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METHODS VALIDATION

Problems of Sampling and Analytical Methods

WILLIAM HORWITZ

Bureau of Foods, Food and Drug Administration, Washington, DC 2020/

The need for acceptable, reliable, and practi-
cal methods of analysis, chemical, physical, and
biological, by the Food Standards Program of
the Food and Agriculture Organization/World
Health Organization is leading to cooperation
by those organizations with the resources and
experience to supply them. Methods should be
shown to be workable and practicable and then
validated in a properly designed international
collaborative study for the efficient utilization
of the time and effort of participating organi-
zations and laboratories. The methods to be
subjected to interlaboratory collaborative study
should be clearly written so that the method
itself is being tested without unauthorized vari-
ations. Satisfactory reference standard materials
are often an essential part of the method. Uni-
form, international methods which have been
developed through interlaboratory collaborative
studies are applicable to the areas of micro-
biology and toxicology, as well as chemistry.

One of the least heralded achievements of the
Joint Food and Agriculture Organization
(FAO)/World Health Organization (WHO)
Food Standards Program has been to provide
an incentive to unify methods of analysis for
food on an international basis. Most of the 14
commodity-oriented committees of the 23 sub-
sidiary bodies of the Codex Alimentarius Com-
mission have been sending recommended meth-
ods of analysis to the Codex Committee on
Methods of Analysis and Sampling for endorse-
ment. Approved methods are submitted through
appropriate channels to governments for ap-
proval.

Over 15 years of experience has been attained
in attempting to unify methods of analysis

This paper was presented at the Symposium on Food
Legislation and Regulation Around the World, sponsored by
the Agricultural and Food Chemistry Division, American
Chemical Society, Aug. 26, 1975, Chicago, IL.

through this mechanism. The procedure began
even before the establishment of the Codex
Alimentarius Commission. The Joint FAO/WHO
Committee of Government Experts on the Code
of Principles Concerning Milk and Milk Prod-
uets, which is now looked upon as the original
commodity committee of the Codex, found them-
selves bogged down on the question of methods
from their earliest sessions, which began in
1958.

The early meetings of the Committee of Ex-
perts displayed an intense competition from 3
primary organizations which were attempting
to dominate the methods approval process.
These organizations were:

The International Dairy Federation (IDF),
the major international dairy organization,
representing every country in the world with an
important dairy industry, except the United
States. This group had already promulgated a
set of reference methods of analysis for use by
their members.

The International Organization for Standard-
ization (ISO), an international organization
which was attempting to establish itself as the
unifying nongovernmental group for standard-
ization of all industrial products. Although their
Agricultural Food Products Technical Commit-
tee (designated as TC 34) contained a Sub-
committee on Milk and Milk Products (desig-
nated as SC 5), very few methods had made
their way through the elaborate approval
mechanism of ISO at that time. Because of
regulatory constraints, the United States could
not participate effectively in the operations of
this food committee of ISO. Fortunately, there
was considerable overlap in personnel between
ISO/TC 34/SC 5 and the analytical methods
committee of IDF.

Received May 18, 1976.
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The Association of Official Analytical Chem-
ists (AOAC), composed of scientists chiefly from
North America but with members from other
countries as well who supply governments with
validated methods of analysis for use in regula-
tory situations. Official Methods of Analysis of
AOAC (1), which enjoys a world-wide reputa-
tion as containing only methods of analysis of
proven reliability, includes a chapter on dairy
products.

Scientifically, the situation regarding methods
for dairy products was fairly simple, since the
Roese-Gottlieb method in its various forms was
the standard reference method throughout the
world for the determination of fat. Fat, of
course, is still the most important economic
constituent of milk and its produects. Politically,
the situation was rather difficult because none of
the organizations had a very strong reason for
wanting to cooperate with the others, except
that both IDF and ISO did want the prestige of
United States participation. At the urging of
the Codex Secretariat, who probably applied
some subtle diplomacy, a joint IDF/ISO/AOAC
group was formed with the responsibility of
supplying jointly approved methods of analysis
for supporting international Codex standards for
milk and milk products. Within a surprisingly
short time, about a dozen methods were ap-
proved by the joint group and by their sponsor-
ing organizations and supplied to the Committee
of Government Experts. They are tabulated
below:

Sampling
general
liquid milk products
condensed and evaporated milk
butter
cheese
Salt in butter
Refractive index of fat from butier
Fat (Roese-Gottlieb method)
milk
evaporated milk
sweetened condensed milk
dried milk
cheese
Acid value of fat from butter

This Committee has been operating smoothly,
although progress has been slow, because of the
time and distances between meetings. But this
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year the group recommended methods for the
determination of chloride, citrate, and phos-
phate in processed cheese products. An interlab-
oratory collaborative study performed by the
AOAC showed that the chloride and citrate
methods were satisfactory, but the phosphate
method was returned for further work because
the variability among laboratories was too great.
This analytical group is working harmoniously
and productively. The only deficiency from the
AOAC side is a lack of sufficient volunteers to
keep up our end of the structure,

One unexpected by-product of this coopera-
tion on milk products was a similar venture be-
tween the AOAC and the International Office
of Cocoa and Chocolate (OICC). Both of these
organizations had developed, independently,
methods of analysis for cocoa products. As a
result of serving on the IDF/ISO/AOAC/Codex
group, members from both organizations realized
the desirability to develop and approve jointly
the methods of analysis required by the Codex
Committee on Cocoa and Chocolate. Starting
with methods for the preparation of samples and
Kjeldahl nitrogen in 1969, both organizations
now have identical methods for the following
additional determinations: ash, pH, fat, and
alkalinity of insoluble and soluble ash. In most
cases, the best features of the QICC and the
AOAC methods were combined into a single
method, and then a collaborative study was
performed, utilizing collaborators from both or-
ganizations. This voluntary arrangement is an
outstanding example of what can be accom-
plished through willing cooperation.

Another effective cooperative arrangement de-
veloped independently of the Codex between the
groups in the International Union for Pure and
Applied Chemistry (IUPAC) and in the AOAC
dealing with aflatoxin methods. Although in-
itially IUPAC insisted upon conducting its own
collaborative study, they finally saw the wisdom
scientifically and economically of utilizing a
single international collaborative study as the
basis for the adoption by both organizations.
Currently, 5 identical methods for aflatoxin in
various commodities have been endorsed by both
organizations. Uniform AQAC/IUPAC methods
also exist for the determination of polynuclear
hydrocarbons.

These examples show that uniformity can be
achieved on an international basis for methods
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of analysis. The following is a discussion of some
of the difficulties encountered along the way. By
revealing these problems, the issues can be clari-
fied and understood. This is the precursor to
their solution.

Semantics —One of the most frequent points
of misunderstanding involves the use of the
term “collaborative.” In AOAC terminology,
this term means the analysis as unknowns of a
number of samples by a group of laboratories
by a defined method for the purpose of deter-
mining the reliability of that method. In many
other countries and with numerous other orga-
nizations, the term “collaborative’”’ means what
we would call “cooperative.” The distinction is
that, in a collaborative study, many laboratories
analyze the same samples, thus providing what
the statisticians call the “between-laboratory”
and “within-laboratory’” variances or error
terms; in a cooperative study, many labora-
tories do not analyze the same samples. They
provide their own samples and often their own
methods or variants of the provided method. At
best, these studies can provide only a “within-
laboratory” variance or error term.

Therefore, when many of our foreign col-
leagues are asked if their organizations sponsor
collaborative studies, their reply is invariably
yes. They are thinking in terms of their rules,
which require several rounds of comments by
members who may try the method in their lab-
oratories. Unfortunately, their rules do not usu-
ally require any laboratory testing prior to final
approval.

AOAQC is attempting to solve this problem by
referring to our type of studies as “interlabora-
tory collaborative studies.” We are pleased to
note that many more truly interlaboratory col-
laborative studies are being performed by other
organizations and in other countries. This has
been stimulated by the Codex criterion for selec-
tion of methods of analysis, which indicates a
preference for those methods whose reliability
has been established in comparative or collab-
orative studies in several laboratories.

Decisions—One sampling plan has already
been endorsed by the Codex Alimentarius Com-
mission and submitted to governments for ac-
ceptance (2). It applies to processed fruits and
vegetables for quality characteristics such as
color, texture, defects, and size, and not for
factors which present a hazard to health, such as
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residues and contaminants. The characteristic
of this plan is that it sets an acceptable quality
level (AQL) of 6.59%. That is, it is a sampling
plan which will result in the acceptance of 959
of submitted lots with an average defect level
of 6.5%. Some countries have objected to such a
plan as not being in the interest of consumers
but rather being a plan for the control of manu-
facturing operations.

But the current sampling plan being debated
at both the national and international levels
concerns the relatively simple concept of net
weight. The apparent simplicity, however, is
deceptive. To the consumer, net weight means
that every package should contain at least the
amount specified on the label. He thinks that
his definition is met if 100 Ib of sugar is pack-
aged into 100 equal 1 lb boxes. If it is pointed
out to him that modern packaging machines are
not absolutely accurate, he might be willing to
tolerate small deviations as long as the average
is 1 Ib and the deviations are not excessive. This
is known as the average net weight concept. But
when the concept is put in terms of money, it
requires reconsideration. What if your bank, in
the interest of economy, started to package its
coins in rolls prepared according to the normal
frequency distribution curve and you were on
the receiving side of the negative half of the
curve? You would quickly become a convert to
the minimum net weight theory which requires
every package to have at least the stated net
weight! The average net weight theory probably
results in small benefits to the consumer in the
long run in that less sophisticated packaging
equipment can be used, but the minimum net
weight concept is much easier to enforce. The
decision is not scientific or statistical; it is eco-
nomie, social, or political. The statisticians can
supply statistical sampling plans very quickly,
as soon as the decision makers provide an an-
swer to the question of which net weight con-
cept will be adopted.

Untried Methods—The United States govern-
ment agencies would like to use, as far as pos-
sible, methods developed and approved by other
countries or organizations. This is efficient man-
agement by permitting each organization to
concentrate on those problems of greatest im-
portance to each. However, there must be some
assurance that the mechanism used provideg
practical and reliable methods. Several examples
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can be cited to show that the ISO mechanism
has some flaws. In one case, ISO had developed
a method for the determination of mineral im-
purities, involving sedimentation in a separatory
funnel and drawing off the heavy particles and
leaving the light, unwanted plant tissue floating
in the liquid. The method did not prove prae-
tical, since the heavy particles remained in the
stopcock during attempts to draw them off (3).
It was apparent that the method had never
been tested before its endorsement.

In another case, a typographical error in an
important reagent concentration survived many
rounds of comments and approval until someone
actually tried the method as written and found
it inoperable.

The United States solution to this problem
is that we do not accept any method unless
it has been subjected to an interlaboratory col-
laborative study which demonstrates its prae-
ticality and reliability.

Occasionally when international organizations
take over interlaboratory collaborative studies
they become overenthusiastic. They put into the
study aspects of method development which
should have been part of the original laboratory
work. On 2 occasions, FDA has had to protest
to subsidiary bodies of IUPAC because our lab-
oratory wasted several months on methods which
proved to be unsatisfactory. This would have
been discovered had the initiating laboratory
performed the analysis by the submitted direc-
tions before shipping the samples. In one case,
they even had comments which indicated that
the method would not be satisfactory. Appar-
ently the internal politics of large international
organizations requires preparing methods by
Committees, which sometimes results, unwit-
tingly, in incompatible requirements.

Fortunately other organizations are seeing the
wisdom of conducting interlaboratory studies.
They should not repeat our past mistakes. Inter-
laboratory collaborative studies should be con-
ducted as the end result of analytical research
and not at the beginning as a fishing expedition.
Research on the optimum operating conditions,
such as a Youden ruggedness test (4), should
be performed by the initiating laboratory. A
fundamental rule of interlaboratory studies
should be that the developer of the method
should not impose his basic research upon his
collaborators.
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The AOAC recommends that, when a method
is ready for an interlaboratory study, the final
written version be tested by someone in the
laboratory who did not participate in the pre-
vious work. If he has any difficulty with it,
further work should be done to clear up the
difficulty so that other laboratories are not re-
quested to invest their valuable time in a study
which is not likely to lead to 4 successful con-
clusion.

Fishing Ezpeditions—It is hard to under-
stand the enthusiasm of laboratories to partici-
pate in the examination of a set of samples just
because they are sent out by a prestigious lab-
oratory (including the Food and Drug Adminis-
tration’s (FDA)). They often have little hesita-
tion in turning down a well planned unglamorous
study in the same area. Very recently, many
countries accepted an invitation from Australia
to participate in the examination of some food
samples for pesticide residues under the auspicies
of the Codex Committee on Pesticide Residues.
The laboratory could use any method it desired.
FDA declined to participate, since we already
knew that the FDA multiresidue pesticide meth-
od (the famous Mills procedure) (5) which we
would have used has an overall average recovery
of 95% and a relative standard deviation of
159%. It can also be predicted that a free wheel-
ing study such as this will show variations from
laboratory to laboratory of several orders of
magnitude. Similar studies have been published
not only for pesticide residues but for aflatoxin
and methyl mercury. The conclusion will be that
better methods are needed. Such studies usually
ignore the more important aspects of laboratory
quality assurance and individual analyst per-
formance. It is also known that the Florisil
adsorbent is the critical reagent in the FDA
pesticide method. Unless the correet grade, as
verified in the laboratory by actual separations,
is used, no amount of experience, quality assur-
ance, or interlaboratory studies will provide
the correct results.

Such studies can provide useful information
under 2 conditions: (1) A known sample
should be included with a strong recommenda-
tion that work should not proceed on the un-
known samples unless the results check the
given values within, say, 20% ; and (2) all lab-
oratories should return with their results a
description of the method used, so that an at-
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tempt can be made to correlate high and low
values with operational details. Laboratories
which do poorly in such studies should under-
take an examination of their method and opera-
tions.

Multiple Methods—In several cases in AOAC
work with ISO, we have objected to their incor-
poration of a number of alternative modifica-
tions in such basic methods as crude fiber and
Kjeldahl nitrogen. Despite the fact that we have
pointed out that some of these variations pro-
duce significantly different results, we have been
told that these variations are necessary in the
interest of harmonizing different points of view.
Without these variations, the method would be
rejected when brought to a vote or, if it were to
be accepted, it would never be used, which would
not improve the cause of international standard-
ization.

Although this concept may be politically via-
ble, it is scientifically unacceptable. Because
Poland has prohibited the use of mercury in
Kjeldahl nitrogen determinations, it does not fol-
low that results by a copper catalyst are equiv-
alent, when the scientific facts are otherwise.
The Codex has handled this problem by provid-
ing only for “Referee methods,” intended for use
in case of disputes. Other methods may be used
for routine inspection or other control purposes.
Methods proven to be equivalent to the Referee
methods may be adopted as alternative methods.
Equivalent methods are expected to provide for
differences in equipment and sophistication from
country to country, as for example, alternative
colorimetric and atomic absorption methods for
trace amounts of toxic elements, volumetric and
potentiometric methods for chlorides, and gas
chromatographic and thin layer chromatographic
methods for pesticide residues.

 Querelaborate Methods. — The admirable
United Kingdom book Official, Standardised,
and Recommended Methods of Analysis (6) of
the Society for Analytical Chemistry devotes
almost 8 pages to the determination of dirt in
milk. It is a beautifully elaborate method, re-
quiring an initial sedimentation period of 72 hr,
followed by a repetition of the treatment for an
additional 48 hr to “disentangle the dirt” from
the fat fraction. The dirt is then measured volu-
metrically in a standard centrifuge tube. The
method solemnly declares, “The use of centrifuge
tubes tested and approved by the National
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Physical Laboratory is recommended.” It is
highly unlikely that any Public Health Official
would want to wait at least 5 days to inform a
farmer that there was manure in his milk. Con-
trast this test with the very rapid “sediment
test” used in the United States and Canada,
which presents immediately to any interested
spectator the visible evidence of the dirt in the
milk. For developing countries, the use of over-
elaborate tests will not assist in the production
of cleaner milk.

A more recent and sophisticated example is
provided by the action of the Codex Committee
on Methods of Analysis and Sampling at their
1973 meeting. The Committee recommended for
consideration (not for approval) by govern-
ments a mass spectrometric method for the de-
tection of adulteration of fruit juices, based
on the ratio of 180 to 2H. Plants tend to con-
centrate the heavier isotopes so that dilution
with ordinary water is readily apparent (7).
FDA reviewed the resources required to imple-
ment this recommendation and found it imprac-
tical within our present priorities. Other labora-
tories also stated that they did not have the
resources to study this elegant and interesting
method of analysis.

Lack of Adequate Standards or Reference
Materials—The United States has considerable
amounts of local currencies in a number of
countries that can only be used for cultural,
educational, and scientific purposes within that
country. The U.S. Department of Agriculture,
and to a lesser extent some of the constituent
agencies of the Department of Health, Educa-
tion, and Welfare, have a number of active sci-
entific programs in these countries called “PL-
480" projects that utilized these funds for
payment of salaries and expenses. One of these
contracts with the FDA was intended to verify
the reported high values for the contaminants
lead, cadmium, copper, and zinc in the food
produced in an area of smelting and metal-
lurgical activities. The first values reported
under the contract verified the initial data. But
after the contractor obtained suitable atomic
absorption equipment, the laboratory substituted
atomic absorption methods for the former color-
imetric methods, utilized FDA-validated meth-
ods of analysis, with particular attention to
background correction, and employed National
Bureau of Standards Standard Reference Mate-
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rials in the series. It was found that the levels
of lead and cadmium were reduced by as much
as a factor of 10. The final conclusion was that
the levels of metals in food in this industrial
area do not differ significantly from those of
other countries. What looked like an interesting
epidemiological investigation became a routine
analytical surveillance operation,

Similar situations have arisen with respect to
other important contaminants in the food sup-
ply. Inordinately high values for nitrosamines
have been reported in such unlikely foods as
wheat cooked at a high temperature, un-
doubtedly due to the use of nonspecific colori-
metric methods. Polynuclear hydrocarbons of
several orders of magnitude greater than those
found in Western countries had been reported
from the Eastern-bloc nations, probably because
of the inability of these countries to obtain
purified hydrocarbon solvents or efficient ad-
sorbents to prepare such solvents, which are
essential to the proper isolation of this class of
compounds. The reliability of aflatoxin assays in
many parts of the world suffers from the use of
unsuitable standards, although in this case, the
values are often lower than the true values.

Publication of Results—A number of inter-
national organizations have indicated that they
do perform interlaboratory collaborative studies
but do not publish the results. The Codex Com-
mittee on Methods of Analysis and Sampling
requested the International Committee on Uni-
form Methods of Sugar Analysis (ICUMSA) to
supply it with the results of their collaborative
studies. Upon investigation, ICUMSA indicated
that they were no longer available. Similarly,
the Nordic Analytical Committee does not pub-
lish the results of its studies. Both ICUMSA
and the Nordic Analytical Committee have ex-
cellent compilations of methods, which are flawed
by the unavailability of published data on which
they are based.

In the United States, the AOAC has been
unique in publishing the results of its inter-
laboratory studies since its inception in 1884.
Since the trend in governmental operations is
toward increasing openness, organizations will
have to release the basis of their actions if they
expect to have governments utilize the results
of their activities.

Microbiological Methods—Another interest-
ing aspect of coordination is being conducted
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in microbiology. Here again, the driving force is
the Codex Alimentarius Commission’s Commit-
tee on Food Hygiene. This Committee is prepar-
ing draft Codes of Practices for various com-
modities which include end product microbio-
logical specifications. Utilization of these speci-
fications will require international agreement
and uniform application of appropriate method-
ology for those microbial groups included in the
final recommendations.

A number of organizations have already been
addressing themselves to the problem of uni-
form methodology in microbiology from various
viewpoints. One of the most important is the
International Commission on Microbiological
Specifications for Foods, a standing Commission
of the International Association of Microbio-
logical Societies. It was formed in 1962 in re-
sponse to the need for internationally acceptable
and authoritative decisions on microbiological
limits for food commensurate with public health
safety, and particularly for foods in interna-
tional trade. This organization has produced 2
volumes entitled Microorganisms in Foods. The
first, now under revision, is subtitled “Their Sig-
nificance and Methods of Enumeration” (8).
The second, which has just appeared, is sub-
titled “Sampling for Miecrobiological Analysis:
Principles and Specific Applications” (9). The
United States and Canada have contributed sub-
stantially both in personnel and resources to the
operations of this Commission.

The dairy industry was the first component
of the food business to recognize the importance
of microbiology and the necessity for sanitary
standards to safeguard public health. The IDF,
therefore, had considerable experience in provid-
ing standardized procedures for the examina-
tion of dairy products. Unfortunately, the
specialized nature of this organization and the
lack of participation of the United States have
limited the influence of this important organiza-
tion.

Recently, the Technical Committee on Agri-
cultural Food Products of the ISO has estab-
lished a subcommittee on microbiology, desig-
nated as ISO/TC 34/SC 9. All of the subordi-
nate units of this technical committee are eager
to assist the Codex Alimentarius in the estab-
lishment of acceptable, uniform methods of
analysis. The elaborate approval structure of
ISO and the fact that the United States regula-
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tory agencies such as the Department of Agri-
culture and the FDA have been unable to par-
ticipate in the activities of ISO has worked
against a more active role for this organization.

AQAC has shown that our mechanism of
validation of methods through interlaboratory
collaborative studies is applicable to microbio-
logical, biological, and even toxicological meth-
ods. These methods are utilized by those United
States government agencies which must prove
their allegations to a court of law.

In the United States, the methods require-
ments of the government agencies in relation to
the international organizations have been co-
ordinated through a recently established AQAC
committee. By this means it is hoped that the
United States can speak with a single voice with
regard to its microbiological requirements when
cooperating with other international organiza-
tions.
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STATISTICAL TECHNIQUES

Simplex Optimization as a Step in Method Development

THOMAS J. DOLS and BERNARD H. ARMBRECHT
Bureau of Veterinary Medicine, Food and Drug Administration, Rockville, MD 20852

In the course of method development, an
optimization procedure should be performed
before critical performance characteristics are
measured. Interaction among the operational
steps should be assumed to exist. The analysis
of variance or the simplex procedures are de-
signed to determine defined optimal responses.
Other things being equal, the simplex method
is more efficient in terms of the number of
experiments required. This is due, in part, to
the sequentially operated feedback strategy em-
ployed. Decisions are made according to 5
defined rules.

Many procedures have been described where-
by the functions of a system can be optimized.
The least efficient method for assessing the per-
tinent variable is by the random access, arbi-
trary choice procedure. A more systematic
strategy is to hold all variables or factors except
one constant during the investigation for max-
imizing a defined response. Use of this method
introduced a major improvement. Finally, the
concept for judging a system in which factors
can interact was reported by Fisher (1) in
1935. The wunivariant and the multivariant
modes continued to be used and improved for
several years.

Fisher advocated the use of a factorial design,
with the results to be treated using his analysis
of variance method. The number of experiments
or samples required is 2", where n is the number
of factors studied. All experiments need to be
conducted simultaneously. (This plan assumes
that all experiments vary in the same way. In
an analytical method development, the statisti-
cal control factor will cancel out.) This require-
ment was easily met in agricultural applications
where a large number of land plots, planted
with a crop, were studied.

In analytical applications, the use of frac-
tional factorials, incomplete block designs, the

This paper was presented at the 89th Annual Meeting of
the AOAC, Oct. 13-16, 1975, at Washington, DC.

Youden square, a Latin square, or nested designs
can be considered (2). In engineering practice,
2-level factorials, as described by Brownlee (3)
and Davis (4), or the simplified versions re-
ported by Davies (4), Box and Hunter (5), or
Adelman (6, 7), are well established.

The simultaneous analysis of a large number
of chemical samples by manual methods pre-
sented problems of execution that gave impetus
to the univariant school. In 1941, Hotelling (8)
described some systematic methods for finding
an optimum condition. Friedman and Savage
(9) suggested a sequential search modification
for the single factor model that was later proved
to be valuable.

Finding an optimum solution from among a
large set of possibilities is the function of opera-
tions research (10). In addition to those strate-
gies described above, factor analysis was devel-
oped as a means to recognize patterned, inter-
acting relationships present in large matrices of
data found in columns and rows, for which a
FORTRAN IV computer program is available
(11). Another attractive strategy which can be
used to find an optimum solution is the simplex
method. Spendley et al. (12) derived the theo-
retical principles for the sequential simplex
method that amalgamated the desirable features
of allowing for factor interaction and sequential
examination. This evolutionary model was re-
duced to practice by 2 derivative procedures,
namely, the Long method (13, 14), as extended
by Czech (15, 16), and that of Deming and his
students (17-19). Deming has developed a com-
puter program which is convenient when a
large number of factors are examined simultane-
ously (8. N. Deming, 1975, Department of
Chemistry, University of Houston, Houston, TX
77004).

The simplex concept met with early accept-
ance by the chemical engineering community
(20—24), in the optimization of instrument per-

Received August 15, 1975.
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formance (25), and in application to analytical
chemical method development (13-19, 26-29).
In this paper, the simplex method is outlined.

Simplex Rules

A simplex is a figure containing n» 4 1 vertices,
where n is the number of factors studied. Thus,
when 2 factors are studied and plotted, a tri-
angle results and a tetrahedron is obtained for
3 factors. More than 3 factors cannot be illus-
trated graphically. An analytical solution by
tabulation (13-16) or by computer is utilized.

The initial location point of a triangular simplex
can be deduced from exploratory work on a
method. Limits on the factors examined (called
constraints or boundaries) need to be identified.
The rules include provisions when the boundaries
are exceeded. The step size of the simplex triangle
sides should be more than 3 standard devia-
tions of the method’s precision, otherwise, the
movement of the simplex will be erratic. By way
of illustration, a 2-factor, equal step size hypo-
thetical example is given in Table 1. The first
3 experimental values define vertices 1, 2, and 3.

This is the function called for in the first rule.

Rule 1: A move is made after each observa-
tion of response (17).

To continue the operation, the factor values
for vertex 4 can be calculated as shown in Table
2 or as given by Deming and Morgan (17) in
the next rule.

Rule 2: A move is made into that adjacent
simplex which is obtained by discarding the point
of the current simplex corresponding to the least
desirable response and replacing it with its mirror
image, the (hyper) face of the remaining points
(see Table 1 where vertex 1 is discarded).

The illustration (Table 1) shows a simplex
stranded on a ridge in space. The next rule (17) is
designed to remedy this problem.

Rule 3: If the reflected point has the least
desirable response in the new simplex, do not re-
apply Rule 2, but reject the second lowest re-
sponse in the new simplex and continue (in Table
1, vertex 2 is discarded).

Occasionally, an erroneous result is obtained

Table 1. Simplex factors®
Vertex Factor Factor
No. A B Response
1 10 45 0.5
2 10 55 0.9
3 20 50 1.2
4 20 60 0.7
5 30 55 1.4
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(the method precision may not be in control) and
the next rule is applied (27).

Rule 4: If a vertex has been retained in k4 1
simplexes, where k is the previous sum of sim-
plexes examined, rerun the experiment before con-
tinuing.

The abnormal result probably will not be veri-
fied and the redetermined value should be used.
If the calculation of factor values for a new vertex
by Long’s method (13, 14) or the flipover maneu-
ver of Deming falls outside the constraints for
factor values, the next rule is applied (17, 27).

Rule 5: If the calculated coordinates at the
new point lie outside the boundaries of one or
more variable factors, assign an undesirable value
and continue.

Then, an application of Rules 2 and 3 will force
the simplex back into appropriate limits.

At an optimum, the rules force the simplex to
circle the optimum point. In order to verify an
optimum, a new simplex can be started at another
location. If this progression moves to the previ-
ously found optimum, the level of confidence is
increased (see ref. 27, for example). The main
obstacles that might exist are long ridges or saddle
formations in space. In such cases, isosceles, right,
or oblique triangles may be substituted for equi-
lateral triangles.

If more than 2 factors are studied, Long’s
tabulation method (13-16) is suggested. While a
tetrahedron simplex can be displayed graphically,
it will not give a close-pack at optimum. Other
strategies and details can be found in the papers
of Czech (15, 16), Deming (17-19), or Nelder and
Mead (30).

Merits of Simplex Optimization Method
A few studies in which simplex optimization
(SO) was conducted vs. the regular method are
summarized in Table 3, using sensitivity en-
hancement as the measured response. Czech (15,
16) conducted comparative studies of SO meth--
ods for sugar products.

Table 2. Coordinate calculation of a new vertex®

Vertex Factor Factor
Operation No. A B
Retained vertices 2 10 55
3 20 50
Sum 30 105
Coordinate X 2/n
Less coordinates of
discarded vertex 1 -10 —45
Coordinates of new vertex 4 20 60

@ Source: Krause and Lott (27).

@ Sources: Long (13, 14) and Krause and Lott (27).
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Table 3. Simplex optimized methods
Enhance-
ment of
Method of analysis sensitivity Ref.
Sulfur dioxide by p-rosaniline 7 13
Phosphate by molybdenum blue 13 13
Formaldehyde in sugar products
by AOAC J-acid method 5 15, 16

(1) The J-acid SO method was 5 times more
sensitive than the non-optimized method.

(2) The SO acetylacetone method was about
4 times more sensitive than the non-optimized
AOAC method.

(3) The sensitivity of the acetylacetone meth-
od vs. the J-acid method was improved 339, or
vs. the chromotropic acid method by 45%.

Czech and others found the time required by
an analyst to conduct an analysis was sub-
stantially reduced.

Some disadvantages can also be listed.

(1) The sequential analyses used in carrying
out an SO evaluation need to be in “statistical
control,” where all causes of error have been
measured.

(2) Multiple factor analyses may not provide
a precise definition of the optimum conditions.
However, the 2 dominant factors can be further
evaluated by the 2-factor simplex method.

Some modifications of the rules are listed above
and it is possible that other problems may be
discovered when more experience with the meth-
od is gained.

Comment

A multivariate, interacting complex of factors
in an analytical method should be presumed
until proven otherwise. The analyst can elect
to use one of the various factorial models as
reviewed by Koehler (31) or consider the se-
quential simplex method. In rare instances when
no interaction among factors is present, these al-
ternative method choices will not be prejudiced.
However, the newly developed uniplex method
of King and Deming (19) can be examined for
applicability to the situation at hand.

It is suggested that an optimization procedure
be introduced into the method development plan
preferably during the preliminary feasibility
phase and certainly before the performance
characteristics of the method are finally evalu-
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ated. While the simplex method is relatively
new, the experience found to date is very favor-
able, and the procedure warrants serious con-
sideration as a method of choice.
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New Statistical Manual

The Statistical Manual of the AOAC, a 96-page booklet, is a composite, with
revisions, of the popular AOAC monograph, Statistical Techniques for Collaborative
Tests, by the late W. J. Youden, and a companion volume, Planning and Analysis
of Results of Collaborative Tests, written by E. H. Steiner and originally published
in 1974 by the British Food Manufacturing Industries Research Association, who
have assigned their copyright to the AOAC. This book is intended for use in the
statistical analysis of the results of interlaboratory collaborative tests, such as those
required by the AOAC before its adoption as official of analytical methods for
agricultural products, foods, beverages, drugs, cosmetics, color additives, and other
commodities important in public health.

The Youden monograph was specifically written as a “do-it-yourself” manual for
those who are at home in the analytical laboratory but who have little or no experi-
ence with formal statistics. It presents simple and flexible statistical techniques,
using examples related to familiar questions concerning the significance of apparent
differences among results. The Steiner manual, intended for those who are already
familiar with the fundamentals covered by Youden, presents guidelines for the
planning of collaborative tests and introduces the analysis of variance technique
with examples of how it may be used in the analysis of interlaboratory tests.

Order from the Association of Official Analytical Chemists, P.O. Box 540, Ben-
jamin Franklin Station, Washington, DC 20044; price $5.50, including postage and
handling. Please enclose remittance with orders under $10.00.
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FOOD ADDITIVES

Rapid Determination of Butylated Hydroxyanisole, tert-
Butylhydroquinone, and Propyl Gallate in Edible Oils by
Electron Capture Gas-Liquid Chromatography

B. DENIS PAGE and BARRY P. C. KENNEDY
Food Research Division, Health Protection Branch, Health and Welfare Canada,

Ottawa, Ontario, Canada K1A OL2

A rapid method is described for the deter-
mination of 2- and 3-tert-butyl-4-hydroxyanisole
(2- and 3-BHA), tert-butylhydroquinone
(TBHQ), and propyl gallate (PG) as their
heptafluorobutyrates in edible oils. A solution
of the oil in ether-benzene is treated with hepta-
fluorobutyric anhydride (HFBA) in the pres-
ence of trimethylamine as catalyst. Excess
HFBA is destroyed and a suitably diluted ali-
quot is analyzed by electron capture gas-liquid
chromatography. An internal standard is added
before derivatization to aid quantitation and
identification of the antioxidants. Average re-
coveries from an oil spiked at 1, 5, 5, and 5
ppm TBHQ, 2.BHA, 3-BHA, and PG were 110,
105, 106, and 1029, respectively. At these
low levels, however, some late-eluting peaks
interfered. Butylated hydroxytoluene is not de-
termined by this method.

Phenolic antioxidants are generally used to
prevent oxidative breakdown and thus improve
the flavor stability of fats and oils. In Canada,
butylated hydroxyanisole (BHA, a mixture of 2-
and 3-tert-butyl-4-hydroxyanisole), butylated
hydroxytoluene (BHT, 3,5-di-tert-butyl-4-hy-
droxytoluene), and propyl gallate (PG, propyl-
3,4,5-trihydroxybenzoate) are permitted either
singly or in combination in fats and oils at levels
up to 200 ppm. Nordihydroguaiaretic acid
(NDGA), a naturally occurring antioxidant, and
tert-butylhydroquinone (TBHQ), a recently de-
veloped antioxidant, are not permitted for food
use in Canada.

In recent years, a variety of gas-liquid chro-
matographic (GLC) techniques for the estima-
tion of the above phenolic antioxidants have
been developed. However, in most of these
methods, time-consuming isolation procedures
such as liquid-liquid extraction (1-3), column
chromatography (1, 3-5), sublimation (6, 7), or
fat precipitation (8) are required before the
final analysis. In those methods, only BHA and

BHT have been successfully chromatographed
without prior derivatization (6). Thus, diluted
oils containing these 2 compounds may be in-
jected directly onto a precolumn containing
glass wool (8). However, this procedure neces-
sitates daily cleaning of the precolumn.

Precolumns or lengthy cleanup procedures can
be avoided and low levels of the phenolic anti-
oxidants can be estimated rapidly by derivatiz-
ing the antioxidant, which increases the sensi-
tivity to detection by electron capture chroma-
tography. Perfluoroacylation, particularly with
heptafluorobutyric anhydride (HFBA), tri-
methylamine as catalyst, and benzene as solvent,
has been successfully applied to determine nano-
gram or picogram quantities of phenolic com-
pounds (9, 10). The derivatization procedure is
both rapid and quantitative.

This paper describes the application of deriva-
tization, direct injection of the diluted oil, and
electron capture GLC to the rapid determina-
tion of 2- and 3-BHA, TBHQ, and PG as their
heptafluorobutyrates in vegetable oils.

