15 17.22 17.50 16.92 •7.24 17.4 17.3 17.04 17.04 17.58 17.82 17.17 17.24
16 57.40 57.46 56.00 56.49 56.0 57.3 57.56 57.53 57.16 56.94 57.24 57.07
17 40.78 40.54 40.49 40.22 42.3 41.7 41.30 40.86 40.29 40.71 42.72 41.74
18 94.64 96.08 92.67 95.32 95.3 95.5 94.96 94.55 95.25 95.66 95.22 96.60
19 78.50 79.68 77.55 77.55 77.9 79.2 79.64 79.30 78.87 78.87 78.97 78.78
20 88.73 89.13 88.24 88.40 88.2 87.2 85.95» 86.85» 89.03 88.66 89.00 88.96
21 21.04 20.98 20.35 20.72 21.4 21.3 21.00 20.75 21.19 21.00 20.99 20.85
22 47.58 47.74 46.67» 48.46 48.9 47.6 49.28 49.35 48.75 48.86 48.99 49.09
23 17.06 17.29 16.80 17.25 17.0 16.9 16.98 17.59 17.38 17.52 17.32 17.48
24 57.19 57.38 55.90 56.45 57.6 57.1 57.26 57.46 57.07 56.84 57.10 57.41
25 89.28 89.48 87.08 88.30 89.1 89.4 87.25 88.89 89.13 88.79 88.70 88.64
26 35.21 35.25 34.89 35.03 35.4 35.4 35.36 35.36 35.20 35.36 35.28 35.29
27 40.30 40.04 39.92 39.70 41.2 41.4 39.89 39.51 40.73 40.16 41.27 40.85
28 78.65 79.03 77.48 78.16 78.8 79.0 78.57 78.18 78.86 79.03 79.11 78.83
29 2 1.10 21.74 20.75 20.33 21.2 21.5 20.88 20.48 21.45 21.43 21.29 20.98
30 84.73 84.33 83.56 53.00 84.3 84.1 83.22 83.34 84.53 84.12 84.83 84.85
31 48.15 48.28 47.58 47.30 48.4 48.3 47.06 46.22» 48.30 48.10 48.37 48.55
32 40.33 41.20 40.75 38.65 40.5 40.1 40.16 39.30 40.51 40.31 41.85 42.00
33 87.60 87.98 86.39 86.60 86.4 87.4 87.38 89.25 86.96 87.70 87.55 88.09
34 17.08 17.08 17.07 16.99 17.2 17.3 16.85 17.11 17.20 17.25 17.04 17.18
35 84.50 84.50 83.19 83.09 80.8» 80.9» 84.38 82.52 84.28 84.32 84.02 84.15
36 53.90 53.90 52.88 53.74 54.1 54.1 53.54 53.52 53.71 54.00 54.06 54.32
37 79.45 80.60 77.88 79.12 78.9 80.7 79.43 79.25 80.97 79.46 81.08 80.97
38 35.11 35.26 34.55 35.03 35.7 35.2 34.82 34.44 35.15 35.23 35.28 35.16

* All data for collaborator 7 eliminated from further statistical consideration on basis of Steiner (6) and ranking tests (8). 
» Outlier on basis of Steiner test (6).
» Outlier on basis of Dixon test (7).

Apparatus
(a) D ig e s t io n .— Kjeldahl flasks with capacity o f 500-800 mL.
(b) D is t i l l a t i o n .  —D igestion  flask (e.g ., Corning N o. 2020) 

connected to distn trap by rubber stopper. Distn trap is connected 
to condenser with low-S tubing. Outlet o f  condenser tube should be 
<4 mm diam.

Determination
Weigh 0.250-1.000 g sample into digestion flask. Add 16.7 g K2S 0 4, 

0.01 g anhyd. C uS04, 0.6 g T i0 2, 0.3 g pumice, 0 .5 -1 .0  g Alundum  
granules, and 20 mL H2S 0 4. (Add addnl 1.0 mL H2S 0 4 for each 0.1 
g fat or 0.2 g other org. matter if  sample wt is >  1 g.)

Include at least 1 sample o f high purity lysine HC1 in each day’s 
run as check o f correctness o f  digestion parameters. If recovery is 
not complete, make appropriate adjustments.

To digest sample, first adjust heat to bring 250 mL H ,0  at 25° to 
rolling boil in 5 min. Add a few boiling chips to prevent superheating. 
Then heat samples at this 5-min boil rate until dense white fumes 
clear bulb o f  flask (ca 10 min), swirl gently, and continue heating 
addnl 40 min. (Note: Reagent proportions, heat input, and digestion 
time are critical factors—do not change.) Cool, cautiously add ca 
250 mL H20 ,  and cool to room temp. (Note: Add H20  as soon as 
possible to reduce amt o f caking. If excessive bumping occurs during 
distn, increase diln H ,0  from 250 mL to ca 300 mL.)

Prep, titm beaker by adding appropriate vol. o f acid std soln to 
amt o f H20  such that condenser tip will be sufficiently immersed to 
trap all NH , evolved. Add 3 -4  drops o f indicator soln (c).

Add addnl 0 .5 -1 .0  g Alundum granules to cooled digestion flask.

Optionally, 2-3 drops o f tributyl citrate may also be added to reduce 
foaming. Slowly down side o f flask, add sufficient NaOH soln (a) 
such that mixt. will be strongly alk. Immediately connect flask to 
distn app., mix completely, and distill at ca 7.5-min boil rate until 
> 150  mL distillate is collected in titm beaker.

Titr. excess std acid in distillate with NaOH std soln (e). Correct 
for blank detn on reagents. Calc. % nitrogen:

% N  =  {[(N,cJ (m L lclJ) — (mL,)k) (N NaOH) — (mLNaOH) (N NaOH)] 
x 1400.67}/mg sample

where mL^oH =  mL std base needed to titr. sample; mLadd =  mL 
std acid used for that sample; mL^ = mL std base needed to titr. 1 
mL std acid minus mL std base needed to titr. reagent blank carried 
thru method and distd into 1 mL std acid; N acld = normality o f  std 
acid; N NaOH =  normality o f  std base. Calc. % crude protein, defined 
as 6.25 x % nitrogen, or 5.7 x % nitrogen for wheat grains.

Results and Discussion
Table 1 iden tifies the sample types used in  the co llabora tive  

study. In  each case, closely m atched pairs were ob ta ined fro m  
the same m anufacturing  source and represent d iffe ren t lo ts 
o f  the  same p ro d u c t. R esu lts  w ere  re ce ive d  f ro m  13 
laboratories (Table 2). P a ir N o . 7, d ry  m ilk  powder, was 
inc luded in  the study at the request o f  the A m erican  D ry  
M ilk  Ins titu te  because tha t group is also interested in  the 
e lim in a tio n  o f  HgO  catalyst. The instructions to  collaborators 
d irected tha t the 6.25 ca lcu la ting fac to r be applied to  all
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Table 2. Continued

Coll. 7» Coll.. 8 Coll.. 9 Coll. 10 Coll. 1 1 Coll. 12 Coll. 13
Cu-Ti HgO Cu-Ti HgO Cu-TI HgO Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO Cu-Ti HgO
39.50 39.56 41.31 41.13 40.71 40.74 40.95 40.95 40.67 40.96 40.10 40.53 40.25 39.31
16.19 16.94 17.31 17.13 17.14 17.38 17.26 17.21 16.72 17.06 16.98 16.68 17.23 16.71
20.19 20.88 21.13 21.25 21.32 21.18 21.13 21.25 20.79 2 1.10 20.94 19.94° 20.45 20.82
84.00 84.44 88.00 87.88 87.96 87.73 87.26 87.54 87.43 87.54 86.80 87.12 86.24 86.55
46.44 47.38 48.88 48.94 48.69 48.92 49.15 48.38 48.31 48.89 48.83 48.42 48.83 48.88
20.38 20.88 21.44 21.44 21.57 21.54 21.00 2 1.10 21.22 21.31 21.24 20.89 20.71 21.09
75.63 75.69 80.88 80.56 80.48 80.42 78.01 77.16° 80.12 81.31 79.85 80.57 80.47 78.81
33.00 33.06 35.56 35.63 35.22 35.43 34.65 35.32 34.75 35.06 34.61 35.24 34.14 35.19
77.56 79.88 85.25 85.25 84.86 84.91 84.22 84.29 84.09 83.74 84.62 82.90 84.15 84.76
81.50 80.63 84.88 84.88 84.55 84.85 83.88 83.60 84.26 84.55 84.49 83.87 83.61 84.18
45.75 47.19 49.06 48.56 48.27 48.54 47.92 47.80 47.85 48.25 48.01 47.90 47.68 47.78

129.13 129.31 132.38 133.31 132.32 132.48 130.50 131.54 131.90 132.06 132.92 130.42 129.44 131.62
51.44 52.19 54.31 54.13 53.97 53.91 53.69 53.90 53.82 53.84 53.70 53.76 57.04“ 53.12
34.25 34.75 35.56 35.69 35.24 35.29 34.73 35.16 34.75 35.08 35.16 34.84 35.05 34.12°
16.44 17.13 17.44 17.31 17.51 17.57 17.20 17.30 17.00 17.27 17.22 17.40 17.78 17.40
55.25 56.06 58.00 57.56 57.32 57.50 56.88 57.43 57.07 56.61 57.05 56.04 57.70 56.68
40.31 39.19 41.50 41.06 42.52 42.53 41.67 40.87 40.78 40.78 41.27 41.58 41.05 40.33
75.94 93.75 96.38 96.31 95.62 96.12 94.93 95.97 95.52 95.53 92.28= 95.86 95.62 94.73
76.06 76.81 79.50 79.31 79.19 79.46 78.55 79.62 78.37 78.71 78.69 77.89 77.93 77.83
85.50 86.00 89.06 89.19 88.61 88.81 88.03 88.24 88.91 88.56 88.57 88.58 88.58 88.59
20.13 20.69 20.88 21.13 21.20 21.47 21.07 20.94 20.95 21.04 21.24 20.68 21.04 20.87
46.75 48.00 49.25 48.94 48.40 48.75 48.50 49.05 48.81 48.65 48.57 48.64 49.31 48.78
16.69 17.31 17.25 17.19 17.27 17.38 17.57 17.22 16.99 17.21 17.55 17.36 17.76 17.21
54.66 56.31 58.00 57.75 57.35 57.18 57.77 57.22 57.46 57.29 57.09 56.51 57.13 55.81
84.97 85.19 89.44 89.44 89.04 89.12 88.33 88.72 88.69 89.10 88.73 89.06 88.98 88.35
33.40 34.69 35.19 35.50 35.25 35.53 34.98 35.10 35.16 35.36 34.80 35.07 35.44 35.02
38.63 38.63 41.13 40.63 40.65 40.87 40.33 40.56 40.52 40.67 40.19 40.35 40.30 40.24
75.12 76.88 78.38 79.25 79.38 79.21 78.57 78.83 78.38 78.55 78.82 78.43 78.29 76.90
20.20 19.44 21.50 21.25 21.61 21.48 21.06 21.17 20.92 21.15 21.49 21.18 2 1.2 1 21.15
77.74 81.94 85.25 85.19 84.76 84.46 83.46 83.99 84.83 83.95 83.29 84.27 83.63 82.60
45.75 47.63 48.38 48.44 48.35 48.63 47.81 47.98 48.27 47.79 47.48 47.30 48.15 47.77
38.55 39.81 40.94 41.50 41.45 41.73 41.13 41.06 41.79 41.03 41.94 41.84 40.14 40.87
84.18 84.06 88.13 87.69 87.86 87.70 86.62 87.61 87.16 87.15 86.31 86.89 86.63 85.80
16.54 17.31 17.31 17.06 17.04 17.11 17.16 17.18 17.04 16.83 17.26 17.27 17.21 17.06
81.44 81.75 85.13 85.06 84.63 84.69 83.67 84.76 84.12 84.27 84.26 83.71 83.73 83.48
52.28 52.63 54.69 54.50 54.34 54.20 53.40 53.51 53.07 53.84 53.90 53.90 53.45 53.54
74.46 78.38 81.25 81.00 80.50 80.28 78.26 78.70 80.05 79.88 80.13 80.51 79.32 79.08
34.46 34.81 34.69 35.31 35.28 35.34 34.96 34.83 35.04 35.17 35.10 34.93 35.00 34.85

samples, the m ilk  pow der as w e ll, to  he lp  preserve the b lin d  
duplicate nature o f  the study. H ow ever, the correct fac to r fo r 
the m ilk  samples w o u ld  be % N  x 6.38.

There were a num ber o f  com m ents fro m  collaborators. 
Several noted m ore foam ing  d u rin g  the in it ia l digestion stage 
fo r the C u S 04/ T i 0 2 m ethod. T h is  requ ired m ore analyst 
a tten tion . A  greater tendency to  cake was also noted. Several 
co llabora tors suggested tha t d ilu t io n  w ater be added as soon 
as possible a fter the d igestion step was com pleted. I f  steps 
were no t taken to  con tro l caking, bu m p ing  was observed 
du ring  subsequent d is tilla tio n , and there was the p o ss ib ility  
o f  broken flasks. E xtra  d ilu t io n  w ater can m in im iz e  th is  
prob lem .

In  ad d ition , co llabo ra to r 12 noted lum ps in  samples 1,17, 
27, and 32 as received. C o llabora tors 5 and 11 though t the 
sample con ta iner o f  sample 33 was no t t ig h tly  sealed. 
C o llabo ra to r 11 though t tha t some o f  the samples cou ld  have 
been m ore fine ly  ground.

C o llabo ra to r 2 ran 2 repeat analyses o f  sample 18 (lysine) 
by the C u S 04/ T i 0 2 m ethod, w ith  results s im ila r to  the low  
92.67% value tha t he reported in  Table 2. F ina lly , co llabora tor 
5 analyzed a num ber o f  n ic o tin ic  acid samples by  bo th  
m ethods, and found  th a t the recoveries averaged about 60% 
using the C u S 04/T iO ,  catalyst, and abou t 99% using the H gO  
catalyst. W h ile  non-H gO  systems can be used fo r an im a l feed 
m ateria ls, i t  m ust be rem em bered tha t fo r  some samples HgO  
perfo rm s better.

Two-sam ple X -Y  charts were prepared according to  Youden
(5) ; b lin d  duplicates were p lo tted  together on the same chart. 
E xam ina tion  o f  the charts suggested tha t one labora tory, 
co llabora to r 7, had an excessive num ber o f  lo w  results. In  
general, the chart patterns were the typ ica l e llip tic a l shape, 
no t excessively elongated, bu t w ith  a few  results in  each chart 
spreading fa rthe r in to  the low er le ft quadrant. In  o ther words, 
a lo w  bias is m uch m ore frequent than is one in  the pos itive  
d irec tion .

The data were processed fo r  ou tlie rs  according to  Steiner
(6) . In  the case o f  samples 12 and 18, the D ix o n  test (7) was 
used instead because these samples d id  no t have closely 
m atched pairs, and therefore the num ber o f  data po in ts  was 
on ly  13. O f  a to ta l o f  22 ou tly in g  values iden tified , 17 were 
fro m  co llabora to r 7. F u rthe r exam ina tion  o f  the data from  
co llabo ra to r 7 revealed tha t every resu lt reported except one, 
by bo th  the C u S 04/ T i 0 2 and H gO  m ethods, was low er than 
the appropria te  mean o f  the results fo r  a ll laboratories. A  
ranking test (8) confirm ed tha t data fro m  co llabora to r 7 should 
be excluded fro m  a ll fu rth e r s ta tis tica l consideration. The 
m ost probable cause o f  th is  bias was im p ro p e r ac id  an d /o r 
base standard ization.

W hen the data were again processed fo r  ou tlie rs  as before, 
the fo llo w in g  num bers o f  ou tlie rs  were found  by the Steiner 
and D ix o n  tests: Lab. 2, 4 ou tlie rs; Lab. 3, 3; Lab. 4, 3; Lab. 
10, 1; Lab. 12, 2; Lab. 13, 2. These ou tlie rs  are iden tified  
in d iv id u a lly  in  Table 2. There were 9 ou tlie rs  fo r  the C u S 04/
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T iO , m ethod and 6 ou tlie rs fo r the o ffic ia l HgO  m ethod, 
representing 1.6% o f  the to ta l num ber o f  results.

The rem a in ing  data, w ith  ou tlie rs rem oved, were processed 
fo r  in fo rm a tio n  on precis ion by using Y ouden ’s scheme fo r 
closely m atched pairs (9). B lin d  duplicates o f  closely m atched 
pairs were treated as i f  they were a d d itiona l m atched pa ir 
data po in ts  fro m  a d d itiona l laboratories, g iv ing  a to ta l o f  36 
pairs. Table 3 contains the means o f  closely m atched pairs 
(X  and Y ) and corresponding standard dev ia tions fo r  bo th  
m ethods: S0, the estim ate o f  random  error, S ,, the estim ate 
o f  in te rlabo ra to ry  bias, and Sx, the estim ate o f  ove ra ll 
precision.

In  general, standard devia tions fo r  the C u S O /T iO , m ethod 
and the o ffic ia l HgO  m ethod are in  close agreement. The 
C uS O ./T iO , m ethod had sm aller standard devia tions 12 tim es 
and the HgO  m ethod 15 tim es; none o f  the differences were 
cause fo r concern.

The same is true fo r the means. M eans fo r the C u S 0 4/  
T iO , m ethod were larger 7 tim es and fo r  the H gO  m ethod,
11 tim es. The largest difference was 0.235% ; m ost differences 
were sm aller. The overa ll average difference, C u S 04/T iO , 
m inus HgO  grand means, was +0.005% .

C om parison o f  these data w ith  corresponding data from  
the 1984 C u S 04 catalyst co llabora tive  study (3) indicates 
s im ila r standard devia tions. The C u S 0 4/T iO ,  dev ia tions are 
s ligh tly  sm a lle rthan  the dev ia tions fo r  the 1984 C u S 0 4 study, 
bu t the H gO  dev ia tions are also s ligh tly  sm alle r than the 
1984 HgO  devia tions.

S am ple  12, F is h e r S c ie n tif ic  Co. p r im a ry  s ta n d a rd  
(N H 4),S 0 4, 133.19% pro te in  equiva lent, was inc luded to 
ob ta in  some estim ate o f  the accuracy o f  the 2 methods. The 
mean o f  the C u S 0 4/T iO ,  results was 131.79% w ith  a standard 
dev ia tion  o f  1.13. The mean o f  the HgO  results was 131.98% 
w ith  a standard de v ia tion  o f  1.01. The s ligh tly  lo w  recoveries 
by bo th  m ethods on th is  m ate ria l (99.0%) closely m atch the 
lo w  recoveries on the standard m ate ria l in  the 1984 
co llabora tive  study (99.5%) (3). Carefu l standard iza tion  o f  
acid and base and qua lity  assurance procedures using standard 
m ateria ls are advised w ith  any K je ld a h l m ethodo logy. E rrors 
w i l l  tend to  be m ost apparent on the high level N  samples, 
o f  course.

Sample 18, A ld r ic h  Chem ica l Co. lys ine -H C l, 95.86% 
p ro te in  theoretica l, 99 +  % p u rity , was inc luded am ong the 
co llabora tive  samples because i t  is a hard-to-d igest m ateria l 
and therefore a good test o f  the ruggedness o f  the d igestion 
parameters. The mean o f  the C uS 04/T iO , results was 95.101% 
w ith  a standard de v ia tion  o f  0.93. The mean o f  the HgO  
results was 95.686% w ith  a standard d e v ia tion  o f  0.61. W h ile  
these va lues  in d ic a te  lo w  reco ve rie s , th e y  rep resen t 
im provem ents  over the corresponding values fro m  the 1984 
co llabora tive  study o f 94.02%  mean, 1.34 standard de v ia tion

fo r  C u S 04, and 94.54%  mean, 1.50 standard d e v ia tio n  fo r  
HgO.

M ost collaborators in  th is  study had digestion heaters w h ich  
were tested as approx im ate ly  in  the 5 -m in  b o il range. A n  
a ttem p t to  corre late lo w  lysine recoveries w ith  excessively 
high heater b o il rates was no t p roductive . T w o  analyses 
perfo rm ed w ith  heaters in  the 8 -9  m in  b o il range resulted in  
low er lysine recoveries, bu t on the o ther hand, 2 analyses 
perfo rm ed w ith  heaters in  the 5 -m in  b o il range also resulted 
in  low er lysine recoveries. Heat in pu t is no t the on ly  parameter 
tha t needs carefu l qu a lity  con tro l. As was the conclusion in  
the 1984 study, p roper d igestion parameters need a tten tion  
whatever K je ldah l m ethod is used, and th is  is m ore im p o rtan t 
w ith  non-H gO  catalyst systems i f  q u a lity  results are to  be 
expected.

A n  analysis o f  variance using m ethod, labo ra to ry , and 
sample, was run on the data. There was no s ign ifican t m ethod 
effect at the 95% confidence level.

Conclusions and Recommendations
O n a w ide range o f  an im a l feed types there is no s ign ificant 

difference between the proposed m ethod and the o ffic ia l 
A O A C  HgO  m ethod at the 95% confidence level, w ith  one 
exception. In  th is  one case, the C u S 0 4/T iO ,  mean is s ligh tly  
h igher than the HgO  mean. S tandard dev ia tions o f  the 2 
m ethods were in  the same range, and were generally sm aller 
than in  the 1984 co llabora tive study. The C uS 04/T iO ,  catalyst 
e lim inates the env ironm en ta l hazard associated w ith  HgO , 
and the digestion is considerably m ore effic ient than when 
CuSO, catalyst is used by itself. A s w ith  the C u S 0 4 catalyst 
m ethod, m ore a tten tion  to  qu a lity  con tro l in  the digestion 
phase is advised com pared w ith  the o ffic ia l H gO  catalyst 
m ethod.

I t  is recom m ended tha t the C u S 0 4/ T i 0 2 cata lyst m ethod 
be adopted o ffic ia l firs t action; tha t i t  be stipu la ted as a part 
o f  the m ethod tha t lys in e -H C l be analyzed d u rin g  rou tine  
sample de te rm inations as an ongoing check o f  ana ly tica l 
perform ance; tha t the digest be d ilu te d  as soon as possible 
to  avo id  excess caking; tha t i f  bum p ing  d u rin g  d is ti lla tio n  is 
a prob lem  the am oun t o f  d ilu t io n  w ater m ay be increased 
fro m  about 250 to  about 300 m L.
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Table 3. Means and standard deviations for collaborative results: CuS04/Ti02 vs HgO catalysts

Sample CuSO/ri02 HgO
X-Y Mean X Mean Y So S„ sL Mean X Mean Y S0 S x sL

1,27-17,32 40.677 41.173 0.508 0.651 0.407 40.471 40.938 0.511 0.726 0.516
2,34-15,23 17.048 17.261 0.178 0.264 0.195 17.063 17.333 0.206 0.194 0.000*
3,21-6,29 20.999 21.200 0.152 0.266 0.218 20.994 2 1.2 12 0.216 0.288 0.191
4,33-20,25 87.150 88.640 0.501 0.624 0.373 87.262 88.766 0.542 0.655 0.368
5,22-11,31 48.756 48.111 0+06 0.441 0.174 48.618 48.051 0.342 0.439 0.275
7,37-9,30 80.060 84.314 0.685 0.905 0.592 80.237 84.134 0.606 0.834 0.573
8,38-14,26 35.034 35.157 0.209 0.261 0.156 35.108 35.230 0.168 0.243 0.176

10,35-19.28 84.160 78.615 0.366 0.596 0.470 84.122 78.722 0.424 0.672 0.521
13,36-16,24 53.730 57.135 0.378 0.516 0.351 53.818 57.042 0.350 0.437 0.262
* Note that for this sample SL Is zero because a negative SL is not real. In this case it Is assumed that S0 is greater than S, due to sampling error.
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FO O D  ADULTERATION

Determination of Phytosterols in Butter Samples by Using Capillary Column 
Gas Chromatography

R A N D A L L  L. S M IT H ,  D A R R Y L  M . S U L L IV A N ,  and E A R L  F. R IC H T E R
H a z le to n  L a b o r a to r ie s  A m e r ic a , In c ., 3 3 0 1  K in s m a n  B lvd , M a d is o n , W I  5 3 7 1 1

A positive bias in the gas chromatographic (GC) analysis of butter 
for /5-sitosterol was discovered when attempting to confirm values by 
gas chromatography/mass spectrometry (GC/MS). The source of the 
problem was traced to an interfering material that was not effectively 
separated by packed column GC. Because capillary columns are known 
to provide superior separation, they were substituted for packed col
umns in the assay, and instrument parameters were modified ac
cordingly. A compound with a similar retention time, identified by 
GC/MS as lanosterol, was separated from /S-sitosterol by the cap
illary column. The capillary column technique was applied to over 
300 butter samples. The results indicate that the method can accu
rately quantitate /8-sitosterol in butter with no known interferences. 
The limit of detection for this method is 1 mg/100 g. Recoveries at 
a level of 3 mg/100 g averaged 98% with a coefficient of variation 
of 3.45%.

The adu lte ra tion  o f  b u tte r o i l w ith  vegetable o ils  has been 
and continues to  be a m a jo r concern in  the d a iry  industry . 
M ethods fo r  detection o f  adu lte ra tion  inc lude  de te rm ina tion  
o f  the phytosterols, pa rticu la rly  /3-sitosterol. In  1958, A O A C  
approved a m ethod fo r sterol analysis tha t used a d ig ito n in  
co lum n to  rem ove the sterols, fo llow ed  by  a m e lting  p o in t 
test fo r  qu a lita tive  de te rm ina tion  (1). M od ifica tio n s  o f  the 
m ethod inco rpo ra ting  gas chrom atography (G C) were de
veloped in  subsequent years (2 -4 ). In  1980, S lover et al. (5) 
published a m ethod fo r de te rm in ing  tocopherols and sterols 
in  fats and o ils  by using cap illa ry  GC. The current A O A C  
offic ia l m ethod fo r de te rm in ing  /3-sitosterol in  bu tte r o ils  is 
applicab le to  o ils  con ta in ing  > 4  m g o f  th is  phytoste ro l (6).

The present investiga tion  was conducted to  detect adu l
te ra tion  o f  b u tte r o ils  by de te rm in ing  the presence o f  /3-si
tostero l. W hen a d irec t sapon ifica tion /extraction  technique
(7) and packed co lum n G C  (8) were used to  analyze bu tte r 
samples, an in te rfe rin g  com pound, w h ich  was la te r con firm ed 
as lanostero l, coeluted w ith  /3-sitosterol. W e then investigated 
the ap p licab ility  o f  cap illa ry  G C  techniques, ou tlined  by S lover 
et al. (5), to  detect adu lte ra tion  o f  b u tte r o ils  by the deter
m in a tio n  o f  /3-sitosterol.

M E T H O D

Apparatus
(a) C entrifu ge tu b es.— Pyrex® N o . 13, 15 m L . S ilanize 

tubes as fo llow s: rinse clean tubes w ith  anhydrous m ethano l 
and d ry  30 m in  at 1 10°C. T ransfe r to  desiccator and le t cool 
to  room  tem perature. F il l  tubes w ith  10% so lu tion  o f  d i-  
m ethy ld ich lo ros ilane  in  toluene, stopper, and le t stand 1 h. 
D ra in  tubes and rinse tho rough ly  w ith  anhydrous m ethanol. 
D ry  in  oven before use.

(b) G a s  c h r o m a t o g r a p h .— H e w le tt-P a c k a rd  5 7 1 0 A  o r 
H P 5 72 0A  equipped w ith  flam e io n iza tio n  detector and on- 
co lum n in je c tio n  system.

(c) P a c k e d  colum n  G C  sy s te m .— 6 f t  x  2 m m  silanized 
glass co lum n packed w ith  5% SP2401 on 100-200 Supel- 
coport® . C o lum n tem perature, 214°C; ca rrie r gas, n itrogen

R e c e iv e d  A p r i l  1, 1 9 8 6 . A c c e p te d  J a n u a r y  3 0 , 1 9 8 7 .

at 30 m L /m in ; detector gases, hydrogen at 40 m L /m in  and 
a ir at 240 m L /m in ; in je c to rp o rt tem perature, 250°C; detector 
tem perature, 250°C.

(d) C a p illa ry  colum n  G C  system . — H ew le tt-P ackard, 25 
m  x 0.32 m m  id  fused s ilica cap illa ry  co lum n w ith  5% phenyl 
m e thy l silicone, cross-linked. C o lum n tem perature, 190°C 
fo r 9.5 m in , program m ed at 2 0 7 m in  to  260°C fo r  30 m in ; 
carrie r gas, he liu m  at 2 m L /m in ; m ake-up gas, n itrogen  at 
30 m L /m in ; detector gases, hydrogen at 40 m L /m in  and a ir  
at 240 m L /m in ; in je c to r p o rt tem perature, 250°C; detector 
tem perature, 300°C.

(e) In teg ra tio n .— H ew le tt-P ackard  3357 La bo ra to ry  A u 
tom a tio n  System.

Reagents
(a) S te ro l sta n d a rd  so lu tion s.— Prepare stock so lu tion  

con ta in ing  > 99%  pure cholesterol (N uC hek Prep, Inc., E lys- 
ian, M N  56028), >  97% pure /3-sitosterol (A llte ch  Associates, 
Deerfie ld, I L  60015), > 99%  pure cam pesterol (Research Plus 
Laboratories, Bayonne, N J 16801), > 99%  pure lanostero l 
(Research Plus Laboratories) and > 99%  pure stigm asterol 
(A pp lie d  Science Laboratories, D eerfie ld, I L  60015), each at
1.0 m g /m L  d im e thy lfo rm am id e  (D M F ). Prepare w o rk ing  
standard so lu tion  o f  0.3 m g /m L  o f  each sterol by  d ilu tin g
2.0 m g /m L  stock so lu tion  in  D M F . Store at room  tem per
ature and prepare m on th ly .

(b) 5 a -C h o lesta n e. — > 99%  pure (Sigma C hem ica l Co., St. 
Louis, M O  63178). Prepare 0.2 m g /m L  w o rk ing  so lu tion  in  
heptane. Store at room  tem perature and prepare m on th ly .