METHOD

Apparatus

(a) Gas chromatograph.—Varian  Aerograph
Model 2100, or equivalent, with Sc3H electron
capture detector and 6’ X 2 mm id U-shaped glass
column packed with 3% OV-3 on 80-100 mesh
Chromosorb W (HP). Operating conditions: in-
jector 200°C, column 120°C, detector 250°C, nitro-
gen carrier gas flow 20 ml/min. Inject all solu-
tions by using ca 1.5 ul hexane as solvent flush.
Adjust range and attenuation settings so that ca
200 pg 2,3,4,5-tetrachlorophenyl heptafluorobuty-
rate (TCP-HFB) prepared as described under
Derivatization gives 50-80% full scale deflection.
Retention time for TCP-HFB should be ca 4.5
min.

(b) General glassware.—Treat all glassware with
10% (w/v) methanolic KOH for 2 hr, rinse well
with methanol, dry, and silanize overnight with
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dichlorodimethylsilane-toluene (204-80). Rinse
with toluene, methanol, and acetone and dry in
110°C oven. To re-use silanized glassware, rinse
well with acetone and blow dry with stream of
dry nitrogen.

Reagents

(a) Solvents—Distilled-in-glass grade hexane
and benzene. Reagent grade absolute ether con-
taining no added ethanol or other preservative.

(b) Antiozidants—Tenox TBHQ, BHA (a
mixture of 2- and 3-BHA), and PG (Eastman
Chemical Products, Inc., Kingsport, TN), or equiv-
alent; 2-BHA and 3-BHA (Food Chemicals Codex
reference standard).

(c) 2,34,6-Tetrachlorophenol (T'CP) —Use high-
est purity available, or recrystallize technical
grade (>95%, available from Aldrich Chemical
Co.) from hexane so that TCP-HFB derivative,
prepared as described under Derivatization and
injected into gas chromatograph, shows single
peak except for trace impurity, with retention time
of 049 relative to TCP-HFB.

(d) Heptafluorobutyric anhydride.—(Available
from Pierce Chemical Co., Rockford, IL or PCR
Inc., Gainesville, FL). Open ampoules and trans-
fer contents under dry nitrogen, using glove box
or bag. Store in 1 ml vials with Teflon-lined

screw caps.
(e) Trimethylamine (TMA) solution—02M.
(Anhydrous reagent available from Eastman

Chemical Co.) Add chilled contents of glass,
sealed bottle (100 g) to tared bottle(s) containing
ca 1700 ml chilled benzene to give ca 1M solu-
tion. Prepare ca 0.2M TMA solution by diluting
with ether-benzene (14-99).

(f) Buffer—pH 6. Prepare phosphate buffer
from 6 ml 02M Na,HPO, and 44 ml 02M
NaH,PO,. Dilute to 100 ml with water.

(g) Internal standard solutions.—10 pg/ml.
Store all solutions of internal standard and anti-
oxidants under refrigeration and out of direct
light. Accurately weigh and transfer 50 mg TCP
to 50 ml volumetric flask. Dissolve and dilute to
volume with benzene. Pipet 1 ml aliquot into 100
ml volumetri¢ flask, dilute to volume with ether-
benzene (1499), and mix.

(h) Reference standard solutions—(1) Stock
standard solutions.—1 mg/ml. Accurately weigh and
transfer 50 mg each of 2-BHA, 3-BHA, BHA (com-
mercial mixture of isomers), TBHQ, and PG to
separate 50 ml volumetric flasks. Dissolve and di-
lute to volume with benzene for 2-BHA, 3-BHA,
and BHA (mixed isomers), and with ether for
TBHQ and PG.

(2) Mized standards for preparation of calibra-
tion curves—Using above stock solutions, accu-
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rately prepare mixed standard solutions containing
TBHQ, BHA (mixed isomers), and PG at 0.5, 3,
and 4 upg/ml, respectively, in ether-benzene (14
99).

(8) Mized standards for spiking—Using above
stock solutions, accurately prepare mixed standard
solutions containing TBHQ, 2-BHA, 3-BHA, and
PG at 2, 10, 10, and 10 gg/ml, respectively, in
ether-benzene (14-99).

Preparation of Sample

For general screening of BHA or PG at levels
from 50 to 100 ppm, accurately weigh ca 100 mg
oil into 10 ml volumetric flask. For TBHQ at this
level, weigh ca 20 mg oil. Pipet 0.5 ml internal
standard solution .(10 ug/ml) into flask, dilute to
ca 10 ml with ether-benzene (14-99), and mix. For
higher antioxidant levels, weigh less oil.

For antioxidant levels of ca 25 ppm BHA or
PG, weigh 400 mg oil. For TBHQ at this level,
weigh ca 80 mg oil. Add 0.5 ml internal standard
and proceed as above. For levels of antoxidants
as low as 1 ppm, 1 g sample weight is necessary.

Derivatization

Place ca 05 ml 02M TMA in glass-stoppered,
5 ml graduated centrifuge tube; use graduations
to estimate volume. Under dry nitrogen, in glove
box or bag, add ca 20 ul HFBA with syringe. Add
ca 0.5 ml solution to be derivatized (containing
internal standard) and shake vigorously or mix
1 min on vortex mixer. Let derivatization pro-
ceed 5 min. Add ca 1.5 ml pH 6 buffer and shake
vigorously or mix 1 min on vortex mixer. Centri-
fuge briefly to cleanly separate layers. With Pas-
teur pipet, transfer ca 05 ml upper (benzene-
ether) layer to glass-stoppered, 5§ ml graduated
centrifuge tube containing ca 1.5 ml hexane. Add
ca 2 ml pH 6 buffer and shake and centrifuge as
before. Inject in duplicate 3 ul upper (benzene-
ether-hexane) layer onto GLC column, using ca
15 ul hexane as solvent flush. Identify peaks by
their relative retention times (Table 1).

Preparation of Calibration Curves

Prepare 6 solutions in ether-benzene (1499) by
accurately diluting mixed standard for preparation
of calibration curves and internal standard solu-
tion (diluted to 1 ug/ml) such that each solution
contains TCP at 0.5 ug/ml and TBHQ, BHA
(mixed isomers), and PG with concentration
ranges of 0.025-0.25, 0.15-1.5, and 02-2 ug/ml, re-
spectively. Derivatize as described above and in-
ject ca 3.0 ul in duplicate onto GLC column. Cal-
culate peak height ratios (antioxidant to internal
standard) for duplicate injections at each level
for each antioxidant, using sum of isomer peaks
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Table 1. Retention times, relative to TCP-HFB,
and detector response for some antioxidant
derivatives on OV-3 column

Rel. Sensi-

Antioxidant Number of retention tivity,®
HFB HFB groups time pg
TBHQ 2 0.429 15
2-BHA 1 0.608 60
3-BHA 1 0.694 75
TCP 1 1.00° 25
PG 3 1.86 150

¢ Picograms necessary 'to give 10% deflection at
32 % 10-'° amp, 1 mv full scale.
b Retention time for TCP-HFB is ca 4.5 min.

for BHA. Duplicate determinations should agree
+3%. Plot peak height ratios against weight ratios
(R, antioxidant to standard) and draw curves.

Calculations
Calculate average peak height ratio from dupli-
cate injections of sample and determine R for
particular antioxidant from appropriate calibration
curve. Calculate ppm antioxidant in oil sample as
Antioxidant, ppm = (W’ x R)/W

where W’ = pg internal standard, and W =g oil
sample.

Results and Discussion

The Ehrsson et al. derivatization procedure
(9) was studied by using flame ionization GLC
and 1 mg quantities of each antioxidant. Acyla-
tion with HFBA in 0.05M TMA rapidly and
quantitatively converted the antioxidants to
their heptafluorobutyrates (HFB). Excess HFBA
was removed by aqueous pH 6 buffer. Combined
GLC-mass spectral analysis (Hitachi Perkin-
Elmer Model RMS-4) showed that mono-HFB
derivatives were obtained with 2- and 3-BHA,
di-HFB with TBHQ, and tri-HFB with PG.
As little as 0.1 pg antioxidant/ml in the diluted
derivative solution could be determined readily
with the electron capture detector. However, at-
tempts to derivatize the antioxidants at the 0.1
pg/ml level did not give peaks comparable to
the diluted derivative. These smaller peaks,
especially the PG-HFB, seemed to be due to the
low solubility of PG in benzene and its adsorp-
tion to glass. Acid- and base-washing of all
glassware, followed by silanization, did not
fully correct this problem. Adding 1% ether to
benzene solutions containing low levels of anti-
oxidants increased the PG derivatization yield
to more acceptable and consistent levels. How-
ever, the GLC of this ether-benzene solution
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gave a broad, tailing solvent peak. This inter-
fered with the early-eluting peaks, particularly
TBHQ-HFB. To reduce this tailing, a portion
of the ether-benzene solution was removed, di-
luted with hexane, and rebuffered with addi-
tional buffer. The 4-fold dilution with hexane
was compensated by derivatizing 4 times more
antioxidant. These modifications led to the final
derivatization procedure. A representative chro-
matogram is shown in Fig. 1A.

The approximations involved in the dilution
of the ether-benzene (1499) derivative solu-
tion for rebuffering necessitates the use of an
internal standard. The internal standard also
facilitates quantitation and identification of the
antioxidants. TCP was chosen as the internal
standard because TCP-HFB does not interfere
with the antioxidant derivatives. In addition, the
absence of underivatized TCP would serve to
indicate a complete derivatization reaction for
the antioxidants. The phenolic TCP elutes as a
broad, tailing peak with a retention time of 1.63
relative to TCP-HFB.

The direct current mode of the electron cap-
ture detector is known to have a limited work-
ing linear range (11). Calibration plots of peak
height ratios (antioxidant to internal standard)
against weight ratios (antioxidant to internal
standard) for TBHQ, BHA (mixed isomers),
and PG were nonlinear with the Se®H detector.
The sensitivity of the detector to the HFB de-
rivatives of the antioxidants is given in Table 1.
For a 1 g oil sample dissolved in 10 ml, a 10%
full scale deflection corresponds to ca 0.5, 2.5,
2.5, and 5 ppm TBHQ, 2-BHA, 3-BHA and PG,
respectively.

The average recovery values shown in Table
2 were determined by adding a suitable aliquot
of standard solution to the 10 ml flask contain-
ing the weighed oil. The solvent was then evap-
orated in a stream of dry nitrogen. The internal
standard solution and the ether-benzene (14-99)
were added and the sample was derivatized. The
peak height ratios from this determination were
compared with those from a similar determina-
tion in which oil was not added to obtain the
per cent recovery. The recovery values shown
in Table 2 reflect the interferences from the
presence of large amounts of oil in the derivatiz-
ing solution and in the sample injected onto the
GLC column. Corn oil with no added phenolic
antioxidants was chosen for recovery studies.
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FiG. 1—Gas chromatograms of A, mixed standard: 1, TBHQ-HFB (40 pg); 2, impurity from TCP; 3, 2-BHA-HFB (230

p;), 4, 3-BHA-HFB (230 pg); 5, TCP-HFB internal standard (300 pg); 6, PG-HFB (370 pg); B, corn oil (37 ug oll in-

ted), no det ble antioxid C, canbra and soya oil (22 ug oil injected) containing 5 ppm PG; D, soya oil (22
1g oil injected) containing 24 ppm BHA.

Table 2. Recovery of TBHQ, 2-BHA, 3-BHA, and PG from spiked corn oil

Recovery, %
Wt of Level of
oil, mg addn, ug/g TBHQ 2-BHA 3-BHA PG
100* 20 101.143.8
100 101.4+2.8 102.4+3.8 98.6+ 5.5
400¢ 5 99.1+1.6
25 95.6:+4.0 96.345.8 100.6+10.5
1000® 1 109.745.3
5 104.747.5 105.8+6.8 101.9+10.8

o Average of 4 determinationststd dev.
b Average of 6 determinations+std dev.
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In the lowest level recovery studies, in which
1 g oil is sampled, broad peaks with retention
times relative to TCP-HFB of 2.78 and 4.13
occasionally interfered with subsequent deter-
minations if not allowed to elute before subse-
quent injections. These interferences were about
109% full scale deflection. An injection of the oil
before derivatization did not show such peaks,
demonstrating that these peaks resulted from
derivatization of oil components. When the ana-
lytical procedure is used as a screening method
and 100 mg oil is sampled, minimal interference
from late-eluting peaks is encountered.

The BHA used by food manufacturers is a
mixture of the 2- and 3-isomers, with normal
ranges of 5-10% and 90-95%,, respectively (12).
Thus, for an analysis of commercially available
vegetable oil, the sum of the peak heights of the
2 isomers is used to calculate the total amount
of BHA present.

Antioxidants determined in some commercially
available vegetable oils are presented in Table 3
and some typical chromatograms are shown in
Fig. 1. In these determinations, various sample
weights were taken to evaluate possible effects
of sample size on the antioxidant level obtained.
No interferences were found. In all cases, a 150
mg sample or less gave readily measurable
peaks.

For a 100 mg sample, a 3 ul injection deposits
3.75 ug mnonvolatile oil on the GLC column.
With the column used in this study, up to 75
samples have been analyzed without noticeable
loss in detector sensitivity or column resolution,
and without changes in retention characteristics.
With a heavier loading of stationary phase and
a larger diameter column, a longer column life
would be expected. To minimize column and
detector contamination, the column and detector
temperatures were increased to 200 and 280°C,
respectively, overnight. Operating the electron
capture detector at 250°C helps prevent deposi-
tion of relatively nonvolatile oil eomponents
which may elute from the GLC column. In addi-
tion, this detector is insensitive to the major
oil components such as the triglycerides. How-
ever, it is possible that derivatized oil compo-
nents may produce extraneous peaks in the area
of the antioxidant derivatives. In the oils ex-
amined, such interfering peaks were not evident.

The major disadvantage in the described
method is its inability to. detect BHT. This is
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Table 3. Phenolic antioxidants found in commercially
available vegetable oils, ug/g
wt
analyzed,
Oil mg BHA PG
Canbra and soya 149 5
300 5
605 4
593 4
Canbra and soya 98 92
159 88
Corn 1000 @ @
Corn 1000 @ a
Soya 303 25
591 24

2 No phenolic antioxidants found or declared on label.

undoubtedly because of the steric hindrance of
2 tert-butyl groups ortho to the hydroxyl group.
In faet, BHT at 1000 ppm does not give any
peaks. Despite the lack of response with BHT,
the described method is useful for the rapid
determination of TBHQ, BHA, and PG at rela-
tively low levels. The average time for a single
analysis with one GLC injection from sample
acquisition to final result is about 30 min,
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Pollution-Reduced Kjeldahl Method for Crude Protein
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Umniversity of Missouri, Columbia, MO 656201

Pollution from the Kjeldahl method for crude
protein has been reduced by substituting a low
level of copper (0.04 g CuSQO,) for the mer-
cury (0.7 g HgO) specified in the AOAC ofhi-
cial method, 2.049. Adjustments were made in
the salt-acid ratio so the new system could
handle hard-to-digest samples in a reasonable
time. The new method was rugged for lysine.
HCL It is designed to be used for crude protein
in feeds or similar Kjeldahl work. Precision and
accuracy were equal to or better than that for
the official method in a study of 17 samples
analyzed in duplicate on 3 different days. The
following samples were used in the study:
lysine.HCl, tryptophan, NBS standards, urea,
meals, mixed feeds, grains, and forage. The
average per cent nitrogen found was 9.52 by
the official method and 9.53 by the copper
method. The average standard deviation was
0.038 by the official method and 0.033 by the
copper method, giving the corresponding rela-
tive standard deviations of 0.40 and 0.35%.

Work has continued in relation to the po-
tential hazards associated with the use of mer-
cury in Kjeldahl work (1-5). This paper brings
together the results of experiments on the use
of copper, the amount of copper, the salt-acid
ratios, and the length of digestion. As reported
in the 1972 Associate Referee report, good re-
covery was obtained for nicotinic acid by using
5 mg CuSO, with 80 min digestion after clear-
ing (4). Conditions including a salt-acid ratio of
20 g K,S0, to 18 ml H,S0,, 30 mg CuSO,, and
90 min digestion after clearing were somewhat
“rugged” for 0.5 g nicotinic acid. Some problems
encountered with caking at the end of digestion
were considered undesirable. The high recovery
levels for nicotinic acid with copper as a catalyst
led us to believe that the differences in the 1955
collaborative study (6), favoring mercury over
copper, could be overcome by selected salt-acid
ratios, heat input, ete.

Method Development

The caking encountered at the end of the
digestion with the 1:1 or higher salt-acid ratios

showed that this would severely restrict the
sample size range, Therefore, lower salt-acid
ratios were investigated. Modification of the 15
g K,80,~25 ml H,SO, in the current official
method, 2.049 (7), was investigated. Experience
showed that a 15:20 ratio would reach the
higher temperature sooner and still allow enough
excess acid for a satisfactory range in sample
size.

Information indicated that lysine and trypto-
phan were the hardest of the protein amino
acids to digest (8). These were evaluated by
using 1 g lysine. HCI or tryptophan, 15 g X,S0,,
20 ml H,S0,, 0.1 g CuSO,, and variable diges-
tion times after the dense white fumes cleared
from the bulb of the flask. Under these condi-
tions, lysine. HCl proved more difficult to digest
than tryptophan, as shown in Fig. 1. With the
accumulated information, it was decided that
good recoveries for lysine.HCl would be a sig-
nificant criterion in selecting a final method.
Work then proceeded on a mercury-free method
for Kjeldahl nitrogen in nitrate-free samples. A
primary projected application would be the de-
termination of crude protein in grain, feed, and
food samples.

Perrin (9) commented on the use of copper as
a catalyst. He stated that CuSO, in conjunction
with zinc in the distillation step resulted in
carry-over of NaOH into the receiving flasks.
Shedd (10) in 1927 reported similar results. The
precipitation of copper with a sulfur source
before distillation was recommended. Our pre-
liminary work had not indicated high results for
the copper catalyst with zine as an anti-bump-
ing agent. In a limited study, we did find condi-
tions where the combination of copper and zinc
in the distillation step resulted in a significant
carry-over of NaOH. We substituted alundum
for zinc and had no further problems with
NaOH carry-over which were associated with
the copper-zinc combination.

This paper was presented at the 88th Annual Meeting of
the AOAC, Oct. 14-17, 1974, at Washington, DC,
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FIG. 1—Digestion of lysine . HCI and tryptophan.

The amount of CuSO, needed for a 15:20
salt-acid ratio was investigated (Table 1). There
was little difference between 5 and 1000 mg
CuSO, as a catalyst. The digestion time was
120 min after clearing. To ensure enough cata-
lyst in each 15 g of commercial blends, a ratio
of 40 mg CuS0O,15 g X,S0, was chosen.

In the next study, digestion time and sample
size were varied (Fig. 2). Varying the sample
size from 0.2 to 1.2 g lysine. HCI had no clear-
cut effect. It did indicate that 1.2 g would be
acceptable even with a 120 min digestion after
clearing. A 15:20 salt-acid ratio was used with
40 mg CuSO,. The digestion time did follow a
pattern. Based on these data it was decided to
accept a digestion time of 90 min after clearing

Table 1. Amount of CuSO, vs. nitrogen recovery
CuS0Oy4, mg Nitrogen,* %
0 12.49, 12.76
5 15.16, 15.20
10 15.22, 15.24
20 15.20, 15.24
40 15.25, 15.26
80 15.23, 15.24
100 15.26, 15.23
500 15.22, 15.23
1000 15.20, 15.23

s Used 1 g lysine.HCI (theory 15.34% nitrogen), 15 g
K2S04, 20 ml H2S04, and 120 min digestion.

of the dense, white fumes from the bulb of the
flask, pending further evaluation.

METHOD
Reagents

(a) Sodium hydrozide—Pellets, flakes, or solu-
tion with specific gravity 1.36 or higher, low nitro-
gen. Dissolve ca 450 g solid NaOH in water, cool,
and dilute to 1 L.

(b) Alundum.—Boiling stones, 8-14 mesh (Ar-
thur H, Thomas Co., Philadelphia, PA, No. 1590-
D18).

(c) Methyl red indicator—Dissolve 1 g methyl
red (sodium salt) in 100 ml methanol.

(d) Hydrochloric or sulfuric acid standard solu-
tion—05N or other desired concentration. Pre-
pare as in 50.011 or 50.039 (7).

(e) Sodium hydroxide standard solution—0.1N
or other desired concentration. Prepare as in
50.032-50.034 (7).

(f) Ammonium Dihydrogen Phosphate—NBS
Standard Reference Material No. 194, certified
12.15+0.01% nitrogen (National Bureau of Stand-
ards, Washington, DC 20234).

Standardize each standard solution with primary
standard (7), and check one against the other.
Test reagents before use by blank determination
with 1 g sugar, which ensures partial reduction of
any nitrates present.

Ratio of salt to acid (weight/volume) should
be about 1:1 at end of digestion for proper tem-
perature control. Digestion may be incomplete at
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FIG. 2—Digestion time vs. nitrogen recovery (with varying weights of lysine . HCI).

lower ratio; nitrogen may be lost at higher ratio.
Each 1 g fat consumes ca 10 ml Hy,SOy, each 1 g
protein ca 5 ml, and each 1 g carbohydrate ca 4
ml during digestion.

Check performance by assaying NBS Standard
Reference Material No. 194 and a high purity
lysine. HCI.

Apparatus

(a) For digestion—Use Kjeldahl flasks with
total capacity ca 500-800 ml. Conduct digestion
over heating device adjusted to bring 250 ml water
at 25°C to rolling boil in ca 5 min. To test heaters,
preheat 10 min if gas or 30 min if electric. Add
34 boiling chips to prevent superheating.

(b) For distillation—Use 500-800 ml Kjeldahl
flask, fitted with rubber stopper through which
passes lower end of efficient scrubber bulb or trap
(Corning No. 2020, 45 mm or a better bulb) to
prevent mechanical carry-over of NaOH during
distillation. Connect upper end of bulb tube to
condenser tube by flexible low-sulfur tubing. Out-
let of condenser tube should be <4 mm diameter.
Trap outlet of condenser in such a way as to en-
sure complete absorption of NHj; distilled over
into acid in receiver.

Determination

Place 025-1 g sample in 500-800 ml Kjeldahl
flask. Add 15 g K,S80,, 004 g anhydrous CuSOy
or 006 g CuS0,.5H,0, 0.5-1 g alundum granules,

and 20 ml H,SO0,. If >1 g sample is desired, add
additional 1.0 ml H,SO, for each 0.1 g fat or 0.2 g
of other organic matter.

Place flask on burners set at 5 min boil test.
(Preheated burners reduce foaming with most
samples. Cut back heat input if foam fills >24 of
bulb of flask. Use variable heat input until this
phase is past.) Heat at 5 min boil test until dense
white fumes clear bulb of flask. Swirl flask gently
and continue digestion 90 min more.

Cool, add ca 250 ml water (if solid NaOH is
used, add ca 275 ml water), and cool below 25°C.

Position receiving flask containing standard acid
and 34 drops of indicator solution so that tip of
condenser is immersed in standard acid.

Add 2-3 drops of tributyl citrate to digestion
flask to minimize foaming and ca 0.8 g alundum
granules to minimize bumping. Tilt flask and add
NaOH without agitation. For each 10 ml Hp80,
used, add 15 g solid NaOH or enough solution
to make contents strongly alkaline. Immediately
connect flask to distillation bulb on condenser.
Swirl flask to mix contents rather well; then heat
until all NHz has distilled (at least 150 ml dis-
tillate).

Remove receiver, wash tip of condenser, and
titrate excess standard acid in distillate with stand-
ard NaOH solution. Correct for blank determina-
tion on reagents. Calculate % nitrogen. Crude
protein, % = % nitrogen X 6.25 for grain and stock
feeds. For wheat grains, crude protein, % = %
nitrogen X 5.7.



1216 JOURNAL OF THE AoAc (Vol. 59, No. 6, 1976)
Table 2. Ruggedness test variables Table 3. Results of ruggedness test

Variable Designation Values Condition Lysine.HCl, % N Diff., % N
Sample size, g A, a 0.5,1.0 1 15.33 Da —0.07
Boil test, min B, b 6,5 2 15.24 Db 0.02
K2SO0y4, g C,c 14, 16 3 15.21 Dc 0.01
CuS0y4, mg D,d 25, 60 4 15.27 Dd 0.03
H2804, ml E, e 18, 22 5 15.31 De 0.01
Digestion time, min F, f 82, 105 6 15.34 Df 0.02
None G, g 7 15.35 Dg 0.05

8 15.31

Av. 15.30

. Std dev. 0.050
Evaluation

A ruggedness test (11) was conducted with
lysine. HCI. Such a test allows for an evaluation
of 7 variables. These variables and the range
of their values in the test are given in Table 2.
The results of the ruggedness test are given in
Table 3. The range of values of 15.21-15.35%
nitrogen with a standard deviation of 0.050 vs.
a theoretical value of 15.34% nitrogen is very
good. This indicates that the method would per-
form well in an interlaboratory test.

The method was then compared with the
AOAC official method, 2.049 (7). The compari-
son included 17 samples analyzed in duplicate
on 3 different days. The amino acids and am-
monium salt were dried 2 hr at 110°C and
stored in a desiccator. Urea was dried 24 hr at
room temperature in a desiccator over Drierite
and kept there. Sample 1 was NBS Standard

Reference Material 194, Ammonium Dihydrogen
Phosphate. Sample 2 was ACS reagent grade
urea.

Discussion

The analytical results are shown in Table 4.
The apparent close agreement between the 2
methods was borne out by statistical evaluations
which showed no difference at the 959% con-
fidence level between the methods except for
Sample 2. This difference of 0.05% nitrogen on
469, material would not cause any problems in
our opinions. The Missouri copper method did
have a slightly lower average standard devia-
tion of 0.033 vs. 0.038. It also had a slightly
higher average nitrogen value, 0.0099 nitrogen
per sample. Both methods checked with the

Table 4. Comparison of AOAC official (2.049) and Missouri copper catalyst methods
Official method Missouri Cu method
Av. % Std  Rel. std Av. % Std Rel. std Ditf.,
Sample Description N dev. dev. N dev. dev. offic. —Cu

1 NH4H2PO2 12.09 0.033 0.27 12.14 0.025 0.21 -0.05
2 urea 46.55° 0.083 0.18 46.61° 0.090 0.19 -0.06
3 tryptophan 13.63 0.008 0.06 13.64 0.028 0.21 —0.01
4 lysine. HCI 15.29 0.015 0.10 15.30 0.026 0.17 —0.01
5 Orchard Leaves® 2.74 0.021 0.77 2.74 0.015 0.55 0.00
6 fish meal 9.93 0.037 0.37 9.93 0.026 0.26 0.00
7 meat and bone meal 7.89 0.043 0.54 7.87 0.031 0.39 0.02
8 blood meal 12.49 0.015 0.12 12.48 0.042 0.34 0.01
9 cottonseed meal 6.68 0.038 0.57 6.71 0.035 0.52 -0.03
10 soybean oil meal 7.14 0.026 0.36 7.13 0.019 0.27 0.01
11 corn grain 1.38 0.022 1.59 1.38 0.021 1.52 0.00
12 soybean grain 6.20 0.033 0.53 6.21 0.024 0.39 -0.01
13 wheat grain 2.23 0.013 0.58 2.23 0.009 0.40 0.00
14 grass 0.99 0.008 0.81 1.00 0.005 0.50 -0.01
15 mixed feed 6.72 0.086 1.28 6.69 0.043 0.64 0.03
16 starter ration 2.69 0.027 1.00 2.72 0.012 0.44 -0.03
17 concentrate 7.22 0.022 0.30 7.24 0.018 0.24 —0.02

Av. 9.52 0.038 9.53 0.033 —0.0094

¢ NBS Reference Material, No. 194, certified 12.15+0.01% N.
5 NBS Reference Material, No. 1571, certified 2.76-£0.05% N.

¢ Significantly different at 95% confidence level.
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certified value on Sample 5. The Missouri cop-
per method checked with the certified value
(12.15=0.01% nitrogen) on Sample 1, whereas
the official method gave a somewhat low value
of 12.099% nitrogen. Results on Samples 2, 3, and
4 compare favorably with theory on the chemi-
cals urea, tryptophan, and lysine.HCl. Both
methods gave comparable results on Samples 6
through 17. They were selected to represent
a cross-section of materials normally assayed
using this methodology. The overall results of
the comparison are that the Missouri copper
method is equal to or slightly better in accuracy
and precision than the AOAC official method
2.049 (7).

Conclusion

The method detailed above fulfills the goals
of the authors in that mercury has been elimi-
nated. Considering the low level of CuSO, used,
real progress has been made in pollution reduc-
tion. This method was also part of a study cover-
ing 4 different methods for total protein nitro-
gen (12). The 2 methods in this paper were
compared with the Kjel-Foss and the Missouri-
Technicon with block digestor. All methods had
excellent accuracy and precision.

The need for lysine.HCl with a certified
nitrogen value is expressed. The lysine.HCl
used in this study was satisfactory but a reliable
analytical value rather than theoretical would be
desirable. If enough analysts have an interest in

Contributed from the Missouri Agricultural Experiment
Station. Journal series No. 7497. Approved by the Director.
Received February 29, 1976,
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this, the National Bureau of Standards might
look favorably upon a request on this subject.
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Collaborative Study of the Determination of Fat in

Intermediate Moisture Pet Foods

GUSTAV 0. KUHN

Quaker Oats Research Laboratories, 617 W Main St, Barrington, 1L 60010

Four different semimoist pet food formula-
tions representing a cross section of commer-
cial products were studied collaboratively for
fat content by 2 methods. Ten laboratories par-
ticipated in the study. Direct petroleum ether
extraction by AOAC method 7.045 yielded low
and variable fat recovery. AOAC acid hydrolysis
method 7.047 for fat in baked dog foods was
satisfactory for semimoist pet foods. The
method, with some editorial changes, was
adopted as official first action for this type of
pet food.

In early 1963, a new type of pet food, now
categorically known as intermediate moisture,
semimoist, or soft-moist pet food, was intro-
duced into the commercial market. The rapid
acceptance by the public of products containing
meat that did not require refrigeration or have
to be reconstituted with water resulted in a
proliferation of similar formulations. At present,
this type of pet food accounts for over 16% of
all pet food sales in this country.

The unique characteristic of semimoist pet
foods is the reduced water activity in relation
to the total moisture content. This is achieved
through the incorporation of substantial amounts
of glycols (propylene glycol or glycerin), soluble
carbohydrates (sugar, sorbitol, dextrins, corn
sirup), and gelation agents such as starch or
sodium caseinate. Acids such as phosphoric and
sorbic acids are frequently added to inhibit
microorganism growth.

For the regulatory chemist, the introduction
of these intermediate moisture pet foods pre-
sented an analytical puzzle. These products are
not feeds, and while some products can qualify
as baked or expanded, many do not fulfill that
definition. There is at present no official method
for determining fat in this type of product.

This report is a followup of an earlier, un-
published collaborative study conducted in 1971,
involving 6 different pet food products analyzed
by AOAC method 7.050 (Official Methods of
Analysis (1970) 11th Ed.). The same acid hy-
drolysis method (7.047, 12th Ed.) was used in
the present study with analytical details more

specifically defined as requested by collaborators
in the first study.

Collaborative Study

Four representative pet food formulations
chosen for this study were selected to bracket
the extremes in composition that may be en-
countered in the analysis of commercial samples,
and included products ranging from high to low
sugar, high to low corn sirup, and high to low
propylene glycol content. About 5 lb of each
product was reduced to a uniform meal with a
high-speed blender and then thoroughly hand-
mixed before subsampling into 8 oz moisture-
tight, screw-cap glass jars. Twice as many jars
of products A and D were prepared for use as
blind duplicates.

Each collaborator was mailed a set of 6 sam-
ples labeled A-F, an instruction sheet, a copy
of the acid hydrolysis procedure, and reporting
forms. The following samples were included in
the 1975 study: A, high corn sirup, high pro-
pylene glycol, low sugar; B, no corn sirup, high
propylene glycol, moderate sugar; C, no corn
sirup, high propylene glycol, high sugar; D, no
corn sirup, high propylene glycol, no sugar; E,
duplicate of A; and F, duplicate of D.

Collaborators were asked to perform single
determinations on 2 different days by the acid
hydrolysis method and by method 7.045 (12th
Ed.). Petroleum ether was recommended in
place of ethyl ether for method 7.045. This
change was made for 2 reasons: (1) The large
amount of water-soluble carbohydrate materials
in semimoist products results in the extraction
of significant quantities of non-fat substances
by ethyl ether; and (2) the water pre-extraction
step described in 7.045 is not applicable to all
types of pet foods. Fat was lost during the
water extraction on some samples, and the gela-
tinous character of several products rapidly
seals the filter paper, making quantitative wash-
ing impossible. Two of the 6 samples sent to
collaborators were blind duplicates to obtain
additional information on sample uniformity and
laboratory precision.
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METHODS

I. Method 7.045 (12th Ed.), crude fat or ether
extract, modified to use petroleum ether in place
of ethyl ether.

II. Method 7.047 (12th Ed.), erude fat in baked
or expanded pet food, edited to clarify details as
shown below:

(To be used only on products all of which have
been baked and/or expanded, and on intermedi-
ate moisture pet foods. Not applicable to canned,
fresh, or frozen pet food. Such products should be
dried at 70-110°, then ground, and drying com-
pleted by 7.003 or 7.007 followed by 7.045 or
7.046. Caution: See 51,011, 51.054, and 51.073.)

Place ca 2 g, accurately weighed, ground, well
mixed sample in Mojonnier fat-extn tube, add 2
ml alcohol to prevent lumping on addn of acid,
and shake to moisten all particles. Add 10 ml HCl
(25 4 11), mix well, and set tube 30-40 min in
H,0 bath at 70-80°, shaking frequently. Cool to
room temp. and add alecohol until lig. level is in
constricted portion of Mojonnier tube.

Add 25 ml ether, stopper with glass, Neoprene,
or good quality rubber stopper thoroly cleaned
with alcohol, and shake vigorously 1 min. Care-
fully release pressure so that no solv. is lost. Wash
adhering solv. and fat from stopper back into
extn tube with few ml redistd pet ether (bp<{60°).
Add 25 ml redistd pet ether, stopper, and shake
vigorously 1 min. Let stand until upper liq. is
practically clear, or centrf. 20 min at ca 600 rpm.
Pour as much of ether-fat soln as possible thru
filter consisting of cotton pledget packed just
firmly enough in funnel to let ether pass freely
into 150 ml beaker contg several glass beads. Rinse
lip with few ml pet ether. Re-ext liq. remaining
in tube twice, each time with only 15 ml of each
ether, shaking 1 min after addn of each ether.
Pour clear ether soln thru filter into same beaker
as before, and wash tip of tube, stopper, funnel,
and end of funnel with few ml of mixt of 2
ethers (1+41). Evap. slowly on steam bath under
gentle stream of air or N. Continue heating on
steam bath 15 min after solv. has evapd; then
cool to room temp.

Redissolve dried residue in four 10 ml portions
of ether, filtering each portion thru small pledget
of cotton into 100 ml beaker, contg few boiling
chips, that has been predried 30 min at 100°,
cooled to room temp. in desiceator, and weighed
immediately. Use fifth 10 ml portion ether for
rinsing cotton and funnel. Evap. ether on steam
bath, dry 90 min at 100°, cool to room temp. in
desiccator, and weigh immediately. Correct this
wt by blank detn on reagents used.