(c) R ea g en t a lc o h o l.— Use one o f  the 2 fo llo w in g  so lu
tions: 95 +  5 (v /v )  F o rm u la  N o . 3 A -is o p ro p y l a lcohol 
(A m erican  Scientific  Products, M cG aw  Park, I L  60085, C a t
alog N o. C4305) o r 95 +  5 (v /v )  e th ano l-m e thano l (US I).

(d) 50 %  Potassiu m  h y d ro x id e  (KO H ) (w/v). — D isso lve  115 
g K O H  pellets in  de ion ized w ater and d ilu te  to  100 m L .

(e) I N  K O H . —D isso lve  65.2 g 85% K O H  pellets in  d e ion 
ized water and d ilu te  to  1 L.

(0  0 . 5 N K O H - D ilu te  500 m L  IN  K O H  w ith  500 m L  
de ionized water.

Direct Saponification
A ccura te ly  weigh 800 mg bu tte r sample and 5 g w ater in to  

250 m L  E rlenm eyer flask. A d d  8 m L  o f  50% K O H  (w /v ) and 
40 m L  reagent a lcohol. A tta ch  E rlenm eyer flask to  condenser 
and place on m agnetic s tirre r/h o t plate. R e flux  sample so
lu tio n  1 h w ith  gentle s tirring , and then add 60 m L  reagent 
a lcohol th rough condenser in to  saponified so lu tion . R em ove 
fro m  heat and, a fter sample so lu tion  has cooled to  room  
tem perature, rem ove flask fro m  condenser and then stopper.

Unsaponifiable Extraction
U sing  vo lu m e tric  p ipe t, add 100 m L  to luene to  flask and 

then stopper. V igo rous ly  s tir  m ix tu re  at 200 -300  rp m  1 m in . 
T ransfe r so lu tion  to  500 m L  separatory funne l tha t contains 
100 m L  IN  K O H  and shake v igorous ly  30 s. L e t resu lting 
so lu tions separate in to  2 d is tin c t layers and discard low er
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Figure 1A. Packed column gas chromatogram of sterol stan
dards: A, cholestane (internal standard); B, stigmasterol; and C, 

/9-sitosterol.

aqueous phase. A d d  40 m L  0 .5N  K O H  to  toluene layer and 
rotate separatory funne l gently fo r 30 s. Le t the 2 layers 
separate com ple te ly  and discard low er aqueous phase. Wash 
toluene phase w ith  5 po rtions  o f  100 m L  de ion ized water. 
T o  avo id  em u ls ion fo rm a tio n , conduct washes as fo llow s; 
rinse sides o f  separatory funne l w ith  firs t water wash w ith o u t 
agitating, and then d ra in  low er aqueous phase; gently rotate 
separatory funnel, end over end, w ith  second w ater wash; 
m odera te ly shake separatory funne l w ith  th ird  w ater wash; 
and v igorous ly  shake separatory funne l w ith  fo u rth  and f ifth  
water washes. T ransfe r to luene extract through sod ium  sul
fate (N a2S 0 4) co lum n in to  125 m L  glass-stopper E rlenm eyer 
flask tha t contains ca 20 g anhydrous N a 2S 0 4, and then stop
per. Le t stand 15 m in .

P ipet 50 m L  a liq u o t o f  toluene extract in to  125 m L  round - 
bo ttom , glass-stopper flask and evaporate to  dryness on ro 
ta ry  evapora tor at 40°C. Rinse sides o f  ro u n d -b o tto m  flask 
w ith  5 m L  acetone, evaporate rinse to  dryness, and stopper. 
D isso lve  residue in  3.0 m L  d im e thy lfo rm am id e .

Derivatization
Transfer dup lica te  1.0 m L  a liquo ts  o f  0.3 m g /m L  standard 

sterol so lu tion  to  separate 15 m L  silanized centrifuge tubes. 
T ransfer 1.0 m L  a liquo ts  o f  sample extract so lu tions to  be

Figure 1B. Packed column gas chromatogram of unsaponifi- 
able fraction of butter sample; A, cholestane; B, cholesterol; and 

C, /9-sitosterol (suspected).

31 ? 31 i i  ¡51 1  ¡51 35 351 35 351 3b

Figure 2A. Capillary gas chromatogram of unsaponifiable frac
tion of butter sample: A, cholestane (internal standard); B, cho
lesterol; C, lanosterol; and D, area in which /9-sitosterol elutes.

analyzed to  separate 15 m L  silan ized centrifuge tubes. A c 
cura te ly add 0.2 m L  hexam ethyld is ilazane, fo llow e d  by 0.1 
m L  tr im e thy lch lo ros ilane  to  each tube, stopper, and m ix  
resu lting so lu tion  on vo rtex  m ixe r fo r 30 s. Le t so lu tion  stand 
fo r 30 m in ; so lu tion  should c la rify , w ith  resu lting a m m o n iu m  
ch lo ride  precip ita te  settling to  b o tto m  o f  tube. A ccura te ly  
add 1.0 m L  0.2 m g /m L  5a-cholestane so lu tio n  to  each tube, 
gently add 10 m L  d is tille d  w ater to  each tube, and v igorous ly  
shake 1 m in . C entrifuge at 2000 rp m  fo r 5 m in  and transfer 
p o rtio n  o f  upper heptane layer, exc lud ing low er aqueous lay
er, to  in jec tio n  v ia l.

Calibration of GC Apparatus and Sample Calculation
In jec t 4 / iL  de riva tized  0.3 m g /m L  standard so lu tions in to  

G C  co lum n and ob ta in  5a-cholestane and in d iv id u a l sterol 
peak areas fo r each in jec tion . O b ta in  standard response factor 
fo r  each in d iv id u a l sterol by the fo llo w in g  ca lcu la tion :

Standard response ra tio  =  sterol peak area/cholestane peak 
area

Figure 2B. Capillary gas chromatogram of unsaponifiable frac
tion of butter sample spiked with /9-sitosterol: A, cholestane; B, 

cholesterol; C, lanosterol; and D, /9-sitosterol.
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SAMPLE: 2UL BUTTER SAMPLE

Standard response fac to r =  std response ra tio /s td  soln concn
(0.3 m g /m L)

Standard response factors ob ta ined fo r the tw o  0.3 m g /m L  
standards should no t va ry  >2% . I f  standard response factors 
are w ith in  2% variance, in jec t 4 o f  each sample so lu tion .
In je c t 4 £tL standard so lu tion  a fte r every 10 sample in jections. 
O b ta in  in d iv id u a l sterol and cholestane peak areas fo r  each 
sample in jec tion . Calculate each sterol concen tra tion  in  m g/ 
m L  fo r each sample as fo llow s:

Cholesterol, m g /m L  =  sterol peak area/cholestane peak 
area/av. std response factor

Calculate sample sterol leve l in  m g /100 g as fo llow s:

Sterol, m g /100 g =  [sterol (m g /m L ) x  D M F  (m L) 
x 100 m L /5 0  m L  x 100 g]/ 
sample w t (g)

D e tection  l im it  o f  th is  m ethod has been de term ined to  be
1.0 m g fo r each s te ro l/100 g sample m ateria l. T h is  peak

SAMPLE: 2UL LANOSTEROL STD

Figure 3B. Mass spectrum of 2 ¿ig/mL lanosterol standard.
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represents a 6 -fo ld  increase over no rm a l background re
sponse.

Results and D iscussion

A na lyz ing  bu tte r samples fo r the presence o f  phytosterols 
by using d irec t sapon ifica tion  fo llow ed  by packed co lum n 
G C  analysis resulted in  apparent /3-sitosterol values o f  4 -7  
m g /100 g. T o  con firm  the accuracy o f  th is  m ethod, a con tro l 
bu tte r was obta ined fro m  the U n iv e rs ity  o f  W isconsin 
Cream ery. W hen analyzed by the above-m entioned m ethod, 
th is  bu tte r, know n  to  con ta in  no vegetable o i l con tam ina tion , 
also appeared to  con ta in  /3-sitosterol. Figures 1A  and 1B show 
a chrom atogram  o f  a bu tte r sample and a chrom atogram  o f  
the appropria te  standards obta ined by the packed co lum n 
procedure. A  G C /M S  analysis o f  the apparent /3-sitosterol 
peak in  the con tro l bu tte r sample was conducted. The mass 
spectra ind ica ted  the presence o f  an in te rfe ring  com pound 
tha t eluted at the approx im ate  re ten tion  tim e  o f  /3-sitosterol.

The con tro l bu tte r sample was analyzed using the same 
techniques as above, except tha t the chrom atography was 
conducted using a cap illa ry  system. The in te rfe ring  com 
pound (suspected to  be lanostero l) was eluted ju s t before the 
re ten tion  tim e  o f  /3-sitosterol (F igure 2A). The calculated 
/3-sitosterol, using th is  technique, gave a value o f  <  1.0 m g/ 
100 g. T h is  con tro l b u tte r was then spiked w ith  corn o il and 
assayed fo r phytosterols, using the cap illa ry  co lum n tech
nique. /3-Sitosterol was fu lly  resolved fro m  the suspected la n 
osterol (F igure 2B). A  G C /M S  analysis o f  the in te rfe ring  
com pound showed i t  to  be the an im a l sterol, lanosterol. The 
mass patterns o f  the ion ized fragm ents o f  the suspected lanos
te ro l peak m atch those o f  the lanosterol standard (F igure 3A  
and 3B). The G C /M S  in s tru m en t parameters used fo r  th is 
analysis were as fo llow s: The gas chrom atograph was a F in - 
nigan M A T  4 0 2 1-T; the cap illa ry  co lum n was a J &  W  Sci
en tific  D B -5  (30 m  x 0.38 m m  id). O pera ting cond itions: 
carrie r gas, he lium ; flo w  rate, 2 m L /m in ; in jec tio n  tem per
ature, 280°C; oven tem perature, 75°C fo r  4 m in , then increase 
2 0 7 m in  to  300°C; in jec tio n  vo lum e, 2 ¡iL . O pera ting  con
d ition s  fo r  the mass spectrom eter were: interface, d irect; in 
terface tem perature, 300°C; source tem perature, 280°C; mass 
range, 50 -500 A M U ; scan rate, 450 A M U /s ; m ode, electron 
im pact; source pressure, 5 x 10 7 to rr.

W hen the previous bu tte r samples, w h ich  had showed

/3-sitosterol levels when analyzed v ia  the packed co lum n p ro 
cedure, were reanalyzed, /3-sitosterol values o f  < 1 .0  m g /100 
g were obta ined using the cap illa ry  co lum n technique. Th is 
procedure was used to  m o n ito r 300 bu tte r samples fo r the 
presence o f  /3-sitosterol.

The cap illa ry  chrom atography procedure was va lida ted  us
ing the con tro l bu tte r ob ta ined fro m  the U n iv e rs ity  o f  W is
consin Cream ery and subsequently spiked w ith  0.5% com  
o il. The precision data obta ined fo r /3-sitosterol are as fo llow s: 
N  =  16; mean =  3.05 m g/100 g; standard de v ia tion  =  0.105 
m g/100 g; coeffic ient o f  v a ria tio n  =  3.45%.

Spiked add itions o f  /3-sitosterol (at 1.0, 2.0, and 4.0 m g/ 
100 g) in  the con tro l bu tte r gave an average recovery o f  98%.

In  a d d itio n  to  /3-sitosterol, th is  procedure can be used to 
m o n ito r o ther sterols o f  interest. These inc lude o ther ph y 
tosterols such as cam pesterol and stigm asterol and the an im a l 
sterol, cholesterol.

Recommendations

The use o f  a d irec t sap on ifica tion /cap illa ry  G C  procedure 
prov ides a rap id  m ethod fo r  the de te rm in a tion  o f  ph y to 
sterols in  bu tte r o ils. The new procedure offers bo th  increased 
sen s itiv ity  and se lectiv ity  ove r the curren t A O A C  m ethod 
(1.0 m g/100 g com pared to  4.0 m g/100 g, respective ly) fo r  
de te rm in ing  /3-sitosterol in  bu tte r oils. The m ethod is precise, 
gives excellent recoveries o f  added sterols, and is free o f  
lanosterol interference.

On the basis o f  th is  study, i t  is recom m ended th a t a ll fu ture  
phytostero l analyses o f  d a iry  products be conducted using 
cap illa ry  co lum n gas chrom atography.
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CHEMICAL CONTAMINANTS MONITORING
Correlations between Selected Trace Elements and Organic Matter and Texture in Sediments 
of Northern Prairie Wetlands

D A N  B. M A R T I N * 1 and W I L L I A M  A. H A R T M A N 2
U.S. Fish and Wildlife Service, National Fisheries Contaminant Research Center, Field Research Station,
RR 1, Box 295, Yankton, SD 57078

Total concentrations of arsenic, cadmium, lead, mercury, and sele
nium previously determined in wetland sediments were grouped ac
cording to habitat type and geologic location and related to sediment 
organic matter and particle size by stepwise multiple regression anal
ysis. Cadmium and Se were significantly correlated with the mea
sured sediment properties in every geologic and hydrologic category. 
Arsenic and Pb were consistently correlated with sediment properties 
in riverine habitats but not in potholes. In contrast, good correlations 
were found with Hg in potholes but not riverine wetlands. Organic 
matter concentration was the most consistent overall predictor of 
trace element concentrations, but texture was also a good indicator 
in some instances. The lack of correlation observed for some of the 
elements within given geologic categories suggests that other factors, 
such as external loading or deposition rates, were responsible for the 
observed variation.

In  a previous paper (1), we reported to ta l concentra tions o f  
arsenic, cadm ium , lead, m ercury, and selenium  in  surface 
sediments o f  various wetlands in  the no rth  centra l U n ite d  
States. W e noted tha t, w ith  the exception o f  Hg, sediments 
fro m  po thole wetlands contained s ign ifican tly  h igher con
centrations o f  these elements than d id  sedim ents fro m  r iv -

9

erine locations. Except fo r th is  na tu ra l d iffe re n tia tion  in to  2 
general hab ita t types, we had no in fo rm a tio n  tha t w ou ld  
account fo r the observed v a ria tio n  in  elem ental concentra
tions. Several investigators (2 -4 ) have discussed various fac
tors tha t should be considered in  in te rp re ting  data on ele
ments in  sedim ent. A m ong these are sedim ent properties 
such as partic le  size, organic m a tte r content, and sulfide ion  
concentra tion , and external factors such as bedrock litho logy , 
sed im entation rate, and anthropogenic loading.

O n the samples tha t had been analyzed in  the previous 
study (1), we de term ined organic m atte r content and partic le  
size d is tr ib u tio n . Because the o rig ina l elem ental data had 
suggested differences between po tho le  and r ive rin e  locations, 
we retained th is  hyd ro log ic  d iv is io n  and fu rth e r grouped the 
sample sites according to m a jo r geologic d iv is ions . A  step
wise m u ltip le  regression analysis was then used to  id e n tify  
sign ificant re la tions between trace elem ent concentrations 
and sedim ent properties w ith in  each hyd ro log ic  and geologic 
category. T h is  in fo rm a tio n  m ay assist resource managers in  
th is geographic region in  d istinguish ing between natural levels 
o f  trace elements in  sediments and levels in d ica tive  o f  anom 
alous enrichm ent.

S tudy Areas

Sample locations were p rev ious ly  id en tified  geographically 
and described hyd ro log ica lly  (1). Loca tion  o f  each site w ith  
respect to  m a jo r physiographic c lassification is shown in  T a 
ble 1. A ll study areas lie  w ith in  the physiographic region o f  
the U n ite d  States know n as the In te r io r  Plains. T h is  is a vast,

R e c e iv e d  A u g u s t  19 , 1 9 8 6 . A c c e p te d  D e c e m b e r  10 , 1 9 8 6 .
1 P r e s e n t  a d d re s s :  7 0 7  E . 1 9 th  S t, Y a n k to n ,  S D  5 7 0 7 8 .
2 A d d r e s s  c o r r e s p o n d e n c e  to  th i s  a u th o r .  P r e s e n t  a d d re s s :  U .S . F is h  a n d  

W ild li fe  S e rv ic e , N a t io n a l  E c o lo g y  C e n te r - L e e to w n ,  B o x  7 0 5 , K e a rn e y s v il le ,  
W V  2 5 4 3 0 .

diverse low land  bounded on the west by the R ocky M o u n 
tains, on the east by the Appalachians, and on the south by 
the In te r io r  H igh lands and A tla n tic  Coastal P la in . The en tire  
western po rtion  o f  the In te r io r  P lains, fro m  Canada to  M e x 
ico, is the physiographic p rov ince know n as the G reat P lains. 
A d jacent to the G reat Plains, along its  en tire  eastern border, 
is the o ther m a jo r physiographic p rov ince w ith in  the In te r io r  
P la ins—the Centra l Low land . The G reat Pla ins and the Cen
tra l Low land  are, in  themselves, ra ther diverse and are fu rth e r 
subd iv ided  in to  various physiographic d iv is ions.

Three study areas were located in  the G reat P lains: (1) the 
Coteau du M isso u ri potholes, (2) the U p pe r M isso u ri Basin 
r ive rine , w h ich  is also in  the Coteau du M isso u ri region, and
(3) the H igh  Pla ins potholes. The Coteau du M isso u ri is a 
large, glacial d r i f t  com plex tha t is 90% dead-ice m ora ine, 
w ith  sm all am ounts o f  end m ora ine and outwash deposits. 
The thickness o f  th is  d r if t  com plex m ay reach 200 m ; it  
consists o f  rock, sand, and clayey, s ilty  t i l l .  The fine-gra ined 
m ateria l is believed to  have been de rived fro m  local bedrock, 
a lthough the larger rocks are know n to  have been transported 
from  as fa r away as Canada by the glaciers. Cretaceous fo r 
m ations such as P ierre Shale, Fox H ills  Sandstone, and H e ll 
Creek make up the bedrock.

In  contrast to the Coteau du M issou ri, the surface o f  w h ich  
was form ed by glacia l action  less than 13 000 years ago, the 
surface o f  the H igh  Plains has rem ained essentia lly un
changed fo r about 5 m illio n  years. T h is  huge, nearly  fla t 
plateau was form ed by T e rtia ry  Age deposition  o f  stream 
sedim ent over a pe riod  o f  m ore than 60 m il lio n  years. F rom  
the end o f  the last deposition  (Ogallala) to  the present, the 
H igh  Pla ins have been essentially untouched and unaffected 
by streams. W in d b lo w n  s ilt deposits (loess) and sand dunes 
cover m uch o f  the no rthern  H igh  Plains, in c lud in g  the region 
surround ing ou r study area.

Table 1. Physiographic location of sediment sampling sites in 
the north central United States22

Physio- Physio- Physlo-
graphic graphic graphie
region province division Study area

Interior Great Coteau du potholes (Jamestown, ND, and
Plains Plains Missouri Coal Creek, ND) 

riverine— Upper Missouri Basin
(Audubon, ND)

Hlgh Plains potholes (Hastings, NE)

Central Drift Prairie riverine— Souris Basin (Des Lacs,
Lowland ND, and J. Clark Salyer, ND) 

riverine— James Basin (Arrow-
wood, ND, and Sand Lake, SD)

Coteau des potholes (Madison, SD, and Wlke,
Prairies SD)

Des Moines riverine— Blue Earth-Des Moines
Drift Lobe Basin (Union Slough, IA)

* Geographic names used by Martin and Hartman (1) are shown in paren
theses.
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Table 2. Results of duplicate sample analyses

Constituent,
unit

Num
ber of 
dupli- . 
cates

Concn . Mean differ- 
enee(%)

Range of 
differenceMin. Max. Mean

As, mg/kg 9 1.0 7.2 3.3 0.2 (6) 0-0.5
Cd, mg/kg 10 0.06 1.2 0.42 0.03 (7) 0-0.10
Pb, mg/kg 10 3.4 16.8 9.0 0.6 (7) 0-2.6
Hg, mg/kg 10 0.01 0.07 0.04 <0.01 (12) 0-0.01
Se, mg/kg 10 0.02 1.7 0.63 0.05 (8) 0-0.10
Organic matter,

% dry wt 18 0.5 14.0 5.2 0.9 (17) 0-5.8
Clay, % dry wt 12 1 43 28 3 (11) 0-6
Silt, % dry wt 12 1 78 41 3 (7) 0-11
Sand, % dry wt 12 1 98 32 3 (9) 0-13

Four study areas were located in the Central Lowland: (1) 
the Souris Basin riverine, (2) the James Basin riverine, (3) 
the Coteau des Prairies potholes, and (4) the Blue Earth-Des 
Moines Basin riverine. The Drift Prairie, which contains both 
the Souris River and James River basins, borders the Coteau 
du Missouri on the east. The dividing line between the Drift 
Prairie and the Coteau du Missouri also forms the border 
between the Great Plains and the Central Lowland in North 
Dakota. The Drift Prairie is characterized by low relief and 
integrated drainage. Extensive glacial lake deposits of silt and 
clay occur in the Souris and lower James (Lake Dakota) 
basins. The rest of the Drift Prairie is covered mostly by 
ground moraine, deposited beneath the glacier by active ice. 
In contrast with the high-relief, dead-ice moraine on the 
Coteau du Missouri, the ground moraine of the Drift Prairie 
forms an undulating plain of low relief. Bedrock in the vi
cinity of the James Basin study area consists primarily of 
Pierre Shale, whereas the Souris Basin is underlain by Fox 
Hills Sandstone and a mixture of several other Tertiary Age 
formations.
The Coteau des Prairies is a plateau in eastern South Da

kota, continuously covered with glacial drift of irregular 
thickness, but often in excess of 100 m. Most of the drift 
consists of tills; it is made up of fragments of local rocks. 
The till is very rich in clay and silt, reflecting the predomi
nance of shale in the bedrock strata of the region. Glacial 
erosion of the weak Cretaceous bedrock, primarily Pierre 
Shale, is believed to have been great.
The Des Moines Drift Lobe is yet another glacial feature 

of the Central Lowland, extending out from Minnesota and

down into north-central Iowa. The age has been established 
at about 14 000 years. The lobe consists of Cary glacial drift, 
the surface of which has been modified by 2 major erosion 
cycles. End moraine predominates in the vicinity of the study 
area, although ground moraine is found at various places 
within the watershed. Bedrock to the west of the study area 
consists of Upper Cretaceous Dakota Sandstone, whereas 
older Paleozoic limestones and dolomites subcrop the glacial 
sediments along the eastern edge.
Geologically, some differences and similarities exist among 

the 7 study areas. Six are situated in regions recently formed 
by various stages of late Wisconsin Age glaciation, whereas 
one is located in an unglaciated region. Some are underlain 
by different bedrock formations, the influence of which may 
be reflected in the physical and chemical properties of surface 
soils and sediments.
The preceding discussion is intended only to provide a 

broad overview of the physiographic setting of the study 
areas. More detailed descriptions can be found elsewhere (5-
10).

Experimental
Methods of sample collection, preservation, preparation, 

and elemental analysis were described previously (1). In the 
time elapsed between elemental analysis (1980-1981) and 
analysis for texture and organic matter (1983), the dried sam
ples were stored at — 20°C. Organic matter content was de
termined colorimetrically following wet oxidation with po
tassium dichromate and sulfuric acid (11). This method was 
preferable to loss-on-ignition methods because of error in
volved with low-temperature dehydration of clays (12). Soil 
separates (clay <0.002 mm, silt 0.002-0.062 mm, sand 
>0.062 mm) were determined by the pipet method follow
ing peroxide treatment (13). Texture and organic matter anal
yses were performed on appropriately sized samples that had 
been oven-dried at 100°C to a constant weight; results are 
reported as percent of dry weight.
Analytical precision and accuracy for elemental analyses 

were estimated by recovery of known additions, duplicate 
analyses, and analyses of certified standard reference mate
rials (1). Analytical quality control for texture and organic 
matter consisted of duplicate analyses and cross-check anal
yses of samples by the Soil Testing Laboratory of the South 
Dakota State University, Agricultural Experiment Station. 
Statistical methods were from Steel and Torrie (14) and 
LeClerg et al. (15).

Table 3. Mean dry weight concentrations and coefficients of variation of trace elements, organic matter, and particle size distribution
in sediments from northern Prairie Wetlands

Wetland type and 
physiographic 

region (n)

Trace element, mg/kg (CV, %) Other constituents, % dry wt (CV, %)

As Cd Pb Hg Se Organic matter Clay Silt Sand

Potholes

Coteau du Missouri (10) 5.1 (41) 0.46 (37) 11.0 (27) 0.03 (55) 0.87 (44) 14.0 (45) 23 (17) 52 (23) 24 (62)
High Plains (12) 3.2 (38) 0.44 (41) 14.1 (26) 0.03 (19) 0.50 (84) 2.9 (28) 40 (18) 46 (11) 14 (50)
Coteau des Prairies (18) 4.8 (21) 0.61 (15) 12.4 (27) 0.03 (34) 1.16 (37) 13.0 (42) 33 (39) 52 (17) 14 (79)
Combined (40)“ 4.4a (36) 0.52a (31) 12.6a (28) 0.03a (38) 0.89a (55) 10.2a (67) 33a (33) 51a (18) 17a (71)

Riverine

Souris Basin (24) 2.3 (52) 0.31 (45) 7.6 (33) 0.04 (38) 0.44 (59) 6.3 (52) 30 (57) 32 (38) 38 (61)
Upper Missouri Basin (9) 2.4 (54) 0.19 (32) 4.4 (41) 0.03 (48) 0.23 (57) 2.9 (41) 19 (63) 29 (45) 52 (31)
James Basin (18) 2.1 (38) 0.17 (53) 5.0 (62) 0.03 (38) 0.24 (58) 3.5 (74) 29 (31) 14 (57) 57 (28)
Blue Earth-Des Moines (9) 3.0 (43) 0.40 (25) 9.1 (29) 0.03 (22) 1.58 (84) 11.4 (38) 33 (18) 57 (23) 10 (110)
Combined (60)* 2.4b (50) 0.26b (54) 6.6b (47) 0.03a (38) 0.52b (135) 5.7b (72) 28a (46) 30b (60) 42b (57)

* Combined values designated with b are significantly different ( P  < 0.05) from combined values designated with a.
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Results and Discussion
Results of the duplicate sample analyses (Table 2) suggest 

that elemental analyses might be more reproducible than 
analyses for the other sediment constituents. Mean differ
ences of duplicate sets ranged from 6 to 12% of the mean 
concentration for each of the elements, whereas the corre
sponding values for the other sediment properties ranged 
from 7 to 17%. Organic matter determinations were the most 
variable, possibly due to the relatively small subsamples of 
sediment (0.1 g) taken for analysis. Also, homogeneity of 
organic matter in the overall sample is probably difficult to 
attain.
The same 12 samples that were used for duplicate analyses 

were also submitted to the independent laboratory for cross
check analysis of organic matter and particle size. Results 
for soil separates were comparable to our analyses, ranging 
within ± 14% of our values. Results for organic matter were 
more variable. Two of the samples varied by -26 and +43% 
of our values, whereas the remainder were within ± 10%. 
Again, we suspect that the major difficulties in organic matter 
analysis lie in the nonhomogeneous distribution of the or
ganic matter in the parent sample and in the relatively small 
size of the subsamples used for analysis.
Arsenic concentrations in combined pothole sediments were 

somewhat less variable than those in combined riverine sed
iments (Table 3). Breakdown of the data into geologic di
visions did not consistently reduce this variability, as evi
denced by the coefficients of variation (CVs) in each category. 
The best equations for predicting As in both the combined 
pothole and combined riverine environments were based 
only on organic matter (Table 4). Arsenic was not signifi
cantly correlated with any of the sediment properties mea
sured at any of the pothole locations or at one of the riverine 
sites. This lack of correlation suggests that factors other than 
those considered in this study were primarily responsible for 
the observed variation in As.
Cadmium concentrations in combined pothole sediments 

were less variable than those in combined riverine sediments. 
In riverine habitats, the breakdown into geologic subdivi
sions slightly reduced variability, whereas this was not the 
case in pothole locations. Cadmium concentrations in both 
types of habitat were best predicted by a combination of sand 
and organic matter. Correlations between Cd and the other 
sediment properties were significant in each of the geologic 
categories except one. This relatively high degree of corre
lation suggests that the observed variation in Cd was largely 
accounted for by the sediment properties measured.
Lead concentrations in combined pothole sediments were 

less variable than those in combined riverine sediments. The 
breakdown into geologic categories did not reduce the rela
tive variability in pothole habitats but did reduce variation 
in 3 of the 4 riverine locations. Lead was not correlated with 
any of the measured sediment properties in the combined 
pothole category or in 2 of the 3 pothole geologic divisions. 
Correlations between Pb and other sediment properties were 
fairly good at all riverine locations studied. Apparently, Pb 
concentrations are dependent on factors other than those 
measured in the pothole sediments, whereas organic matter 
and texture provide a relatively good level of predictability 
in riverine sediments.
Relative variation in Hg was about equal in both combined 

pothole and combined riverine habitats. Geologic break
down provided no consistent reduction of variation in either 
habitat type. Correlations between Hg and sediment prop
erties were quite good in all pothole categories. Correlations

Table 4. Correlation/regression analysis of trace element con
centrations (mg/kg) vs other sediment properties

Element Location' Equation“ ror R c

Arsenic CM NS —

HP NS —
CP NS —
Combined

potholes
0.106 (OM) + 3.3 0.46

SB 0.258 (OM) + 0.7 0.69
UMB NS —
JB 0.051 (silt) + 1.4 0.52
BE-DM 0.404 (OM) + 0.142 (clay) -  6.2 0.85
Combined

riverine
0.164 (OM) + 1.4 0.58

Cadmium CM -0.009 (sand) + 0.68 -0.77
HP 0.016 (clay) -  0.20 0.62
CP -0.005 (sand) + 0.68 -0.56
Combined

potholes
-0.008 (sand) + 0.010 (OM) + 0.56 0.68

SB -0.003 (sand) + 0.021 (OM) + 0.29 0.92
UMB 0.040 (OM) + 0.08 0.81
JB 0.008 (silt) + 0.012 (OM) + 0.02 0.94
BE-DM NS —
Combined

riverine
-0.003 (sand) + 0.016 (OM) + 0.28 0.90

Lead CM NS —

HP NS —
CP 0.20 (silt) + 1.9 0.54
Combined

potholes
NS —

SB 0.50 (OM) -  0.03 (sand) + 5.6 0.84
UMB 1.16 (OM) + 1.0 0.78
JB 0.24 (silt) + 1.6 0.65
BE-DM 0.81 (OM) + 0.38 (clay) -  12.6 0.80
Combined

riverine
0.42 (OM) -  0.03 (sand) + 5.6 0.78

Mercury CM 0.0035 (OM) -  0.001 (silt) + 0.0347 0.96
HP 0.0040 (OM) -  0.0005 (silt) + 0.0359 0.89
CP 0.0005 (clay) + 0.019 0.52
Combined

potholes
0.0016 (OM) + 0.0010 (clay) + 0.0004 

(sand) -  0.026
0.65

SB 0.002 (OM) + 0.025 0.51
UMB NS —
JB NS —
BE-DM NS —

Combined
riverine

-0.0002 (sand) + 0.041 -0.32

Selenium CM 0.020 (silt) -  0.20 0.68
HP 0.311 (OM) -  0.40 0.58
CP 0.029 (silt) -  0.013 (clay) + 0.06 0.89
Combined

potholes
0.050 (OM) + 0.38 0.68

SB 0.067 (OM) + 0.02 0.86
UMB 0.099 (OM) + 0.06 0.95
JB 0.021 (OM) + 0.008 (silt) + 0.05 0.83
BE-DM 0.235 (OM) -  1.11 0.75
Combined

riverine
0.131 (OM) -  0.23 0.77

“ CM, Coteau du Missouri; HP, High Plains; CP, Coteau des Prairies; SB, 
Souris Basin; UMB, Upper Missouri Basin; JB, James Basin; BE-DM, 
Blue Earth-Des Moines Basin.