Received September 12, 1975.
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Results and Discussion

A comparison of mean fat values by the 2
methods (Tables 1 and 2) shows that the petro-
leum ether extraction method underestimates fat
content by 9.4-18.59%. This observation is con-
sistent with results obtained in the 1971 study
in which 6 different pet food products were
analyzed for fat by the same 2 methods. In that
study (Tables 3 and 4), direct solvent extrae-
tion underestimated fat content by 7.1-65.59% as
compared with the values obtained by acid
hydrolysis. Table 5 shows the pet food types
analyzed in the 1971 study.

As a result of suggestions made by collabora-
tors after the 1971 study, procedure details as
outlined in 7.047 (12th Ed.) were more clearly
stated for collaborators. It is paradoxical that,
while overall average coefficient of variation for
all samples was slightly lower in the 1975 study
compared with the 1971 study (5.56 vs. 6.18),
there was a substantial variability in the 1975
study beyond the variability of open duplicates.

Under Youden’s system of ranking labora-
tories (W. J. Youden (1973) Statistical Tech-
niques for Collaborative Tests, AOAC, Wash-
ington, DC), 3 laboratories fell into a group
separate from the others. Telephone interviews
with the analysts revealed that these collabora-
tors had changed significant method details in
the acid hydrolysis procedure to conform more
closely with modifications currently in use in
their own laboratories. Some of these variations
included using larger sample weights and larger
acid volumes, digesting at a lower temperature
than specified in the method, introducing a
water-washing step, omitting the first drying
and re-solution step, substituting separatory
funnels for Mojonnier flasks, omitting filtration
of the solvent extract, using filter paper instead
of cotton, and drying the final fat residue only
one-fourth as long as specified in the method.
Since the purpose of the study was to evaluate
a specific method, results from Collaborators 4,
7, and 10 were omitted from the statistical
study on the basis of failure to follow the
method.

The components of variance and their sources
for data were calculated from analysis of vari-
ance of the 7 remaining laboratories: open
duplicates, 0.20; blind duplicates, 0.33; and
laboratories, 0.47. These figures show that while
repeatability of ordinary open duplicates is ac-
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Table 1. Collaborative results for % fat in semimoist pet foods, petroleum ether extraction—1975 study
Sample
Coll. Day A B C D E F
1 1 10.33 7.04 9.54 9.86 10.11 10.03
2 10.28 7.17 9.47 9.93 10.21 10.05
2 1 10.20 6.50 9.30 9.70 10.40 9.90
2 9.70 6.90 8.90 9.80 9.80 9.60
3 1 10.10 7.19 9.67 8.07¢ 9.66 9.85
2 9.93 7.23 9.69 8.13¢ 9.95 9.87
4 1 10.72 7.90 9.97 9.97 10.86 —
2 10.66 7.71 9.96 10.06 10.37 10.02
5 1 10.00 7.30 9.30 9.50 10.00 9.60
2 9.50 7.30 9.10 9.60 10.20 9.60
6 1 10.10 7.50 9.80 10.10 10.20 10.40
2 10.00 7.60 10.00 10.30 10.30 10.10
7 1 10.75 7.43 10.00 10.50 10.60 9.17¢
2 10.71 8.04 10.30 10.70 10.70 10.622
8 1 10.29 7.28 9.53 9.73 10.09 9.68
2 10.20 7.22 9.59 9.59 10.54 9.62
9 1 10.33 7.25 9.63 7.85 10.03 9.68
2 10.46 7.32 9.82 9.77 10.08 9.69
10 1 8.85¢ 7.79 9.85 9.85 10.13 ==
2 10.70 7.26 9.27 12.17¢ 10.62 10.05
N 19 20 20 16 20 17
Mean 10.26 7.35 9.63 9.94 10.24 9.82
Var. 0.1183 0.1156 0.1129 0.1024 0.0900 0.0750
Std dev. 0.344 0.340 0.337 0.320 0.300 0.274
Coeff. of var., % 3.35 4.62 3.50 3.22 2.93 2.79

@ Varies by more than 2 standard deviations. Not included in mean.

ceptable, there is at least as much additional
variability within laboratories, and a similar
amount, from laboratory to laboratory. A small
portion of this additional variability determined
on blind duplicates may be assignable to simple
variability in the sample.

Two of the collaborators (5 and 9) exhibited
a definite bias toward low results relative to the
other 5 collaborators (59 significance level).
This is based on a Duncan multiple-range test
of the laboratory means. These laboratories were
indistinguishable from each other at the 5%
significance level but a significant gap was found
between them and the remaining means. By the
same test, Collaborator 2 showed a tendency to
high results for all products by acid hydrolysis.
Collaborators 3 and 9 had a relatively high
random variability based on an analysis of de-
viations from the diagonal on a Youden 2-sam-
ple plot.

The 1975 study again confirms that some
familiarity with the method in routine use gen-
erally yields more reproducible values. The
gross standard deviation for a single assay, un-

duplicated, at an unspecified laboratory is 0.61,
which is equivalent to a coefficient of variation
of 569 at the observed average fat level of
10.849. This is a slight improvement compared
with a gross standard deviation of 0.68 and a
coefficient of variation of 6.19, on a mean fat
content of 11.07% found in the 1971 study.
Gross standard deviation is the standard devia-
tion to be expected when a sample is analyzed
once at an unspecified laboratory taken from a
population of laboratories of which the present
7 are considered to be a random sample. It is
calculated by adding together the appropriate
components of variance and taking the square
root of the resulting sum.

Several collaborators expressed the opinion
that redissolving the dried fat at the end of the
method was unnecessary. The Associate Referee
agrees that this is true for some pet foods; how-
ever, other commercial samples cause a sig-
nificant ecarry-over of non-fat materials. This
was clearly demonstrated in the 1971 study, and
it 15 not recommended that this operation be
eliminated unless the laboratory has determined
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Table 2. Collaborative results for % fat in semimoist pet foods, acid hydrolysis—1975 study

Sample
Coll. Day A B (o] D E F
1 1 11.61 8.94 10.60 11.31 11.36 11.20
2 11.72 8.98 10.71 11.26 11.74 11.24
2 1 11.70 9.60 11.50 11.70 11.70 11.90
2 12.30 9.90 11.30 11.90 12.40 11.70
3 1 11.45 8.77 10.67 11.17 12.15 12.32
2 11.47 8.94 10.67 11.14 12.32 12.37
42 1 9.68 7.62 9.58 9.98 8.79 9.77
2 11.15 8.41 10.26 10.63 = 10.47
5 1 11.20 8.40 10.00 10.00 10.80 10.30
2 11.00 7.80 10.00 10.50 10.90 10.20
6 1 11.70 8.80 10.80 11.10 11.80 11.20
2 11.60 8.90 10.90 11.40 12.00 11.30
7¢ 1 10.71 8.71 9.97 9.84 10.80 10.20
2 10.96 8.41 9.36 9.12 - 10.64 9.46
8 1 11.55 9.21 10.62 11.63 11.69 11.30
2 12.08 9.21 11.08 11.62 11.85 11.48
9 1 11,52 9.05 10.68 9.31 9.96 —_
2 11.47 9.80 10.44 9.53 9.74 10.51
10@ 1 11.05 8.15 8.60 9.78 10.08 9.93
2 10.72 8.06 8.61 10.01 9.74 9.70
N 14 14 14 14 13 13
Mean 11.60 9.02 10.71 10.97 11.46 11.31
Var. 0.1031 0.2927 0.1737 0.6706 0.6781 0.4662
Std dev. 0.321 0.541 0.411 0.819 0.823 0.683
Coeff. of var., % 2.77 6.00 3.84 7.46 7.18 6.04

¢ Omitted due to departure from procedure.

that the particular samples being analyzed do
not cause carry-over errors. One collaborator
proposed a mild alkaline water wash of the
mixed ether extract prior to drying. This sug-
gestion may have merit, provided the free fatty
acid content of the samples is always low.

Conclusions and Recommendations

The results from 2 collaborative studies show
that Method 7.047 for baked or expanded pet
foods can be applied to determining fat content
of intermediate moisture (semimoist) pet foods.
The direct petroleum ether extraction gives low
and widely varying recoveries of fat with these
products.

It is recommended—

(1) That 7.047 be designated as official first
action for intermediate moisture (semimoist or
soft-moist) pet foods.

(2) That the title of 7.047 be changed to:

“In Baked or Expanded Pet Food and Interme-
diate Moisture (Semimoist or Soft-Moist) Pet
Foods.”

(3) That the text of the present method
(7.047) be edited to incorporate the changes
included in this study. The revised version is
shown under Method.
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Table 3. Collaborative results for % fat in semimoist pet foods, petroleum ether extraction—1971 study

Sample
Coll. Day A B (o] D E F
1 1 10.25 7.05 4.03 9.68 9.50 9.10
2 10.75 7.30 4.25 10.20 9.91 8.65
2 1 10.40 7.50 5.07 9.83 9.34 8.86
2 10.40 7.48 5.06 9.58 9.23 8.87
3 1 10.22 7.80 4.86 9.89 9.79 8.72
2 10.24 7.67 4.83 9.73 9.28 9.00
4 1 10.29 7.88 2.62 10.04 9.66 9.18
2 9.93 7.29 2.79 9.99 9.48 9.05
5 1 10.47 7.95 4.72 9.87 10.602 9.47
2 10.35 7.81 4.58 10.04 9.56 9.35
6 1 11.43¢ 10.80° 5.29 10.91¢ 9.76 10.51
2 11.08 9.82 5.24 11,292 9.90 10.86%
7 1 10.40 7.38 2.81 9.78 9.22 8.76
2 9.80 6.34 2.78 9.68 9.54 8.89
8 1 10.46 7.91 5.09 10.00 9.98 9.83
2 10.65 7.99 4.97 10.09 9.95 9.69
N 15 15 16 14 15 15
Mean 10.38 7.68 4.31 9.88 9.61 9.20
Var. 0.0882 0.5013 0.9158 0.0306 0.0666 0.2381
Std dev. 0.297 0.708 0.957 0.175 0.258 0.488
Coeff. of var., % 2.86 9.22 22.20 1.77 2.68 5.30
@ varies by more than 2 standard deviations. Not included in mean.
Table 4. Collaborative results for % fat in semimoist pet foods, acid hydrolysis—1971 study
Sample
Coll. Day A B (o] D E F
1 1 12.64 ©10.27 12.41 11.17 11.36 10.40
2 12.78 10.19 12.50 11.06 11.38 10.39
2 1 12.80 13.90¢ 12.20 10.90 12.00 11,20
2 12.30 13.10¢ 12.70 11.10 11.40 11.00
3 1 11.60 8.79 11.36 9.83 10.97 10.54
2 11.94 8.63 11.40 10.09 10.47 9.75
4 1 13.28 9.17 12.55 10.26 11.14 9.88
2 13.35 9.46 13.18 10.89 11.75 10.18
5 1 12.08 8.54 12.26 10.01 10.96 9.90
2 11.82 8.51 12.04 10.13 10.85 9.84
6 1 13.31 10.32 13.40 11.37 12.82 11.66
2 13.09 10.00 13.73 11.58 12.72 11,99
7 1 11.70 9.14 12.20 10.40 10.40 9.80
2 11.40 8.80 11.80 9.63 10.40 9.70
8 1 13.90 10.90 13.40 11.40 12.40 11.10
2 13.40 9.80 12.80 10.50 12.00 10.65
N 16 14 16 16 16 15
Mean 12.59 9.47 12.50 10.64 11.44 10.40
Var. 0.5520 0.5655 0.4489 0.3528 0.5746 0.3540
Std dev. 0.743 0.752 0.670 0.594 0.758 0.595
Coeff. of var., % 5.90 7.94 5.36 5.58 6.63 5.72

@ Varies by more than 2 standard deviations. Not included in mean.
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Table 5. Identification of pet food product types Frances Mangine and Vickie Olson, Quaker
tested in 1971 collaborative study Oats Co Barrington 1L
") td
Sample Product Robert Moffett, Carnation Co., Van Nuys,
CA
A dog food, beef by-product base
B dopiood.chicksn bysproduct base Cara Jf’ Peck, Quaker Oa?s Co., Rockforc!, IL
[o] dog food, synthetic meat analog type Earl Richter, WARF Institute, Inc., Madison,
D dog food, beef and chicken by-product base wI
E dog food, beef by-products with cheese T § s
F  catfood, chicken by-product, no sugar Virginia Thorpe, Michigan State Department

of Agriculture, East Lansing, MI

=70 CTRE
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DECOMPOSITION IN FOODS
(CHEMICAL INDEXES)

Rapid Thin Layer Chromatographic Method for the Detection of

Histamine in Fish Products

DAVID E. SCHUTZ, GEORGE W. CHANG, and LEONARD F. BJELDANES
Department of Nutritional Sciences, University of California, Berkeley, CA 94720

A rapid, convenient thin layer chromato-
graphic (TLC) method for detecting histamine
in fish samples is described. Samples of press
juice or fish flesh are applied directly to TLC
plates. The plates are developed with acetone-
ammonium hydroxide (9545) and the spots
are visualized with ninhydrin or Pauly’s reagent.
Chromatographic separation of histamine from
other fish components is readily achieved by
this method. '

The presence of histamine in scombroid fish
(tuna, mackerel, bonito), herring, and dolphin
(mahi-mahi) is associated with bacterial spoil-
age and, occasionally, human illness (1). The
detection of high levels of histamine in com-
mercial fish products has resulted in regulatory
action and the subsequent recall of several lots
(2). The analytical methods now in use for
detecting histamine in fish products are time
consuming and/or costly (3-5). These methods
cannot be used for routine screening of large
numbers of samples under production-line con-
ditions. We have developed a simple, inexpen-
sive thin layer chromatographic (TLC) method
for detecting histamine in fish and other prod-
ucts. The method is semiquantitative, yet con-
venient and sensitive enough to be used in the
routine analysis of large numbers of samples.

Experimental

Apparatus and Reagents

(a) Thin layer chromatographic plates—Poly-
(polyethylene terephthalate) sheets, pre-coated
with 0.100 mm silica gel (Eastman Chromagram
13181, Eastman Kodak Co., Rochester, NY 14650).
Cut to 8 cm X width to accommodate number of
samples to be examined.

(b) Pipets—Disposable, capillary; 5 ul capacity
(Dade Diagnostics, Inc., Miami, FL 33152).

(¢) Developing solvent.—ACS grade, or equiva~
lent. Acetone-ammonium hydroxide (28 wt% am-
monia) (9545).

(d) Histamine standard solution—1 mg/ml.
Dissolve 1658 mg histamine dihydrochloride
(Sigma Chemical Co., St. Louis, MO 63178) in
100.0 ml water.

(e) Pauly’s spray reagent—Immediately before
use, combine Pauly’s reagent (6) and aqueous 12%
(w/v) Na,COj3 (245, v/v). Lightly spray solution
onto plates.

(f) Ninhydrin—Aerosol (1-4496, J. T. Baker
Chemical Co., Phillipsburg, NJ 08865).

(g) Histamine standard fish mixture—~—165.8 mg
histamine dihydrochloride (100 mg% histamine)/
100 g fish flesh.

(h) Spoiled tuna samples—6.5 oz cans from
lots D417 and D419 which have been implicated
in outbreaks of human poisoning (2).

Preparation of Samples

(a) Tuna packed in oil—Let press juice run
from opened can, pressing lid into fish with mod-
erate pressure. Separate aqueous and oil phases
using a separatory funnel and let particles settle
out of aqueous phase until it is clear.

(b) Tuna packed in brine.—Let press juice run
from opened can as above. Let settle until clear.

(¢) Fish flesh.—Flesh samples should include no
skin and may come from any suspected areas of
muscle. Samples should be spherical chunks ca
0.5 cm in diameter.

Thin Layer Chromatography

Spot 5 ul aqueous press juice, or press piece
of flesh to sheet with spatula until area under-
neath is moist. Also place aliquot of standard
histamine solution on plate. Fish flesh and aque-
ous press juice should be placed on plate >2 and
15 cm, respectively, from adjacent spots. Air-
dry TLC plate and then develop with acetone-
NH,OH (9545) until solvent front has advanced
>6 cm past origin. This elution requires approxi-
mately 10-12 min. Air-dry and spray plate with
desired reagent.

This work was supported by a grant from the NOAA
office of Sea Grant, United States Department of Com-
merce (UCSG-5, R/F-22).
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Results and Discussion

Histamine elutes with an R; of 0.54 in the
acetone-ammonium hydroxide system described,
and produces purple spots when sprayed with
ninhydrin and orange spots with Pauly’s re-
agent. We prefer Pauly’s reagent because the
color develops faster and is more permanent.
Histamine levels as low as 2.5 mg9, in fish sam-
ples and standard solutions are readily detected.
Other fish components visible with these spray
reagents, including histidine, have very low
mobility with this eluant (R; <0.1) and are
clearly separated from histamine.

The following evidence indicates that we de-
tect histamine and only histamine in a naturally
spoiled sample of tuna: spoiled fish samples
known to contain high histamine levels contain
a substance which co-elutes with histamine in
the acetone-ammonium hydroxide solution and
in the following solvent systems: acetone-chloro-
form-water-ammonium hydroxide (30+5+44+
0.2); pyridine-ammonium hydroxide-water (35+
35+430); isobutyric acid-water (4-+1); and
methanol-ammonium hydroxide (95+5). Fur-
thermore, in a series of 2-dimensional TLC ex-
periments using these latter solvents as eluants
for one dimension and acetone-ammonium hy-
droxide for the other dimension, the substance
in spoiled fish which co-elutes with histamine
gives uniformly homogeneous, single spots.

The elution properties of the acetone-ammo-
nium hydroxide system change slowly with time
with a resultant decrease in the R, of histamine.
Thus, the R; of histamine decreases from 0.54
to 0.33 as the eluant is allowed to stand at room

1225

temperature for 2 weeks. This change appears
to be due to volatilization of ammonia, since
addition of ammonium hydroxide to the aged
solution restores its original elution properties.
We suggest that fresh acetone-ammonium hy-
droxide solution be prepared at 3-day intervals.

Histamine levels which may be of regulatory
concern in fish (ie., 20 mg%) are determined
rapidly and at low cost by this analytical tech-
nique. It is suggested that the method be used
for routine screening for determining which
fish samples may contain unusual histamine
levels. Suspect lots may then be assayed by
the more time-consuming, established, quanti-
tative methods.

REFERENCES

(1) Edmunds, W. J., & Eitenmiller, R. R. (1975)
J. Food Sci. 40, 516-519

(2) Center for Disease Control (1973) Morbidity
and Mortality Weekly Report 22, 69

(3) Official Methods of Analysis (1975) 12th Ed.,,
AOAC, Washington, DC, sec. 18.060

(4) Code, F. C., & Meclntire, F. C. (1954) in
Methods of Biochemical Analysis, Vol. 3, D.
Glick (Ed.), Interscience Publishers, New
York, NY, pp. 49-95

(5) Shore, P. A. (1971) in Methods of Biochemi-
cal Analysis, Suppl. Vol, D. Glick (Ed),
Interscience Publishers, New York, NY, pp.
89-97

(6) Hais, I. M., & Macek, K. (1963) in Paper
Chromatography, a Comprehensive Treatise,
Academic Press, New York, NY, p. 786

Received May 3, 1976.



1226

JOURNAL OF THE aoAc (Vol. 59, No. 6, 1976)

METALS AND OTHER ELEMENTS

A Simplified Method for the Gas-Liquid Chromatographic
Determination of Methyl Mercury in Fish and Shellfish

JAMES O. WATTS, KENNETH W. BOYER ANTHONY CORTEZ* and

EDGAR R. ELKINS, Jr.*

Division of Chemistry and Physics, Food and Drug Administration, Washington, DC 20204
* National Canners Association, 1133 20th St, NW, Washington, DC 20036

A simple acetone wash of the fish sample
which removes lipids and other organic ma-
terials replaces the cysteine cleanup specified
in other methods. Methyl mercury is freed by
hydrochloric acid, extracted into benzene, and
determined with a gas-liquid chromatograph
equipped with an electron capture detector. The
method is quantitative for methyl mercury
levels as low as 0.10 ppm in fish and shellfish.
Ethyl mercury chloride may be used as an in-
ternal standard to detect unsuspected error or
instrumental parameter variation.

Mercury is widely distributed in the environ-
ment, both from natural geological activity and
from industrial pollution. Conversion of inor-
ganic mercury to highly toxic methyl mercury
by aquatic organisms is now well known and
well understood (1, 2). Because of the rapid
uptake of methyl mercury and because of its
long biological half-life, the major form of mer-
cury contamination found in fish muscle is
methyl mercury (3). In general, ethyl mercury
is not found in fish and shellfish. In one unusual
case involving direct contamination of a river
with ethyl mercury and inorganic mercury, how-
ever, accumulation of an ethyl mercury level
higher than that for methyl mercury in the same
fish has been reported (4). Schafer et al. (5)
reported one sample of trout suspected of con-
taining ethyl mercury. Methods of direct analy-
sis for organic mercury in fish and shellfish in
general use are the West66 methods (6, 7), the
Uthe et al. method (8), and the Magos method
(9), or modifications of the above methods.

Essentially the West66 methods (6, 7) consist
of adding hydrochloric acid to a homogenized
fish sample to convert methyl mercury bound
to the protein to methyl mercury chloride.
Methyl mercury chloride is extracted into ben-
zene and then into aqueous cysteine solution to
eliminate interfering organic material; the ex-

tract is acidified with concentrated hydrochlorie
acid to liberate methyl mercury from the cys-
teine complex again as methyl mercury chloride,
which is then re-extracted into benzene for gas-
liquid chromatographic (GLC) determination.
In the West66 methods, partitioning of methyl
mercury in each step is not quantitative and a
correction factor based on extraction partition-
ing coefficients for a model system must be used
to calculate the concentration of methyl mer-
cury originally present in the sample.

The method of Uthe and coworkers (8) con-
sists of extracting methyl mercury from a ho-
mogenized sample into toluene as methyl mer-
cury bromide, partitioning the bromide into
aqueous ethanol as a thiosulfate complex, and
re-extracting into benzene as methyl mercury
iodide for determination by GLC.

The Magos method (9) consists of alkaline
digestion of a homogenized sample followed by
atomic absorption spectrometric determination
of either total mercury or inorganic mercury.
Total mercury is released as mercury metal by
adding a stannous chloride-cadmium chloride
complex reagent to the sample. Inorganic mer-
cury is released as mercury metal by adding
stannous chloride only to the sample. Organic
mercury is determined by difference. This meth-
od does not differentiate methyl mercury from
other forms of organic mercury.

Because the above methods either are tedious
or have other objectional features and because
a high percentage of the mercury in fish and
shellfish usually exists as methyl mercury, a
simple, more rapid method (10), which deter-
mines total mercury only, was chosen to support
the Food and Drug Administration’s 0.5 ppm
guideline for mercury in fish and shellfish (11).

A suitable method for the direct analysis for
methyl mercury, which is rapid, simple, and
capable of accurately measuring methyl mercury
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at levels as low as 0.10 ppm in fish and shellfish,
is desirable. The method described here was
developed with these needs in mind.

METHOD
Principle
Lipids and other organic materials are removed
by acetone followed by benzene extraction. Pro-
tein-bound methyl mercury and ethyl mercury

are released with HCI, extracted into benzene, and
determined by GLC.

Reagents

Use distilled deionized water throughout. Clean
all glassware with 25% NaOH initially; then rinse
successively with water, HCl (1+41), water, and
acetone.

(a) Benzene —Distilled-in-glass (Burdick and
Jackson Laboratories, Inc.,, Muskegon, MI 49442).
After concentration of 50 ml to 10 ml in 250 ml
Kuderna-Danish concentrator fitted with 10 ml
concentrator tube, 10 ul injection into gas chro-
matograph under same conditions as for samples
should show no peaks after benzene solvent front.

(b) Hydrochloric acid solution—6N. Dilute
concentrated HCl (ACS grade) with water (14+1).
Extract solution 5 times with % its volume of
benzene.

(¢) Methyl and ethyl mercury chloride standard
solutions.—(1) Stock solutions—1000 ug of each
component/ml benzene. Weigh 100 mg of each
compound (K&K Laboratories, Inc., 121 Express
St, Plainview, NY 11803) into separate 100 ml
volumetric flasks and dilute to volume with ben-
zene. (2) Intermediate solutions.—50 ug/ml. Dilute
10 ml of each stock solution to 200 ml with ben-
zene. (3) Spiking solutions.—2.5 pg/ml. Dilute 10
ml of each intermediate solution to 200 ml with
benzene. (4) Working solutions—0.1 ug/ml. Di-
lute 1 ml of each spiking solution to 25 ml with
benzene. Standard solutions containing >1 ug/ml
benzene are very stable. Prepare more dilute solu-
tions at least monthly.

(d) 96% Argon-6% methane gas mizture—(Air
Products, Specialty Gases Department, PO Box
538, Allentown, PA 18105).

(e) Sodium sulfate—Anhydrous, ACS reagent
grade. Heat overnight in 600°C muffle furnace,
let cool, and store in capped brown bottle. Line
cap with aluminum foil to prevent organic con-
tamination from cap.

Apparatus

(a) Centrifuge—~Model UV, with No. 240 or
241 head and No. 341 container (International
Equipment Co., Needham Heights, MA 02194).
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(b) Centrifuge bottles—50 ml, No. 16 § stop-
per (No. K-411650, Kontes Glass Co., Vineland,
NJ 08360), or equivalent.

(c) Gas chromatograph. — Hewlett - Packard
Model 5710A equipped with linear electron cap-
ture detector and 4’ X 4 mm id glass column;
column packing: 15% diethylene glycol succinate
(DEGS) polyester on 80-100 mesh Gas-Chrom P -
(Applied Science Laboratories, State College, PA
16801). Pack column with DEGS to within 1”7 of
heated injection port; pack remainder with silan-
ized Pyrex glass wool; change glass wool fre-
quently to ensure good reproducibility of GLC
peaks. Condition column 2 hr at 100°C with car-
rier gas flow rate of 5-10 ml/min followed by 48
hr at 200°C with no carrier gas flow; finally con-
dition 4 hr at 225°C with carrier gas flow rate of
75 ml/min.! Operating conditions: temperatures
(°C)—column 160, detector 350, injection port
250; attenuation 8X; recorder chart speed 0.5”/
min; 95% argon-5% methane carrier gas mixture
at 90 ml/min. Under these conditions, methyl
mercury chloride and ethyl mercury chloride elute
in ca 3 and 5% min, respectively, after sample
injection.

(d) Filter—15 ml porous glass, ASTM type,
medium porosity (Pyrex, No. K-955000, Kontes
Glass Co.), or equivalent. If several samples are
to be analyzed, use of following is convenient:
Chromaflex column (Size 233, No. 420540, Kontes
Glass Co.), 300 mm X 25 mm od, with coarse
porosity fritted disk and Teflon stopcock. Modify
by cutting column 3” above fritted disk. Since
each column flow rate is controlled with a stop-
cock, a single vacuum source with appropriate
manifold system may be used. In this laboratory
the manifold system consisted of glass “T” tubes
connected to each vacuum flask.

(e) Filter flask—250 ml with one vacuum arm
(No. K-617500, Kontes Glass Co.), or equivalent.

(f) Evaporative concentrator—Kuderna-Danish
flask 250 ml with 19/22 § joint for concentrator
tube connection (No. K-570001, Kontes Glass
Co.) ; Snyder distillation column 24/40 §F joints, 3
sections (No. 6575-02, Ace Glass Inc., Vineland, NJ
08360) (modify for benzene evaporation by cutting
off third bubble section at glass seal joint between
second and third bubble sections); and 10 ml
concentrator tube, size 1025, with 19/22 § joint,
and 19/22 § stopper (No. K-570050, Kontes Glass
Co.), or equivalent.

(g) Pipet—50 ml. Cut delivery tip flat 17 from
tip end.

1 Although a conditioning temperature of 225°C is 25°C
above the recommended maximum temperature for DEGS,
we did not find any detrimental effects after a 4 hr con-
ditioning at this temperature.
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(h) Pipet filler bulb.—Valve-type (No. 13-681-
50, Fisher Scientific Co., Pittsburgh, PA 15219),
or equivalent.

Preparation of Sample

(a) Canned, fresh, or frozen fish—If frozen,
thaw first. Remove nonedible parts. Weigh fish
sample and transfer to blender (5 g sample is re-
quired for each replicate). Add weight of distilled
water equal to exactly 109% of weight of fish and
blend mixture at medium speed 2-3 min until
homogeneous slurry is obtained. Transfer slurry
to glass or plastic jar, cap tightly, and store in
refrigerator until needed. If homogenized sample
is frozen, thaw, and rehomogenize before an-
alyzing. (Note: 55 g prepared sample is equiva-
lent to 5.0 g original sample.)

(b) Oysters, clams, and other hard-shelled shell-
fish—Remove shell. Separate edible portion and
wash with distilled water. Drain to remove ex-
cess water, weigh, transfer edible portion to
blender, and proceed as in (a).

(c) Shrimp and lobster —Peel, devein, and rinse
edible portion with distilled water. Drain, weigh,
transfer edible portion to blender, and proceed
as in (a).

Isolation of Methyl Mercury Chloride

Transfer 5.5 g sample prepared as above into
porous glass filter funnel. Place glass filter into
one-hole No. 6 rubber stopper mounted in 250 ml
filter flask with no vacuum applied. Add 10 ml
acetone and stir sample with small glass rod.
Apply enough vacuum to pull acetone from filter
funnel at fast drip rate and let most of ace-
tone drain into flask. Add 15 ml additional
acetone, stir, and again vacuum-drain. Add
continuously, with vacuum applied and with stir-
ring, additional 100 ml acetone. When acetone is
almost drained from sample, add 25 ml benzene
continuously. Drain benzene and let sample dry
5 min with vacuum applied. (Note: The analysis
may be stopped overnight either after the sample
is air-dried in the porous glass filter for 5 min
or before the benzene solution is concentrated
in the Kuderna-Danish apparatus. Otherwise the
analysis should not be stopped until the final
25 ml solution for GLC determination is ob-
tained.) Scrape sample free with small, flat-edge
spatula and quantitatively transfer sample powder
to 50 ml centrifuge tube, using small powder fun-
nel. Wash glass filter and spatula with total of
20 ml 6N HCl and add washings to 50 ml cen-
trifuge tube. In same manner, wash glass filter
and spatula with 5 ml isopropanol, followed by
25 ml bernzene, and add to centrifuge tube. (The
centrifuge tube specified actually holds 60 ml.)
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Stopper tube, shake vigorously 2 min, and centri-
fuge 15 min at 2000 rpm. If gel forms, gently
reshake and recentrifuge. Clamp 50 ml modified
pipet to laboratory support stand above centri-
fuge tube with pipet tip extending into centrifuge
tube to %4” above benzene-aqueous interface.
Without disturbing interface draw benzene layer
into 50 ml pipet, using valve-type pipet bulb.
Rinse sides of tube with 2-3 ml benzene, using
glass medicine dropper. Continue to withdraw
benzene rinse layer into 50 ml pipet as before.

In same manner, repeat with another benzene
rinse of centrifuge tube walls. Transfer benzene in
50 ml pipet into Kuderna-Danish apparatus and
rinse pipet with benzene. Repeat above extraction
and centrifuge 2 more times with 25 ml benzene
cach time. (If gel formation occurs in second or
third 25 ml benzene extraction of methyl mer-
cury chloride from acidified sample, add additional
1 ml isopropanol; then reshake and recentrifuge
prior to withdrawal of benzene layer.) Use 1 min
extraction-shaking times and combine extract in
Kuderna-Danish apparatus. Wet Snyder column
bubble chambers with benzene and evaporate
sample solution on steam bath to ca 8 ml (do
not evaporate to <8 ml as ethyl and methyl mer-
cury chloride losses may occur). Let apparatus
cool; then disconnect concentrator tube and quan-
titatively transfer benzene to 25 ml glass-stoppered
graduated cylinder. Rinse conecentrator tube with
small amounts of benzene and add to graduated
cylinder. Dilute to 25 ml with benzene and then
add 5 g anhydrous Na,SO, to keep benzene dry.
Reserve for GLC determination (25 ml represents
5 g original sample).

Gas-Liquid Chromatography

Inject measured volumes of working solutions
(6 pl is recommended) separately into gas chro-
matograph, using GL.C parameters described under
Apparatus. Repeat injection until reproducible
(constant within 3%) peak hecights are obtained
for both methyl and ethyl mercury chloride; 0.5
ng methyl mercury chloride should give % full-
scale deflection. Inject sample solution. Periodi-
cally check retention tiw=s and response by in-
jecting standard solution. If GLC system response
is not linear, use standard solution that closely
approximates height of sample peak. Calculate
concentrations in original sample by comparing
peak heights for sample and standard as follows:

Methyl (or ethyl) mercury chloride, ppm
= (R/R") X (C"/C) X (V//V)

where R and R’ = peak height responses (mm)
for sample and standard, respectively; C and ¢’ =
concentrations of sample in sample solution (g
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original sample/ml sample solution) and standard
(pg/ml), respectively; V and V’ = volume (ul)
of sample and standard solutions injected, respec-
tively.

To calculate results as ppm elemental mercury,
multiply methyl mercury chloride results by 0.80
(molar factor for mercury in methyl mercury
chloride). For ethyl mercury chloride, use factor
of 0.76. '

Recovery Studies

The recovery of methyl and ethyl mercury
chloride can be determined by using the pro-
cedure described above with the following modi-
fication: After washing weighed sample with total
of 25 ml acetone (to remove water which is im-
miscible with standards in benzene), let sample
settle on porous glass frit without going dry. With
vacuum off, add 1 ml standard containing 2.5 ug
of each compound/ml (050 ppm each for 5.0
original sample) directly on upper surface of
sample. Using small glass rod, gently stir upper
portion of sample without disturbing portion
directly on surface of glass frit. Wash rod with
acetone into sample. Apply vacuum and continue
to wash sample until total of 125 ml acetone and
25 ml benzene pass through filter. Let sample dry
5 min with vacuum applied. Continue analysis as
described above for unspiked samples. Compare
results with spiked samples to determine recoveries.

Results and Discussion

Samples of tuna, cod, mackerel, shrimp, lob-
ster, and oysters were analyzed for both methyl
and ethyl mercury, using the procedure de-
scribed above. In addition, representative ho-
mogenized samples were spiked with methyl and
ethyl mercury chloride, each at the 0.5 and 0.1
ppm levels, and carried through the analytical
procedure to determine typical recoveries.

Table 1 lists values of methyl mercury found
in unspiked samples, as well as recovery data
for added methyl and ethyl mercury chloride.
As Table 1 shows, the method was used to ana-
lyze samples with native mercury levels from
0.85 ppm (bluefin. tuna) to <001 ppm (oys-
ters). No ethyl mercury was detected in any of
the samples analyzed; the detection limit is
approximately 0.01 ppm. In one sample of oys-
ters a large interference peak made analysis for
ethyl mercury impossible. Analysis of the same
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oyster sample with the Munns method (12) for
total mercury showed that the sample contained

001 ppm mercury, indicating that the inter-

fering peak having a slightly shorter retention
time than ethyl mercury chloride was not the
result of a mercury-containing compound.

The skipjack and albacore tuna samples were
previously analyzed in an interlaboratory study
by 15 laboratories (unpublished data, 1972). In
these analyses the skipjack tuna was found to
contain 0.086+=0.022 ppm methyl mercury (as
mercury) compared to 0.093=0.005 ppm in this
study. Likewise the albacore tuna was found to
contain 0.44+0.09 ppm methyl mercury (as
mercury) compared to 0.46==0.013 ppm in this
study.