6 NS, no significant correlations; OM, organic matter. 
c r = coefficient of linear correlation (applies to equations with one depen
dent variable); R  = multiple correlation coefficient (applies to equations 
with 2 or more dependent variables). Only statistically significant correla
tions ( P  < 0.05) are shown for each location.

were either not significant or fairly weak at the riverine lo
cations. This suggests that Hg was strongly related to organic 
matter and texture in potholes, but at riverine locations other 
factors predominate.
Selenium was the most variable of all the elements mea

sured in both pothole and riverine locations. The breakdown 
into geologic categories reduced the variation somewhat, but
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Se remained the most variable. Organic matter was impor
tant to the prediction of Se concentrations at most locations, 
and overall, correlation was good between Se and the sedi
ment properties measured.
Considerable variation existed in the relationship between 

a given element and the various sediment properties that 
were measured. The correlations range from several that were 
not statistically significant to some with correlation coeffi
cients greater than 0.90. Similar findings have been reported 
in the literature. Iskandar and Keeney (16) found little or no 
correlation between elemental concentration and organic 
matter or textural data, whereas Kemp et al. (17) reported a 
high degree of correlation. At times, a lack of correlation is 
interpreted as evidence for anthropogenic loading or contam
ination (e.g., 4). In our study, the poorest correlations were 
perhaps those for As and Pb in potholes and Hg in riverine 
environments. This lack of correlation may be due to vari
ation in external loading at specific sites within these cate
gories. On the other hand, the best correlations were found 
with Cd and Se, suggesting little or no outside contamination 
for these elements.
The relationships shown in Table 4 provide a starting point 

(or backdrop) for further examination of trace element con
centrations in sediment in the Interior Plains region. Factors 
governing the concentrations of As and Pb in potholes and 
Hg in riverine environments need to be elucidated. Values 
of Cd or Se that vary significantly in their relationship to 
organic matter or texture from those relationships shown in 
Table 4 should be examined to determine probable cause. 
In addition, resource managers in this area who question 
whether a particular elemental sediment concentration is in
dicative of contamination will now have some baseline data 
(Table 3) for comparison.
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TECHNICAL C O M M U N IC A T IO N S

Liquid Chromatographic Determination of Amprolium in Poultry Feed and Premixes Using 
Postcolumn Chemistry with Fluorometric Detection

J O S E P H  T. V A N D E R S L IC E  and M E I - H S IA  A. H U A N G
U .S . D e p a r tm e n t o f  A gricu ltu re , A g r ic u ltu ra l R e se a rc h  S erv ice , B e ltsv ille  H u m a n  N u tr itio n  C en ter,
B e ltsv ille , M D  2 0 7 0 5

Two extraction and liquid chromatographic procedures are presented 
which separate amprolium from compounds in poultry feed or pre
mixes that could interfere with its fluorometric determination. The 
procedures are based on earlier work on the determination of thia
mine in food samples. Amprolium is extracted from feed with a hex
ane-aqueous sulfosalicylic acid mix, separated on a C,8 column, and 
detected fluorometrically after postcolumn derivatization. For pre
mixes, water extraction is used. Values for the amprolium content of 
poultry feed obtained with these procedures are in good agreement 
with those obtained with AOAC official methods. It is suggested that 
these methods with suitable modifications may be of use for routine 
analysis of amprolium in feeds. The overall methods are rapid and 
appear to give reasonable results.

In recent work undertaken to develop a liquid chromato
graphic method for the determination of the levels of thia
mine and its phosphate esters in foods, it was found that the 
anticoccidial amprolium could serve as an internal standard 
in the procedure (1). Fluorescence detection was used, and, 
because amprolium oxidizes to form the same type of flu
orescent derivative as does thiamine and its phosphate esters 
(i.e., the thiochrome reaction) (2), amprolium satisfies all the 
normal criteria for an internal standard (3). Besides undergo
ing the same chemical reaction during the analysis, it also 
behaves like the thiamine vitamers during the entire extrac
tion and analytical procedures. The developed methods gave 
reasonable results for a variety of food products and could 
detect the vitamers at the picomole level.
The results described above suggest that the roles of the 

vitamers and amprolium could be reversed if one were in
terested in determining the levels of the anticoccidial in poul
try feed. For example, one might hope the levels of one of 
the thiamine vitamers would be low in feed, and this com
pound then could be used as the internal standard in the 
analysis for amprolium. To check this, a preliminary study 
was made on the levels of amprolium and the thiamine vi
tamers in a typical chicken feed mixture prepared at the 
Beltsville Human Nutrition Center.
In addition, the original extractions and analytical pro

cedures were simplified to shorten the analysis when thia
mine is not present in a sample, i.e., a premix. This procedure 
was checked on a commercially supplied premix containing 
amprolium but no thiamine.
The proposed chromatographic procedures offer the pos

sibility of easy separation of amprolium from interfering 
compounds, and they offer short analysis times. In contrast 
to manual methods (4), the entire procedure including ex
traction and analysis can be automated using a laboratory 
robot if necessary (5). The use of fluorescence detection leads 
to much cleaner baselines than are observed with ultraviolet 
absorption (6).

Received July 18, 1986. Accepted December 1, 1986.
Mention of a trademark or proprietary product does not constitute a guar

antee or warranty of the product by the U.S. Department of Agriculture and 
does not imply its approval to the exclusion of other products that may be 
suitable.

Experimental
Feed Mixtures
One ton of feed was mixed in a vertical mill at the Poultry 

Laboratory in Beltsville. The feed was principally ground 
com and soybean meal (82% by weight) but did contain 
chlortetracycline HC1, thiamine, and amprolium. The latter 
was nominally 0.025% by weight or 250 yug/g. No further 
mixing was done before analysis because the poultry de
partment was interested in the variation of amprolium from 
sample to sample.
The premix, Amprol 25, was commercially prepared (Merck 

Sharp & Dohme) and was nominally 25% amprolium by 
weight. This was analyzed without any further mixing.
Reagent and Standards
Thiamine, thiamine monophosphate, thiamine diphos

phate, and pyrithiamine were obtained from Sigma Chemical 
Co. Amprolium was a gift from Merck Sharp & Dohme 
Research Laboratory. Sequanol grade sulfosalicylic acid was 
obtained from Pierce Chemical Co. All other chemicals were 
obtained from Fisher Scientific Co.
Method of Analysis
Two extraction and chromatographic procedures are de

scribed below. The one used for feed mixtures containing 
thiamine involves extraction of amprolium and an internal 
standard with sulfosalicyclic acid followed by a cleanup step 
and subsequent analysis by chromatography. The chromato
graphic analysis involves a step gradient elution of the com
pounds of interest with 2 separate buffers. This procedure 
separates the thiamine vitamers and amprolium from one 
another and from any interfering impurity peaks.
The second extraction and chromatographic procedure is 

appropriate for a premix containing no thiamine. Extraction 
of amprolium and the internal standard is accomplished with 
water with subsequent analysis by an isocratic chromato
graphic procedure. While simpler and faster than the pre
vious method, thiamine diphosphate and thiamine mono
phosphate are not separated from one another nor from an 
interfering impurity peak. However, the thiamine and am
prolium peaks are separated and are free from interference. 
For the premix tested with this procedure, a clean chromato
graphic baseline was obtained. However, if a water extraction 
instead of sulfosalicyclic acid is used in the analysis of a feed 
mixture, unidentified peaks which interfere with the analysis 
are observed.
Extraction Procedure
(a) F eed  m ix tu r e .— To 1 g feed mixture are added 2 mL 

of a 5 /ig/mL solution of thiamine monophosphate as the 
internal standard, 10 mL of a 5% (w/v) sulfosalicylic acid 
solution, and 10 mL hexane. This is vortex-mixed for 1 min, 
and centrifuged at 2400 g for 10 min. The water layer is 
removed and filtered through an ACRO LC 13 0.45 gm
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TDP

Time —  ̂ 5.0 [•—
min.

Figure 1. Chromatogram of a mixture of standards and an ex
tract of chicken feed mixture. Notation is as follows: TDP, thia
mine diphosphate; TMP, thiamine monophosphate; T, thiamine;

Amp, amprolium.

disposable filter (Gelman). The filtered water layer is then 
carried through the rest of the cleanup and analytical pro
cedures described in detail previously (1, 7).
(b) P rem ix .—Vox a premix containing no thiamine, a sim

pler extraction procedure is used. A known amount (ca 0.1 
mg) of internal standard, pyrithiamine, is added to a known 
amount (ca 0.8 mg) of sample in 10 mL water. This mixture 
is ground in an Omni-Mixer (Dupont Instruments) for 10 
min, 10 mL hexane is added, and the mixture is ground for 
another 5 min. This is centrifuged at 2400 g for 10 min at 
4°C (Beckman Model TJ-6); the water layer is removed and 
then filtered through a 0.45 /¿m Millipore filter. The filtrate 
is diluted 20 times in preparation for injection into the liquid 
chromatographic analytical system.
Liquid Chromatography
(a) H ardw are.— The liquid chromatographic system is de

scribed in detail elsewhere (1). The system as set up is capable 
of performing a postcolumn chemical reaction. Separation 
is achieved on a 3 mm x 3 cm C„ column (Perkin-Elmer) 
packed with 3 /im particles. The eluting buffer (or buffers) is 
described below. Thiamine, its phosphate esters, and am
prolium are oxidized postcolumn to their thiochrome deriv
atives with 0.01% (w/v) potassium ferricyanide in 15% (w/ 
v) sodium hydroxide solution (pH < 13). Tubing prior to the 
column is stainless steel (0.025 cm id); postcolumn tubing 
can be AWG 26 gauge (0.040 cm id) Teflon tubing. The flow 
rates of both the eluting buffer and the oxidizing stream are 
set at 1 mL/min. The streams are mixed in a “tee” behind 
the column. Before it enters the fluorescence detector, the 
mixed stream is passed through 7 m of 0.04 cm id Teflon 
tubing kept at 32°C. The output from the detector is fed to 
a previously calibrated recording integrator which automat
ically calibrates the amount of unknown on the basis of the 
amount of internal standard added to the original sample.
Table 1. Liquid chromatographic determination of amprolium in 

chicken feed mixture

Sample Amprolium, /¿g/g Recovery," %

1 226 99
2 220 105
3 226 101
4 206 118
5 264 100

Av. 228 ± 22 105 ± 8

»(Amp added -  228) x 100/Amp added.

min.
Figure 2. Chromatogram of a mixture of standards and an ex
tract of premix (Amprol 25). Notation is as follows: PT, pyrithia

mine; Amp, amprolium.

Peak areas are used in the calculation. A typical apparatus 
consists of a Perkin-Elmer Series 4 liquid chromatograph, a 
Haake water bath, a Shimadzu C-R1A recording integrator, 
and a Perkin-Elmer 650-40 fluorescence spectrophotometer 
with excitation and emission wavelengths set at 339 and 432 
nm, respectively. The excitation and emission slits are nor
mally set at 10 and 15 nm, respectively. A Milton Roy con
stant-volume pump is used for the oxidizing stream. The 
analytical column is protected with an RP-18, 3 cm x 4.6 
mm, 5 /tm particle size guard column (Rainin).
(b) E lu tin g  buffers. — For the feed mixture, 2 separate buff

ers are used to elute the compounds of interest from the 
column. The column is first equilibrated for 15 min with a 
0.1M sodium phosphate buffer at pH 5.5. After the sample 
is injected, the pH is kept at 5.5 for an additional 6 min. 
This is then followed with 0.1M sodium phosphate buffer at 
pH 2.6 for an additional 19 min to complete the elution of 
the sample contents from the column.
For the premix containing no thiamine, the elution is iso- 

cratic with only the one buffer at pH 2.6 being used.
Results

A standard solution of thiamine diphosphate, thiamine 
monophosphate, thiamine, and amprolium chromato
graphed under the conditions mentioned for the chicken feed 
mixture is shown in Figure 1. The elution times for thiamine 
diphosphate, thiamine monophosphate, thiamine, and am
prolium in the standard solution are 3.28, 5.26, 10.21, and 
13.98 min, respectively. Lower limits of detection are at the picomole level. Also shown is a chromatogram of extracted 
chicken feed mixture to which no thiamine or its phosphate 
esters have been added. The elution times are the same as 
for the solution of standards. Small peaks indicating perhaps 
the presence of thiamine diphosphate and thiamine mono
phosphate are observed as are those for thiamine and am
prolium. Thiamine monophosphate was selected as the in
ternal standard and, under the procedures described for 
an actual analysis for amprolium, enough thiamine mono
phosphate was added to ensure that its resulting peak was 
12 times the area of that for an unspiked sample. Five anal
yses were performed, and the results are shown in Table 1 
together with recovery studies. The average value of228 /j.g/g 
obtained is in contrast with the nominal value of 250 /tg/g 
for the prepared mixture. Values obtained by 2 commercial 
laboratories using the official spectroscopic method of anal
ysis (4) were 230 and 236 /¿g/g, which are in reasonable
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agreement with the results obtained here. The standard de
viation shown in Table 1 leads to a coefficient of variation 
of 10%, which is double the value found in the earlier work 
in food samples. It is suspected that some of this variation 
is due to a slight inhomogeneity in the chicken feed mixture 
because no effort was made to homogenize the mixture fur
ther after mixing in the vertical mill. With the exception of 
one high value, the recoveries from spiked samples were close 
to 100% even though chlortetracycline HC1 was in the mix
ture. This is in agreement with the earlier work of Kanora 
and Szalkowski (2) who found no enhanced recovery of am- 
prolium when this drug was present, although some other 
drugs enhanced the recovery. One caveat is in order, how
ever. The small peak of thiamine monophosphate present in 
the original sample will tend to lower the values of ampro- 
lium and its recovery when using the internal standard meth
od because of the manner in which the integrator calculates 
concentration. It is estimated that the values are approxi
mately 8% lower than they should be. Finally, the amounts 
of thiamine in the mixture can be determined along with 
amprolium. None are reported here, however, because, in 
our original work, it was not ascertained that the extraction 
procedure used effectively removed thiamine from ground 
com or soy bean meal, which compose a large percentage of 
the mixture.Shown in Figure 2 are chromatograms obtained when the 
extraction and analytical system described for premixes con
taining no thiamine is used on Amprol 25. Traces are shown 
for a standard solution containing pyrithiamine (as the in
ternal standard) and amprolium and for an extracted sample 
of premix spiked with pyrithiamine. The elution times for 
pyrithiamine and amprolium are 1.62 and 4.03 min, re
spectively. Thiamine could also be used as the internal stan
dard as it elutes at the same time as does pyrithiamine. The 
phosphate esters of thiamine elute earlier with unknown 
compounds.
Eight determinations of the amount of amprolium in the 

premix were made which yielded the percentage values of
32.3,23.5,31.7,26.0, 34.2,22.7,26.0, and 28.1. The average 
value was 28.1 ± 4.3%. This large variation in amprolium 
content is likely due to the fact that very small sample amounts 
of premix (0.8 mg) had to be used and the prepared premix 
had not been further homogenized as was the intention. The 
method is so sensitive that even with these small samples, 
the extracted solution still had to be diluted 20-fold to stay 
within the range of the instument sensitivity. Under these 
conditions, it was considered impossible to do recovery stud
ies since adequate representative samples were not obtained.

Conclusions
The 2 extraction liquid chromatographic separation pro

cedures outlined here effectively separate amprolium from 
other compounds such as the thiamine vitamers in poultry 
feed which could interfere with fluorescence methods for the 
determination of amprolium in feed mixtures and premixes. 
As such, they allow for the analysis of this compound by 
either an internal or external standard method. The internal 
standard method as used here for feed mixtures may lead to 
slightly lower values of amprolium content due to the pres
ence of a small amount of thiamine monophosphate in the 
feed. This same criticism does not apply to the analysis of 
premixes where no thiamine is present. At the present time, 
the methods are too sensitive for the determination of am
prolium in premixes in that samples too small to be repre
sentative ones must be taken to stay within instrument sen
sitivity. A large reduction in instrument response would 
eliminate this problem.
It is suggested that the procedures outlined here may be 

useful to those who routinely analyze for amprolium in feeds. 
Although minor modification of the methods may be nec
essary, the analysis is straightforward and reasonably rapid.
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Simple Method for Distinguishing Maneb, Zineb, Mancozeb, and Selected Mixtures

H Ü Y S E Y I N  A F S A R  and B IR S E N  D E M IR A T A
I. U. M iih e n d is lik  F a k ü lte s i, V ezn ec iler , I s ta n b u l  T u r k e y

Maneb, zineb, mancozeb, and arbitrarily selected mixtures of those 
can be differentiated by a simple method. Compounds are differen
tiated on the basis of colors produced after treatment of saturated 
solutions of the fungicides in n-propanoi-acetone mixture (1 + 1 v/v), 
first with dithizone and then with monosodium dihydrogen phosphate 
solution in the same solvent. The color depends on the type and 
concentration of metal present in the sample.

Various metallic ethylenebisdithiocarbamates and their mix
tures are used widely as plant protectants; their identification 
requires simple methods. Much research on this subject has 
been done, and nearly all methods are based on the deter
mination of carbon disulfide and the metal contained in the 
fungicides (1). Most of the metallic ethylenebisdithiocarba
mates have similar color and appearance, and some of them 
give identical elemental analysis results. For example, man
cozeb cannot be differentiated by this technique from a mix
ture of maneb-zineb or from a mixture of maneb and zinc 
salts. Although X-ray diffraction or other instrumental meth
ods can be used for this purpose, these instruments are rarely 
available in conventional laboratories (2-4).
In 1970, Walker (5) reported a simple color spot test using 

dithizone to distinguish fungicidal mixtures, but it was not 
applicable to the differentiation of mancozeb from a mixture 
of maneb and zinc sulfate.
Stevenson (6) proposed a spot test which is an extension 

of Walker’s method. This technique, as Stevenson stated in 
his report, needs practice, because determinations are based 
on color differences that are difficult to describe accurately, 
particularly when the colors are very similar. In addition, 
this technique does not definitely distinguish mancozeb and 
maneb-zinc sulfate mixtures.
In the present work, a method has been developed to dis

tinguish colors of the complexes instrumentally and/or by 
the naked eye. Thus, subjective mistakes have been reduced 
to a minimum. This technique can be applied easily, and 
accurate results can be obtained with a simple colorimeter.

Experimental
Principles
Saturated solutions of samples in «-propanol-acetone are 

prepared and treated with a solution of dithizone in the same 
solvent. Colors of complexes vary with type and concentra
tion of the metal present, thus mixtures can be distinguished 
by means of color differences. To obtain more accurate re
sults, colors are observed after the addition of dithizone to 
the sample solutions, and then a saturated solution of mono
sodium dihydrogen phosphate in «-propanol-acetone is 
added. The colors following the addition of phosphate can 
be measured spectometrically at 510 nm. A reagent blank is 
used in all cases.
Reagents
(a) S o lven t m ix tu r e .— Analytical grade «-propanol and 

acetone mixed in equal volumes.
(b) D ith izo n e  so lu tio n .— 4  x 104 molar dithizone solution 

prepared in solvent mixture.(c) P h o sp h a te  so lu tion . —Saturated solution of NaH2P04 • 
2H20 in solvent mixture.

Received August 28, 1986. Accepted January 7, 1987.

(d) R eferen ce so lu tion  I. —10 mL of dithizone solution 
diluted to 50 mL with solvent mixture.

(e) R eferen ce  so lu tion  II. —10 mL dithizone solution and 
10 mL phosphate solution, mixed and diluted to 50 mL with solvent mixture.
Procedure
A 1.00 g sample of fungicide (maneb, zineb, mancozeb, 

maneb + zinc sulfate mixture or maneb + zineb mixture) 
is weighed into glass-stopper conical flask, and 20 mL «-pro
panol-acetone mixture is added. The solution is stirred ca 1 
h and then filtered through ashless Whatman No. 42 paper. 
Two 1 mL aliquots of the filtrate are transferred to separate 
test tubes; to the first is added 1 mL dithizone solution and 
1 mL phosphate solution; to the second is added 1 mL dith
izone solution. The contents of both tubes are diluted to 5 
mL with solvent mixture. The subsequent colors are visually 
compared, and their absorbances are recorded against reagent 
blank at 510 nm. The same procedure is applied to samples 
of maneb, zineb, mancozeb, the mixture of maneb + zineb, 
and the mixture of maneb + zinc sulfate.

Results and Discussion
The basic aim of this investigation was the differentiation 

of mancozeb from a mixture of maneb and zinc salts or from 
a mixture of maneb and zineb.
Zineb is the zinc complex of ethylenebisdithiocarbamic 

acid, and, due to its greater stability, zinc dithizonate is not 
formed on the addition of dithizone to a zineb organic so
lution. Mancozeb is the zinc complex of manganese ethyl- 
enebisdithiocarbamate, and the strength of the bond between 
zinc ions and the ligand is weaker than in zineb. Thus, zinc(II) 
can dissociate to a greater extent in the organic solution of 
mancozeb, and the ligand displacement can occur with dithi
zone. Consequently, as shown in Table 1, zineb does not alter 
the dithizone green, whereas mancozeb gives a pink-violet 
zinc complex. With maneb, the Mn(II) ion concentration in 
the organic solution is sufficient to form a complex with 
dithizone. Even though the color of the zinc dithizonate and 
manganese dithizonate complexes are different (the former 
is pink-violet while the latter is orange), the Mn(II) ions are 
masked with phosphate to obtain a further differentiation; 
as a result, Mn(II) ions in the case of mancozeb can no longer 
complex with dithizone, and the only observable color in 
solution is the pink-violet zinc dithizonate complex. Either 
in a mixture of maneb-zineb or in a mixture of maneb-zinc 
sulfate, zinc ions are not at a sufficient concentration in the 
organic solution to form the dithizonate complex, while Mn(II)

Table 1. Colors and absorbances of sample solutions

Compound

Sample + dithizone
Sample + dithizone + 

phosphate

Color Abs. Color Abs.

Zineb green 0.01 green 0.00
Maneb orange 0.98 green 0.01
Mancozeb pink-violet 1.08 pink-violet 0.49
Maneb-zineb (7 + 1 w/w) orange 1.04 green 001
Maneb-ZnSOj (7 + 1 w/w) orange 0.99 green 0.01
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ions can easily form these complexes, which fade on the 
addition of phosphate.As can be seen from Table 1, maneb, a mixture ofmaneb + 
zineb, and a mixture of maneb + zinc sulfate show identical 
behavior on the sequential addition of dithizone and phos
phate. When differentiation of these substances is desired, 
the presence of Zn(II) is tested (by dithizone or other standard 
procedures). For this purpose, the test sample is first leached 
with water and then with diluted H2S04. The maneb + zineb 
mixture can only give a positive zinc test in the H2S04 extract, 
while the maneb + zinc sulfate mixture can give positive 
zinc results in both water and H2S04 extracts. On the other 
hand, maneb gives negative results for both extracts.
The differentiation of mancozeb from the maneb + zineb 

mixture is not affected by a water content of 8% (by volume) 
in the organic solution. The same tolerance, valid for the 
differentiation of mancozeb from the mixture of maneb and

zinc sulfate, is limited to a water content of 2%. It is apparent 
that absolute drying of the solvents is not strictly necessary. 
Therefore, the method is simple and convenient (for most 
laboratories lacking instrumental devices) for the analysis of 
the indicated fungicides, which is of benefit to both users and 
sellers.
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Chloride Determination in Foods with Ion-Selective Electrode After Isolation as Hydrogen 
Chloride
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This report describes a sample preparation method in which chloride 
is isolated as hydrogen chloride from food samples prior to analysis 
with the chloride ion-selective electrode. Chloride analyses of selected 
foods with this method agreed with chloride values reported in food 
composition tables. Chloride analysis with the present procedure also 
agreed with the certified value for the chloride content of the National 
Bureau of Standards (NBS) Standard Reference Material, Nonfat 
Milk Powder. Reliability of the chloride isolation procedure was 
evident by the complete recovery of chloride added to food samples 
and a narrow range of 95% confidence limits calculated for each set 
of analyses. The usefulness of the chloride ion-selective electrode to 
determine chloride in foods is greatly enhanced by this procedure 
because matrix interference by other sample components is removed 
prior to analysis.

Chloride in foods is routinely determined by titration of sol
ubilized chloride with a standard solution of silver nitrate
(1). The titration end point can be visualized either by using 
a color indicator or by using the chloride electrode as an 
indicator electrode. Neither of these methods is entirely sat
isfactory because of serious interference by other sample 
components, for example, the determination of chloride in 
meat and meat products (2). Direct determination of chloride 
with the chloride ion-selective electrode has also met with 
limited success because the electrode is subject to serious 
interference by other sample components, including fouling 
of the membrane surface with protein, and detection of other 
halides also present (3). Direct determination of chloride in 
milk, for example, required pretreatment of the sample to 
remove protein (4); otherwise, an erroneously high chloride 
determination was obtained. Although it has been reported
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that much of the electrode interference can be removed by 
pretreatment of the sample with an oxidative reagent (5), the 
ideal situation for the determination of chloride in foods 
would be to isolate chloride from interfering substances prior 
to its measurement. To accomplish this, methods of varying 
degree of complexity and expense have been suggested in
cluding ion-exchange chromatography, gas chromatography, 
and distillation methods (6).
In the present study, we describe the use of a simple, in

expensive microdiffusion procedure using Conway cells (7) 
to isolate chloride as hydrogen chloride from foods prior to 
analysis with the chloride ion-selective electrode.

Experimental
Reagents, Apparatus, Procedure
A detailed description of the reagents, apparatus, and pro

cedure required for the determination of chloride with the 
ion-selective electrode following isolation as hydrogen chlo
ride has already been published (8). In brief, the sample ring 
which surrounds the center well of a Conway plate contains 
the sample and sufficient water to make a final volume of 1 
mL. The center well contains 0.2 mL 1.25M NaOH and 2 
drops of absolute ethanol to help spread the NaOH solution 
over the well surface. Diffusion of hydrogen chloride begins 
by the addition of 3 mL cold (5°C) 60% H2S04 to the sample 
compartment. A petri dish cover is immediately applied to 
each cell and the contents are swirled to mix. Diffusion is 
allowed to proceed for 22 h at 37°C. Then, Petri dish covers 
are removed and 2.3 mL water and 0.2 mL 1.25M HN03 
are added to the center well. Center well contents are mixed 
and transferred to a 10 mL disposable beaker cup that con
tains 2.4 mL water and 0.1 mL 5M NaN03. Chloride is then 
determined with the chloride ion-selective electrode. Under
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Table 1. Chloride content of food samples"

CL, mg/100 g

Food

Present method 
(95% conf. 

interval) Lit. range (Ref.)
Milk, cow, lowfat (2%) 86-92 78-120 (11)
Milk, evaporated 202-214 200-220 (11)
Infant formula (Similac) 94-100 95-105»
Egg (whole) 171-177 170-180 (9,10)
Ham (smoked) 2124-2195 1400-2100 (9)
Tomato juice, canned 482-497 380 (10)
Carrot juice, canned 32-34 29-53 (9)
Peas, drained solids, canned 298-309 267-410 (9)
Flour, whole wheat 55-57 _
Flour, white, all purpose 66-70 71 (10)
NBS SRM 1549

(Nonfat Milk Powder) 1080-1120 1070-1100c

* n  =  5, except for NBS Reference Standard, where n  =  12.
"Personal communication, Ross Laboratories, Columbus, OH.
° 95% confidence interval, National Bureau of Standards (NBS), Gaithers
burg, MD.

the conditions described, a linear analysis will be obtained 
when the sample introduced into the sample ring contains 
50-1000 ng chloride. In a 5 mL analysis volume, the lower 
end of the stated range corresponds to 10 ppm Cl', which is 
well above the electrode minimum detection limit of 1.8 
ppm.
Sample Preparation

(a) For liquid samples such as milk and juices, no sample 
preparation is required. Pipet a sufficiently large sample into 
the sample ring of the Conway cell that will yield 200-500 
Mg chloride. Add redistilled water to the sample ring to give 
a final volume of 1.0 mL.

(b) For solid samples such as ham, vegetables, and egg, it 
is necessary first to solubilize chlorides in the food. Add 5.0 
g of a representative sample to a blender. Add 45 mL 0.1N 
reagent grade HN03 and blend 30 s at low speed to extract 
chlorides. Centrifuge 10 min at 400 x g. For chloride anal
ysis, remove an aliquot that will yield 200-500 Mg chloride.