The recovery data in Table 1 range from a
low of 949 to a high of 1089 with an average
recovery for all samples of 99.1+239 for
methyl mercury chloride and 100.3:=3.4% for
ethyl mercury chloride at the 0.5 ppm spiking
level and 100.1%=4.29 and 97.922.49,, respec-
tively, at the 0.1 ppm spiking level. No recov-
eries were determined by direct spiking of sam-
ples at levels above 0.5 ppm. However, one
sample with a 0.76 ppm native methyl mercury
level and spiked with 0.50 ppm methyl mereury
chloride (total mercury, 1.16 ppm as mercury)
showed quantitative recovery. We believe that
methyl mercury levels from 1.0 to 50 ppm
could be determined by diluting the final ben-
zene extract used for the determination.

Figure 1A shows the chromatogram of an un-
spiked tuna sample found to contain 0.65 ppm
methyl mercury chloride. The interfering back-
ground is very low and no ethyl mercury chlo-
ride peak is present. Figure 1B shows a chroma-
togram of a standard solution of both compounds
in benzene at the 0.5 ppm level. Figure 2A is a
chromatogram of the background for unspiked
lobster with several unknown peaks preceding
the peaks for methyl and ethyl mercury chlo-
ride. While a small peak was observed at the
retention time of methyl mercury chloride, no
peak was visible which corresponded to ethyl
mercury chloride. When the lobster sample is
spiked with 0.10 ppm of each compound, the
same background is observed (Fig. 2B) with

The recommendation of the Associate Referee was ap-
proved by the General Referee and Subcommittee E and
was accepted by the Association. Their reports will appear
in JAOAC (1977) March issue.

This report of the Associate Referee, J. O. Watts, was
presented at the 90th Annual Meeting of the AOAC, Oct.
18-21, 1976, at Washington, DC.

Received April 21, 1976.
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Table 1. Methyl mercury in fish and shellfish with recovery data for added methyl mercury chioride (MMC)
* and ethyl mercury chloride (EMC)

Recovery, %
Methyl mercury 0.50 ppm added 0.10 ppm added
found
Sample (as ppm Hg) MMC EMC MMC EMC
Skipjack tuna (canned) 0.09 98 99 108 100
0.09 98 98 105 100
0.09 102 100
0.10 102 97
Mean +SD?® 0.093+0.005 98.0 98.5 104.342.9 99.3+1.5
Albacore tuna (canned) 0.48 100 98 ND? ND
0.47
0.46
0.45
0.45
0.45
Mean+SD 0.460+0.013 100 98 ND ND
Bluefin tuna (canned) 0.87 99 94
0.84 98 94
Mean 0.855 98.5 94.0 ND ND
Cod (fresh) 0.15 97 101 100 100
0.16 100 105 95 100
Mean 0.155 98.5 103.0 97.5 100.0
Mackerel (fresh) 0.07 98 100 102 102
0.07 98 99 100 100
Mean 0.07 98.0 99.5 101.0 101.0
Shrimp (fresh frozen) 0.04 97 97 97 96
0.04 98 98 94 94
0.03 96 96
0.03 97 96
Mean=SD 0.035-+0.006 97.5 97.5 96.0+1.4 95.5:+1.0
Lobster tail (frozen) 0.03 97 106 99 97
0.03 100 108 108 95
0.02 104 96
0.02
Mean+SD 0.025-0.006 98.5 107.0 103.7+4.5 96.0+1.0
Lobster claw (cooked) 0.27 105 100
0.27 103 100
Mean 0.27 104.0 100.0 ND ND
Lobster tail (cooked) 0.76 101 929
0.77
0.75
0.76
Mean+SD 0.76-:0.008 101 99 ND ND
Oyster 0.01 97 97 98 1P
<0.01 98
0.01 97
<0.01
0.01
<0.01
<0.01
Mean+SD <0.01 97 97 97.7+0.6 ND
e SD = standard deviation.
b ND = not determined.
¢ [P = not determined due to interfering peak adjacent to EMC.

peaks from the added mercury compounds
superimposed on the background.

Because fish and shellfish samples do not usu-
ally contain ethyl mercury, spiking the sample

with ethyl mercury chloride provides a good
internal standard if a replicate analysis of the
unspiked sample shows that no interfering peaks
are present, Poor recovery of this compound
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FIG. 1—Typical gas chromatograms with clean background (recorder scale expansion 16X): A, unspiked tuna
sample with 0.65 ppm methyl mercury chloride (MMC) (0.65 ng injected); B, standard solution containing 0.5
ppm each of MMC and ethyl mercury chloride (EMC) (0.50 ng of each injected).

could indicate analyst error or some unsuspected
instrumental problem.

The 4 glass GLC column packed with 159
DEGS on Gas-Chrom P provided excellent sep-
aration of methyl and ethyl mercury chloride at
a column temperature of 160°C. Earlier work
with a 6’ column at temperatures between 175
and 190°C yielded GLC peaks with good sepa-
ration and shorter retention times. Unfortu-
nately, column bleed was significant at the higher
temperatures, causing a decrease in detector
sensitivity. In addition there was a gradual de-
crease in retention times with eventual column
failure. Lowering the column temperature to
160°C resulted in a marked increase in detector
sensitivity. Although retention times are slightly

increased, column life is greatly extended. With
column temperatures and carrier gas flow rate
held constant, the retention time decrease due to
substrate bleed-off was only 29, during a 6-
month period. A commercial “pretested” DEGS
column packing was used in the present work,
while a “self-prepared” batch was used for
earlier work. Both were satisfactory.

The gas chromatograph used was equipped
with a constant current electron capture detec-
tor. Peak height response was checked for 5 ul
volumes containing between 0.02 and 2.0 ppm
(based on 5 g sample extract in 25 ml benzene) of
methyl and ethyl mercury chloride prepared by
appropriate dilution of the standard solutions.,
The response was found to be linear with zero
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FIG. 2—Typlcal gas chromalograms with limiting background (recorder scale expansion 8X): A, unspiked lobster

A spil

d with 0.1 ppm each of methyl mercury chloride (MMC) and ethyl mercury

chloride (EMC).

intercept; thus calculations were based on direct
comparison of peak heights obtained for stand-
ard and sample solutions. Continuous use of the
63N electron capture detector at 350°C resulted
in no detrimental effects and eliminated the
need for periodic cleaning.

In general the sample cleanup provided by
this method is adequate for the quantitative
GLC determination of methyl and ethyl mercury
chloride in fish and shellfish at levels above 0.10
ppm. When a higher detector sensitivity is used
for levels below 0.10 ppm, extraneous back-
ground peaks begin to dominate the chromato-
grams, so that interpretation of small peaks as
methyl or ethyl mercury chloride becomes ques-
tionable. With an exceptionally clean back-

ground the detection limit for both compounds,
based on a 5 g sample extract in 25 ml benzene,
is about 0.01 ppm for a 5 ul injection. If addi-
tional concentration of the sample solution is
necessary to increase sensitivity, an additional
cleanup step will be needed.

One problem encountered was that a gel can
be formed in the benzene layer in the centrifuge
tubes. During the analysis of tuna fish samples,
gel emulsion formation containing entrapped
benzene occurred occasionally in the benzene
phase adjacent to the aqueous phase after cen-
trifugation to separate the acidified aqueous and
organic benzene phases. In these instances it was
necessary to gently shake the solution and re-
centrifuge. For lobster, shrimp, and oyster sam-
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ples, severe gel formation prevented removal of
benzene even after repeated shaking and cen-
trifugation. Adding 5 ml isopropanol to the
acidified aqueous layer prior to benzene extrac-
tion eliminated gel formation for all sample
types except oysters. In the case of oysters gel
formation also occurred, but only during the
final 2 benzene extractions. By adding an addi-
tional 1 ml isopropanol prior to each of these
last 2 benzene extractions, the gel formation
problem was also eliminated for oysters.

Concentration of the combined benzene ex-
traction solutions in the Kuderna-Danish ap-
paratus over a steam bath was difficult when the
conventional, 3-bubble chamber Snyder column
was used. Most of the benzene vapor condensed
before it could exit from the column. After the
top bubble chamber was cut off, the benzene
vapor was easily driven out of the apparatus
under steam bath conditions. An 85 ml benzene
volume could be concentrated to 8 ml in about
15 min.

Unlike the Westo6 methods (6, 7), the method
described results in essentially total extraction
of methyl mercury and ethyl mercury. There-
fore, no recovery corrections are required. At
methyl and ethyl mercury chloride levels of 0.1
ppm the method also has the advantage over
the West66 methods of not requiring the addi-
tional cysteine cleanup step. The acetone and
benzene sample prewash removes most inter-
fering organics with no loss of methyl mercury
or ethyl mercury. Complete bonding of methyl
mercury and ethyl mercury to the protein of
tuna fish was confirmed from recovery experi-
ments in which standard solutions were filtered
through the sample. GLC analyses of the filtrate
showed a large solvent front followed by many
extraneous peaks, but none with retention times
corresponding to methyl or ethyl mercury chlo-
ride. Apparently all the methyl and ethyl mer-
cury rapidly bonds to the protein matrix. Sub-
sequent treatment with dilute hydrochloric acid
quantitatively hydrolyzes the organomercury-
protein complex, releasing the added methyl and
ethyl mercury chloride.
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The method described for quantitative deter-
mination of methyl and ethyl mercury chloride
at 0.1 ppm in fish and shellfish provides a
more rapid procedure with fewer sample manip-
ulations than other methods currently being
used. Because of the general absence of ethyl
mercury in fish and shellfish in which methyl
mercury is to be determined, ethyl mercury
chloride can serve as an internal standard to
detect unsuspected error and changing instru-
mental conditions, unless analysis of unspiked
samples shows the presence of peaks which inter-
fere with those for ethyl mercury chloride.
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Cathodic Stripping Voltammetry of Nanogram Amounts of

Selenium in Biological Material

MICHAEL W. BLADES, JOHN A. DALZIEL, and CLIVE M. ELSON
Department of Chemistry, Saint Mary’s University, Halifax, Nova Scotia, Canada B3H 3C3

A method is described to determine selenium
in biological material, based on cathodic strip-
ping voltammetry. Following wet ashing, the
selenium was extracted into benzene as the
3’,4’-diaminophenylpiazselenol. The selenium
was subsequently back-extracted into dilute acid
for analysis. Analyses of NBS Bovine Liver dem-
onstrated that the method was capable of re-
covering 96+99% of the selenium present. The
detection limit and working range were 3 ng/g
and 3-10,000 ng/g, respectively., The method
was also applied to the determination of se-
lenium in rapeseed oils and seed.

It is well known that selenium in certain
forms is toxic to man and animals. However, it
has been established that selenium is also an
essential micronutrient for plants and animals
(1, 2). This dichotomy of behavior depends on
both the level of selenium intake and the form
of the selenium. Since certain plants are known
to accumulate selenium and since selenium and
sulfur cannot always be distinguished by enzyme
systems (1), it is essential that the concentra-
tion of selenium in foodstuffs be established.

The method recommended for the determina-
tion of selenium in plants and foods (3) involves
reacting Se(IV) with an aromatic ortho-diamine
(eg., 2,3-diaminonaphthalene), extracting the
resultant piazselenol into an organic solvent, and
measuring the fluorescence. This method suffers
from interferences by copper (4), iron (5), and
strong oxidizing and reducing agents; high re-
agent blanks (6); and the instability of the
piazselenol which requires that the fluorescence
measurement be made immediately (within 5
min) after extraction (6). A collaborative study
employing a modified fluorometric method has
recently been reported by Ihnat (7).

Recently, selenium has been studied by both
anodic (8) and cathodic (9) stripping voltam-
metry. In the latter case, Se(IV) was reported
to interact with a mercury electrode in the pres-
ence of chloride jon to form a complex which
was stripped from the surface of the electrode
at cathodic potentials. This report describes a

method for the determination of selenium over
the range 3-10,000 ng, using cathodic stripping
voltammetry, and its application to the analysis
of proteinaceous materials and oils.

METHOD
Apparatus

(a) Digestion apparatus.—50 ml micro-Kjeldahl
digestor equipped with glass manifold (Electro-
thermal Engineering Ltd., London, England) and

- 30 ml long-neck Pyrex flasks.

(b) Wrist-action shaker—Burrell Corp.

(c) Stripping analyzer—Polarographic analyzer
(Model 174, Princeton Applied Research Corp.,
Princeton, NJ) coupled to x-y recorder (Omni-
graphic 2000, Houston Instruments Ltd.). The ref-
erence electrode was a low leakage, saturated
NaCl calomel electrode; the counter electrode was
a piece of platinum wire; and the working elec-
trode was a hanging mercury drop micrometer
electrode. The polarographic cell was made of
borosilicate glass (supplied by Princeton Applied
Research Corp., accessory 9301) and had a work-
ing volume of 5-50 ml. A thermostated cell is
preferable.

Reagents

All solutions were prepared in glass-distilled
water. Glassware was cleaned with KMnO,/H,S0,
mixture. All acids and bases were ultra high purity
grade (Ultrex grade, J. T. Baker Chemical Co.,
Phillipsburg, NJ) unless otherwise specified.

(a) Ethylenediaminetetracetic actd (EDTA)
solution.—0.1M. Dissolve 3.72 g disodium salt
(Fisher reagent grade) in water and dilute to 100 -
ml.

(b) 3,3'-Diaminobenzidine hydrochloride (DAB)
solution.—1.2% w/v. Dissolve 0.12 g DAB (99.0%
minimum, J. T. Baker Chemical Co.) in 10 ml
1N HClO,4. Extract 15 min with 10 ml cyclohexane
with shaking and discard cyclohexane. Prepare so-
lution daily and store in dark. DAB which is 6
months old is not recommended for use, since it
gives high background signals.

(¢) Back-extraction mizture—6 ml water plus
0.4 ml HCIO, in 50 ml Erlenmeyer flask.

(d) Selenium stock solution.—1000 ppm. Dis-
solve 1.6497 g H,SeO; (99%, Alfa Products, Bev-
erly, MA) in 1 L 0.IN HCL Serially dilute to
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prepare 1 and 10 ppm solutions in 0.1N HC]. The
selenous acid was supplied in crystalline form in
a sealed vessel containing argon and was stored
in a desiccator. The acid was used directly but
other standards such as selenium metal (3) may
also be used.

(e) Benzene—Fisher Certified ACS (thiophene-
free).

(f) Nitrogen. — High purity nitrogen was
scrubbed by using reduced BASF catalyst (R311,
BASF Corp., Parsippany, NJ) at 100°C and then
saturated with the electrolyte.

Preparation of Samples

The bovine liver samples (NBS Standard Ref-
erence Material 1577, selenium content 1.1+0.1
ppm) were freeze-dried 10 hr at 0.01 mm Hg and
—60°C. The oils (rapeseed oils from Rapeseed
Association of Canada; soybean oil from Canada
Packers Ltd.) were stored in a refrigerator under
nitrogen and were analyzed directly. Samples of
rapeseed were crushed lightly in a glass mortar
and pestle but were not dried.

Calibration Curves

The curves were prepared by determining the
stripping peak current (see below) at various con-
centrations of selenium. The stock selenium solu-
tions were diluted using either 0.2N HCIl plus
03N HCIlO, for concentrations of 0-8 ppb or 02N
HCIl for the range 20-500 ppb selenium and an-
alyzed directly without further treatment.

Determination

Accurately weigh ca 0.3 g bovine liver, 1 g oil,
or 0.8 g seed directly into Kjeldahl flask and add
6 ml HNO; plus glass anti-bumping tube. (Re-
agent grade acids were also suitable for the diges-
tion step, since the selenium was subsequently
isolated.) Heat mixture on digestion unit at set-
ting that causes acid to reflux in neck of flask.
(Note: Samples froth vigorously during initial
stages of heating.) Continue digestion until NO,
fumes cease to appear (for liver samples, this
requires ca 5-6 hr, but oils may take 24-48 hr).
Add 3 ml HCIO4 and increase temperature to
evaporate water and HNOgj. If charring occurs,
immediately add 2 ml HNO; and reheat 2-3 hr
before evaporating HNO; again. After fumes of
HCIO, appear, continue heating 20-30 min. Cool,
and transfer digest to beaker with the aid of
water and disposable pipets.

Add 0.5 ml HCI and bubble oxygen through the
solution 5-10 min. (Oxygen is used to destroy
reducing agents but gentle boiling should accom-
plish same result.) Adjust pH to 2-3 with NH,OH
and monitor with pH meter. Add 1 ml EDTA
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solution. (If pH increases much above 3 before
EDTA is added, metal hydroxides may precipitate
and remove selenium from solution.) Stir solu-
tion § min. Add 0.2 ml freshly prepared DAB
solution and stir 1 hr. A shorter period might be
used if solution is warmed to assist complex for-
mation (6). Adjust pH to 7 and transfer solution
to 100 ml separatory funnel equipped with Teflon
stopcock. Sample volume is ca 25 ml at this stage,
including washings.

Extract sample with two 10 ml portions of ben-
zene for 15 min each, using wrist-action shaker.
(The efficiency of the first extraction or the opti-
mum volume of benzene was not determined.)
After first extraction, wait 10 min and then trans-
fer most of the benzene layer to Erlenmeyer flask
containing back-extraction mixture. Stir benzene
plus back-extraction mixture as second extraction
proceeds. Discard aqueous layer and transfer sec-
ond portion of benzene to the Erlenmeyer flask.
Stir mixture for additional 10 min and then place
flask in water bath and slowly bring water to
boil. After benzene has been driven off, continue
heating additional 5 min. Cool solution and trans-
fer to volumetric flask (for samples containing
<80 ng selenium, use 10 ml flask, and for liver
samples, use 50 or 100 ml flask). Adjust HCI and
HCIlO, concentrations to match those of solutions
used in preparing calibration curve.

Introduce sample solution into polarographic
cell and insert electrodes. De-aerate for 15 min,
using nitrogen, and then direct gas stream over
solution. Ensure that all gas bubbles are removed
from tip of capillary of mercury electrode. Extrude
mercury drop of ca 2.8 mg (3 divisions on barrel
of micrometer electrode). Stir solution (Magnestir,
Canlab, with separate on-off switch to reproduce
stirring rate), using 14 X 4 mm magnetic bar at
rate such that no turbulence is seen in solution
(ca 250 rpm). Synchronous motor stirrer is pre-
ferable. Deposit selenium at -+0.05 v for 2 min if
sample solution concentration is 0-8 ppb and for
1 min if concentration is >20 ppb. After initial
deposition period, turn stirrer off and wait 30 sec
before commencing potential scan. For dilute solu-
tions, use differential pulse mode to measure reduc-
tion currents. Typical instrument settings were:
cathodic scan 5 mv/sec, pulse modulation ampli-
tude 50 mv, droptime 1 sec, and current sensitivity
0.5 pa-full scale. For samples in the range 20-500
ppb, direct current cathodic stripping voltam-
metry was employed using scan rate of 20 mv/sec,
and current sensitivities of 0.2-5.0 pa full scale.
Three voltammograms were recorded for each sam-
ple and an average current reading was taken.
Range of 3 results should not exceed 0.03 pa for
settings used in pulse mode. Variations larger than
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FIG. 1—Direct cathodic stripping voltammograms of a,
25 ml sample of 56 ppb Se(iV) in 0.2N HCI; and b, 25
ml sample of 0.2N HCI. Peak current ed at
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50na
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POTENTIAL [v)
FIG. 2—Differential pulse cathodu: strlpping voltam-

mograms of a, g 3.9 ng Se/
mI in 0.2N HCl/0. 3N HCIO, derived from bovine liver

—0.56 v.

this usually result from malfunction of mercury
electrode.

Correct stripping currents for reagent blanks by
placing same amount of HNOj; and HCIO, re-
quired to digest sample in Kjeldahl flasks and
repeat above procedure.

Results and Discussion

The electroactive form of selenium for the
purposes of this study was Se(IV); hence HCI
was added after the sample digestion and again
after the back-extraction step to reduce Se(VI)
to Se(IV). The direct cathodic stripping voltam-
mograms of solutions containing 20-500 ppb ex-
hibited 2 reduction peaks at —0.08 and —0.56
v (Fig. 1). The first reduction step involves the
conversion of an adsorbed chloro selenium com-
plex to mercuric selenide. The mercuric selenide
is then further reduced at more cathodic po-
tentials to mercury and hydrogen selenide (7).
The wave at —0.08 v had a complex structure
which was dependent on the concentration of
selenium and interfered with the measurement
of peak current. Nevertheless, the stripping cur-
rents were approximately proportional to con-
centration. The wave at —0.56 v was well de-
fined and a plot of peak current vs. concentra-
tion was linear over the range studied (20-500
ng/ml, corresponding to 0.5-12.5 ug selenium
in 25 ml sample) which did not represent the
limits of applicability of the technique. The
equation of the least squares line was ¢ = 3.03=%
0.03 X 10-3C' — 1.56=+1.10 x 102 (ua), where C'
is in units of ng selenium/ml and the correlation
coefficient of the fit was 1.000. Olson (6) and

dard; and b, reagent blank in 0.2N HCI/0.3N
HCIO,. Peak current measured at —0.44 v.

Thnat (7) reported upper limits of the fluoro-
metric technique as 0.4 and 0.8 ug selenium,
respectively.

For solutions containing less than 10 ng se-
lenium/ml, the technique of differential pulse
stripping voltammetry was employed. A typical
voltammogram is shown in Fig. 2. The region
between +0.05 and —0.05 v displayed a large
cathodic current due to the reduction of mer-
curous chloride which partially obscured the
first selenium stripping wave; hence, this region
of the voltammogram was scanned at a reduced
sensitivity. The major reduction peak appeared
at —044 v and the peak height was directly
proportional to concentration over the range 0-
8 ppb (Fig. 3). The electrolyte was a mixture of
HCIO, and HCI, because perchloric acid en-
hances the height of the wave and improves its
definition.

The instrumental settings for the direct and
differential pulse cathodic stripping techniques
were chosen to optimize both the size of the
peak current and the reproducibility. General
considerations relating to these techniques have
been reported by Flato (10). The mercury
micrometer electrode gives more reproducible
results for drops formed by using 3 divisions on
the barrel rather than 6. The number of divi-
sions recommended by the supplier is generally
in the range 3-6 divisions. The initial potential
was dictated by the formation of the mercury-
selenium-chloride complex and mercurous chlo-
ride: The selenium complex will not form at
cathodic potentials and very anodic potentials
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CURRENT AT -044v (pa)
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(ng/mi)

FIG. 3—Calibration plot of peak current vs. concentra-
tion of Se(lV) for the range 0-8 ng/ml.

will generate sufficient mercurous chloride to
mask the stripping peaks. The deposition time
was long enough to form a detectable amount of
selenium complex but sufficiently short to pre-
vent “instrumental instabilities” (10) from limit-
ing the reproducibility. A scan rate of 5 mv/sec
provided a reasonable analysis time and allowed
the system to remain in equilibrium with the
electrode, thus maximizing the reproducibility.
The pulse modulation amplitude was determined
by preparing calibration curves over the range
0-10 ppb selenium. The curve prepared using a
50 mV pulse provided the best compromise be-
tween large currents and closest approximation
to a straight line.

The plot of Fig. 3 was the working curve for
all the analyses and combines the results of 2
separate calibrations performed on consecutive
days. A detection limit of 0.31 ppb at 95%
confidence limit was determined by the method
of Skogerboe and Grant (11), using the pooled
standard deviation of the current residuals from
the least squares line. The detection limit cor-
responded to 3 ng selenium in a 10 ml sample.
However, selenium levels of 0.1 and 0.2 ng/ml
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did exhibit signals which were barely discernible.
The calibration curve was duplicated on sepa-
rate occasions and, hence, the above curve was
used over a period of several months because
the reagents and apparatus were not changed
during this time. Different laboratory workers
reproduced the results to within the uncertain-
ties quoted below over 6 months.

The above procedure was introduced after
attempts to analyze the digested samples di-
rectly were unsuccessful. The selenium peaks
were lost in the high background signals due to
the reduction of mild oxidizing agents such as
ferric and cupric ions. The procedure and work-
ing curves were tested by analyzing 5 samples
of NBS Bovine Liver; the results appear in
Table 1. The peak currents have been corrected
for reagents blanks which displayed a reduction
peak at —0.44 v, corresponding to 0.2 ppb se-
lentum in a final volume of 10 ml. The average
per cent recovery was 9699, with all experi-
mental values falling within =109 of the theo-
retical values. The same per cent recovery was
obtained when sample solutions of the liver
standard were analyzed at the 40 ppb level.

The high percentage recovery confirmed that
the extractions were very efficient and that the
warm perchloric acid solution used in the back-
extraction decomposed the piazselenol and re-
leased all the selenium. To ensure that the back-
extraction was successful, benzene was used in
place of the usual solvents, decalin and cyclo-
hexane (4, 6). Simple back-extractions into 2N
HCIQ, without the evaporation of the organic
solvent gave erratic results with losses as high as
30%. In an attempt to simplify the method,
selenium was extracted with 2,3-diamino-
naphthalene (DAN) and cyclohexane from aque-
ous solutions of pH 2. However, the voltammo-
gram had higher background signals, presumably
due to the greater stability of DAN.

Table 1. Analysis of standard bovine liver
Corrected peak Se concn
Sample wt, g Calcd Se concn, ppb current, uA found, ppb Rec., %
0.2710 5.96 (50 ml)* 0.23 6.3 106
0.4048 4.45 (100 ml) 0.15 3.9 87
0.2859 6.29 (50 ml) 0.23 6.5 104
0.2925 6.44 (50 mi) 0.22 6.2 97
0.2580 5.68 (50 ml) 0.18 4.9 87
Av. 9649

% Final volume.
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Table 2. Analysis of oils and seed
Se content,
Sample ng/g
Crude regular rapeseed oil 8.94+2.5
Fully refined regular rapeseed oil 2.841.8
Crude Tower variety rapeseed oil 7.943.8
Fully refined Tower variety rapeseed oil <1
Desolvenated Target variety rapeseed oil 3.8+1.3

Crude soybean oil . <1
Tower variety seed 7012

The method appeared to be free from inter-
ferences since the liver standard contained many
elements, some of which were at levels 200-300
times that of selenium {e.g., iron and copper).
The method of selenium analysis which Shend-
rikar (4) reported that the U.S. Environmental
Protection Agency recommends involves an
initial extraction of selenium from aqueous
phase prior to digestion and fluorometric analy-
sis. Hence the method reported here offers sev-
eral advantages.

The results of the analysis of the oils and
seed appear in Table 2. All samples were ana-
lyzed in triplicate and the uncertainties are ex-
pressed at the 959 confidence level. The range
of the results was always less than 3 ng se-
lenium/g and the uncertainties reflect the limited
number of measurements made. The 2 crude oils
had similar selenium contents despite the fact
that Tower oil was derived from a recently
developed variety of Brassica napus which
yields oil with a low erucic acid content and
meal with a low glucosinolate content, whereas
the other crude oil came from the older “regu-
lar” type of rapeseed. However, upon refining
(12), which includes degumming with dilute
phosphoric acid, alkali washing, bleaching with
activated earths, and deodorizing by steam dis-
tillation, the Tower variety oil released more
selenium than did the regular oil. Refining has
also been reported to reduce the sulfur content
of rapeseed oils from approximately 25 ppm to
less than 1 ppm (13, 14). The sample of Target
oil was derived from a variety of B. napus which
contained the normal level of erucic acid. The
oil was extracted and refined by J. D. Jones of
Food Research Institute, Agriculture Canada,
Ottawa. The oil was also analyzed by the Ana-
lytical Chemistry Services of the Chemistry and
Biology Research Institute, Agriculture Canada,

Received March 31, 1976.
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Ottawa, by using the fluorometric method (3)
and contained 12 ng selenium/g. By comparison
with the rapeseed oils, the selenium content of
the crude soybean oil was at least one order of
magnitude smaller.

Samples of the Tower variety seeds contained
70 ng selenium/g. Since Tower variety rapeseeds
are approximately 429% oil and 459% protein
(15) and since the crude oil contained only 7.9
ng selenium/g, the selenium content of meals
derived from the protein portion of the seeds
must be 0.15 ug selenium/g. This value is
considerably smaller than that reported for
meals derived from rapeseeds of the B.
campestris species grown in Canada and is com-
parable to the selenium content of meals derived
from B. napus types grown in Europe (16).

The results of the present work together with
those of Hougen and Daun (13, 14) suggest that
the sulfur content of oils can be estimated from
the level of selenium by using a ratio of 14 X
103. The ratio of sulfur to selenium in geological
samples was reported to be 5-10 x 103 (17).

Conclusion

The method described with minor modifica-
tions offers several advantages over other meth-
ods for the determination of selenium: wider
working range, low reagent blanks allow a few
nanograms to be detected, no known inter-
ferences, and the instability of a piazselenol is
used to advantage during a back-extraction step.
Furthermore, because selenium is separated from
the digestion matrix prior to analysis, it is as-
sumed that the method will apply equally well
to other types of samples (e.g., geological sam-
ples, metals, and alloys).
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MEAT AND MEAT PRODUCTS

Determination of Added Blood in Ground Beef

ALBERT B. KARASZ!, ROSS ANDERSEN, and ROGER POLLMAN
New York State Food Laboratory, Department of Agriculture and Markets, Albany, NY 12235

Blood added to ground beef is estimated from
hemoglobin extracted with water. Since myo-
globin is co-extracted with the hemoglobin, the
2 heme pigments are separated in one portion
of the extract by precipitating the hemoglobin
in an 85% (NH,),S0, solution. The myoglobin
remaining in solution is used as the reference
solution for determining the hemoglobin in
another portion of the extract containing both
pigments. The hemoglobin is converted to
cyanomethemoglobin and quantitated by its ab-
sorbance at 422 nm.

Blood is added to ground beef to conceal the
presence of excess fat, to enhance the color, or
simply as an extender. One method for the
determination of added blood has been deseribed
by Hankin (1) and is based on the amount of
iron extracted from the sample by water. How-
ever, the method is time consuming, employs a
noxious reagent, mercaptoacetic acid, and uses
in the computation a blank value which is high
because it represents the iron from both the
hemoglobin and the myoglobin released from
the tissue during grinding.

An improved method, based on the most
widely used clinical procedure for measuring
hemoglobin in blood (2), estimates added blood
from the hemoglobin extracted from ground
beef. In this procedure, hemoglobin is oxidized
by ferricyanide to methemoglobin and is com-
plexed with ecyanide to form cyanomethemo-
globin which is measured colorimetrically. A
standard reagent and a certified standard, both
available commercially, are used to quantitate
the hemoglobin.

Modifications are necessary for applying this
procedure to ground beef because hemoglobin is
diluted when extracted from the sample with
water, and the wavelength used in the clinical
procedure, 540 nm, is not sensitive enough.
Cyanomethemoglobin can be measured with
much greater sensitivity at 422 nm, as shown
in Fig, 1.

1 Retired.

However, ferricyanide, which is used in the
clinical method, absorbs at 422 nm and is sub-
ject to interference from reducing agents such
as ascorbic acid. Therefore, a modified reagent,
substituting sodium nitrite as the oxidizing
agent, is used. This does not alter the validity
of the standard curve which is prepared from
the certified standard and the clinical reagent.

Both the commercial and the modified re-
agents react with myoglobin to form cyanomet-
myoglobin which has the same absorption prop-
erties as cyanomethemoglobin (Fig. 1). This
interference is climinated by separating the 2
heme pigments by their differential solubilities
in (NH,).,SO, solution (2). In an 859 saturated
(NH,).80, solution, myoglobin is soluble but
hemoglobin is precipitated. Two different assay
solutions can be prepared from the meat ex-
tract: onc containing myoglobin only, the other
containing both myoglobin and hemoglobin. The
difference in absorption between the 2 solutions
is a measure of the hemoglobin content.

The hemoglobin found is a measure of both

ABSORBANCE

"1:__?'_\\“%

J— L
aza2 soa nm

FIG. 1—Absorption spectra of cyanomethemogiobin
and cyanometmyoglobin extracted from ground beef:
A, cyanomethemoglobin and cyanometmyoglobin in
water; B, cyanometmyoglobin in (NH),SO, solution;

th lobi btained by scanning A

y Y &

against B.
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the added and the normal residual blood in the
ground beef. A reasonable approximation of
normal residual hemoglobin in ground beef was
established so that this value could be deducted
from the total hemoglobin found in the sample.
The difference is a measure of the blood added
to ground beef.

METHOD
Reagents and Apparatus

(a) Cyanomethemoglobin  reagent. — Hycel
Corp., 7920 Westpark Dr, Houston, TX 77036;
prepare as directed by manufacturer.

(b) Cyanomethemoglobin standard.—Certified
0.80 mg hemoglobin/ml (Hycel Corp).

(c¢) Ammonium sulfate solution.—Prepare 1.5
L saturated (NH,),SO4 solution. Filter through
glass wool.

(d) Cyanide reagents—Caution: See sec. 51.050
(3). Cyanide reagent A.—Dissolve 3403 g KH,PO,,
50 mg KCN, and 350 mg NaNO, in water and
dilute to 1 L with water. Cyanide reagent B.—
Dissolve 3403 g KH,PO,, 4.355 g K;HPO,, 50 mg
KCN, and 350 mg NaNO, in 40 ml water in 1 L
volumetric flask. Add 9445 ml saturated
(NH,)2,S0, solution (¢) and adjust to volume
with water. This solution, as used in the method,
will provide a solution 85% saturated with respect
to (NHy),S0,.

(e) Filter paper—Glass fiber, 7 c¢cm diameter
(Reeve Angel, Grade 934 AH, or equivalent).

(f) Spectrophotometer —Beckman DB, or equiv-
alent.

Preparation of Standard Curve

Using cyanomethemoglobin standard and e¢yano-
methemoglobin reagent make dilutions equivalent
to 0.00, 0.004, 008, 0.12, and 0.16 mg hemoglobin/
ml. These concentrations are equivalent to 0, 200,
400, 600, and 800 mg hemoglobin/100 g sample
of ground beef, respectively. Using 0.00 dilution
as blank, determine absorbances of other solutions
at 422 and 500 nm. Plot net absorbance A —
Ayzs — Aggo against mg hemoglobin/100 g sample.

Determination

Do not regrind ground beef. Place entire sample,
including any liquid present, in plastic bag and
mix thoroughly by kneading. Weigh 10.00 g sam-
ple into 100 ml beaker. Add 10 ml water; break
up and slurry sample with glass rod. Add 40 ml
water and let stand 15 min, stirring occasionally.
Filter through loose wad of glass wool. Pipet 1 ml
aliquot into 10 ml volumetric flask. Dilute to
volume with cyanide reagent A (solution A). Pipet
1 ml aliquot into second 10 ml volumetric flask.
Dilute to volume with cyanide reagent B (solu-
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tion B). Filter both solutions through glass fiber
paper.

Zero spectrophotometer against air and read
solution A, using solution B as the reference, at
422 and 500 nm. From net absorbance and stand-
ard curve, determine the concentration of hemo-
globin per 100 g sample, Calculate added blood,
using the following equation:

Added blood, % = (mg hemoglobin found/
100 g sample — 171 mg hemoglobin/
100 g meat)/107 mg hemoglobin/g blood

where 171 mg hemoglobin/100 g is the average
residual hemoglobin content of unadulterated
ground beef and 107 mg hemoglobin/g blood is
the average amount of hemoglobin recovered from
1 g added blood.

Results and Discussion

Ground beef naturally contains some residual
hemoglobin. To determine this value, 25 samples
of unground stewing beef were collected from as
many sources. The samples were ground and
hemoglobin was determined by the proposed
method. The myoglobin extracted was also deter-
mined from the absorbance of the ammonium
sulfate solution referenced against a reagent
blank. Fat was estimated by using the Paley
bottle method of Salwin et al. (4) to determine
changes in the hemoglobin and myoglobin con-
centrations with fat content. The results indi-
cated that hemoglobin concentration was fairly
constant, averaging 176 mg/100 g meat, while
myoglobin increased as fat decreased.

An additional 78 surveillance samples of
ground beef were examined for hemoglobin by
the proposed method. Fat content was estimated
in all samples and myoglobin was determined on
60 of the samples. The combined data from the
2 series of tests were broken into subsets based
on fat content and are shown in Table 1.

Hemoglobin is fairly constant over the range
of fat normally encountered in ground beef sam-
ples while myoglobin increases as fat decreases.
The average hemoglobig content or meat blank
for ground beef was calculated as 171 mg hemo-
globin/100 g meat.

Recoveries of hemoglobin were measured by
using ground beef samples of different fat con-
tents which had been enriched with bovine
blood at levels of 0—49%. The blood was stabil-
ized with EDTA and the hemoglobin was deter-
mined along with the enriched samples. Recov-
eries of added hemoglobin averaged 88.7% and
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Table 1. Hemoglobin and myoglobin (mg/100 g meat) extracted from ground beef
Hemoglobin Myoglobin
No. of No. of
% Fat samples Range Av. Std dev. samples Range Av. Std dev.
0-10 9 141-215 169.8 24.05 8 178-260 219.0 33.77
10-15 15 141-205 176.5 22.40 15 109-245 179.1 41.87
15-20 18 146-210 181.2 20.39 18 82-263 154.8 46.87
20-25 21 128-226 170.4 24.91 16 96-191 138.8 31.24
25-30 26 119-191 164.2 19.59 19 100-191 136.4 29.21
30-40 14 119-201 165.0 24.89 9 95-141 117.0 16.37
Total 0-40 103 119-226 170.8 22.76

showed no dependence on fat content (Table 2).
Analysis of 6 bovine blood samples showed a
range in hemoglobin from 108 to 158 mg/g and
an average of 123 mg/g. These values are close
to those given by veterinary authorities (5, 6)
for hemoglobin in bovine blood (Table 3). For
our computation we used the reported average
value of 120.3 mg/g. With the present method’s
recovery of 88.7%, each 107 mg hemoglobin per
100 g sample found in excess of the meat blank
represents 19, added bovine blood.

Bovine blood is most commonly used for
adulteration although the blood of horse, sheep,
and pig could also be used. The use of blood of
other species would not be practical. Table 3
shows that the average hemoglobin content for
all 4 species is similar and that the computation

Table2. Recovery of hemoglobin added to ground beef
Added, mg?® Rec., mg Rec., %
Sample A (4.5% Fat)
125 97 77.6
250 230 92.0
375 315 84.0
500 490 98.0
Sample B (14.5% Fat)
125 119 95.2
250 229 91.6
375 364 97.1
500 447 89.4
Sample C (25.0% Fat)
125 100 80.0
250 193 77.2
375 333 88.8
500 470 94.0
Av. rec., % 88.7

21,2, 3, and 4 g bovine blood added to give 125, 250,
375, and 500 mg hemoglobin/100 g ground beef, respec-
tively.

used for added bovine blood would apply for
added horse, sheep, or pig blood.

Confidence limits for hemoglobin content in
ground beef are based on the results of 103
ground stew beef and ground beef samples. The
average hemoglobin content is 171 mg/100 g
with a standard deviation of 22.76. The upper
limits for the 95 and 999 levels of confidence
are 215 and 230 mg/100 g, respectively. There-
fore, any sample with a hemoglobin content
above 230 mg/100 g (i.e., 0.69% added blood)
contains added blood with 999, confidence.

A ruggedness test (7) of the proposed method
showed that the method is fairly insensitive to
modest changes in operating procedure. The
test showed only 2 areas with a large potential
for error, the sample weight and the concentra-
tion of ammonium sulfate in cyanide reagent B.
Experiments have shown that the ammonium
sulfate solution must be between 84 and 86%
to ensure complete precipitation of the hemo-
globin while not precipitating the myoglobin
(Fig. 2). .

To calculate the errors in the determination
of hemoglobin, multiple analyses of one sample
and repeated analyses of 2 different samples
were run by a single analyst. Also single analy-
ses of 2 samples were run by 4 different
analysts. The results gave values of 15.02 mg
hemoglobin/100 g for the total standard devia-
tion of the method. The random systematic

Table 3. Hemoglobin {(mg/g) in blood of
various species
Species Range (6) Normal (5)
Horse 110-190 124.0
Cow 80-150 120.3
Sheep 80-160 111.8
Pig 100-160 119.5




KARASZ ET AL.: ADDED BLOOD IN GROUND BEEF

3
(]
STINN
Z \\‘~
< sl
m RPN =
x e ST NS
@) S
&
< \i
—
\ e ———— =_
80 82 84 86 88 90

%(NH,), SO,

FIG. 2—Absorbance of cyanomethemoglobin and

cyanometmyoglobin vs. 9% (NH,);S0,: A, cyano-

methemoglobin and cyanometmyoglobin extracted from

ground beef; B, cyanomethemoglobin extracted from
bovine blood.

errors were caleulated as 1257 and 822 mg
hemoglobin/100 g, respectively. The ruggedness
test and the error analysis indicate that the
method would give repeatable analyses under
normal laboratory conditions.

Studies were done on unadulterated samples
stored under various conditions. One sample
stored under refrigeration at 5°C was analyzed
13 times over a period of 14 days. The values
recorded were fairly constant and had a stand-
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ard deviation smaller than the total standard
deviation for the method. One sample was ana-
lyzed for hemoglobin, frozen for 2 weeks, and
re-analyzed for hemoglobin. There was essential-
ly no change in the total hemoglobin. These
tests indicate that hemoglobin content is not
affected by refrigeration or freezing of samples
for reasonable periods of time.
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VITAMINS AND OTHER NUTRIENTS

Automated Fluorometric Method for the Determination of

Total Vitamin C in Food Products

RAM B. ROY, ALDO CONETTA, and JERRY SALPETER
Technicon Industrial Systems, Tarrytown, NY 10951

A specific microfluorometric method for the
determination of ascorbic acid, dehydroascorbic
acid, and total vitamin C in food products has
been automated. The procedure developed is an
adaptation of the official AQAC method
(secs. 43.056—-43.062), except that N-bromosuc-
cinimide is used instead of Norit to oxidize
vitamin C. Ascorbic acid is selectively oxidized
by N-bromosuccinimide before other interfering
substances that may be present, so this method
is a highly sensitive and specific technique with
extensive applicability. The proposed automated
method is simple, rapid, reliable, and suffi-
ciently sensitive to analyze as little as 2 X 10-3
to 0.1 mg ascorbic acid/ml. Analytical results
obtained for ascorbic acid, dehydroascorbic
acid, and total vitamin C in a wide variety of
food products are reported. The analytical sys-
tem developed has the capability of analyzing
50 samples/hr.

The present official final action AOAC micro-
fluorometric method (1) for determining total
vitamin C in food and pharmaceutical products
is based on the method developed by Deutsch
and Wecks (2). Ascorbic acid is oxidized to
dehydroascorbic acid with activated charcoal
(Norit). Dehydroascorbic acid is reacted with
o-phenylenediamine (OPDA) to produce a fluo-
rescent compound. The fluorescence intensity of
this compound indicates the concentration of
ascorbic acid in the sample solution. Deutsch
and Weeks (2) rigorously examined the sensi-
tivity and specificity of the OPDA method and
concluded that the procedure was suitable for
samples containing large amounts of reducing
substances or highly colored materials.

An attempt was made to semiautomate the
OPDA method. Several problems were en-
countered when charcoal was used manually to
oxidize ascorbic acid present in the extracts
from meats, dairy products, and other complex
mixtures of food products. The procedure was
slow and time-consuming. In most ecases, final
results obtained were lower in comparison with

the proposed mcthod. The analytical results
were affected by the grades of the charcoal used
and by the method of activation,

Since the catalytic performance of charcoal in
many redox rcactions depends on the presence
of unsaturated sites on the carbon surfaces (3),
blocking or saturating these sites will complete-
ly destroy the catalytic effect of this material.

Various chemical oxidants, such as iodine,
ferricyanide, chloramine-T, 2,6-dichloroindophe-
nol, methylene blue, and N-bromosuccinimide,
have been reported in the literature for the
smooth oxidation of ascorbic acid to dehydro-
ascorbic acid (these reactions have formed the
basis for the analysis of ascorbic acid by oxida-
tion methods). Barakat ef al. (4) reported that
N-bromosuceinimide serves both as a mild
(stronger oxidizing agents would bring about
the complete oxidation of ascorbic acid) and
selective oxidizing reagent for ascorbic acid.
Evered (5) reported that this reagent 1s immune
to reductones and reductic acids, which are
generally present in fruits and vegetables. N-
Bromosuccinimide, therefore, appears to be a
useful substitute for charcoal in the OPDA
method of analysis for ascorbic acid.

In this paper we deseribe a simplified, auto-
mated analytical procedure using N-bromosue-
cinimide in lieu of Norit as an oxidant in the
OPDA method for the analysis of aseorbic acid
from a wide variety of food products. The main
manifold of the system developed is also appli-
eable for the analysis of aseorbic acid by employ-
ing Norit as sample oxidant in the manual
AOAC method (1). The method is simple, rapid,
and accurate and eliminates those factors which
are responsible for variable results observed
when charcoal is used in the OPDA method.

METHOD
Apparatus

Automated analyzer—Technicon AutoAnalyzer
IT continuous flow analytical system (Fig. 1) was
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SAMPLER IV
50/HR.
(6:1)

,;\GRN/GRN (2.00) 0.5% OXALIC ACID +Brij-35

Wash Receptacle

12” DIALYZER

TYPE “C” MEMBRANE

Waste

20 Turns 20 Turns

2/

10 Turns

BLK/BLK (0.32) AIR

0.5% OXALIC ACID
WHT/WHT {0.160) OR N-BROMOSUCCINIMIDE

ORN/ORN {0.42) SAMPLE

,;\REDIRED (0.80) OXALIC ACID + Brij-35

I C BLK/BLK (0.32) Air

BLANK REAGENT
,;\BLKIBLK {0.32) OR SODIUM ACETATE

,;\BLKIBLK {0.32) SODIUM ACETATE

= BLK/BLK {0.32) OPDA
i

7.7 m
37.5°C

10 Turns

K

FLUORONEPHELOMETER
PRIMARY 350 nm
SECONDARY 430 nm

YEL/YEL (1.20) FROM F/C
Waste 4-@._—

NOTE: FIGURES IN PARENTHESES SIGNIFY
FLOW RATES IN ML/MIN,

4 ,—»To F/C Pump
Tube

FIG. 1—Flow diagram for automated analysis of ascorbic acid, dehydroascorbic acid, and total vitamin C in food
products.

constructed from the following modules: Sampler
1V, proportioning pump III, heating bath with pro-
portional controller, fluoronephelometer equipped
with 365 nm excitation filter and 435 nm emission
filter, and recorder.

Reagents

(a) N-Bromosuccintmide solution—0.05%. Dis-
solve 0.5 g N-bromosuccinimide (analytical grade,
J. T. Baker Chemical Co.) in 1 L water. Add 1
ml Brij-35 wetting reagent (Atlas Chemical In-
dustries, Inc.) and mix. Store in brown bottle in
refrigerator. Prepare fresh every 2 days (yellow
indicates decomposition of reagent).

(b) o-Phenylenediamine dihydrochloride solu-
tion—0.05%. Dissolve 0.5 g CgHgN,.2HCI (ana-
lytical grade, J. T. Baker Chemical Co.) in 1 L
water. Add 1 ml Brij-35 and mix. Store in brown
bottle in refrigerator. Prepare fresh every 2 days
(strong yellow indicates decomposition of re-
agent).

(c) Reagent blank-—(1) Boric actd solution.—
5%. Dissolve 50 g boric acid (analytical grade)
in 100 ml water by gently heating and stirring on
hot plate. (2) Sodium acetate solution.—50%. Dis-
solve 500 g C,H3NaO,.3H,0 in 100 ml water.
Combine solutions 1 and 2 and check pH (8.5-
9.0). If necessary, adjust pH with 50% sodium
acetate solution, add few drops of Brij-35 reagent,
and mix. Aqueous sodium metaborate (purified

grade, Fisher Scientific Co.) solution (5%) can
also be used as reagent for blank determination.

(d) Ozalic acid solution.—0.5%. Dissolve §0 g
reagent grade oxalic acid in 1 L water. To 500 ml
solution, add 0.5 ml Brij-35 wetting reagent and
mix. Use this as reagent in sample analysis.

(e) Activated charcoal—Treat 2000 g Norit
neutral (Fisher Scientific Co., carbon, decolor-
izing, C-170) with 500 ml 2N HCI solution. Heat
mixture to boiling, cool, filter, and wash residue
with water until free from HCI. Dry residue under
water pump vacuum and finally overnight at 110-
120°C. A portion of this material was activated
(Roe (6)) by heating first slowly to remove
water and then strongly for ca 15 min, in Erlen-
meyer flask with loosely attached cover.

(f) Ascorbic acid standard solutions—(1) Stock
solution.—1 mg/ml. Dissolve 0.5 g ascorbic acid
(reagent grade) in 500 ml 0.5% oxalic acid solu-
tion. Store in brown bottle in refrigerator. (2)
Working solutions—0.02, 0.04, 0.06, 0.08, and 0.1
mg/ml. Pipet 2.0, 4.0, 6.0, 8.0, and 10.0 ml solu-
tion into separate 100 ml volumetric flasks. Dilute
each to volume with 0.5% oxalic acid solution.

Preparation of Sample
(a) Juices—Perform analysis directly on clear
samples. If sample contains solid particulate, filter
through Whatman No. 12 or equivalent paper.
(b) Canned vegetables and fruits—Weigh suit-
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able amount of sample to contain ascorbic acid
in assay range and homogenize in blender in pres-
ence of 0.5% oxalic acid solution. Filter and di-
lute filtrate with 0.5% oxalic acid solution to
known volume. Perform analysis on aliquot from
final solution. Alternatively, homogenize weighed
amount of sample in presence of known volume
of 0.5% oxalic acid for 2-3 min. Filter and per-
form analysis on filtrate.

(c) Solid samples—Weigh suitable amount of
sample to contain ascorbic acid in assay range and
add known volume of 0.5% oxalic acid solution.
Homogenize 3-5 min and filter. Perform analysis
on filtrate.

(d) Meat products—Weigh suitable amount of
sample (usually 3.0-50 g) and homogenize in
presence of known volume of 0.5% oxalic acid
solution. Filter homogenized materials through
paper (use Celite as filter aid) and perform anal-
ysis on filtrate.

Methodology Notes

(a) Multiple working standards are used to es-
tablish linearity. For routine operation, a mid-scale
standard is recommended for instrument calibra-
tion.

(b) Keep heating bath <40°C (preferably at
37-38°C) . Higher temperature will cause N-bromo-
succinimide to react with other, interfering ma-
terials.

(c) A 12” dialyzer gives sufficient sensitivity.
Samples with low level of ascorbic acid can be
analyzed with 24” dialyzer for greater sensitivity.
Relatively clear and particulate-free samples with
very low level of ascorbic acid can be analyzed
without dialyzer.

(d) Oxalic acid solution (0.5%) containing Brij-
35 as wetting reagent should be used as wash
reagent.

(e) To wash system, place all reagent lines
in water containing Brij-35 reagent. Wash system
ca 25 min at end of analysis.

(f) Calculate amount of vitamin C by deter-
mining net fluorescence reading (fluorescence of
sample minus blank) from chart. Amount of
reduced form of vitamin (ascorbic acid) can be
obtained by subtracting values of dehydroascorbic
acid from values of total vitamin C.

Procedure

Before starting analysis, wash system ca 15 min
with water containing Brij-35. Place all reagent
delivery lines into their respective containers.
After all reagents have been pumped ca 30 min,
adjust baseline to read zero on chart. Place high
ascorbic acid standard solution (0.1 mg/ml) on
Sampler IV and adjust maximum fluorometric
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response to 100. Let recorder pen return to base-
line before analyzing other standards and sample
solutions,

To determine dehydroascorbic acid content of
sample extracts, proceed as follows: Replace re-
agent line (¢) with 0.5% oxalic acid solution con-
taining Brij-35. Place reagent line (g) in 50%
sodium acetate solution. Analyze sample, using
aliquot from extract. To determine blank values,
replace reagent line (g) with blank reagent solu-
tion.

To determine total vitamin C, using activated
charcoal as oxidant (semiautomated AOAC meth-
od), proceed as follows: To 50.0 ml sample ex-
tract, add 2.0 g activated charcoal and shake con-
tents vigorously 5-10 min. Filter and perform
analysis on filtrate by keeping reagent lines in
their respective containers as described for deter-
mination of dehydroascorbic acid.

For analysis of total vitamin C, using N-bromo-
succinimide as oxidant, proceced as follows: Re-
place reagent line (¢) in 0.05¢% N -bromosuccini-
mide solution. Determine blank value by replacing
reagent line (g) with blank reagent solution.
Some samples may require charcoal cleanup be-
fore analysis by this method. For such samples,
proceed as follows: Filter aliquot of sample ex-
tracts through bed of charcoal supported on paper
(charcoal-N-bromosuccinimide method). Perform
analysis on filtrate,

Both automated N-bromosuccinimide and semi-
automated AOAC methods developed are capable
of analyzing 50 samples/hr.

Results

A linear relationship was observed between
the absorbance and concentration of ascorbic
acid in the range of concentrations studied dur-
ing this investigation. The within-run precision
of the automated method was determined by
analyzing 30 replicates of the 0.06 mg ascorbic
acid/ml standard solution (the coefficient of
variation was <0.5%). The sensitivity of the
method greatly increased because of the efficient
oxidation of ascorbic acid by N-bromosucecini-
mide reagent. When Norit and N-bromosue-
cinimide are compared as oxidizing agents for
ascorbic acid standard solution (0.1 mg/ml
solution was used for 1009 fluorescence reading
on the chart), a difference of 209 in fluorescence
(with Norit, 809 ; N-bromosuccinimide, 1009)
readings were observed. All analytical data re-
corded in Tables 1-7 represent the average of
at least 2 replicates.

Table 1 shows a comparison of ascorbic acid
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Table 1. Comparison of au d N-br

mide (A), semiautomated AGAC (B), manual (C), and

charcoal-N-bromosuccinimide (D) values for analysis
of cereal products for ascorbic acid (mg/oz)

Sample® A B? ce D¢
1 0.9 0.7 0 —
2 19.7 21.2 19.7 —
3 22.1 24.0 20.3 —
4 21.7 25.4 20.1 —
5 20.2 22.6 20.1 —
6 20.8 22.8 21.1 —
7 20.6 21.9 22.1 —
8 20.2 22.7 20.3 —
9 22.1 24.7 20.2 —

10 20.2 22.6 20.2 —

11 35.7 23.3 21.1 24.14
12 36.3 24.0 24.7 24.99
13 36.9 24.7 23.4 24.85
14 36.9 24.7 24,2 24,99
15 36.9 24.7 22.3 25.56
16 35.9 24.0 22.9 24.85
17 39.7 28.2 26.1 29.11
18 32.5 19.0 17.8 20.80
19 43.8 31.3 28.4 31.95

¢ Samples 1-10 are corn-oat ready-to-eat cereals con-
taining sugars and food colors. Samples 11-19 are
cereals containing corn, cocoa, and sugars.

b 2.0 g charcoal was used for the oxidation of ascorbic
acid in sample solution.

¢ Analyzed by a private laboratory.

4 Extracts filtered through bed of charcoal supported
on filter paper. Samples 1-10 were not analyzed by the
automated N-bromosuccinimide method (D).

assays on cereal samples analyzed by the auto-
mated N-bromosuccinimide, semiautomated
AOAC, manual, and charcoal-N-bromosuccin-
imide methods. Both the semiautomated and
automated N-bromosuccinimide methods gave
analytical results close to manual AOAC values
within experimental errors. Samples 11-19
showed higher values for ascorbic acid by the
automated method, when compared with the re-
sults obtained by other methods given in Table
1. Cocoa and chocolate are known to contain
significant amounts of reductic acids, reductones,
and alkaloids (Samples 11-19 contained these
products), which might interfere with the auto-
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Table 3. Effect of amounts of activated charcoal
in AOAC method on determination of
ascorbic acid (mg/oz)

Amount of charcoal, g*

Sample 1 2 3 4
1 18.90 23.26 19.56 19.05
2 17.01 23.97 25.58 25.38
3 14.17 24.67 25.58 25.38
4 18.90 24.67 21.07 21.15
5 20.41 24.67 24.08 23.26
6 20.41 23.97 25.58 24.67
7 18.33 28.20 34.61 32.43
8 16.00 19.03 18.06 17.62
9 24.57 31.30 34.61 33.13

¢ Sample extracts were shaken vigorously in the pres-
ence of activated charcoal in the following order: 1,
1.0g;2,2.0 g; 3, 3.0 g The mixture was filtered and the
filtrate was analyzed by taking an aliquot.

b Air was bubbled directly into the extracts for about
3 hr at room temperature. Extracts were filtered and
analyzed.

mated method. To test this assumption, cocoa
and chocolate products were analyzed by the
automated method (Table 2). As is seen in
Table 2, the blank reagent did not eliminate the
fluorescence completely. These observations sug-
gest that the products contained natural fluo-
rescent compounds which may not necessarily
posses ene-diol structures similar to ascorbic
acid. Extracts of these samples, when filtered
through charcoal, showed the complete absence
of fluorescence when treated with the reagent
blank.

Samples 11-19 were extracted with oxalic
acid. The extracts were cleaned by filtration
through charcoal supported on filter paper and
analyzed with the N-bromosuccinimide method.
Alternatively, the extracts were cleaned auto-
matically by pumping a slurry of decoloring
charcoal through the N-bromosuccinimide re-
agent line (c) of the manifold. (Slurry consisted
of 2.0 g charcoal suspended in 29 aqueous ace-
tic acid solution containing Brij-35. The mixture

Table 2. Percentage of fluorescence readings, as recorded on chart, from cocoa and chocolate products
With Without With With With reagent
Sample NBS*+OPDA NBS-+OPDA NBS OPDA blank?
Cocoa 34 14.5 4 12 6
Chocolate 26 5 1 4 4
Mixture® 53 11 2 9 10

¢ NBS = N-bromosuccinimide.
b Sodium metaborate solution (§%, pH 9.2) was used.
¢ Samples were mixed in equal amounts (1.0 g of each) a

nd assayed.



1248
Table 4. Comparison of semiautomated AOAC and
t ted N-br inimide (NBS) methods for
ascorbic acid (mg/oz) in selected food products
Food product AOACe NBS
Canned juices
Tomato 11.52 9.24
Orange 43.84 51.62
Grape 43,52 56.96
Vacuum-packed meats
Pork and beef 12.82 11.70
All beef frankfurters 7.89 8.08
All beef bologna 15.75 15.11
Ham 18.20 20.00
Powdered drinks
1 487 502
2 100 102
3 100 100
Cereals
1 85.00 101.00
2 97.00 102.00
Canned vegetables
Spinach 5.60 5.92
Mixed 2.80 3.24
Green beans 2.38 2.59
Beets 1.00 0.56
Sauerkraut 4.38 4.20

@ 2.0 g charcoal was used to oxidize ascorbic acid in
oxalic acid solution.

Table 5. Comparison of semiautomated AOAC and
t ted N-br inimide (NBS) methods for
ascorbic acid (mg/tablet) in pharmaceutical products®

Amt found
Sample Amtdecid AOAC NBS
1 500 496.00 514.60
2 100 97.04 98.63
3 100 116.20 117.70
4 100 89.10 89.77
5 100 104.54 105.50
6 50 53.47 53.47
7 50 55.00 67.03
8 50 54.06 54.72

¢ Represents single and multivitamin tablets.

is stirred continuously on a magnetic stirrer.)
The sample is delivered to the segmented shurry,
mixed in a 5-turn coil, and dialyzed. An addi-
tional reagent pump tube, to deliver 0.025%
aqueous N-bromosuccinimide reagent solution to
the segmented dialysate, was assembled on the
manifold (other arrangements on the analytical
cartridge remained unchanged). This technique
is suggested only when large numbers of sam-
ples containing cocoa and chocolate or both are
to be analyzed routinely. This is due to the
problems encountered when parts carrying ear-
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Table 6. Analytical results (mg/100 g) obtained by

automated N-br Inimid thod for ascorbic

acid, dehydroascorbic acid, and total vitamin C from
selected groups of canned food products

Dehydro- Total
Ascorbic ascorbic vitamin
Food product acid acid (o]
Regular Foods
Sliced beets 3.07 0.00 3.07
Sliced carrots 2.80 0.18 2.98
Asparagus 17.30 1.92 19.22
Red cabbage 16.41 1.80 18.21
Tomato sauce 20.13 0.55 20.68
Corn 2.87 0.45 3.32
Baby Foods
Desserts and vegetables
Peach cobbler 25.45 6.25 31.70
Banana 33.07 5.20 38,27
Creamed corn 1.59 0.79 2.38
Creamed spinach 2.04 0.79 2.79
Peas 8.75 1.07 9.82
Peaches 23.50 2.15 25.65
Applesauce and cherry 20.57 2.15 22.72
Squash 5.40 0.00 5.40
Pears 46.00 4.00 50.00
Sweet potatoes 9.40 0.00 9.40
Banana-pineapple 53.80 3.50 57.30
Garden vegetable 8.70 0.00 8.70
Applesauce 79.00 3.42 82.42
Juices
Orange-apple-banana 63.78 2.31 66.09
- Apple-grape 40.92 1.89 42.81
Mixed fruits 79.96 2.52 82.48
Orange 62.34 1.89 64.23
Apple 71.40 2.72 74.13
Table 7. Analytical results for total vitamin C (mg/oz)
btained by automated N-br P
method on d jui and tars
Product Amt decld Amt found
Juice
Orange 120.00 154.87
Cherry 120,00 130.98
Punch 120.00 144.25
Grape 120.00 143.37
Nectar
Apricot 80.00 78.00
Pear 80.00 81.60

bon slurry are cleaned at the end of the analy-
sis (most of the carbon adhering to glass and
pump tube surfaces is washed out by pumping
1IN NaOH through the system). Partially
cleaned parts of the system did not affect the
accuracy and the sensitivity of the automated
N-bromosuceinimide method for the next anal-
ysis of the samples.
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Table 3 compares the ascorbic acid assays
using different amounts of charcoal in the semi-
automated AOAC method. Slightly lower values
for ascorbic acid were obtained when 1.0
g charcoal was used. No significant differences
in analytical results (except Sample 7) were ob-
served when the amount of charcoal was in-
creased from 2.0 to 3.0 g to oxidize ascorbic
acid present in the extracts from a wide variety
of food products. Moreover, air oxidation of
ascorbic acid gave assay values in close agree-
ment with samples oxidized by Norit.

A number of food samples and a few selected
pharmaceuticals were analyzed both by the
automated N-bromosuccinimide and the semi-
automated AQOAC procedures, respectively.
Table 4 (foods) and Table 5 (pharmaceuticals)
present a comparative evaluation of the analyti-
cal data obtained by these methods. In general,
powdered drinks, cereals, pharmaceuticals, juices,
and selected vegetables gave results by both
methods which are in agreement within the
limits of experimental error. It should be pointed
out that, in our semiautomated AOAC meth-
od, ascorbic acid was oxidized with Norit in
oxalic acid solution. The AOAC method
(43.056) recommends oxidizing ascorbic acid
in either a phosphoric-acetic-sulfuric acid mix-
ture or a phosphoric-acetic acid solution.

In Table 6, ascorbic acid, dehydroascorbic
acid, and total vitamin C analyses of a number
of food products by the automated N-bromo-
succinimide method are presented. Dehydro-
ascorbic acid may be present in foods at the
time of analysis, as shown in Table 6, or it may
occur during the analysis from oxidation of
reduced ascorbic acid. To obtain a reliable value
for dehydroascorbic acid, it is, therefore, im-
portant to complete the analysis as soon as
possible after the extraction. Although the values
for total vitamin C did not change significantly
by keeping the sample extracts refrigerated
overnight, values for dehydroascorbic acid pro-
gressively increased.

Standard ascorbic acid solutions, when ana-
lyzed for dehydroascorbic acid, revealed that
the standard (0.1 mg/ml) containing higher
quantities of ascorbic acid had a smaller amount
of dehydroascorbic acid in comparison to the
standard (0.02 mg/ml) which contained lower
quantities of ascorbic acid. This observation
suggests that ascorbic acid at a higher concen-
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tration is oxidized more slowly, and, therefore,
the higher potency samples should contain a
smaller amount of dehydroascorbic acid.

Dehydroascorbic acid was not present in sliced
beets, squash, and garden vegetables (Table 6).
Red cabbage, tomato sauce, and the following
baby foods (desserts), orange-apple-banana,
applesauce, mixed fruits, orange, and apple,
contained more ascorbic acid and less dehydro-
ascorbic acid in comparison with the other prod-
ucts presented in Table 6.

Table 7 presents analytical data on several
juices with high ascorbic acid content and ana-
lyzed by the automated N-bromosuccinimide
method. The higher values obtained in compari-
son with the declared amount of ascorbic acid
suggest that these products were generously en-
riched by the manufacturers.

The percentage recoveries of ascorbic acid
added to the extracts from a wide variety of
food products ranged from 89 to 102%.

Discussion

The proposed automated N-bromosuccinimide
method, when comparing the chemical principles
and the reaction sequences (Fig. 1), is similar to
the official AOAC method. Due to the problems
in on-line use of Norit with the continuous flow
analytical system, ascorbic aecid is oxidized to
dehydroascorbic acid in the present method by
N-bromosuccinimide reagent. Kirk and Ting
(7) reported a similar automated fluorometric
method, using 2,6-dichloroindophenol in lieu of
Norit as the oxidant for ascorbic acid. Although
the literature shows that ascorbic acid can be
readily oxidized to dehydroascorbic acid by a
variety of oxidizing agents, most of these oxi-
dants bring about complete degradation of the
vitamin.

Roe (6) noted that Norit serves both as an
efficient clarifying agent (removes interfering
materials from acid extracts of plant and ani-
mal tissue) and as an oxidant for ascorbic acid.
We have observed that the oxidation of ascorbic
acid by Norit in oxalic acid solution appears to
depend on the amount of Norit used rather than
on the time of standing. Some samples of plant
origin, which contained pectins, gave abnormal
results for ascorbic acid when the extracts of
these samples were pretreated with Norit and
analyzed by the Roe method (6).

Roe further suggested that the acid-washed
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Norit should be activated first by heating gently
at a low temperature to remove water and then
at red-hot for about 15 min. It is known that
many varieties of carbon undergo extensive
changes in surface properties and reactivity
after heat treatment at 400-600°C (8). Activa-
tion of acid-washed Norit at higher tempera-
tures, according to the Roe method, is likely to
produce Norit with increased efficiency and
greater catalytic activity for the oxidation of
ascorbic acid to dehydroascorbic acid.

We have observed that the extracts from cer-
tain groups of food products in oxalic acid solu-
tion, when treated with Norit prepared by the
AOAC and Roe methods, gave slightly different
assays for ascorbic acid. In general, the results
obtained by using Norit (activated by Roe’s
method) in the semiautomated AOAC method
compare more closely (within experimental
limits) with those obtained by the automated N-
bromosuccinimide method. However, where dif-
ferences are observed, it could be due to either
the incomplete oxidation of ascorbic acid by
Norit or the decomposition of dehydroascorbic
acid on a carbon surface in an acidic medium.

With respect to the selection of an extraction
medium for ascorbic acid from food produects,
the literature indicates that oxalic acid and
metaphosphoric acid either alone or in conjunc-
tion with acetic acid, sulfuric acid, or both are
widely used. Some concern regarding the effi-
ciency of metaphosphoric acid when used in
varying amounts for the extraction of ascorbic
acid either alone or in the presence of other
acids has appeared in the literature (9).

In our procedure, oxalic acid is used both as
diluent for sample and standard and extraction
of ascorbic acid from a variety of food prod-
ucts. In most cases, there were no significant
differences in analytical data obtained for ascor-
bic acid when the extraction procedure was car-
ried out on a wide variety of food samples either
by oxalic acid or by the AOAC-recommended
extraction solutions.

This paper was presented at the 8¢th Annual Meeting of
the AOAC, Oct. 13-16, 1975, at Washington, DC.
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Application of N-bromosuccinimide as a selec-
tive oxidizing agent depends on the solvent, pH
of the medium, and other reaction conditions.
Barakat et al. (4) have examined the selective
oxidation of ascorbic acid with this reagent in
the presence of a series of potentially interfering
substances and concluded that many of these
interfering materials reacted more slowly than
ascorbic acid or do not react at all.

Deutsch and Weeks (2) checked the recoveries
of the added ascorbic acid from various sub-
stances, using Norit as an oxidant in the OPDA
method, and found that among the many sub-
stances tested, only pyruvie acid interfered. On
repeating similar recovery studies, using N-
bromosucecinimide in lieu of Norit in the OPDA
method, no interferences either by pyruvic acid
or by other substances (2) were observed. The
major drawback in the manual OPDA method
is the sensitivity of the OPDA reagent to light
(develops fluorescent compounds due to the
effect of light). This effect is neutralized in the

_automated procedures, since both the standard

and samples are analyzed under similar experi-
mental conditions.
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New Method for the Determination of Free Amino Groups in
Intact Pure Proteins: Relationship to Available Lysine

JAMES M. PURCELL, DANIEL J. QUIMBY, and JAMES R. CAVANAUGH
Eastern Regional Research Center, Agricultural Research Service, U.S. Department of

Agriculture, Philadelphia, PA 19118

A new rapid method for the quantitative and
routine determination of free amino groups in
intact pure proteins has been developed. Pri-
mary amino groups are labeled with fluores-
camine and the labeled groups are detected by
absorption spectroscopy in the range 375-390
nm. The amino group concentration can be de-
termined in a few minutes without hydrolyzing
the labeled protein and extracting a lysine
derivative. The method was tested with the fol-
lowing proteins: lysozyme, o-lactalbumin, 8-
lactoglobulin, bovine serum albumin, ribonu-
clease, ribonuclease-S-peptide, and o, -casein B.
Application of this method to the estimation of
available lysine is discussed.

The availability of lysine for assimilation re-
quires the presence of a primary amino group
on the e-carbon (1). If, before degradation, the
g-amino group has reacted to form any other
functional group, then the lysine is unavailable.
In a chemical procedure the detection of avail-
able lysine becomes the detection of the lysine
e-amino group. This group will react readily
with a variety of reagents. In existing proce-
dures for available lysine (1), lysine residues
have been reacted with 1-fluoro-2,4-dinitro-
benzene, trinitrobenzene-sulfonic acid, O-methyl-
isourea, ethyl chloroformate, Remazol blue, and
S-ethyl trifluorothioacetate among others. All of
these methods, except the S-ethyl trifluorothio-
acetate method developed in our laboratory (2),
involve complex, tedious manipulations for pro-
tein hydrolysis and extraction of labeled lysyl
derivatives. With fluorescamine as the labeling
reagent, these difficulties can be overcome,
Fluorescamine reacts rapidly and specifically
with primary amino groups to form a complex
with a readily distinguishable visible absorption.
A simple, routine, quantitative method for de-
termining the labeled groups has been developed
and tested with a number of pure proteins.