(c) For some solid food samples such as flour, it is possible 
to diffuse chloride directly from the sample, because the 
amount of chloride diffused will be in the desired 200-500 
Mg range.
Calculations
Diffuse standard amount of chloride (100, 200, 500 Mg) 

with each set of samples. Calculate chloride content of the 
sample from the regression equation generated from the stan
dards. Express final results as mg Cl'/100 g, to compare 
results directly with available food composition references 
(9, 10), according to the following equation:

CL, mg/100 g =  (C x V  x D/W) x 100
where C = concentration (mg/L) of chloride in analysis vol
ume corrected for percent recovery, V = sample volume (5 
mL), D = dilution factor, and W  = sample weight (g).

Results and Discussion
The original microdiffusion method on which the present 

paper was based was designed to determine the chloride con
tent of urine and serum by using the chloride ion-selective 
electrode (8). To determine the possible application of this 
method to the determination of chloride in food, an effort 
was made to select representative food items from each of 
the major food groups where comparable chloride content

Table 2. Recovery of chloride added to food samples"

Food
Chloride, n g

Ree., %Added Found Reed
Milk, lowfat (2%) 0 178.8 ± 6.9 _ _

200 377.6 ± 8.2 198.8 99.4
Milk, evaporated 0 208.2 ± 7.1 _ _

200 413.1 ± 6.3 204.9 102.5
Peas, drained solids 0 151.7 ± 3.1 _ _

200 347.6 ± 5.9 195.9 98.0
Egg. whole 0 139.0 ± 3.0 _ _

200 344.5 ± 4.9 205.5 102.8
Each value represents the mean ± SD of 5 determinations.

of foods was available from food composition tables (9, 10) 
or literature references (11). In addition, the present method 
was also applied to chloride determination in a randomly 
selected infant formula reflecting recent concerns (12) as well 
as to the National Bureau of Standards Standard Reference 
Material 1549, Nonfat Milk Powder, which has been certified 
for chloride content.
Results for the determination of chloride content in food 

by using the present method are shown in Table 1. Deter
minations have been expressed as 95% confidence intervals 
to facilitate comparisons with ranges of chloride content of 
foods reported in food composition tables. Expression of 
results in this way also facilitates comparison of the present 
method with other methods, because the certified value for 
chloride in the NBS standard is expressed as a 95% confi
dence interval. Methods used by the National Bureau of 
Standards to certify the chloride content of nonfat milk pow
der were ion-exchange chromatography and instrumental 
neutron activation analysis. Chloride determinations in foods 
with the present method were in close agreement with the 
available reference values as shown in Table 1. The narrow 
range of 95% confidence intervals attests to the fact that the 
present method for the determination of chloride in food is 
highly reproducible. Furthermore, the determination of chlo
ride in the NBS standard with the present method was in 
excellent agreement with the certified value.
As shown in Table 2, the present method allows for ex

cellent, reproducible recovery of chloride added to foods as 
sodium chloride. These results indicated little or no matrix 
interference on the diffusion of chloride as hydrogen chloride 
from these samples.
In summary, the sample preparation method used in this 

study to determine chloride content of foods greatly enhances 
the usefulness of the chloride ion-selective electrode because 
electrode interference by other sample components is re
moved. The procedure does not require ashing or depro- 
teinization of food samples. The method requires inexpen
sive equipment and yet yields reliable, reproducible results 
equivalent to those obtained with much more sophisticated 
instrumentation.
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Gas Chromatographic Determination of Capsaicinoids in Green C a p s ic u m  Fruits

A N N A  M . K R A J E W S K A  and J O H N  J. P O W E R S
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A new gas chromatographic (GC) method is described that uses a 
simple on-column méthylation for the quantitative determination of 
the major naturally occurring capsaicinoids. Capsaicinoids are ex
tracted from the dry sample with acetone in a Soxhlet apparatus, 
purified by extraction with petroleum ether and water, mixed in a 
microsyringe with trimethylanilinium hydroxide solution, and in
jected onto the GC column. The methylated capsaicinoids thus formed 
require 16 min for elution. The gas chromatographic response is 
linear with increased concentration of capsaicinoids.

Capsaicin and its analogs, called capsaicinoids, are the pun
gent compounds of the C a p sicu m fruit. Five naturally oc
curring capsaicinoids have been reported (1): capsaicin (C), 
dihydrocapsaicin (DC), nordihydrocapsaicin (NDC), homo
capsaicin (HC), and homodihydrocapsaicin (F1DC). C, DC, 
and NDC are the major components of most C a p sicu m  
species, constituting about 95% or more of the total capsai- 
cinoid content.
Gas chromatography (GC) has been widely applied for 

separation, identification, and quantitation of individual cap
saicinoids of natural and synthetic origin in fresh peppers, 
oleoresins, spices, and medicinal preparations. When cap
saicin and its analogs are analyzed by GC in the free form, 
strong adsorption of the compounds to most columns results 
in severe tailing of peaks and hampers quantitation. There
fore, derivatization is necessary for efficient GC separation 
of capsaicinoids. Two derivatization procedures for capsai
cinoids have been reported: trimethylsilylation of capsaici
noids (2-7) and hydrolysis of capsaicinoids to yield fatty 
acids, and subsequent esterification (8, 9).
The GC method described here is based on a méthylation 

reaction of the phenolic group of capsaicinoid with trimeth
ylanilinium hydroxide (TMAH). This derivatization method 
yields symmetrical chromatographic peaks without evidence 
of adsorption on the column. TMAH has been proven to be 
a powerful methylating agent for GC quantitation and iden
tification of high molecular weight compounds of biological 
interest such as barbiturates, phenolic alkaloids, xanthine 
bases, and others (10, 11). A simple on-column technique is 
used for méthylation with TMAH (12). When it is mixed 
with an extract and heated in the injector port, TMAH reacts 
with the active hydroxyl, amino, or carboxyl group to yield 
methylated nonpolar derivatives which can be easily chro
matographed.
The GC method proposed here has been successfully ap

plied to quantitative determinations of capsaicinoids in nat
ural products.

Received September 24, 1986. Accepted January 9, 1987.

METHOD
Apparatus
(a) G as c h ro m a to g ra p h .— Varian Model 3700 (Varian As

sociates, Palo Alto, CA 94303) equipped with flame ion
ization detector; column, 2.1 m x 2 mm id glass, packed 
with 5% SP2100 on 100-120 mesh Chromosorb WAW 
DMCS; column temperature program: initial temperature 
200°C, initial time 0 min, program rate 4°/min, final tem
perature 245°C, final time 7 min; detector temperature, 250°C; 
injector temperature, 250°C; nitrogen flow rate, 30 mL/min; 
air flow rate, 300 mL/min; hydrogen flow rate, 30 mL/min; 
sensitivity, 8 x 10 10 AFS; sample size, 2 pL .
(b) F re e ze -d r ie r .— The VirTis Co., Gardiner, NY 12525.
(c) G rin d er .— Wiley mill (Arthur H. Thomas Co., Phila

delphia, PA 19105).
(d) R o ta v a p o r .— Brinkman Instruments, Westbury, NY 

11590.
Reagents
(a) N a tu ra l capsaicin.—Mixture of naturally occurring 

capsaicinoids (Pfaltz and Bauer, Inc., Waterbury, CT 06708).
(b) P u re N D C , C, a n d  D C  s ta n d a rd s .— Obtained by low 

pressure liquid chromatographic separation of natural cap
saicin (13).
(c) T rim e th y la n ilin iu m  h yd ro x id e  (T M A H ).—0 A M  so

lution in methanol (Fisher Scientific, Pittsburgh, PA 15219).
(d) In te rn a l s ta n d a rd  (IS). — Tetracosane (Fisher Scientif

ic). Prepare IS solution by dissolving 250 mg tetracosane in 
1000 mL tetrahydrofuran.
(e) S o d iu m  su lfa te  anhydrous. — J. T. Baker, Phillipsburg, 

NJ 08865.
(f) S o lven ts. —Tetrahydrofuran, methanol, acetone, di

ethyl ether anhydrous, petroleum ether (50-110°C) (all “Bak
er Analyzed” Reagents).
Standard Curve
Prepare stock solution of capsaicinoids containing 0.4,1.4, 

and 0.8 mg/mL of NDC, C, and DC, respectively in IS so
lution. Transfer aliquots of stock solution to 5 mL volumetric 
flasks and dilute to volume with IS solution to obtain a series 
of standard mixtures in the range 0.4-0.1, 1.4-0.35, and 0.8- 
0.2 mg/mL for NDC, C, and DC, respectively. Draw 1 p L  
TMAH solution and 2 p L standard solution into microsy
ringe and inject into gas chromatograph. (Figure 1 illustrates 
chromatogram of standard mixture of capsaicinoids with IS.) 
Measure peak heights of capsaicinoids and IS. Calculate ra
tios of each peak to IS and plot, separately for each com
pound, obtained values vs concentration.
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Figure 1. Gas chromatogram of methylated standard mixture 
of capsaicinoids; IS = internal standard (tetracosane); NDC = 
nordihydrocapsaicin; C = capsaicin; DC = dihydrocapsaicin; 2 
iiL injected representing 0.6, 2.1, and 1.2 m9 of NDC, C, and DC, 

respectively.

Figure 2. Gas chromatogram of methylated natural capsaicin; 
codes same as in Figure 1 plus HC = homocapsaicin, HDC = 
homodihydrocapsaicin; sensitivity changed to 4 x 10 10 AFS af
ter 15.4 min; 1 mL injected representing 5.85 ixg natural 

capsaicin.

Sample Preparation
Cut fresh peppers into 1 cm strips. Discard stems. Freeze 

in blast freezer and dry in freeze-drier to constant weight (ca 
48 h). Determine water content of fresh peppers. Grind dry 
peppers in Wiley mill. Extract 3 g powdered sample in Soxh- 
let apparatus 3 h with 150 mL acetone. Evaporate acetone 
in Rotavapor. Dissolve residue in ca 50 mL methanol and 
ca 50 mL petroleum ether (add several drops of water to 
avoid mixing of petroleum ether in methanol). Transfer to 
250 mL separatory funnel. Shake and let layers separate. 
Discard petroleum ether layer. Evaporate methanol in Ro
tavapor. Dissolve residue in diethyl ether and water. Transfer 
to 250 mL separatory funnel. Swirl gently to avoid emulsion 
formation. Let layers separate. Wash water layer with 2 more 
portions of diethyl ether. Dry combined ether fractions with 
anhydrous Na,S04, filter and evaporate to dryness in Ro
tavapor. Dissolve residue in 5 mL IS solution. Draw 1 ¡xL 
TMAH solution and 2 ¡xL extract into a microsyringe and 
inject into gas chromatograph.

Results and Discussion

GC separation of methylated capsaicinoids was very good 
using the chromatographic conditions described (Figure 2). 
Peaks are well resolved and therefore easy to measure. As

can be seen in Figure 2, HC and HDC can be detected in 
mixture with other capsaicinoids only if sensitivity of the 
instrument is increased. Because of the very low content of 
HC and HDC in peppers, their determination was not in
cluded in this project.
On-column methylation with TMAH was 100% effective, 

without premixing reagent and extract. No difference in peak 
response was observed when TMAH was added to the extract 
at 0, 5, 10, and 30 min prior to injection. Therefore, the 
method of mixing TMAH solution with the extract in the 
syringe was used throughout this experiment. Amount of 
TMAH used was 5- to 10-fold in excess and peak response 
was the same in this range.
The purification procedure yielded a light green extract 

and effectively removed interfering substances. Figure 3 il
lustrates a typical chromatogram of a green pepper extract. 
The petroleum ether extraction eliminated most of the pig
ments and lipids and was essential for extended column life 
and performance. The diethyl ether and water partition re
moved the substances interfering with capsaicinoid peaks.
By this procedure, bell peppers contained no capsaicinoids 

and therefore bell pepper samples were spiked and used for 
recovery studies. The results (Table 1) indicate a satisfactory 
level of recovery and good reproducibility. The minimum

Table 1. Recovery of capsaicinoids from spiked bell pepper 
samples

Table 2. Determination of capsaicinoid content in green Cap
sicum fruits

Capsaicinoid

Recovery,1'% Capsaic-
inoid

Jalapeno peppers Finger hot peppers

Added, mg Mean ± SD CV, % Content" ± SD CV, % Content* ± SD CV, %

NDC 0.82 102.0 ± 5.8 5.7 NDC 4.80 ± 0.17 3.5 7.49 ± 0.27 3.6
C 5.20 87.5 ± 4.7 5.4 C 18.70 ± 1.20 6.4 19.30 ± 1.34 6,9
DC 2.66 80.5 ± 4.3 5.3 DC 16.83 ± 1.03 6.1 18.18 ± 0.97 5.3

* Average of 6 determinations. * mg/100 g fresh pepper; average of 6 determinations.
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Figure 3. Gas chromatogram of methylated jalapeno pepper 
extract; codes same as in Figures 1 and 2.

detectable levels by this method are 12.0, 12.5, and 14.0 ng 
for NDC, C, and DC, respectively.
Relationships between the ratio of peak heights of indi

vidual capsaicinoids to internal standard were linear with the 
concentration of capsaicinoids (r = 0.99) in the ranges 0.4-
0.1, 1.4-0.35, and 0.8-0.2 mg/mL for NDC, C, and DC, 
respectively. The relative concentrations of each capsaicinoid 
in the standard mixtures were such that they reflected the 
relative content of capsaicinoids in C a p sicu m fruits.
The method was successfully used to determine capsaici

noid levels in 2 kinds of hot green pepper available on the 
local market, i.e., jalapeno pepper and finger hot pepper (see 
Table 2). The results indicate that the described GC method 
offers a useful alternative for determinations of capsaicinoids in C a p sicu m fruits.
This method can also be applied to detect adulterants such 

as vanillylamide of «-nonanoic acid, which, under the chro
matographic conditions described here, has a peak with a 
retention time of 13.7 min and is clearly resolved from NDC and C peaks.
Other chromatographic methods such as liquid chroma

tography (LC) (14-16) and high performance thin layer chro
matography (HPTLC) (17) have been successfully used for 
determination of individual capsaicinoids. However, the 
method proposed here is less costly than LC which requires 
large amounts of high purity solvents and HPTLC which

requires expensive, nonreusable plates. Also, many more lab
oratories have gas chromatographs than have LC equipment. 
As compared with other gas chromatographic procedures, 
the main advantage of the method described here is the ease 
of the derivation reaction. No premixing of the reagents, 
heating, or waiting before injection is required. TMAH so
lution and an extract are simply drawn into the syringe and 
injected. Some other methods—sensory, colorimetric, spec- 
trophotometric, or thin layer chromatographic procedures— 
are not effective for the determination of individual com
pounds and can be used only for the analysis of total cap
saicinoids.Although sample preparation described here is somewhat 
time consuming, it results in extracts suitable for chroma
tography. If time is limited, sample preparation may be short
ened by omitting the petroleum ether purification of the ex
tracts. This will have little effect on the appearance of the 
final chromatogram because none of the substances removed 
by petroleum ether overlap with capsaicinoid peaks. How
ever, neglecting to perform this purification will cause con
tamination of the GC column, and therefore loss of resolu
tion, due to the deposition of fats and lipids present in the 
extracts.