METHOD
Apparatus and Reagents

(a) Spectrophotometer.—Cary Model 14,

(b) Mirer—Vortex type (No. 8294-F10, Arthur
H. Thomas Co., Philadelphia, PA 19106), or
equivalent.

(¢c) pH Meter—Model 10 (No. 475010, Corning
Glass Works, Corning, NY 14830), or equivalent,
equipped with pH electrode (Arthur H. Thomas
Co. No. 4094-L60), or equivalent.

(d) Proteins—The following pure proteins were
obtained as gifts: hen egg white lysozyme, ribo-
nuclease, and bovine serum albumin from S. N.
Timasheff; B-lactoglobulin from R. E. Townend;
a-lactalbumin from M. P. Thompson; and ag-
casein B from H. M. Farrell. Other proteins and
peptides of the highest purity are available from
commercial sources: bovine serum albumin (Miles
Laboratories Inc.,, Kankakee, IL 60901); ribonu-
clease-S-peptide, Grade XII-PE, and lysozyme,
hen egg white, Grade I (Sigma Chemical Co., St.
Louis, MO 63118).

(e) Fluorescamine solution.—Dissolve 150 mg
fluorescamine (Fluram®, Roche Diagnostics, Nut-
ley, NJ 07110) in 50 ml dioxane (scintillation
grade, Eastman Kodak Co., Rochester, NY
14650). Prepare solution in advance and let stand
24 hr at room temperature before using. There-
after, store at 0-5°C when not in use. After 2
weeks, discard any unused portion.

Experimental

Titrate 0.15M boric acid (J. T. Baker Chemical
Co., Phillipsburg, NJ 08865) with 0.25 NaOH to
pH 9.5-100. Measure pH with glass electrode
and pH meter and apply no correction factor.

Prepare aqueous protein solutions (0.4-0.8 mg
protein/ml solution) in advance and store at
0-5°C until used. Dissolve water-insoluble pro-
teins directly in buffer and dilute with water. Pre-
pare sample and reference solutions in 100 X 13
mm culture tubes. Add 2 ml buffer to 1 ml protein
solution (sample) or to 1 ml water (reference).
Add 1 ml fluorescamine solution rapidly to each
tube from pipet (e.g., Finn pipet) while buffered

‘This research was performed under tenure of a National
Research Council-Agricultural Research Service Postdoctoral
Research Associateship awarded to D. J. Quimby.

Reference to brand or firm name does not constitute en-
dorsement by the U.S, Department of Agriculture over others
of a similar nature not mentioned.
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protein solution is rapidly agitated on vortex
. mixer. Let stand 5-10 min, and then transfer ap-
propriate portions of sample and reference to
matched pair of 1 cm cells. Measure maximum
differential absorbance between sample and refer-
ence in range 375-390 nm. Use simpler differential
absorbance technique rather than fluorescence, be-
cause spectroscopic sensitivity is not a problem.

Results and Discussion

The new reagent, 4-phenylspiro-[furan-2-
(3H)-1’-phthalan]-3,3’-dione, is commonly re-
ferred to as fluorescamine (Fluram) and was
first synthesized by Weigele et al. (3, 4). Fluo-
rescamine reacts specifically with primary and
secondary amino groups to yield a fluorescent
and a nonfluorescent product, respectively (5,
6). Fluorescamine does not react with pro-
tonated or tertiary amino groups but is readily
hydrolyzed. Fluorescamine and its hydrolysis
products are not fluorescent. Recently, many
applications of the specificity of fluorescamine
for amino groups have been developed (7-15).
Analysts who use this reagent should see the
precautions mentioned in refs. 7 and 16.
We have now demonstrated that this reaction
can be used to measure the quantity of amino
groups present in intact proteins in solutions.

Several considerations led to the method of
sample preparation described above. The pH of
the solutions must be high enough to allow the
protein amino groups to react with fluoresca-
mine. The pK, values of the e-amino groups of
lysine residues fall between 9.4 and 10.6 (17).

This suggests that a pH between 9 and 11 is _

appropriate. At a pH in this range, the protein
molecules will also tend to unfold which will
increase the accessibility of the amino groups to
fluorescamine. Buffer is added to protein solu-
tions to adjust the pH. The buffer should be
relatively free of impurities which can react
with fluorescamine. Water-insoluble proteins
can be dissolved directly in buffer. Boric acid
(0.15M) titrated with 0.25M NaOH {ulfills
these requirements.

The second consideration is that fluorescamine
undergoes rapid hydrolysis. Consequently, 2
competing reactions take place when fluoresca-
mine is added to proteins in aqueous solution:
labeling and hydrolysis. The former is complete
in approximately 1 sec, while the latter is com-
plete in approximately 5 sec. To avoid adding
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FIG. 1—Variation of Ajg of fluorescamine-reacted §-
lactoglobulin at pH 9 as function of fluorescamine solu-
tion (7.2 X 10-3M) added to 1 ml 0.75 mg protein/ml
solution.

the fluorescamine directly, a suitable water-
miscible organic solvent, such as dioxane or ace-
tone, is used as a vehicle, and the fluorescamine
solution is mixed very rapidly with the buffered
protein solution.

In order to determine the amount of fluo-
rescamine needed for complete labeling, the visi-
ble absorption of the fluorescamine complex was
measured as a function of the fluorescamine
solution added to solutions of e-lactalbumin and
of B-lactoglobulin at several pH values. The
results for B-lactoglobulin at pH 9 are shown in
Fig. 1. At saturation, the molar ratio of fluo-
rescamine to lysine is about 10:1, One ml of a
7 X 10*M (~2.0 mg/ml) fluorescamine in di-
oxane solution is adequate for 1 ml of a (1 mg/
ml) protein solution.

The method was applied to samples of a-
lactalbumin and of B-lactoglobulin at constant
concentration and at several pH values. For
some of the samples, the pH was measured after
each step of the sample preparation. The addi-
tion of fluorescamine/dioxane to a buffered pro-
tein solution increases the apparent pH by 0.5
1.0. This merely indicates a trend. A pH meter
reading is not valid measurement for an aqueous
organic solution. On this basis the pH of the
buffer solution before sample preparation should
be 9.5-10.0. With samples within this range, the
results were independent of the pH value.

We readily established a linear correlation be-
tween visible absorption and amino group con-
centration, The absorption maximum for the
labeled amino group occurs between 375 and
390 nm. Because impurities in the buffer also
react with fluorescamine to give a yellow solu-
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tion, one must measure the differential absorp-
tion between the sample and a reference solu-
tion.

The method was developed and tested with a
series of proteins of known amino acid sequence
(18). These included hen egg white (HEW)
lysozyme and 6 bovine proteins: e-lactalbumin,
B-lactoglobulin, ribonuclease, ribonuclease-S-
peptide, serum albumin, and a,,-casein B. Data
for these proteins were fitted to a linear curve
passing through the origin as shown in Fig. 2.
Thus,

A=eXxC

where C = molarity of protein primary amino
groups; A = maximum absorbance between 375
and 390 nm; and & = molar absorptivity of
labeled amino residues. The slope of the curve
gave a value for ¢ = 4.859 X 103/M-cm. The fit
is very good; the standard error in e for all
points is 0.5%.

With e established for labeled amino groups,
one can calculate the molarity of the free amino
groups in a protein from an absorbance meas-
urement of the labeled material. Moreover, the
amino group concentration can be expressed as
the weight per cent of lysine in a protein as
though all labeled groups were lysine residues.

Lysine, % = (C X MW x 100)/(V X W)

where C is defined above, MW = molecular
weight of lysine residues, V = ratio of volume

of protein solution in sample to total volume of
sample, and W = concentration of protein solu-
tion in mg/ml used to make initial protein solu-
tion.

The method described above is simple, rou-
tine, and quantitative for the determination of
free amino groups in intact proteins. This meth-
od can be used directly to estimate the content
of available lysine. The method requires only 2
steps—labeling the protein with fluorescamine
and measuring visible absorption in the range
375-390 nm. Protein hydrolysis and the extrac-
tion of a labeled lysine derivative are not neces-
sary. The results yield a direct estimate of the
unsubstituted e-amino groups and, hence, of the
available lysine of proteins. However, the a-
amino group of the protein chain is also labeled,
and is a minor contribution to the results ob-
tained. How this would affect the determination
of available lysine is illustrated in Table 1. The
true percentage of lysine is shown in the second
column, and corresponds directly to the number
of lysine residues shown in column 1. The value
that would be calculated by this method which
would include the a-amino label is shown in the
third column. The difference, of course, is re-
lated to the ratio of a- to e-amino groups in the
particular protein.

When the protein contains a substantial num-.
ber of e-amino groups per chain, the lysine de-
termination would be excellent; for proteins or
peptides with a small number of lysine residues
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Table 1. Comparison of true and apparent lysine
contents for several proteins

No. of True Apparent
lysine lysine lysine
resi- con- con-
Protein dues?® tent® tentt:©
Lysozyme, hen egg white 6 5.4 6.3
a-Lactalbumin 12 10.8 11.7
B-Lactoglobulin 15 10.5 11.2
Ribonuclease 10 9.4 10.3
Ribonuclease-S-peptide 2 10.2 15.3
Bovine serum albumin 60 11.4 11.6
ag)-Casein B 14 7.8 8.4
¢ Ref. 18.

b Grams lysine/100 g protein, based on known amino
acid sequence.
¢ Includes one a-amino group label.

per chain, for example, ribonuclease-S-peptide,
the results would not be as good. Nevertheless,
the ease and rapidity of the determination offers
clear advantages. For well defined systems, that
is, those for which the ratio of e- to a-amino
groups is known, appropriate correction factors
can be applied to account for the a-amino label.
Perhaps most important, the determination
measures the content of unsubstituted lysine
residues and forms the basis for the direct esti-
mation of available lysine.
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Thin Layer Chromatographic Estimation of Available Lysine in

Dried Milk Powder

SHOMPA DATTA and SALIL C. DATTA

Department of Chemistry, University of Kalyani, Kalyani, Nadia, West Bengal, India

A rapid method for the estimation of avail-
able lysine in dried milk powder has been de-
veloped. Samples were treated with 2,4,6-tri-
nitrobenzene sulfonic acid and then hydrolyzed
with 6N HClL. The hydrolysate was purified and
subjected to ascending thin layer chromatog-
raphy to isolate e-trinitrophenyl lysine in pure
form. The color was read at 346 nm in a spec-
trophotometer.

In any processed food or feed, available
lysine content probably depends on the process-
ing procedure. This is also true for dry milk
(1-4) which is manufactured by various modern
techniques. Datta (5, 6) has shown that there
is a good correlation between the biologically
measured protein quality and the chemically
measured lysine availability for one-stomach
animals. This particular amino acid plays an
important role in the determination of nutritive
values of food products; therefore, we thought
it necessary to develop a standard procedure to
estimate available lysine content in dried milk
powders. Holm (7) used thin layer chromatog-
raphy (TLC) and 2,4-dinitrofluorobenzene
(DNFB) (8) to determine non-N-terminal
lysine in milk. The DNFB method is tedious, so
Holsinger et al. (9) tried to determine available
lysine values in different fractions of casein by
using 2,4,6-trinitrobenzene sulfonic acid (TNBS)
but found anomalous results. We applied ascend-
ing TLC and TNBS to determine the available
lysine content in dried milk powders.

METHOD
Apparatus and Reagents

(a) Spectrophotometer—Beckman DB-G.

(b) Automatic sample applicator.—Chromaplot
(Burkard Ltd., Hertfordshire, England).

(¢) Chromatographic column. — 45 X 15 cm
Sephadex G-100.

(d) Thin layer plates—Prepare silica gel layers
04 mm thick on 20 X 10 cm frosted glass plates.

(e) Developing chamber. — Approximately
355 % 355 X 10 cm covered glass chamber, lined
with filter paper.

Preparation of Sample Hydrolysate

Four samples of dried milk powder, prepared
by different manufacturing companies and desig-
nated A, G, L, and N were procured from the
local market.

Follow method of Kakade and Liener (10) and
use TNBS to prepare hydrolysates of dried milk
powder and cow and buffalo milk caseins. Take
10-15 mg sample, and dilute hydrolysate to 25
ml in volumetric flask.

Purification of Prepared Hydrolysate

Freeze-dry 2 ml ether-free aqueous portion of
sample hydrolysate and dissolve residue in 0.04N
HCl. Equilibrate Sephadex G-100 column with
0.04N HCI and add sample solution. Elute yellow
band in one portion with 0.04N HCI at 30 ml/hr.
Collect ca 10 ml eluate. Extract collected fraction
5 or 6 times with 5 ml ethyl acetate-n-butanol
(50+-50) each time. Freeze-dry combined organic
solvent extracts and dissolve residue in 2 ml ethyl
acetate-n-butanol-glacial acetic acid (504-49+41).

Thin Layer Chromatography

Dry thin layer plates overnight at room tem-
perature. Apply 001 ml sample and standard
solutions (see below) by using Chromaplot. Air-
dry spots at room temperature and then place
plate in developing chamber previously saturated
with n-butanol-glacial acetic acid-water (5+1+2).
Let spots develop 2.5 hr. Air-dry plates. Yellow
e-trinitrophenyl (¢-TNP) lysine should be a single
spot.

Quantitative Estimation

Carefully scrape separated ¢-TNP lysine from
TLC plate and add to centrifuge tube. Add 4 ml
1% sodium carbonate solution and heat tube 15-20
min in 60°C water bath. Cool to room tempera-
ture, centrifuge, and read absorbance at 346 nm
against reagent blank, using Beckman DB-G
spectrophotometer.

Preparation of Standard Solutions

Synthesize pure e-TNP L-lysine according to
Okuyama and Satake (11) and prepare solutions in
range of 0.02-0.1 mg/ml. Plot calibration curve
and use to calculate concentration of e-TNP
lysine in sample hydrolysate.
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Table 1. Available lysine (g/100 g) content of
dried milk powder

Rao et al.
Total Present method

Sample lysine®® method® (12)®

A 7.2 6.1 5.9

G 7.9 6.8 6.9

L 7.6 6.4 6.6

N 8.1 6.9 6.8
Acid-pptd 6.5 6.3 6.2

cow milk casein®

Acid-pptd 5.9 5.6 5.7

buffalo milk casein®

¢ Determined by Moore et al. method (13).
b Mean of triplicate results.
¢ Prepared by Hipp et al. method (14).

Results and Discussion

In Table 1 we have tabulated the available
lysine content in dried milk powder and cow
and buffalo milk caseins. The available lysine
values of dried milk powder were lower than the
total lysine values. Holsinger et al. (9) reported
that the available lysine content of acid-pre-
cipitated casein was higher than the total lysine
value. They believed that this discrepancy was
due to the presence of hexosamine in K-casein,
which yielded high apparant available lysine
values. We tried to overcome this difficulty by
separating e-TNP lysine on the thin layer c¢hro-
matogram and were successful. The analysis was
also performed with pure p-galactosamine and
p-glucosamine. The R, values of TNP-galactos-
amine, TNP-glucosamine, and &-TNP wrL-lysine
were completely different. However, we were not
able to identify TNP-glucosamine and TNP-
galactosamine separately in the thin layer chro-
matogram of TNBS-treated milk powder. The
amounts of available lysine present in acid-pre-
cipitated cow and buffalo milk casein were con-
sistent with total lysine (Table 1).

A Sephadex G-100 column and solvent extrac-
tion techniques were used to separate e-TNP
lysine from interfering components (Figs. 1 and
2).

Two sets of recovery experiments were per-
formed to test the specificity of the method. In
one set known amounts of pure e-TNP L-lysine
were mixed with sample A, and in another set
known amounts of pure L-lysine were mixed with
the same sample. Reactions with TNBS were
performed under the same conditions used for
the sample alone. The recoveries were deter-
mined by estimating the sample hydrolysates

JOURNAL OF THE A0Ac (Vol. 59, No. 6, 1976)

according to our method. The mean percentage
recovery of added e-TNP vL-lysine and L-lysine
were 99.0 and 97.7%, respectively (Tables 2 and
3). There is a conflict in the literature (15)
regarding the use of e-TNP L-lysine and pure
lysine as standards in recovery experiments,
although no logical explanation has been cited.
We obtained good results, so it is evident that
interfering components were removed by using
several purification steps.

We also determined available lysine contents
of all the aforesaid samples by following the
method of Rao et al. (12) who used DNFB. No
significant difference was observed when we com-
pared these results with those obtained by our
method (Table 1). Because only 1 hr is required
to hydrolyze the TNP-proteins, the present
method is more rapid than the DNFB pro-
cedure.

U

8 o

PONT OF
APPLICATION
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FIG. 1—Separation of TNP L-lysine from the sample
hydrolysate on thin layer chromatogram; n-butanol-

8! t id-water (5+1+2).
LD )
[——4
POINT OF 8
APPLICATION
STANDARD

FIG. 2—Separation of TNP L-lysine on thin layer

chromatogram after passing the sample hydrolysate

through Sephad G-100 and extracting with

but l-ethyl t: (50-1-50); n-butanol-glacial acetic
acid-water (541+2).
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Table 2. Recovery of ¢-TNP L-lysine added to
Sample A (sample contained 183.0 ug L-lysine
before fortification)

Amt added, Added amt found,

Mg F71:4 Rec., %

20 19.8 99.0

40 39.4 98.5

60 59.5 99.2

80 79.4 99.3

Mean 99.0

Table 3. Recovery of L-lysine added to Sample A

(sample contained 183.0 ug L-lysine
before fortification)

Amt added, Added amt found,
ne uE Rec., %
10 9.7 97.0
30 29.4 98.0
50 49.1 98.2
70 68.4 97.7
Mean 97.7
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COFFEE AND TEA

High-Pressure Liquid Chromatography of Caffeine in Coffee

BRYAN L. MADISON, WILLIAM J. KOZAREK, and CECILIA P. DAMO
Procter & Gamble Co., Winton Hill Technical Center, Cincinnati, OH 45224

A new method is described for the deter-
mination of caffeine in coffee, based on high-
pressure liquid chromatography. The caffeine
is extracted from the sample with water and/or
methylene chloride, and then separated from
interfering materials by passing an aliquot of
the extract through a high-pressure column
containing sulfonated cation exchange resin,
using 0.01M nitric acid as the mobile phase.
An ultraviolet detector measures the absorption
of the solution directly. The method is rapid
and eliminates the lengthy separations common
to other methods. The procedure was applied
successfully to decaffeinated and non-decaf-
feinated green, roasted, and instant coffees.

This method gives a more accurate measure of -

the caffeine content in decaffeinated coffee
samples than the micro Bailey-Andrew and
modified Levine methods, with equal or better
precision. This method gives results equal to
those obtained by the official methods for non-
decaffeinated samples.

The need for a rapid and precise general
purpose method for the determination of caffeine
in coffee has been recognized. Generally ac-
cepted methods are shown in Table 1 along
with an indication of the quality of results
usually obtained. In addition, these methods are
lengthy and complex, require large quantities of
solvents, and are not general purpose. Recently,
high-pressure liquid chromatographic (HPLC)
methods (5-9) have demonstrated the potential
of determining caffeine in analgesic drugs and
aqueous beverages. This paper reports the ap-
plication of an HPLC system to the separation
and determination of caffeine in coffee.

METHOD

Apparatus

(a) High-pressure lquid chromatograph. —
Laboratory-assembled from Du Pont Instruments
Model 480 connected sequentially to Valco Model
CV-6-HPax high-pressure injection valve, 4 mm X
30 cm stainless steel column, and Du Pont In-
struments Model 835 ultraviolet monitor fitted
with 254 nm photocell/filter assembly. Detector

signal was plotted by Du Pont Instruments Model
846 recorder operated at 10 mv full scale.

(b) HPLC column packing—Zipax® SCX
(strong cation exchange resin) (Du Pont).

(¢) Mechanical shaker—Burrell Model 75.

Reagents

(a) Nitric actd—0.01M. Prepare with boiled
and cooled water.

(b) Caffeine standard solution.—2.0 mg/ml.
Weigh 1 g anhydrous caffeine (Matheson Coleman
& Bell No. CX 80-5013), dissolve in ca 250 ml
hot water, cool, and dilute to 500 ml with water.

Preparation of Sample

(a) Non-decaffeinated coffee—Accurately weigh
2 g either regular coffee or green coffee or 1 g
regular instant coffee into 125 ml Erlenmeyer
flask. Add ca 50 ml water, heat to boiling, and
boil >5 min, shaking occasionally. Cool to room
temperature. Filter directly into 100 ml volumetric
flask. Wash filter paper thoroughly with water.
Dilute to volume with water and mix.

(b) Decaffeinated coffee—Accurately weigh 2
g regular coffee or 2 g green or 1 g regular instant
coffee into 125 ml Erlenmeyer flask. Add 5 ml
NH,OH solution (142). Swirl flask until sample
is wetted or dissolved (regular instant coffee) after
mixing. Add 50 ml reagent grade CH,Cl, from
volumetric pipet, and stopper flask. Place on me-
chanical shaker and extract regular roasted and
green coffee samples 15 min or regular instant
coffee 2 min. Transfer contents to 125 ml sepa-
ratory funnel and let 2 layers separate. Drain
lower layer (CH,Cl,) through powder funnel, with

Table 1. Generally accepted methods for the
determination of caffelne®

Non-
decaffein-  Decaffein-
Method ated coffee ated coffee
Micro Bailey-Andrew (1) ++
Levine (2) -
Modified Levine (3) + -
1SO (9 = =
HPLC - =

¢ =, Accepted as yielding correct (true) value; ++,
tends to give high results; 4, tends to give variable
results (less precise).
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stem loosely packed with cotton, and collect in
50 ml beaker. Transfer 30 ml aliquot of caffeine-
containing extract to 100 ml beaker. Evaporate
to dryness on steam bath with nitrogen. Add 5 ml
water and warm on steam bath to dissolve caf-
feine. Transfer to 10 ml volumetric flask and dilute
to volume with water.

Determination

Using loop injector, place 10 ul sample onto
column with 0.01 HNO; eluant flowing at 4.0
ml/min. Measure peak height for quantitation
and compare against standard calibration curve.

Standardization

Weigh 1.0 g regular instant decaffeinated coffee
into 4 separate 100 ml volumetric flasks. Add 50
ml water and heat on hot plate to completely
dissolve sample. Pipet into 3 of the volumetric
flasks, respectively, 5.0, 150, and 25.0 ml caffeine
standard solution to give 0.1, 0.3, and 0.5 ug caf-
feine/ul solution. Remaining solution serves as a
blank. Cool, dilute to volume with water, and mix
thoroughly. Inject 10 ul standard onto column as
in Determination. Measure peak height of each
standard. Plot ug caffeine in 10 ul vs. peak height
to prepare calibration curve.

Calculations
(a) Non-decaffeinated coffee samples.—

Caffeine, % = (ug caffeine in 10 ul X 105 ul
X 10-¢ g/ug X 100) /(g sample weight)

0% 1%

Recorder Response

1259
(b) Decaffeinated coffee Dl

Caffeine, % = (ug caffeine in 10 ul X 105 ul
X 10-¢ g/ug X 100)/[g sample weight
X 30/50 (aliquot of CH,Cly)]

Results and Discussion

Reverse phase, high-pressure liquid chromato-
graphic separations of caffeine were investigated
with a pBondapak/C,; column and by cation
exchange with a Zipax SCX column. Zipax SCX
was preferable because of chromatographic time
and reproducibility.

The reverse phase separations we examined
used mobile phases of acetic acid-water, meth-
anol-water, acetonitrile-water, and nitric acid-
water. Dry-packed Zipax SCX columns were
conditioned by pumping the mobile phase
through the column for 2 hr prior to use. Pre-
dictably, the extent of separation of caffeine on
these ion exchange packings was determined
more by the pH of the mobile phase than by
any other parameter. By decreasing the pH, the
time of chromatography and resolution of the
caffeine increased. The optimum pH was about
2, and the mobile phase chosen was 0.01M
HNO;. The flow rate was adjusted to 4 ml/min,
which eluted the caffeine in less than 6 min,

Integration by peak height gave more repro-
ducible answers than electronic integration be-
cause it is not affected by the inherent small

2% 3% 4%

1
(o] 4 0 2

[
4 60 2 4 60 2 4

Retention Times, minutes

FiG. 1—Chromatograms of varying caffeine levels added to soluble decaffeinated coffee.
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grams

FIG. 2—Ch

variations in flow rate which affect the residence
time in the detector and thus the area inte-
grated.

The chromatograms obtained of caffeine-free
coffee fortified with known amounts of caffeine
are shown in Fig. 1. A caffeine-free coffee was
used to approximate the sample matrix. Non-
decaffeinated materials are easily analyzed. Caf-
feirle is extracted from both roasted coffee and
green coffee beans with boiling water, whereas
instant coffee samples are dissolved directly in
hot water before a small portion of the sample
is introduced onto the HPLC column. Decaf-
feinated coffee samples require a preconcentra-
tion step before HPLC analysis. Caffeine is
extracted from an NH,OH (1+2) solution, the
methylene chloride extract is evaporated to dry-
ness, and the residue containing caffeine is dis-
solved in water and introduced onto the HPLC
column. Typical chromatograms for decaffein-
ated coffee and the increased sensitivity which
resulted from preconcentration are shown in
Fig. 2. The peak height is more accurately meas-
ured, and the slope of the baseline decreased.

The HPLC method, the official AOAC meth-
od (1), and the proposed ISO method (4) were
compared for 12 different coffee samples. The
data obtained are shown in Table 2. All values

Received February 9, 1976.
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0136 %
Caffeine
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preconceniration| preconcentration
Decoffeinated
Instant Coffee

howing effects of preconcentrating caffeine with methylene chloride.

obtained by HPLC agree with these accepted
methods.

The coefficients of variation reported in Table
3 show that the HPLC method is more precise
than the current methods now used for the
determination of caffeine in coffee products.

Table 2. Comparison of 3 methods for

per cent caffeine

Bailey-
Andrew
Samples micro® HPLC? 1S0°
Non-decaffeinated Samples
Green coffee
Robusta 1.91 1.91 1.95
Arabica 1.27 1.27 1.24
Roasted coffee
Robusta 1.98 2.02
Arabica 1.30 1.31
Instant or soluble ’
3.52 3.53
3.32 3.26
Decaffeinated Samples
Green coffee 0.057 0.066 0.055
0.034 0.028 0.028
Roasted coffee 0.047 0.048
0.031 0.034
Instant coffee 0.179 0.186
0.140 0.136

@ Average result for 4 laboratories.
b Average result for 1 laboratory, 5 determinations.
¢ Average result for 8 laboratories.
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Table 3. Comparison of 4 methods for per cent caffeine and precision of resuits
Bailey-Andrew micro Mod. Levine 1sO HPLC
Coeff. of Coeff. of Coeff. of Coeff. of
Year of study Av. var., % Av. var., % Av. var., % Av. var., %
Roasted and Ground Coffee
1959 1.32 2.3
1964 1.43 9.1
1975 1.31 5.1 1.30 1.8
Regular Soluble Coffee
1960 3.10 2.6
1964 3.17 7.6
1975 3.26 5.7 3.32 2.5
Decaffeinated Soluble Coffee
1960 0.12 12.5
1964 0.080 6.9
1975 0.186 3.2 0.179 1.7
The linearity of the detector response was REFERENCES
established from the analytical calibration (1) Offictal Methods of Analysis (1975) 12th Ed.,
curves and begins to deviate from linearity at AOAC, Washington, DC, secs. 15.022-15.025
about 10 ug caffeine injected onto the HPLC (2) Levme’é' (1%%2) ‘."‘30‘;0 45, 2?‘;355
column. The lower limit of caffeine concentra- 3 B?rker, - (1968%) JAQAC 46’.3 20
» th b itativel Ivzed b (4) Vitzthum, O. (1974) International Standards
1o Loak tan pe quantifatively monlyzec by Organization, Document ISO/TC 34/SC 8/ WG
this method is 0.01% or about 0.001 Mg caffeine 2 (Ser 91) 233E of 1974-06-20
injected. , (5) Murgia, E., Richards, P, & Walton, H. F.
The proposed HPLC method permits com- (1973) J. Chromatogr. 87, 523-533
plete elimination of organic solvents in non-de- (6) Du P_ont Liquid Chromatography Methods
caffeinated coffee samples and only a modest %“netm 29(7:0) \8V2(:M5, E. I]-)Ed“ Pont de
use of a relatively innocuous organic solvent for emours 0., Wilmington,
o s g " (7) Ascione, P. P., & Chrekian, G. P. (1975) J.
decaffeinated coffee samples. The method is ,
id th .. hods. 0.3 h Pharm. Sci. 64, 1029-1033
more rapid than existing methods, 0.3 hr vs. (g, Noison J. 3. (1973) J. Chromatogr. Sci. 11,
1.5-2.5 hr for the current or proposed methods. 28-35
As many as 35 samples have been analyzed ina  (9) Smyly, D. S, Woodward, B. B., & Conrad,

single working day.

E. C. (1976) JAOAC 59, 14-19

Cap D
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PESTICIDE RESIDUES

Colorimetric Method for the Determination of Ethylene Dibromide

Residues in Grains and Air

JOIS R. RANGASWAMY, YADATHORA N. VIJAYASHANKAR, and MYSORE MUTHU
Discipline of Infestation Control and Pesticides, Central Food Technological Research Institute,

Mysore-670013, India

A method based on the hydrolytic debro-
mination of ethylene dibromide (EDB) in the
presence of an oxidizing agent has been de-
veloped. Bromine liberated from inorganic bro-
mide is used to brominate p-rosaniline. The
intensity of the resulting violet-red bromo com-
pound in chloroform is measured at 580 nm.
The relationship between absorbance and con-
centration of EDB is linear in the range of 5—
60 ug. The method is very sensitive and as
little as 0.50 ppm unchanged EDB residue in
a 20 g sample of fumigated grain and 1 ppm
EDB in a 10 ml air sample can be detected.

Ethylene dibromide (EDB) is used for the
treatment of cereals in bins and bags, either
alone or mixed with other fumigants. It is also
used to treat fresh fruits and vegetables (1).
Although it is generally believed that residues of
unchanged EDB will disappear before the com-
modities reach the consumer, there is ample
evidence from supervised trials that EDB is
strongly absorbed in foods. The residues of un-
changed fumigant are very slowly lost by aera-
tion and during subsequent storage (2).

A mixture of methyl bromide (MB) and
EDB was analyzed by Wade (3), using a meth-
od adapted from the catalytic combustion tech-
nique of Lubatti and Harrison (4). Recoveries
of 153 mg EDB and 49.7 mg EDB were 97—
103 and 97-100%, respectively. Dumas (5) ex-
tended the MB method of Dumas and Latimer
(6) to EDB analysis. Majumder et al. (7)
adapted the work of Hesseltine et al. (8) and
Olomucki and Bondi (9) to determine the levels
of EDB and MB in mixtures. Dumas and Bond
(10) determined the unchanged EDB residues
in apples fumigated with EDB by using gas
chromatography with electron capture detection.
The commonly employed method for residue
analysis of halogenated fumigants in grains is
the Stenger et al. iodometric method (11).

Received April 7, 1976.

Unchanged EDB residues are more significant
toxicologically than residues of inorganic bro-
mide (2). EDB is the least volatile of all com-
mon fumigants and is generally found as a resi-
due in commodities. However, there is very little
information about the extent of unchanged EDB
in foods following fumigation, The available
procedures either involve gas chromatography
or are applicable only at high EDB concentra-
tions. The colorimetric method described here
is applicable to EDB residues in foods and air.
The method is simple, quantitative, and suitable
for routine analysis and monitoring of un-
changed EDB residues.

METHOD

Reagents

(a) p-Rosaniline—British Drug Houses grade.
Prepare 0.1% solution in water.

(b) Sulfurous acid solution.—2.5%. Prepare by
passing sulfur dioxide obtained by heating mix-
ture of copper turnings and concentrated H,SO4
through 500 ml water in 1 L amber bottle. Pass
gas through water until moist blue litmus paper
exposed at mouth of bottle turns red. Determine
concentration of sulfurous acid solution by ti-
trating 10 ml against 0.1N iodine solution to faint
straw yellow. Concentration of sulfurous acid
solution is generally between 2.50 and 2.55%.

(¢) Potassium  bromide.—Analytical reagent
grade. Prepare standard solution containing 1000
pg bromine/ml by dissolving 74.35 mg KBr in 50
ml water. Prepare working standards containing
5-50 pgg bromine/ml by suitably diluting standard
solution .with water.

(d) Ethylene dibromide.—Riedel reagent grade.
Prepare standards containing 5-60 zg EDB/ml by
dissolving 5 mg EDB in 50 ml absolute alcohol
and diluting as necessary.

(e) Reagent A.—Mix 10 ml 0.1% p-rosaniline
solution with 100 ml sulfurous acid solution and
shake. Within 3-5 min, the rose-red disappears,
resulting in colorless solution. Age reagent >24
hr before using to prepare Reagent B, otherwise
latter reagent becomes yellowish.



RANGASWAMY ET AL.: COLORIMETRY OF ETHYLENE DIBROMIDE RESIDUES

(f) Reagent B.—Add 5 ml concentrated HCI
to 15 ml water in stoppered Erlenmeyer flask.
While cooling flask under tap water, carefully
add 10 ml concentrated H,SO,. After thorough
cooling, add 10 ml Reagent A to this mixture.
Shake well and refrigerate until use.

Conversion to Inorganic Bromide

Pipet 1 ml EDB standard solution into glass-
stoppered 40 ml test tube containing mixture of
0.5 ml 100% KOH solution by weight and 0.4 ml
10% potassium chromate solution. Mix contents
of tube well, stopper, and let stand 1 hr at room
temperature to complete conversion of EDB to
KBr. Then evaporate alcohol on wire gauze kept
heated over flame. Dissolve residue in 1 ml water
and use for color development. Similarly, ana-
lyze blank of 1 ml ethanol.

Preparation of Standard Curve

To 1 ml aqueous solution above, add in order
and shake after each addition: 1 ml water, 0.4
0.5 ml concentrated HCl (when solution becomes
orange red), 4 ml reagent B, and 02 ml 10%
potassium chromate solution (when solution be-
comes reddish brown or dark brown, depending
on bromide concentration). Shake well 30 sec, add
6 ml CHCIl;, and shake well 1-2 min to extract
violet-red color with absorption maximum at 580
nm (Fig. 1) into CHCl;. Transfer contents to
250 ml separatory funnel, mix, and let layers sepa-
rate. Drain lower CHCIl; layer into cell of spec-
trophotometer and read absorbance at 580 nm
against blank similarly prepared within 5 min.
Plot of concentration of EDB vs. absorbance will
yield straight line.

Determination

Mix 1 ml concentrated solution containing ca
100-1000 ug EDB with 0.5 ml 100% KOH solution,
04 ml 10% potassium chromate, and 1.5 ml
ethanol. Reflux mixture 3 hr on boiling water bath
under water-cooled reflux condenser. Evaporate
ethanol on heated wire gauze. Dissolve residue
in known amount of water and use 1 ml solution
for color development as in preparation of stand-
ard curve. Read color against blank similarly
prepared. If the violet-red CHCI; extract is slightly
yellow, add 2-3 ml water and shake to remove
yellow color.

Determination in Air

Place 0.5 ml 100% KOH solution, 04 ml 10%
potassium chromate solution, and 15 ml ethanol
in two-necked, B24, 250 ml standard joint flask.
Close one mouth of flask with B24 standard joint
with bent tube through center. Fix rubber septum
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to outer end of tube; keep inner end of tube
just under surface of mixture. Close other mouth
of flask with hollow B24 standard joint to which
one-way tap is fused for displacement of air. Cool
flask with crushed ice. Open tap and bubble 250
ml air containing 15-200 ug EDB taken from
reservoir containing EDB at saturation through
rubber septum with help of syringe. Close tap and
let flask stand overnight. Next day reflux mixture
3 hr on water bath, using water-cooled condenser.
Remove condenser and evaporate ethanol as be-
fore. Dissolve residue in known volume of water
and use 1 ml aliquot for color development. Read
color against blank similarly prepared. If violet-
red CHCIl; extract is slightly yellow, add 2-3 ml
water and shake to remove yellow color.

Recovery from Crops

Fortify 20 g samples of paddy, wheat, sorghum,
and green gram with 40-250 ug EDB/ml as etha-
nolic solution in 250 m] flask. Similarly analyze
blank crop by adding 1 ml ethanol. Let EDB ab-
sorb into grains and let ethanol evaporate slowly.
Add 20 ml ethanol, stopper flask, and let stand
overnight to dissolve EDB from grains completely
in ethanol. Next day, filter and wash grains and
flask with 2-3 ml ethanol, and filter. Mix alcoholic
filtrates with 0.5 ml 100% KOH solution and re-
flux 2 hr on water bath. Remove condenser and
evaporate nearly 3 ethanol on water bath. Add
04 ml 10% potassium chromate solution and re-
flux again 1 hr. Detach reflux condenser and
evaporate remaining ethanol as before. Dissolve
residue in known volume of water and use 1 ml
aliquot for color development. Treat crop control
samples similarly., Read color against blank and
subtract control reading from reading of fortified
samples. If violet-red CHCl; extract is slightly
yellow and turbid due to dispersed water globules,

" add 2-3 ml water, shake, and filter quickly.

Residue Analysis of Fumigated Grains

Subsamples were drawn from main bulks of
grain (wheat, paddy, sorghum, and green gram)-
fumigated with 48 mg EDB/L for 7 days. The
grain was then aerated in the sun for 7 days by
spreading in an open yard. Residue analysis was
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Tablel. Absorbance at580 nm of bromine equivalents®
of EDB and KBr

Bromine
derived,
ue EDB KBr
5 0.03 0.03
10 0.06 0.06
15 0.081 0.076
20 0.12 0.115
25 0.137 0.143
30 0.161 0.155
35 0.187 0.194
40 0.25 0.24
45 0.237 0.244
50 0.31 0.30

¢ Bromine equivalents: 1.487 ug KBr = 1.175 ug EDB
= 1 ug bromine.

Table 2. Recovery experiments of EDB from
concentrated alcoholic solution

EDB used, EDB found,®
-4 24 Rec., %
236.0 232.0+ 4.00 98
354.0 348.0+ 9.80 98
472.0 457.1+12.00 97
590.0 588.8+ 5.59 98
708.0 708.0+ 6.07 100
826.0 824.8+ 3.36 99
944.0 937.6+ 7.93 99
1062.0 1062.0+ 0.00 100

¢ Average =+ std dev. of 6 analyses.

done both before and after aeration by soaking
20 g sample in 20 ml ethanol as described under
recovery experiments.

Results and Discussion

Hesseltine et al. (8) have reported that only
509 EDB converted to inorganic bromide when
hydrolyzed with 5% alecoholic KOH, while
Kennett (12) reported hydrolysis of only 1
mole bromine from 1 mole EDB hydrolyzed
with 49 alcoholic NaOH for 15 min. Sinclair
and Crandall (13) extended the MB method of
Stenger et al. (11) by determining the condi-
tions necessary for ethanolamine hydrolysis of
EDB. A 30 min heating at 90°C was adequate
for complete conversion to inorganic bromide.
After many trials, we found that EDB is con-
verted 1009 to inorganic bromide when hydro-
lyzed with a mixture of 0.5 ml 1009 KOH solu-
tion by weight and 04 ml 10% potassium
chromate solution.

To check the 1009 conversion of EDB to in-
organic bromide under the conditions of hy-
drolysis employed, parallel experiments were
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Table 3. Recovery of EDB from air samples
EDB added, EDB found,®
ug neg Rec., %
15.40 15.10::0.60 98
25.00 23.86-+0.38 99
50.00 48.64+:0.74 97
60.00 60.00=:0.00 100
77.00 75.50+3.45 97
100.00 99.00+2.40 99
107.80 104.800.88 97
200.00 190.88+3.04 95

¢ Average + std dev. of 6 analyses.

Table 4. Recovery of EDB from fortified grains
EDB added, EDB found,®
7i-4 ug Rec., %
Wheat
134.0 133.204+0.80 99
224.0 222.004:1.40 99
Sorghum
51.0 50.00-0.00 98
102.0 97,50+-0.00 95
Paddy
56.0 55.60+0.12 99
70.0 66.00-:0.65 94
Green gram
42.0 39.75+0.25 99
84.0 81.00+0.00 96

4 Average = std dev. of 6 analyses.

performed with 1 ml standard solution contain-
ing 5-50 pug bromine equivalent of potassium
bromide for color development. Results of anal-
ysis of bromine equivalents of EDB and KBr
are shown in Table 1. Absorbances in Table 1
prove that under the conditions of hydrolysis
employed, 100% conversion of EDB to inor-
ganic bromide takes place in the range of 5-50
ug bromine equivalents of EDB. The conversion
was inconsistent in the absence of potassium
chromate solution.

The linear relationship between absorbance at
580 nm and the concentration of EDB is valid
up to 60 ug/6 ml CHCl,. Beyond this level the
relationship is not linear and inconsistent results
are obtained. To check the conversion at 1 hr
at room temperature, experiments were done by
refluxing the mixture for 3 hr on a water bath.
No difference in absorbance was noticed.

To verify the applicability of the method to
higher EDB residues, recovery experiments were
performed on concentrated ethanolic solutions
of EDB at 100-1000 ug. The residue remaining
after evaporation of ethanol was dissolved in a



RANGASWAMY ET AL.: COLORIMETRY OF ETHYLENE DIBROMIDE RESIDUES

1265

Table 5. Residue analysis (ppm) of grains fumigated at 48 mg EDB/L®
Stage Wheat Sorghum Paddy Green gram
Before aeration 12.29+1.32 5.68+0.02 6.32+0.12 5.254-0.00
After aeration 4.27+0.00 1.870.00 3.15+0.00 1.50:0.00
After milling into flour ND ND NA NA

@ Average =+ std dev. of 6 analyses.

larger volume of water so that the concentration
of bromide was within Beer’s law limit (see
Table 2). Values indicate that the method is
applicable for determination of higher levels of
EDB, provided the strength of the solution of
the residue is within the linear relationship limit.
Average recoveries varied from 97 to 1009,.

For determination of EDB concentration in
air, various sampling methods have been re-
ported. Kennett (12) took air samples in 2 L
evacuated flasks and ethanol was added to dis-
solve the gas. The solution was transferred and
refluxed with NaOH for 15 min. After acidifica-
tion, bromide was determined by the Volhard
method. Berck (14) developed an analysis suit-
able for measuring EDB in EDB-MB mixtures.
Samples were collected in evacuated bottles
containing an ethanolamine-n-propanol mixture.
EDB was hydrolyzed 3 hr at 100°C. In the
present study, neither the evacuation of the
flask nor ethanolamine is necessary. EDB air-
borne vapor can be bubbled through the mix-
ture of reagents used (see Table 3). The result
indicates that the sensitivity of the method is
quite high. It is applicable for the determina-
fion of EDB in air as low as 60 ug/L, which
is far less than the permissible limit of 190 ug/
L (25 ppm). .

Recovery experiments (Table 4) and residue
analysis (Table 5) of EDB in grains such as
paddy, sorghum, and green gram did not pre-
sent any difficulty. For wheat, an ethanol- and
chloroform-soluble material interfered during
the extraction and created a viscous chloroform
extract. To overcome this, 1 ml solution of the
residue was mixed with 5 ml water, and ex-
tracted twice with 20 ml chloroform. The lower
chloroform layer was discarded and the aqueous
layer was used for color development. Although
Mapes and Shrader (15) and Conroy et al. (16)
have described various complicated procedures
for eluting EDB from fumigated grain, we found
that EDB can be completely eluted by soaking
the grain in ethanol overnight. The method is

ND = not detected; NA = not analyzed.

applicable to as little as 0.5 ppm EDB com-
pared with the permissible limit of 20 ppm in
cereals (2).
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Reference Raman Spectra of Eleven Miscellaneous Pesticides

MARK L. NICHOLAS, DAVID L. POWELL, THEODORE R. WILLIAMS,
ROBERT Q. THOMPSON, and NELSON H. OLIVER
Department of Chemistry, College of Wooster, Wooster, OH 44691

The Raman spectra of ICP (propham),
CIPC (chlorpropham), carbaryl, EPTC (ethyl
N,N-dipropyl (3-chlorophenyl) carbamate),
pebulate, CDEC (2-chloroallyl diethyldithio-
carbamate), thiram, maneb, zineb, ferbam, and
nicotine have been recorded. These spectra are
presented, along with tables giving values for
the frequencies.

We have recently published and discussed
some possible analytical applications of the
Raman spectra of 21 different chlorine-contain-
ing or phosphorus-containing pesticides (1, 2).
In this paper we present Raman spectra for 11
more compounds now being used as pesticides.

The first group, which consists of carbamates
or closely related compounds, covers IPC (iso-
propyl N-phenylcarbamate, propham), CIPC
(isopropyl N - (3 - chlorophenyl) carbamate,
chlorpropham), carbaryl, EPTC (ethyl N,N-
dipropylthiolearbamate), pebulate, CDEC (2-
chloroallyl diethyldithiocarbamate), and thiram.
Compounds in the second group, maneb, zineb,
and ferbam, all contain a metal. Finally, nicotine
stands alone in an abbreviated third group. The
names employed are those used by Frear (3).

Experimental
The compounds were obtained from Chem
Service, Inc., West Chester, PA 19380. They
were sublimed or distilled under vacuum and
sealed in melting point capillaries. The Raman
spectra were obtained as described previously

(1).

Results and Discussion

Tabulated frequencies and spectra for the
carbamates and related carbamate-like com-
pounds are given in Table 1 and Figs. 1-7. Fre-
quencies and spectra for the metal-containing
compounds and for nicotine are given in Table 2
and Figs. 8-11.

Obviously, each of these spectra is unique for
its particular compound. Certain prominent fea-
tures will be pointed out for each of the com-

Received June 1, 1976.

pounds. References to general correlations were
given in ref. 1.

Of the first 7 compounds, IPC, CIPC, and
carbaryl, the 3 compounds that possess N—H
linkages, are the only ones to show activity
above 3110 cm-*, In these compounds, any bands
primarily associated with the carbonyl region of
the molecules (near 1700 cm-') are overshad-
owed by bands from the benzene or naphthalene
ring systems. Their carbonyl bands do agree
reasonably well, however, with the range found
many years ago by Kohlrausch and Pongratz
(4) for carbamates of the type H,N (=0)—O0R,
i.e., 1688-1694 ecm-!. CIPC shows more activity
than IPC in the low frequency region because
of the chlorine substituent on the benzene ring
in CIPC.

EPTC, pebulate, and CDEC all show bands
in the C—H stretching region near 3000 cm-!
which are 2 or 3 times as intense as the bands
in the rest of the spectra. The C=—=0 stretching
frequencies for EPTC and pebulate (at about
1640 cm!) appear more plainly than in the
first 3 compounds considered. Similarly, the
C=C linkage in CDEC appears very plainly at
1625 ecm-?, and the ethylenic CH gives rise to a
peak at 3104 cm™.

In CDEC and thiram, it is tempting to assign
some of the stronger bands to the C=S8
stretches. However, the difficulties when the
carbon atom of the thiocarbonyl group is at-
tached to a nitrogen atom often mentioned
earlier (see, for example, the work of Rao and
Venkatarazhavan (5)) make this unwise because
these stretches are just too highly mixed with
other modes in the compounds.

The 3 metal-containing pesticides present
spectra very different from any we have con-
sidered previously. In particular, maneb and
zineb show low frequency peaks which are sev-
eral times more intense than any others in their
spectra. Such intense peaks would offer unusual
opportunities for the analyst; however, they dis-
appear in solution, showing that they are lattice
modes. Parenthetically, the almost exact corre-
spondence between the maneb and zineb spectra,
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Table1l. R freq of carb and rel p ds®
IPC CIPC Carbary! EPTC Pebulate CDEC Thiram
3362 vw
3317 w 3313 vw
3296 w, br 3306 vw
3266 vw, br
3193 vw, br
3118 vw, br
3104 w
3059 s 3059 m 3065 s
3034 vw, br 3042 w, sh, br
3012 w, br
2980 mw 2977 m, br
2972 s
2961 w, sh, br 2961 w, sh 2958 w
2940 w, br
2936 m 2935 s
2930 w
2928 vs 2933 s 2929 vs
2918 w, sh 2916 m
2898 vw, br 2904 w, sh, br
2875 w 2873 w 2869 vs 2872 s 2866 s
2850 w
2811 w, br
2785 w, br
2764 vw, br
2729 vw, br 2722 w, br 2733 m 2732 vw, br
1696 w, br 1705 w
1689 m
1669 vw, br
1641 w, br 1644 s
1625 s
1600 s 1594 vs 1593 w, sh, br
1576 s
1547 vw, br
1535 w 1538 m
1499 vw, br 1503 vw, br
1486 vw, br
1478 w 1482 m
1463 vw, br 1465 vw, br
1459 w, sh 1458 m, br
1448 w, br 1446 w, br 1442 w, br 1446 s 1446 m
1432 s
1427 vw, br
1413 vw 1410 mw
1401 vw, br 1402 ms 1402 m
1394 s
1385 vw, br
1376 vs 1375 w 1370 mw 1370 s
1351 vw, br 1350 vw, sh 1348 w, br 1350 mw
1326 vw, br 1329 vw, sh 1328 vw 1331 vw
1310 vw, sh 1303 s
1298 vw 1290 vw, br 1299 w, br 1294 vw, br
1275 m
1265 w 1265 w, br 1264 m
1251 s 1252 w, br
1242 m
1228 m 1232 w
1223 vw, br 1216 w, br 1225 w, br 1220 vw
1207 vw, br
1197 vw, br 1193 vw 1200 w
1184 vw, br
1172 mw 1168 vw, br 1166 w, br
1155 w
1148 vw 1144 m, br
1139 vw 1142 w 1138 w 1139 w
1112 w 1115 w 1113 mw 1114 vw, br
1104 w 1106 mw 1099 w, sh
1083 vw, br 1092 w 1084 w, br
1074 w 1075 w 1072 m
1065 vw 1064 m

(Continued)
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Table 1. (Continued)

IPC CIPC Carbary! EPTC Pebulate CDEC Thiram
1050 vw 1051 mw 1051 w
1034 w 1036 w, br
1024 w 1030 mw 1027 w
1013 w 1008 s
994 vs 994 vs
984 w 980 m
966 vw, br 971 s
959 w 955 w, sh
951 vw, br 948 vw, br
935 w 937 m 938 w
925 mw 921 w
912 mw
903 vw 897 w 902 vw, br 897 m
887 w, br 888 w 886 vw, br
874 m 874 w 881 m
861 vw, sh 866 vw, br 857 vw, br
847 m
843 w
834 vw, br 83% w, br 827 vw
824 m
796 vw 804 w
783 vw, br 781 mw
767 w 766 w, br 769 w, sh, br
745 vw 755 w, br 748 w 749 mw
728 vs 736 m
709w 702 w
689 w, br 681 mw
668 m
663 vw 659 s
634 vw 623 vw, br
625 m
614 w
600 w 602 w
588 vw
568 w
560 s 558 vs
636 s
523 vw, br
516 vw 517 w
509 w 507 s
489 m 488 m 489 vw
473 vw, br 472 w
455 m
439 ms
428 s
413w 419 w 425 w, br
417 vw
401 vw, sh 406 vw, br
390 w 392 w, br 397 mw 393 vs
365 vw 371w 370 mw 365 vw, br
360 w 357 m
354 mw
316 vw, br 322 vs
313 ms
296 w 299 vw 298 m
276 w
256 w 259 w 266 ms 262 vw, br
247 vw, br 253 s
232 vw, br
222 vw, br 218 w, br
205 vw 206 w, sh
194 s
173 ms
162 w
103w 104 w
67 vs

¢ The following abbreviations have been used: s = strong; m = medium; w = weak; br = broad; v = very;
sh = shoulder.
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Table 2. R: freq les of tal taining pesticides and of nicotine®
Maneb Zineb Ferbam Nicotine Maneb Zineb Ferbam Nicotine
3284 w, br 3279 w, br 1048 w 1049 vw, br
3241 w, br 3237 w, br 1038 vs
3168 vw 1023 s, sh
3144 vw 1099 vw, br
3048 s 975 w, br 976 vw, br 972 m
3012 w, br 958 m
2960 w, br 2962 mw, br 2952 vw, sh 2962 w, sh 918 s 921 ms 930 s
2939 s 911 w, sh
2928 vw, br 2930 mw, br 869 w, br 878 vw, br
2922 vs 816 vw, br 812 m, br
2909 w, sh 777 w, sh
2890 mw 2892 m 716 w
2870 mw 659 vw, br 661 w, br
2856 w 614 m
2825 w, sh 564 vs 568 m
2795 w 505 s 505 ms 520 w
2775 ms 469 vs 470 s
2664 w, br 433 s 434 ms 432 s
1584 s 402 m-
1508 m 365 w
1479 w 1483 w, br 348 m
1461 vw, br 1462 vw, br 1471 w 297 s
1440 w 1449 m 285 vw, br
1411 w, sh 254 w, sh
1385 vs 243 s 243 w, sh
1374 vw, br 217 vs 218 vs
1354 mw 216 w
1341 mw 184 w 185 w
1306 w 1309 w, br 1309 m 162 ms
1239 w 1237 m 151 vs 150 vs
1207 m 1209 mw 1212 m 80 vs 2s
: 1181 m 78 vw
1140 m 47 s 50 s
1101 vw, sh 41 m a2 m
1092 mw

% For abbreviations, see Table 1.
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even in the face of a sizable mass difference be-
tween manganese and zinc, is strong evidence
that the bonding between the metal and the
organic portion of these molecules is ionic in
nature and not covalent,

The Raman spectrum of nicotine was earlier
reported by Brustier and Blane (6), using
mercury arc excitation. Not surprisingly, we
were able to record many more lines than they
did. Aside from a cluttered and complicated
C—H stretching region, the most important
features of the spectrum are the strong bands
at 1584, 1036, and 928 cm-1. The first 2 of these
are associated with the pyridine ring (5) and the
third is probably due to the pyrrolidine ring
(6).

In this series of 3 papers, we have tried to
point out certain features of the Raman spectra
of pesticides which might make this type of
spectroscopy useful to the analyst working with
pesticides. Clearly, we have barely begun the

Financial support from the National Science Foundation
through Undergraduate Research Participation Grants GY-
11158 and EPP 75-04306 and from Research Corporation for
the purchase of the Raman spectrometer was received.
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problem as we have dealt neither with residue
studies nor with actual field samples. However,
we still feel Raman spectroscopy offers possi-
bilities in this area and that studies of this type
should be pursued.

Acknowledgment
We wish to thank Sarah R. Huff for her help
during this project.

REFERENCES

(1) Nicholas, M. L. Powell, D. L., Williams,
T. R., & Bromund, R. H. (1976) JAOAC 59,
197-208

(2) Nicholas, M. L. Powell, D. L., Williams,
T. R., & Huff, 8. R. (1976) JAOAC 59, 1071~
1080

(3) Frear, D. E. H. (1969) Pesticide Index, 4th
Ed., College Science Publishers, State College,
PA

(4) Kohlrausch, K. W, F,, & Pongratz, A. (1934)
Z. Phys. Chem. B27, 176-195

(5) Rao, C. N. R., & Venkatarazhavan, R. (1962)
Spectrochim. Acta, 18, 541-547

(6) Brustier, V., & Blanc, P. (1943) Bull. Soc.
Chim. Fr. 10, 58-59

=70 CTRE



1276

JOURNAL OF THE A0Ac (Vol. 59, No. 6, 1976)

A Simple Spectrophotometric Method for the Determination of

Carbofuran Residues
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SHIMOGA R. PRAKASH

Central Food Technological Research Institute, Mysore 570013, India

A method has been developed for carbofuran
residues, based on coupling carbofuran (2,3-
dihydro-2,2-dimethyl-7 -benzofuranyl methyl
carbamate) with diazotized aniline to form a
yellow compound with an absorption maximum
at 460 nm. The relationship between absorb-
ance and concentration is linear for 1-10 ;g
carbofuran/5 ml. The method is sensitive and
can be applied to the determination of levels
as low as 0.025 ppm carbofuran in a 40 g crop
or soil sample.

Carbofuran (2,3-dihydro-2,2-dimethyl-7-ben-
zofuranyl methyl carbamate) is a broad spec-
trum pesticide which has demonstrated excellent
biological activity against pests on a wide variety
of crops. Soil-incorporated applications have
provided effective control of root pests. It is ef-
fective as both a systemic and a contact toxicant
and is less persistent than chlorinated pesticides.
It is non-corrosive and compatible with other
pesticides. Butler and Me¢Donough (1) have re-
ported an electron capture gas-liquid chromato-
graphic (GLC) method for determining carbo-
furan residues in potatoes, sugar beets, apples,
and orange grass. The phenol obtained by the hy-
drolysis of carbofuran was heated with pyridine
and trichloroacetyl chloride. The resulting tri-
chloroacetyl derivative, after cleanup on a Flori-
sil column, was used for GLC determination.
Bowman and Beroza (2) used the dimethyl
chlorothiophosphate derivative of carbofuran in
a GLC method for determining carbofuran resi-
dues in corn silage and milk. A cholinesterase
inhibition method was used by Dale (3), while
Cook et al. (4) and Williams and Brolin (5)
deseribed a GLC technique with a nitrogen-
specific microcoulometric detector. As cited by
Kapoor and Kalra (6), Gupta and Dewan have
developed a thin layer chromatographic method
for determining carbofuran residues; p-nitro-
benzenediazonium fluoroborate spray reagent re-
acts with the phenol of the hydrolyzed carba-
mate to give a reddish color. The simple method
described below is based on the electrophilic re-
action of diazotized aniline with carbofuran.

METHOD
Reagents

All solvents are analytical reagent grade.

(a) Aniline—Distilled (British Drug Houses,
London, England). Dissolve 50 mg aniline in 1 L
0.1N HCL

(b) Carbofuran.—Analytical reagent grade (Ni-
agara Chemicals Division, FMC Corp., Middle-
port, NY). Prepare standard solutions containing
1-10 pg carbofuran/ml methanol.

(c) Carbofuran formulation.—50% dust (Indofil
Chemicals Ltd., Bombay, India).

(d) Silica gel—Column grade (National Chemi-
cal Laboratory, Poona, India). Prepare slurry of
8 g silica gel in CHCl; and pack into 1 cm id
glass column to ca 20 cm height.

Preparation of Standard Curve

Pipet 1 ml aniline solution into separate
clean test tubes. Diazotize by adding 0.5 ml 5%
NaNOQ, to each test tube. Add 1 ml aliquots of
each carbofuran standard solution to separate
test tubes. Shake well and add 1 ml 0.5N KOH
to each. Shake tubes well and let stand 30 min
at room temperature. Dilute resulting yellow solu-
tions to 5 ml with methanol and read at 460 nm
against blank prepared similarly. Plot of con-
centration vs. absorbance will yield straight line.

Determination

Crops.—Extract 40 g well minced and fortified
samples (both green and red tomato, okra (lady’s
finger), cowpea, and their plants) twice with 30
ml CHCl; or methylene chloride. Filter organic
layer into evaporating dish and evaporate to dry-
ness at room temperature (methylene chloride)
or on water bath (CHCI3). Dissolve residue in
known volume of acetonitrile and extract solution
with 2-3 portions of 20 ml hexane. Prepare crop
control similarly. Use 1 ml aliquot of acetonitrile
solution for color development as described under
Preparation of Standard Curue. If colored solution
is turbid or has an emulsion, centrifuge 20 min at
2000 rpm before taking readings. Re-extract green
CHCl; extract of okra with two 20 ml portions
of water to dissolve and remove mucilaginous
material.

Soil—Mix 40 g sample of dry soil with 12-15
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ml water (ca 30% moisture level). Extract pasty
mass twice with 20 ml CHCl;, and filter into
evaporating dish. Evaporate CHCl; to dryness,
and dissolve residue in known volume of aceto-
nitrile. Prepare control sample similarly. Use 1 ml
aliquot (without hexane extraction) for color de-
velopment.

Residue Analysis

Spray pot plants at recommended dosages with
water dispersion of 509% dust formulation of car-
bofuran, and use for analysis. Separately analyze
plant and fruit portions of tomato and cowpea
for carbofuran residues. Extract representative
samples of well chopped crop with methylene
chloride and evaporate to dryness at room tem-
perature as above. Since 50% dust formulation
is red due to presence of dye, residue obtained
after evaporation of methylene chloride is red.
Add CHCI; solution of residue to silica gel col-
umn and elute carbofuran with 150 ml CHClI;.
Dye remains on top of silica gel column. Concen-
trate CHCl; eluate to dryness, and dissolve color-
less residue in known volume of methanol. Use
aliquot of solution for color development as de-
scribed under Preparation of Standard Curve.

Results and Discussion

To check the recovery of carbofuran by the
method described, samples were fortified with
known amounts of carbofuran and were ana-
lyzed. The recoveries varied from 90 to 100%
(Table 1). The method can be applied to the
analysis of soil treated with carbofuran. Since
no interfering materials are encountered either
from the fruit or the plant, the method can be
applied to determining carbofuran translocated
into plant tissue from treated soil. The method
is sensitive and can be used to determine levels
as low as 0.025 ppm in a 40 g sample (permis-
sible limit is 2 ppm). The method has also been
used to determine carbofuran residues on pot
plants sprayed with a water dispersion of a 509
dust formulation (Table 2). Compared to other
methods reported, the present method does not
rely on the presence of free hydroxyl groups, so
hydrolysis of methyl carbamate prior to estima-
tion is not necessary. It also does not involve
elaborate methods of cleanup and hydrolysis to
purify the crop extracts. Hence higher recoveries
of the residues are obtained because losses due
to different steps of cleanup procedures are
avoided. As in the GLC method, neither deriva-
tization nor elaborate purification is necessary.
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Table 1. Recovery of carbofuran from
fortified samples
Added, ug Found, ug* Rec., %
Green Tomato
50.0 48.33+0.11 97
25.0 24.17+0.02 97
10.0 10.00+0.01 100
Red Tomato
50.0 49.16+0.11 98
30.0 29.66-+0.18 99
20.0 19.00+0.10 95
Tomato (Plant)
50.0 49.05+0.20 98
30.0 29.02+0.50 99
20.0 18.92:+0.10 95
Okra
50.0 48.00-:0.00 96
30.0 30.00:+-0.00 100
20.0 18.00£0.00 90
Okra (Plant)
30.0 29.124+0.70 97
20.0 18.89:+0.90 94
Cowpea
100.0 98.12-+0.90 98
50.0 48.88+0.40 98
25.0 23.89+0.70 96
Soil
75.0 72.000.02 96
40.0 36.45-£0.02 91
20.0 18.00-+0.00 %0

¢ Average of 6 determinations =+ standard deviation.

Table 2. Residue analysis of pot plants sprayed with
dispersion of carbofuran formulation
Active Residue found, ppm®
ingredient,
mg/plant Plant Fruit
Tomato
82.0 188.0:+0.08 16.15-£0.06
41.0 98.6+0.12 7.66 0,02
Cowpea
3.8 62.50.00 8.151+0.05
1.9 32.510.01 4.58+0.09

@ Average of 6 determinations + standard deviation.
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The linear relationship between the absorbance
at 460 nm and the concentration of carbofuran
is valid up to 10 ug/5 ml reaction mixture. Be-
yond this level the relationship is not linear
and inconsistent recoveries are obtained. If a
higher carbofuran residue is detected during
analysis, a larger volume of acetonitrile must be
used to dissolve the residue in the evaporating
dish, so that the concentration of the residue/ml
is within the limit of Beer’s law. Maximum color
development takes place in 30 min and the color
is stable for about 2 hr, A methanolic solution
of carbofuran should be used, because erratic
values are obtained when ethanol is used as
solvent. Methanol should also be used for dilut-
ing the colored solution to 5 mi, as turbidity
results when water is used due to insolubility of
the color compound. Alkali stronger than 0.5N
renders the blank intense yellow.

\—
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Comparison of Dieldrin, Lindane, and DDT Extractions from
Serum, and Gas-Liquid Chromatography Using

Glass Capillary Columns

JOSEF J. FRANKEN and BERT J. M. LUYTEN
Laboratory of Instrumental Analysis, Eindhoven University of Technology,

Eindhoven, The Netherlands 4500

Rats were given an oral dose of 14C-labeled
chlorinated pesticides to obtain serum contain-
ing p,p’-DDT, dieldrin, or lindane. Simple hex-
ane and formic acid-hexane extraction methods,
involving pretreatment of the serum with
formic acid, were compared by radiometric and
by paper chromatographic and gas chromato-
graphic analysis. In vivo binding of chlorinated
pesticides to constituents of the serum does not
necessarily prohibit their isolation by simple
hexane extractions, provided that the extrac-
tion is very vigorous and at least 5 min long.
Stable emulsions were broken by cooling in
liquid nitrogen or Dry Ice-acetone. The hexane
extraction method described yields quantitative
recovery of the pesticides studied, whereas the
formic acid-hexane method is quantitative for
p>p’-DDT, 939 for dieldrin, and 89% for lin-
dane. Gas chromatographie comparison of both
methods, using human serum, shows that the
hexane method extracts 169 more g8-BHC, 7%
more dieldrin and HCB, and 4% more p,p’-
DDE from serum than does the formic acid-
hexane method. The difference for p,p’-DDT
is not significant. Gas chromatography with
glass capillary columns and an all-glass solids
injection system yielded detection limits as low
as 15 fg. Data show that the use of an internal
standard considerably improves the precision of
quantitation.

A functional dependence exists between the
concentrations of chlorinated pesticides in vari-
ous tissues and that in blood or serum. At a
state of equilibrium between intake and elimina-
tion, a steady state of storage is reached with a
constant total body burden in dynamic equi-
librium with a corresponding constant blood
level and constant levels in other tissues of the
body. Thus, pesticide blood levels are a suitable
measure of the pesticide body burden and reflect
the level of chronic exposure to pesticides. De-
terminations of the pesticide blood level are an
easily used and extremely valuable technique for
the study of the effects of pesticides in man (1).

Although analytical methods for pesticides in
serum have gained a lot of attention, there is no
clear agreement on the efficiency of the numer-
ous different extraction methods. Efficiency is
normally determined in vitro under the assump-
tion that in vitro added pesticides behave in the
same manner as do pesticides incorporated via
metabolic pathways. However, the only way to
arrive at unequivocal results is to use radio-
labeled material metabolically incorporated in
the serum at concentration levels comparable to
those in the samples. In this paper we describe
a series of experiments devised to unambigu-
ously determine the efficiency of some isolation
methods for p,p’-DDT, dieldrin, and lindane.

The hexane extraction methods described by
Dale et al. (2) and Radomski and Rey (3) yield
clean and colorless samples which can be ana-
lyzed without ecleanup. An important disad-
vantage of these methods is the frequently ob-
served formation of a stable emulsion. This
problem was overcome by a modification pro-
posed by Franken (4), involving treating the
sample in liquid nitrogen or in Dry Ice-acetone.
According to Dale et al. (5), the formation of
stable emulsions is also avoided by adding formic
acid to the serum before extraction with hexane.
Under certain precautions (c.f., Experimental)
this method yields extracts which can be ana-
lyzed without. extensive cleanup. We chose to
consider both these methods in more detail.

In the original paper on hexane-extractable
chlorinated pesticides, Dale et al. (2) found that
recovery was not complete. Bonderman et al.
(6) proposed procedural modifications to opti-
mize quantitative results. Chiba and Morley (7)
indicated losses due to volatilization during evap-
oration were a major source of error. To im-
prove extraction efficiencies, polar solvent mix-
tures are frequently used, but Radomski and

Received January 30, 1976.
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Rey (8), in a series of comparative experiments,
arrived at the conviction ““. . . that the observa-
tion that other more polar solvents and solvent
mixtures extract more pesticides than hexane
from blood derives from a failure to shake the
blood and hexane sufficiently during the extrac-
tion.” Dale et al. (5) compared the formic acid-
hexane method with the hexane extraction
method. Efficiencies for total DDT-derived ma-
terials obtained by the formic acid method were
quantitative, in contrast to those for the hexane
method. However, in a recent interlaboratory
collaborative study (9), the results obtained with
the formic acid method by independent partici-
pants proved to be highly controversial and
were far from quantitative. Apparently, in the
literature there is no unanimous opinion, either
on the efficiency of the hexane extraction or on
the efficiency and feasibility of the formic acid
extraction. In this paper we investigate and com-
pare extraction methods, based on the hexane
and the formic acid extractions, but modified so
as to take into account the results and recom-
mendations of Bonderman et al. (6), Chiba and
Morley (7), and Franken (4). Furthermore we
discuss some aspects of the gas-liquid chroma-
tographic (GLC) quantitation at the (sub-)
picogram level, based on the use of high-resolu-
tion glass capillary columns and an all-glass
solids injection system.

Experimental

Apparatus and Reagents

(a) Gas chromatograph—A Pye Unicam Series
104 Model 84 was used, equipped with 10 mCi
63N electron capture detector. The injection port
was removed and replaced by an all-glass solids in-
jection system (10), which was modified as de-
scribed below. Separations were carried out on glass
capillary columns of relatively wide bore, prepared
according to Franken and Vader (11) and Franken
and Rutten (12). Typically, columns were 25 m X
0.5 mm id, 1.2 mm od, coated according to Bouche
and Verzele (13) with 0.6 um thick SE-30 or OV-1
stationary phase film. Coating efficiencies as de-
fined by Ettre (14) ranged from 80 to 95% for
p,p-DDT at 220°C column temperature. A length
of Dilver P metal capillary was melted to the
exit end of the capillary column, according to
Vidal-Madjar et al. (15). This metal capillary
leads the efluent to a point just below the 63Ni
foil, thus avoiding the influence of dead space and
adsorption in the interconnecting tubing. All con-
nections were made with shrinkable PTFE tubing.

JOURNAL OF THE Ao0ac (Vol. 59, No. 6, 1976)

Operating conditions normally were: inlet pres-
sure 0.35 kg/sq cm, argon-methane (954-5) carrier
gas, column temperature 220°C, detector tempera-
ture 300°C, argon-methane (954-5) detector purge
gas flow 25 ml/min as measured at room tem-
perature.