R e f e r e n c e s

(1) Bennett, D. J., & Kirby, G. W. (1968) 7. C h e m . S o c . (C ) 4 4 2 - 
446

(2) Muller-Stock, A., Joshi, R. K., & Buchi, J. (1971) 7. C h r o -  
m a to g r . 63, 281-287

(3) M asada, Y.. Hashim ito, K., Inoue, T.. & Suzuki, M. (1971)7. 
F o o d  S c i . 36, 858-860

(4) Todd, P. H., Bensinger, M. G „ & Biftu, T. (1977) J. F o o d  S c i.  
42, 660-665, 680

(5) Lee, K., Suzuki, T., Kobashi. M., Hasegawa, K., & Iwai, K. 
(1976)7. C h r o m a t o g r . 123, 119-128

(6) Iwai, K., Lee, K., Kobashi, M., & Suzuki, T. (1977) A g r ie .  B io l .  
C h e m . 41, 1873-1876

(7) Jurenitsch, J., Kubelka, W., & Jentzsch, K. (1978) S e i .  P h a r m .  
46, 307-318

(8) Kosuge, S., & Furuta, M. (1970) A g r ie .  B i o l .  C h e m . 34, 248- 
256

(9) Jurenitsch, J., & Leinmuller, R. (1980) 7. C h r o m a t o g r . 189, 
389-397

(10) B rochm ann-Hanssen, E., & Oke, T. O. (1969) 7. P h a r m . S c i.  
58, 370-371

(11) Kananen, G., Osiewicz, R., & Sunshine, I. (1972) 7. C h r o 
m a to g r . S c i. 10, 283-287

( 12) Pierce Chemical Co. ( 1984) “ H andbook and General Catalog,” 
Rockford, IL, p. 126

(13) Krajewska, A. M., & Powers, J. J. (1986) 7. C h r o m a t o g r . 367, 
267-270

(14) Sticher, O., Soldati, F., & Joshi, R. K .  (1978) 7. C h r o m a t o g r .  
166, 221-231

(15) Saria, A., Lembeck, F., & Skofitsch, G. (1981) 7. C h r o m a t o g r .  
2 0 8 ,4 1 -4 6 .

(16) Kawada, T., W atanabe, T., Katsura, K., Takam i, H., & Iwai,
K. (1985) 7. C h r o m a t o g r . 329, 99-105

(17) Suzuki, T., Kawada, T., & Iwai, K. (1980)7. C h r o m a t o g r . 198, 
217-223



LEE ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 929

Solvent Effects on Response Factors for Polynuclear Aromatic Hydrocarbons Determined by 
Capillary Gas Chromatography Using Splitless Injections
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When standard solutions of polynuclear aromatic hydrocarbons 
(PAHs) were analyzed by capillary column gas chromatography us
ing splitless injections, response factors were observed to be depen
dent on the solvent used to prepare the standard. This report presents 
the response factors for 16 individual PAHs in 5 commonly used 
solvents: acetonitrile, methanol, toluene, isooctane, and cyclohexane. 
To minimize quantitation errors due to differences in transfer effi
ciency, samples and standards of PAHs should be prepared in the 
same solvent.

Due to the ubiquitous nature and the persistence, carcino
genicity, and mutagenicity of many polynuclear aromatic 
hydrocarbons (PAHs), such compounds are frequently mon
itored in water, sediment, biota, and other matrixes. A va
riety of analytical methodologies such as gas chromatography 
(GC) (1), gas chromatography/mass spectrometry (GC/MS)
(2), and liquid chromatography (LC) (3) have so far been 
developed for the determination of PAHs. Because of dif
ferent requirements in the detection system, standard solu
tions are frequently prepared in different solvents. For ex
ample, for reverse phase LC analysis, PAH standard solutions 
are often prepared in polar solvents such as acetonitrile and 
methanol. On the other hand, for GC or GC/MS analysis of 
PAHs, standards are usually prepared in aliphatic or aro
matic hydrocarbons or other nonpolar solvents. Different 
cleanup procedures can also produce sample extracts in sol
vents different from the calibration standards.
Recently, we observed unexpected results when our in- 

house PAH standard solution prepared in toluene was cali
brated against a PAH reference sample (NBS SRM 1647) 
prepared in acetonitrile. Although solvent effects on peak 
shape (4) and response factors (5) in capillary gas chroma
tography have been reported, very few quantitative results 
on the response factors caused by solvents of different po
larity appeared in the literature. In this paper, we report the 
solvent effects on the retention times and response factors 
for the 16 U.S. Environmental Protection Agency PAH prior
ity pollutants (EPA Method 612) determined by splitless in
jections onto a fused silica capillary column.

Experimental

Gas Chromatography
We used a Hewlett-Packard 5880A gas chromatograph 

equipped with split/splitless capillary injection port, flame 
ionization detector, 7671A autosampler, and level IV ter
minals. For all PAH analyses, we used a 30 m x 0.25 mm 
id DB-5 fused silica capillary column of 0.25 p in film thick
ness available from J & W  Scientific Co. Operating temper
atures: injection port and detector, 275°C; oven, initial 70°C, 
hold 0.75 min at 70°C, programming rate 1, 307min (from 
70to 140°C), programming rate 2,37min(from 140to260°C), 
hold 15 min at 260°C. Flow rates: hydrogen, 35 mL/min; 
air, 240 mL/min; detector makeup gas (helium), 25 mL/min. 
Carrier gas (helium) head pressure, 15 psi. Linear velocity,
23.3 cm/s at 260°C. Splitless valve on for 0.75 min. Ap
proximately 3 p L of each sample was injected to the column, 
using the autosampler. An electronic integrator was used to

Received October 29, 1986. Accepted January 13, 1987.

measure peak areas for the subsequent calculation of response factors.
PAH Standard Solutions

Stock solutions of individual PAHs were prepared with 
concentrations between 500 and 1000 p g /m L toluene. Also 
a concentrated mixture of the 16 PAHs in toluene was pre
pared by combining 1.0 mL of each stock solution. Each of 
five 500 p L aliquots of this mixture was diluted to 10.0 mL 
with the following 5 solvents: (1) toluene, (2) acetonitrile, (3) 
methanol, (4) isooctane, and (5) cyclohexane. C a u tio n: Ex
treme care should be exercised in handling concentrated PAH 
stock solutions because some of them are known carcinogens.

Results and Discussion

In our laboratory, all sediment extracts and standard so
lutions for PAH analysis are prepared in toluene. This solvent 
was chosen because it is suitable for flame ionization detec
tion and mass selective detection without further solvent 
exchange. Toluene is also the solvent used in the final column 
cleanup step for PAH analysis, and its lower volatility reduces 
evaporation of solvent in sample extracts and standard so
lutions during storage. Although PAH samples in toluene are 
not suitable for direct injection into a reverse phase LC sys
tem, toluene is miscible with methanol or acetonitrile in 
ratios greater than 1:10. Thus, after dilution with the LC 
solvent, the sample can be analyzed without solvent replace
ment which usually causes losses of the more volatile PAHs. 
In this work, standard solutions of PAHs were also prepared 
in acetonitrile, methanol, isooctane, and cyclohexane for the 
following comparison studies. These solvents were chosen 
because they were frequently used in PAH analysis.
Table 1 summarizes the average retention times (based on 

7 replicate injections) of 16 PAHs in the 5 solvents. The 
injections were made by an autosampler onto a 30 m capillary 
column in the splitless mode, and the chromatographic data 
were recorded by an electronic integrator. For the same sol
vent, the between-run variation in retention times for each 
PAH seldom exceeded 0.01 min. For the less volatile PAHs,

Table 1. Retention times (min) of PAHs in 5 different solvents 
(see Experimental for GC conditions)

PAH
Acetoni

trile Methanol Toluene Isooctane
Cyclo
hexane

Naphthalene 4.21 4.34 4.21 4.21 4.20
Acenaphthylene 6.55 6.47 6.52 6.56 6.52
Acenaphthene 6.97 6.89 6.94 6.98 6.95
Florene 8.37 8.28 8.34 8.37 8.35
Phenanthrene 12.11 12.04 12.08 12.11 12.09
Anthracene 12.32 12.26 12.29 12.33 12.30
Fluoranthene 18.97 18.96 18.96 18.98 18.97
Pyrene 20.32 20.30 20.30 20.32 20.31
Benzo[a]anthracene 29.27 29.28 29.25 29.28 29.27
Chrysene 29.55 29.55 29.52 29.56 29.54
Benzo[b]fluoranthene 37.06 37.07 37.05 37.07 37.06
Benzo[k]fluoranthene 37.25 37.25 37.23 37.24 37.24
Benzo[a]pyrene 39.07 39.09 39.06 39.08 39.08
lndeno[123-cd]pyrene 46.40 46.40 46.38 46.40 46.39
Dibenz[ah]anthracene 46.94 46.94 46.92 46.93 46.94
Benzo[ghl]perylene 48.13 48.14 48.11 48.12 48.14
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Table 2. Response factors of PAHs in acetonitrile, methanol, isooctane, and cyclohexane relative to those in toluene

PAH Acetonitrile Methanol Toluene Isooctane Cyclohexane

Naphthalene 0.26 (8.7)-“ 0.39 (5.2)- 1.00 (4.3) 0.95 (3.7)+ 0.86 (2.8)-
Acenaphthylene 0.43(9.6)- 0.45 (5.6)- 1.00 (4.0) 1.03 (3.6)+ 0.93 (2.7)+
Acenaphthene 0.40 (9.4)- 0.45 (5.3)- 1.00 (3.9) 1.04(3.6)+ 0.93 (2.6) +
Florene 0.45 (6.4)- 0.47 (6.6)- 1.00(4.2) 1.04 (3.6)+ 0.95 (2.6)+
Phenanthrene 0.51 (5.7)- 0.52 (8.7)- 1.00 (5.0) 1.04(4.8)+ 0.95 (3.0)+
Anthracene 0.51 (6.0)- 0.51 (9.3)- 1.00 (5.4) 1.04(5.0)+ 0.95 (3.2)+
Fluoranthene 0.55 (7.0)- 0.57 (10.0)- 1.00 (6.9) 1.03 (6.5)+ 0.88 (4.8)+
Pyrene 0.55 (7.6)- 0.62 (8.8)- 1.00 (5.7) 1.00(7.8)+ 0.85 (4.7)-
Benzo[a]anthracene 0.59 (5.5)- 0.70 (7.4)- 1.00 (9.0) 1.01 (6.0)+ 0.75 (5.8)-
Chrysene 0.61 (5.5)- 0.72 (7.0)- 1.00 (6.6) 1.04 (6.3)+ 0.77 (5.8)-
Benzo[b]fluoranthene 0.68 (3.6)- 0.80 (6.3)- 1.00 (7.7) 1.20 (5.9)- 0.79 (5.2)-
Benzo[k]fluoranthene 0.67 (3.8)- 0.78(7.0)- 1.00 (6.2) 1.18(6.0)- 0.77 (3.8)-
Benzo[a]pyrene 0.71 (3.6)- 0.79 (5.5)- 1.00 (6.6) 1.25 (5.1)- 0.80 (5.6)-
lndeno[123-cd]pyrene 0.94 (6.0) + 0.80 (6.7)- 1.00 CEO) 1.49 (7.7)- 0.87 (4.9)-
Dibenz[ah]anthracene 0.97 (4.6)+ 0.84 (7.0)- 1.00 (8.9) 1.56 (7.9)- 0.91 (8.5)+
Benzo[ghi]perylene 0.95 (6.1)+ 0.83 (5.1)- 1.00(11.1) 1.48 (8.4)- 0.88 (7.9)+

* + and -  signs denote the absence or presence, respectively, of significant difference in response factors (toluene vs other solvents) concluded by the f-test 
at 5% significance level. Precision of injections in % RSD is given in parentheses.

i.e., fluoranthene and lower in Table 1, the retention times 
varied only slightly between different solvents. The maxi
mum between-solvent differences in retention times were all 
between 0.02 and 0.04 min for the same PAH. However, 
larger between-solvent differences in retention times were 
observed for the more volatile PAHs. For example, the re
tention times for naphthalene in methanol and cyclohexane 
were 4.34 and 4.20 min, respectively. Therefore, in cases 
where standard solution and sample extract were prepared 
in solvents that produced a large difference in retention time, 
misidentification of peaks could occur.
Table 2 lists the mean response factors for each PAH in 

different solvents relative to toluene. In all cases, the response 
factors were obtained by averaging the results of 6 or 7 in
jections. To compensate for any long-term drifting in detector 
sensitivity, samples in different solvents were analyzed in 
sets of fives. Huge differences in relative response factors 
were observed for many PAHs between toluene and the polar 
solvents, i.e., acetonitrile and methanol. In the most extreme 
case, the detector responses of naphthalene as determined in 
acetonitrile and methanol were only 26 and 39%, respec
tively, of that determined in toluene. For the other PAHs, 
detector responses were also lower in methanol and aceto
nitrile, and they were mostly between 40 and 80% of those 
determined in toluene. At 5% level of significance, the Stu
dent’s i-test indicated that response factors of all 16 PAHs 
determined in methanol were significantly different from those 
obtained in toluene. Except for indeno[123-cd]pyrene, di- 
benz[ah]anthracene, and benzo[ghi]perylene, response factors for PAHs determined in acetonitrile were also concluded as 
significantly different by the same test.
With the exception of naphthalene, PAHs had higher de

tector responses in isooctane than toluene. On the other hand, 
detector responses for PAHs in cyclohexane were 5-25% 
lower than the corresponding values in toluene. A (-test in
dicated that response factors for benzofb] fluoranthene, ben- 
zo[k]fluoranthene, benzo[a]pyrene, indeno[123-cd]pyrene, 
dibenz[ah]anthracene, and benzo[ghi]perylene were signifi
cantly different for toluene and isooctane. For cyclohexane 
and toluene, significant differences in response factors were 
found for naphthalene, pyrene, benzo[a]anthracene, chry

sene, benzo[b]fluoranthene, benzo[k]fluoranthene, ben- 
zo[a]pyrene, and indeno[123-cd]pyrene.
Comparisons of response factors for PAHs were also made 

between solvents of similar polarity, i.e., acetonitrile vs 
methanol, as well as isooctane vs cyclohexane. Between the 
2 polar solvents, (-tests indicated significant difference (P  <
0.05) in response factors for all PAHs except acenaphthylene, 
fluorene, phenanthrene, anthracene, fluoranthene, and py
rene. Similar tests also suggested that response factors for all 
PAHs determined in isooctane were significantly different 
from those determined in cyclohexane.
The results in Table 2 clearly indicate that, among the 5 

solvents tested, isooctane was the most efficient in transfer
ring PAHs from the injection port to the column when split
less injections were made. On the other hand, acetonitrile 
and methanol were much less efficient in transferring PAHs. 
Therefore, when PAHs are analyzed by splitless injections 
onto a capillary column, the solvent used to make up the 
samples must be identical to that in the calibration standard. 
Otherwise, difference in transfer efficiency of different sol
vents may cause significant (25 to over 100%) errors in the 
quantitation of PAHs. Because the reference standard solu
tion for PAHs from NBS (SRM 1647) is prepared in ace
tonitrile, and the quality assurance samples from EPA are 
mostly prepared in methanol, direct application of these ma
terials using splitless injection for quantitative purposes must 
be avoided unless the samples are also in the same solvent as the standard.
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