(b) Liquid scintillation spectrometer—Packard
Tricarb Model 2311; Instagel® scintillator (Pack-
ard Instrument Co.).

(¢) 14C-Labeled pesticides—Lindane, specific
activity 155 xCi/mg, radiochemical purity 99%,
dieldrin, specific activity 91 pCi/mg, radiochemical
purity 99%, and p,p’-DDT, specific activity 144
uCi/mg, radiochemical purity >97% were ob-
tained as benzene solutions from the Radiochemi-
cal Centre, Amersham, England. Fifty gl sun-
flower oil was added to each of the pesticide solu-
tions, the benzene was removed under a gentle
stream of nitrogen at 60°C, and the residues were
vigorously shaken with 1.5 ml milk each until
stable emulsions were obtained. (Purchase, use,
and disposal of radiolabeled material is subject to
statutory restrictions and safety regulations.)

(d) Centrifuge tubes—Pyrex, or equivalent low
thermal expansion glass.

(e) n-Hexane—Uvasol® (E. Merck, Darmstadst,
West Germany).

(f) Formic acid—97% (E. Merck) ; shake twice
with excess n-hexane shortly before use.

(g) Aqueous potassium carbonate—Shake 5%
aqueous solution twice with equal volumes of n-
hexane.

Animal Experiments

Nine adult male Wistar rats, weighing 380-450 g,
were dosed by stomach tube with 0.5 ml milk
each, containing one of the radiolabeled pesticides.
Dosage levels were: 04 mg DDT/kg body weight;
0.3 mg dieldrin/kg; 0.05 mg lindane/kg. Three
rats were used for each of the 3 pesticides under
study. After 4 hr, the rats were sacrificed by ex-
sanguination. Ether was used for anesthetics.
Serum was obtained in the usual way. Sera con-
taining the same pesticide were combined and
stored at —20°C. This gave ca 10 ml serum for
each pesticide.

Extraction

Four extraction procedures were carried out for
each pesticide, using an extraction setup analogous
to that of Sundaram and Connell (16).

Ezxtraction A—Vigorously shake 1 ml serum in
centrifuge tube with 0.5 ml n-hexane for 5 min,
using Vortex mixer. Centrifuge jelly-like emulsion
2 min at 2000 rpm and slowly immerse tube into
liquid nitrogen or Dry Ice-acetone until contents
of tube solidify. (Caution: Avoid contacting skin
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with freezing mixture or cooled tube.) Warm tube
to room temperature in lukewarm water bath and
centrifuge again 1 min. Carefully remove upper
layer with disposable pipet and store in second
tube. Again pipet 0.5 ml n-hexane into tube con-
taining serum and repeat extraction and cooling
as described. Combine extracts.

Ezxtraction B—Extract 1 ml serum once with 1
ml n-hexane for 5 min, centrifuge, cool, and centri-
fuge again as described under A.

Ezxtraction C.—Pipet 1 ml serum plus 1 ml 97%
formic acid into centrifuge tube and shake 1 min
on Vortex mixer. Add 0.5 ml n-hexane and shake
vigorously 5 min on Vortex mixer. Let phases
separate, and centrifuge 1 min. Carefully remove
upper layer with disposable pipet and place in
second tube. Again pipet 0.5 ml n-hexane into
tube containing serum and repeat extraction as
described. Combine extracts, and shake combined
extracts once with 1 ml 5% potassium carbonate
1 min.

Ezxtraction D.—Mix 1 m] serum and 1 ml formic
acid as described under C. Extract mixture once
with 1 ml n-hexane 5 min. Let layers separate,
and centrifuge 1 min. Remove upper layer with
disposable pipet and place in second tube. Shake
extract once with 1 ml 5% potassium carbonate
1 min.

Paper Chromatography

Both the aqueous and organic layers may con-
tain radiolabeled metabolites. To calculate ex-
traction efficiencies accurately, the percentage
radioactivity present in non-metabolized parent
compounds was determined. Metabolites were
separated from parent compounds by paper chro-
matography, essentially according to Mills (17),
using methanol-water as mobile solvent. Organic
samples were applied to paper as separate dots;
aqueous samples were applied as series of over-
lapping dots over full width of paper to obtain
distribution of sample as evenly as possible. Sepa-
rated compounds were detected and quantitated
radiometrically. The paper chromatogram was cut
breadthwise to 1 em wide strips, starting 0.5 cm
below the origin line. Each strip was placed in
counting vial and shaken with Instagel until
translucent. The radioactivity content per strip
was determined by liquid scintillation counting.

Gas Chromatography

To validate the results obtained with rat serum,
human serum was carried through extraction pro-
cedures B and D and analyzed by gas chromatog-
raphy. The 2 methods were compared and the
differences were related to the differences found
by the radiometric measurements on rat serum.
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From replicate analyses of extracts, the precision
of the proposed GLC method was determined.
The precision of the entire method, involving
extraction procedure B, was estimated from repli-
cate extractions.

Results and Discussion

In the animal experiments ether was used for
anesthetics because this is not bound to serum
albumins and does not influence the equilibrium
between free pesticides and pesticides attached
to serum albumins. We consider that the final
results are not influenced by the presence of
traces of ether in the serum. The results of the
paper chromatographic analysis of the original
sera before extraction are given in Fig. 1. Al-
though the rats were bled only 4 hr after dosing,
it follows that an appreciable part of the serum
radioactivity content is present in radiolabeled
metabolites, viz. 219% in DDT metabolites, 6%
in dieldrin metabolites, and 48% in lindane
metabolites. An explanation might be found in
different rates of disappearance from the blood
of pesticides and metabolites. The highly lipo-
philiec pesticides are much more effectively im-
mobilized in adipose tissues than are the metab-
olites, while the rate of excretion of the metab-
olites is relatively low. Hence, during the first
few hours after dosing, the blood is relatively
rich in metabolites, making a correction for
metabolism in in vivo experiments inevitable.

After correction for metabolism, the serum
radioactivity content gave the chemical concen-
tration of the radiolabeled pesticides; DDT was
present at 82 ng/ml, dieldrin at 28 ng/ml, and
lindane at 5 ng/ml.

Extraction results are given in Table 1. Radio-
activity extraction efficiency (R’) was calcu-
lated from the total radioactivity content of
the layers, hence, it relates to total radiolabeled
material. The pesticide balance (b) and the
pesticide extraction efficiency (R) were calcu-
lated after multiplying the radioactivity content
of each layer by the fraction of non-metabolized
pesticide (F) therein (not given in the table).

In some cases the volume of sample available
for paper chromatography was too small to
carry out a precise determination of the value
of F. A minimum or maximum value then was
estimated and this estimate was used in the
calculations. In the table this is indicated by
signs = or <.
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FIG. 1-—Bar graphs showing results of paper chro-

tographic lysis of rat serum containing 14C-
labeled pesticides, before extraction. Bars represent
net radioactivity content per 1 cm wide strip of paper

chromatogram.

Deviations of b from the ideal value of 1009,
are a measure of the experimental error in-
volved. Both volumetric errors, counting errors,
and errors in the value of F are accounted for
in the value of b. Since b is very close to 1009
in most cases, the uncertainty in the values of R
is estimated to be 39, or less. The widely differ-
ent values of B and R’ once again stress the
importance of a correction for metabolism in
i VIvo experiments.

Comparing the calculated extraction effi-
ciencies R, it is apparent that the differences
between the hexane extraction and the formic
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acid-hexane extraction are only marginal. The
increased efficiency for p,p’-DDT, using the
formic acid method, is not significant; neither is
the decreased efficiency found for dieldrin. Only
in the case of lindane are the differences sig-
nificant ; the hexane method yields near to quan-
titative results, whereas formic acid extracts only
899 in extraction D and 82% in the first step
of extraction C.

Results of a GLC comparison of the hexane
(extraction B) and formic acid (extraction D)
methods for determining pesticides in human
serum are given in Table 2. The difference in the
results as obtained by the 2 methods for p,p’-
DDT is not significant. For p,p’-DDE the differ-
ence is of doubtful significance (P = 0.9). For
dieldrin, 8-BHC, and hexachlorobenzene (HCB),
significantly higher results were obtained by the
hexane method than by the formic acid-hexane
method. For dieldrin and p,p’-DDT, the differ-
ences as measured by GLC compare very well
with the differences expected, as calculated from
the efficiencies given in Table 1. Apparently, re-
sults obtained using rat serum may be valid for
human serum too.

The experiments described above were per-
formed under stringent precautions to reduce
errors. Relative standard deviations of the final
results do not exceed 29%. Relative standard
deviations of the mean of duplicate analyses, as
observed in day-to-day practice, are present in
Table 3, as are the concentration levels at which
these values were measured. Serum of a non-
occupationally exposed individual was carried
through extraction procedure B. The relative
standard deviation due to GLC was calculated
from repetitive injections of the extract. Results
were quantitated by peak height measurements,
with and without the use of 4 ng aldrin/ml as
internal standard. If the presence of aldrin at
the ppb level could not be ruled out, 2,2/-di-
bromobiphenyl was used as internal standard.
The retention of 2,2’-dibromobiphenyl on SE-30
stationary phase, relative to aldrin, is 0.51 at
220°C. The internal standard method appears
to reduce quantitation errors considerably, yet
it was not used to advantage in most methods
reported earlier. The relative standard deviation
due to GLC plus extraction was calculated from
repetitive extractions. Prior to extraction, 4 ng
internal standard/ml hexane was added. The
injected volume was 1 pl in all cases.
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Table 1. Comparison of extraction efficl 1] btained by h
and formic acid-hexane extraction procedures®
p,p’-DDT Dieldrin Lindane
Extraction b R’ R b R’ R b R’ R
Hexane Extraction

A, first extn <98 72 >9% <103 92 >97 100 50 >95
first + second extn 97 74 99 <103 95 100 100 50 100

B 97 72 97 104 94 98 98 51 100

Formic Acid-Hexane Extraction

C, first extn 100° 83 97 >101 91 <94 103 48 82
first + second extn 101° 87 100 102 94 >96 — 57 -

D 101° 86 99 104 91 93 107 50 89

¢ b = radiolabeled pesticide balance, %. R’ = extraction efficiency of total radioactive material, %; R = extraction

efficiency of radiolabeled pesticide, %.
b Total radioactive materials balance.

Table 2. Comparison of hexane and formic
acld-hexane extractions for determination
of pesticides in serum of
general population

Concn,
Compound ng/ml Diff.,* %
B-BHC 3 ~16
HCB 9 -7
Dieldrin 1 -7
p.p’-DDE 24 -4
p.p’-DDT 5 + 2

¢ Calculated from ((FH-HE)/HE) X 100%, where FH
refers to formic acid-hexane extraction procedure D and
HE refers to hexane extraction procedure B; n = 3,

Table 3. Precision of GLC quantitation and hexane
extraction procedure B for pesticides in serum of
a non-occupationally exposed individual

Rel. std dev. of mean of
dupl. anal., %,n =4

Mean GLC, GLC, GLC
x4, no int. int. +

Compound ng/ml std std extn
B-BHC 1.11 6.4 1.0 5.0
HCB 5.93 2.4 4.1 5.7
¥-BHC (lindane) 0.84 8.7 1.5 5.1
Dieldrin 0.34 9.8 1.5 3.7
p.p’-DDE 8.82 5.0 2.2 3.0
p.p’-DDD® 1.08 7.9 1.0 1.3
p,p’-DDT® 1.45 7.3 0.3 4.2

@ Peak heights rounded to next 0.5 mm, thus seem-
ingly reducing relative standard deviation of small
peaks.

A typical chromatogram is reproduced in
Fig. 2. The signal of a-BHC corresponds to 30 fg
(femtogram), which is 2 times the detection limit
of 15 fg for the BHC isomers and HCB. For
DDT-derived compounds (e.g., o,p’-DDT, peak
No. 7) and for dieldrin, the detection limit is
about 0.1 pg.

Conclusions

Our results prove that binding of pesticides
to constituents of the serum does not prohibit
their extraction by hexane. The hexane method
is fully satisfactory, provided that experimental
parameters of storage and extraction are opti-
mized. To obtain consistently high efficiencies, it
is especially important that the extraction is
vigorous and at least 5 min long. Stable emul-
sions can be broken by cooling in liquid nitrogen
or Dry Ice-acetone. A single extraction of 2
volumes of serum with as little as one volume or
more of hexane will yield a near to quantitative
recovery. By using these small hexane volumes,
evaporation of extracts, known to be a major
source of error, can be omitted. Aliquots of the
hexane layer are analyzed without phase sepa-
ration. The addition of an internal standard to
the solvent prior to extraction enhances the
precision of quantitation, The method as a whole
is extremely simple and rapid, requiring a mini-
mum of glassware and solvents and thus reduc-
ing the opportunities for losses and contamina-
tion to a minimum.
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FIG. 2—G chr togram of h extract (B) of serum of a non-occupationally exposed individual.

Column: 31 m X 0.6 mm id Pyrex capillary, coated with 0.6 um SE-30, 0.6 ul injection volume. For conditions
see text. 1, 0.05 ppb «-BHC (2 X detection limit); 2, 0.7 ppb 8-BHC; 3, 5.2 ppb HCB; 4, 0.5 ppb ¥-BHC; 5, 15 ppb
p.p’-DDE; 6, 0.5 ppb dieldrin; 7, 0.2 ppb o,p-DDT (detection limit); 8, 1.4 ppb p,p’-DDT. No internal standard
injected. Dashed peak, 4 ppb aldrin internal standard, superimposed.

The combination of the high resolving power
and low catalytic activity of glass capillary col-
umns with the extreme sensitivity of the 63Ni
electron capture detector proves to be a power-
ful tool for the analysis of (sub)-ppb levels of
chlorinated pesticides. Detection limits as Iow as
15 fg can be obtained.
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CHANGES IN ADDRESS

Associate and General Referees—Has your address changed since the list of
Officers and Standing Committees of the AOAC was published in the March issue
of JAOAC? This list is used as the basis of a mailing list—to notify people of items
of interest and also to remind people of the deadline for reports and papers to be
presented at the AOAC meeting. It is essential that this list be kept up to date. If
your address has changed, please notify the AOAC Business Office.
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DRUGS IN FEEDS

Collaborative Study of a Modified Extraction Procedure for
Lasalocid Sodium in Feeds by Microbiological Assay

JACOB M. SCHEINER

Product Development Department, Hoffmann-La Roche Inc., Nutley, NJ 07110

A collaborative study was conducted on a
modified extraction technique in the micro-
biological determination of lasalocid sodium in
finished poultry feeds. The feed is warmed
briefly with pH 4.7 buffer and the drug is ex-
tracted with ethyl acetate. The extract is washed
with HC1 and NaOH and evaporated to dryness,
and the residue is dissolved in hexane, par-
titioned into methanol-water (34-1), and diluted
to assay range at a final alcohol concentration of
259% (v/v). Seven laboratories participated in
the study. Average recoveries of lasalocid so-
dium added at 0.01035, 0.00863, and 0.00699%
ranged from 93 to 999 for mash feeds and
from 86 to 959% for pellets. The coefficients of
variation averaged 11.29%, for mashes and 9.8 %
for pellets. The modified extraction technique
has been adopted as official first action.

The 1974 AOAC collaborative study (1) of
the microbiological assay of feeds for the coc-
cidiostat lasalocid sodium (Avatec™, antibiotic
X-537A) included recovery tests in which lasal-
ocid sodium was added to unmedicated mash
and pellets. Satisfactory results were obtained
by correcting the assays of the medicated feeds
by the corresponding recovery factor. In sub-
sequent studies of various modifications of the
extraction step, the procedure of Osadca and
Araujo (2) yielded excellent recoveries, which
eliminated the need for recovery tests. In this
procedure, the feed sample is warmed with pH
4.7 buffer prior to extraction with ethyl acetate.
The extract is washed with hydrochloric acid
and sodium hydroxide before the ethyl acetate
is evaporated. This procedure was subjected to
collaborative testing.

Collaborative Study
A typical commercial broiler starter-grower
mash was used to prepare feed mixes containing
69 (Mix 1), 86.3 (Mix 2), and 1035 (Mix 3)
ppm lasalocid sodium added as a 159, premix.
The mash feeds were thoroughly mixed and fine-
ly ground in a Model D Fitzpatrick mill, using

No. 2 perforated plates to enhance uniformity
of drug distribution. Samples of pelleted feeds
were similarly prepared.

Each collaborator was supplied with the fol-
lowing: 6 mash and 6 pellet test samples coded
Mix 1—A and B, Mix 2—A and B, Mix 3—A
and B, where A and B represented duplicate
samples of the same feed mixture; a practice
mash feed sample containing about 80 ppm
lasalocid sodium; lasalocid sodium reference
standard; a copy of the assay method; a stock
spore suspension of Bacillus subtilis ATCC 6633;
and a set of report forms. The participants
were instructed to analyze the practice mash in
duplicate and, if low values were obtained for
this sample, to purify the ethyl acetate by pas-
sage over a silica gel column, followed by dis-
tillation. They were then requested to perform
a single assay on each test sample, using mash
samples as received and pellets after grinding.
Samples labeled A (3 mashes and 3 pellets) were
assayed on one day and the parallel samples
labeled B were assayed on a second day. Time
permitting, the collaborators were requested to
evaporate some of the extracts under air or
under vacuum to compare to results obtained
with nitrogen.

METHOD

The microbiological cylinder plate assay for the
determination of lasalocid sodium in premixes and
feeds. 42.A01-42.A07, was modified as follows:

(a) Change line 1 of 42.A01 to read: ‘‘See 42.194(a)-
(¢), 42.A10(a), and following:”’.

(b) In 42.A02(b), line 2, change ‘‘with aq. MeOH,
(¢),”’ to ‘‘using anhyd. MeOH and H,0,”.

(¢) In 42.A02(b), line 3, change ‘3.0 ug/ml” to
*4.0 ug/ml”.

(d) Change 42.A05(b) to read as follows:

(b) Final feed, 0.0075%.—Weigh 20 g mash feed or
pellets ground to pass No. 20 sieve and transfer to 500
ml vol. flask. Add 12 ml pH 4.7 buffer and wet feed
thoroly. Immerse flask 5 min in 70° H,O bath. Cool to
room temp. Add 200 ml EtOAc, stopper, and shake
mech. 10 min. Centrf. ca 100 ml EtOAc ext 10 min at
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2000 rpm. Pipet 60 ml clear EtOAc ext into 200 ml
vol. flask, add 8 ml 1.5N HCI, and shake 10 min. Let
layers sep., transfer EtOAc layer to 100 ml g-s centrf.
tube, and centrf. 10 min at 2000 rpm. Pipet 40 ml clear
EtOAc ext into another 100 ml g-s centrf. tube and add
2 ml 40% NaOH soln. Stopper and shake briefly by
hand, add 8 g anhyd. Na,SO,, and shake again. Centrf.
10 min at 2000 rpm and decant 25 ml clear supernate
into 50 ml g-s graduate. Evap. all EtOAc under stream
of N with graduate immersed in 60° H;O bath. Dis-
solve residue in 5 ml hexane, add exactly 25 ml 75%
MeOH (v/v), stopper, and shake vigorously 1 min.
Transfer to 125 ml separator and let stand ca 1 hr.
Withdraw lower (MeOH) layer into 25 ml beaker,
pipet 5 ml into 50 ml vol. flask, and dil. to vol. with
19.4% (v/v) MeOH.

(e) Delete 42.A06.

(f) Change 42.A07, line 3 to read: ‘‘35x1°. Calc.
L and H and fit”> and delete lines 5-6.

Results and Discussion

Seven collaborators submitted results. Three
(3, 6, 7) incubated the samples at 37°C instead
of 35x1°C. Collaborator 7 modified the deter-
mination of the standard response line by plac-
ing the 5 standard dose levels on each plate and
replicating this on 10 plates. Collaborator 5
separated the 75% methanol-hexane phases by
centrifugation rather than by standing. Col-
laborator 3 submitted results for each mix in
duplicate and it was apparent that a strong
positive bias was affecting both sets of results.
Part of the problem appeared to lie in a stand-
ard of low potency, but even after rechecking
a new standard solution and correcting the
values, the averages of the duplicate results lay
outside the limits when tested according to You-
den’s rank sum test (3) for allowable approxi-
mate 5%, 2-tail limits. Therefore, the results of
Collaborator 3 were omitted from the statistical
calculations. Collaborator 5 had no difficulty
with the A samples, but obtained low results
for the B samples. A different lot of ethyl ace-
tate was used for the B samples and the evap-
oration step in this second analysis took con-
siderably longer than for the first analysis; it
appeared that these factors could have affected
the result. This collaborator ran out of nitrogen
and was unable to procure more in time to
finish the assays of the B samples. Repeat assays
of the A samples by using rapid evaporation
under a stream of air yielded results in close

Received August 15, 1975. .
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agreement with the results obtained with the
nitrogen. Therefore, the B samples were re-
assayed using rapid evaporation with air. These
results are listed in Table 1 for the B samples
for Collaborator 5. Since 3 other collaborators
also reported that they obtained similar results
with air as with nitrogen, this substitution ap-
pears to be justified. Table 1 presents the results
obtained for the mashes and pellets, including
the average corrected data for Collaborator 3.

The average recoveries (Collaborator 3 ex-
cluded) for Mixes 1, 2, and 3 were: 97.5, 94.5,
and 93.2%, respectively, for the mashes and
928, 878, and 87.8%, respectively, for the
pellets. The corresponding coefficients of varia-
tion for the mash feeds were 123, 134, and
799% and for the pellets 11.1, 11.8, and 6.6%,
respectively.

The data for the pairs of mash and pelleted
feeds were evaluated statistically, using the pro-
cedure of Youden (3). The results are presented
in Table 2. These statistical results include S,
(the overall standard deviation), S, (the preci-
sion standard deviation), and S, (the standard
deviation for the distribution of systematic er-
rors).

S, values do not differ appreciably for the
3 pairs of mash feeds (4.61-6.74) and pelleted
feeds (4.27-7.14). S, is a direct measure of inter-
laboratory bias. The S,/S, ratios varied from
0.54 to 2.11 for the mashes and from 0.72 to 1.43
for the pelleted feeds.

Several collaborators reported that the meth-
od was straightforward, that no problems were
encountered in the assay, and that the zones of
inhibition were very good. One collaborator re-
ported that the methodology was excellent. On
the other hand, Collaborator 3 reported large
variations in the size of zones of inhibition. The
suggestion was made that at least 50 mg refer-
ence standard be weighed to prepare the stock
standard dilution.

Four collaborators reported that evaporation
with air yielded similar results to evaporation
with nitrogen.

Recommendation
It is recommended that the modified micro-
biological assay method for lasalocid sodium in

The recommendation of the Associate Referee was ap-
proved by the General Referee and Subcommittee G and
was adopted by the Association. See (1976) JAOAC 59, 398.
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Table 1. Collaborative results for the microbiological determination of lasalocid sodium in feeds

Mix 1 Mix 2 Mix 3

Coll. A B A B A B

Mash Feeds, ppm

1 66 59 73 70 90 88
2 66 63 86 81 93 97
3¢ 78 89 91 101 135 112
4 71 80 94 99 97 107
5 58 54 68 68° 100 85>
6 80 70 80 90 100 110
7 70 70 90 80 100 90
Av. 68.5 66.0 81.8 81.3 96.7 96.2
Av. dev. 5.17 7.33 8.17 8.77 3.43 8.5
Std dev. 7.26 9.27 10.05 11.79 4.27 10.94
Coeff. of var., % 10.6 14.0 12.3 14.5 4.4 11.4
Amt added 69 69 86.3 86.3 103.5 103.5
Rec., % 99.3 95.7 94.8 94.2 93.4 92.9
Lowestrec., % 84.0 78.3 78.8 78.8 87.0 82.1
Highestrec., % 115.9 115.9 108.3 117.0 96.6 106.3
Pelleted Feeds, ppm
1 59 54 67 64 88 81
2 65 63 80 77 87 95
32 86 77 81 71 111 114
4 72 81 79 92 95 97
5 61 64> 77 72> 84 88t
6 60 70 70 70 90 95
7 60 60 90 70 100 90
Av. 62.8 65.3 77.2 74.2 90.7 91.0
Av. dev. 3.77 6.77 5.83 6.90 4.57 4.67
Std dev. 4.96 9.29 8.13 9.68 5.85 5.97
Coeff. of var., % 7.9 14.2 10.5 13.0 6.5 6.6
Amt added 69 69 86.3 86.3 103.5 103.5
Rec., % 91.0 94.6 89.5 86.0 87.6 87.9
Lowestrec., % 85.5 78.3 77.6 74.2 81.2 78.3
Highestrec., % 104.3 117.4 104.3 106.6 96.6 93.7
¢ Not included in statistical evaulation; see text.
b See text.
Table 2. Statistical evaluation of collaborative results for lasalocid sodium in feeds®
Mash feeds Pelleted feeds
Statistic Pair | Pair 11 Pair 111 Pair | Pair 11 Pair 11
Sa 10.81 14.64 8.47 9.63 10.20 6.64
S 4.61 4.65 6.74 4.27 7.14 4.64
Sy 6.91 9.82 3.63 6.10 5.15 3.36
Sp/Sr 1.50 2.11 0.54 1.43 0.72 0.72
(Sp?2 + S /2 8.3 10.9 7.7 7.4 8.8 5.7
¢ Pair I—Mix 1, A and B; Pair II—Mix 2, A and B; Pair lI1I—Mix 3, A and B,
b S, is an estimate of expected within-laboratory variability or repeatability.
€ (Se2 + S:»' /2 is an estimate of expected between-laboratory variability or reproducibility.
feeds, which involves changes in extraction pro- Acknowledgments
cedure and highest level of standard, be adopted Rosemarie Bertram, Ulric P. Green, and T. M.

as official first action and that the study be Kuervers, Agriculture Canada, Calgary, Alberta,
continued. Canada
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Rapid Colorimetric Method for Carbadox in Animal Feeds

VIRGINIA A. THORPE

Michigan Department of Agriculture, Laboratory Division, 1615 8 Harrison Rd,

East Lansing, M1 48823

The colorimetric method for carbadox in ani-
mal feeds was modified to be simpler and
faster. Carbadox is extracted with dimethyl-
formamide and separated from interferences
on an alumina column in the absence of water
by controlling the amount of sample extract on
the column and the flow rate. The isolated
carbadox is eluted into sodium hydroxide and
the resultant yellow chromophor is measured
spectrophotometrically at 420 nm.

The Goras et al. method (1) for carbadox,
an antibacterial agent in swine feeds, involves
extraction of the drug from the feed with chloro-
form-methanol (3+41), specific isolation of the
carbadox from interferences in the feed matrix
by a series of solvent-solvent extractions, evap-
oration of solvents, and reconstitution in di-
methylformamide (DMF), followed by column
chromatography. The isolated carbadox is ex-
tracted with sodium hydroxide to form a strong
yellow chromophor which is measured spectro-
photometrically at 420 nm, The identity is con-
firmed by the presence of a peak at about 350
nm,
Recoveries of carbadox from the feed matrix
were about 889%. To compensate for this, the
technique of standard additions was incor-
porated into the method. For every feed ana-
lyzed, 2 samples, with and without added stand-
ard, had to be analyzed also. Furthermore,
pelleted feeds required a pretreatment with
water to overcome an apparent drug binding
problem.

We thought the method was basically sound;
however, it seemed too involved, with many
chances for error. The extraction step was long
(1 hr), and maintaining a gentle boil for that
length of time without undue loss of solvent was
difficult. The solvent-solvent extractions some-
times developed hard-to-break emulsions and if
traces of water were present after solvent evap-
oration, carbadox eluted in the DMF, prevent-
ing isolation of the carbadox on the alumina
column,

The technique of standard addition is based

on the assumption that identical recoveries are
obtained for each sample. However, if lower
recoveries are obtained for the sample with the
added standard, results are positively biased,
and high results have been our experience with
this technique.

In 1975, the above method was modified and
subjected to a collaborative study (J. T. Goras,
1975, Pfizer Inc., Groton, CT). The color de-
veloped for carbadox was more specific, thus
eliminating the column cleanup step but retain-
ing the water pretreatment step, method of
standard additions, long extraction time, solvent-
solvent extractions, evaporations, and a more
complex color development.

Our laboratory made further modifications to
create a simple, short, and precise method that
appears worthy of further study.

METHOD

(Caution: Solutions of carbadox are light-sensi-
tive. Protect feed and supplement extracts from
direct sunlight or artificial light.)

Apparatus

(a) Spectrophotometer—Beckman Model 24/25,
or equivalent.

(b) Chromatographic tubes—XKimflow 28580,
size 10-C, or equivalent.

(¢) Centrifuge—International clinical centri-
fuge with head to accommodate 50 ml centrifuge
tubes, or equivalent.

Reagents

(a) Alumina.—Alcoa F-20, 80-200 mesh (Fisher
Scientific Co., A-540). If carbadox is not retained
on adsorbent, activate 18 hr at 200°C.

(b) Carbadoz standard solutions.—(Obtain ref-
erence standard from Pfizer Agricultural Division,
Lee’s Summitt, MO 64063.) (Z) Stock solution—
1.10 mg/ml. Weigh 110 mg carbadox reference
standard into 100 ml volumetric flask, dilute to
volume with CHClz-methanol (341), and mix
well. (2) Working solution—0.11 mg/ml. Pipet 10
ml stock solution into 100 ml volumetric flask,
dilute to volume with CHClz-methanol (3+1),
and mix well. (8) Working solution.—0.022 mg/ml.
Pipet 5 ml stock solution into 250 ml volumetric
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flask, dilute to volume with CHCIlz;-methanol
(341), and mix well. Standards are stable up to
1 year if stoppered tightly and protected from
light.

Preparation of Standards

Prepare 10-fold dilutions of working standards
to obtain standard solutions containing 2.2 and
110 pg carbadox/ml CHCl;-methanol (341).

(a) Standard for 0.0011% carbadoz.—Pipet 10.0
ml 22 ug/ml standard solution into 25 ml glass-
stoppered graduate. Add 5 ml 0.1N NaOH and
5 ml CHClzg-methanol (341). Invert cylinder
twice and let settle in dark until bottom and top
menisci are clear. Measure volume of NaOH
layer, estimating to nearest 0.1 ml. Remove NaOH
layer, centrifuge, and read absorbance at 420 nm
against water. Convert absorbance reading equiva-
lent to exactly 5 ml volume of 0.1N NaOH.

(b) Standard for other concentrations.—0.0055,
0.011, 0.022, 0.055%, etc. Pipet exactly 10 ml 11.0
ug/ml standard solution into 50 ml glass-stoppered
graduate. Add 20 ml 0.1N NaOH and 10 ml
CHClz-methanol (34-1). Invert cylinder twice and
proceed as above, beginning “. . . let settle . . .”.
Convert absorbance reading equivalent to exactly
20 ml volume of 0.1N NaOH.

Preparation of Column

Add 10 g alumina to chromatographic tube. Tap
once gently. Column must not be packed tightly.
Add 10 ml DMF; let drain until 1 ml remains
above bed level. Column is ready for aliquot of
sample extract. Check that flow rate is 1.5-2.6 ml/
min. If too slow, replace fritted disk or repack
column. If too rapid, repack column because carba-
dox will not be adsorbed.

Preparation of Sample Extract

(Note: Glassware must be free of water. Traces
of water will cause carbadox to elute from column
with DMF.)

Grind coarse or pelleted feeds to pass 20 mesh
sieve. For guarantees of 0.0011-0.0055%, weigh
10 g samples; for >0.0055-0.011%, weigh 5 g sam-
ples; for 0.022%, weigh 2.5 g samples; and for
0.055%, weigh 10 g samples. Place in 125 ml
glass-stoppered Erlenmeyer flask. Add 50.0 ml
DMTF, stopper loosely, and place in boiling water
bath 5 min, shake mechanically 10 min, and filter
through rapid paper.

Determination

Pipet 100 ml aliquot of sample extract onto
prepared column and let pass through column by
gravity. Wash column with 2 and 8 ml increments
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of DMF. Additional washing with DMF may be
necessary if carotenoid pigments do not elute
completely. If sample contains high 1levels
(>2.5%) of alfalfa meal, wash until eluate is pale
green. Eliminate DMF from column by washing
with 20-25 ml absolute ethyl ether, using gentle
suction until ether is removed. Discard washings.
Elute carbadox with 20 ml CHCl;-methanol (3+1)
(15 ml for' guarantees of 0.0011%). Collect eluate
containing carbadox in 50 ml glass-stoppered grad-
uate containing 20 ml 0.1N NaOH (25 ml glass-
stoppered graduate containing 5.0 ml 0.1¥ NaOH
for guarantees of 0.0011%). Invert cylinder twice
and proceed as in Preparation of Standards, be-
ginning “. . . let settle . . .”. Convert absorbance
reading equivalent to exactly 20 ml and/or § ml
volume of 0.1N NaOH.

Carbadox, % = (4/5 ml X 0.0011%)/4’/5 ml
Carbadox, % = (4/20 ml X 0.005%)/A’/20 ml

where A and A’ = absorbance at 420 nm of sam-
ple and standard, respectively.

Discussion

It was noted in our laboratory that carbadox
interfered in the furazolidone method; AOAC
42.069 (2), and further study showed that
both have similar chemical properties. Carbadox
is soluble in DMF when the solution is warmed.
Furazolidone is soluble in chloroform-methanol
(8+1), but not as soluble as carbadox. DMF
solutions of both have the same absorption
characteristics on alumina. Both form chromo-
phores with sodium hydroxide, although carba-
dox forms a more intense color than furazo-
lidone. Both form phenylhydrazone derivatives,
but carbadox forms a less intense color than
furazolidone. Carbadox can be determined by
the official furazolidone method (42.069 (2));
results are identical to those for the rapid meth-
od described, but the method is less sensitive
and involves more steps. With this background,
we thought that carbadox could be extracted in
the same manner as furazolidone. If water were
absent, then carbadox could be separated from
feed interferences by column chromatography
on basic alumina. If it could be specifically iso-
lated and eluted, then the simple and more
sensitive yellow chromaphor formed with sodium
hydroxide could be used for the final measure-
ment.

Received April 1, 1976.
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Carbadox in feed exhibited the same solu-
bility in DMF when placed in a boiling water
bath for 5 min and mechanically shaken for 10
min as when boiled with chloroform-methanol
(341) for 1 hr. Solubility data were obtained
by using a sample with a guarantee of 0.0055%
carbadox. A 20 g sample was extracted with 140
ml chloroform-methanol (3+1) according to the
collaborative method (1) and diluted to 250 ml,
a 50 ml aliquot was evaporated to dryness and
dissolved in 20 ml DMF, and a 10 ml aliquot of
DMF solution was carried through the rapid
method simultaneously with a sample dissolved
in DMF according to the rapid method. To
determine if losses occurred during the evapora-
tion step, standards of the same concentration
and in the same volume of solvent were carried
through the evaporation step and compared with
standards without evaporation. Measurements
with and without evaporation were the same;
therefore, no losses occurred during evaporation.
Identical results were obtained for the different
solubility techniques. Carbadox was also deter-
mined by the official furazolidone method
(42.069 (2)) with chloroform-methanol (3+1)
or DMF, and no differences were detected.

Several brands of basic alumina prepared
under different conditions were tested to deter-
mine which one retained a DMF solution of
carbadox in the presence of interferences ex-
tracted from feed. Aleoa F-20, 80-100 mesh, met
the requirements without prior treatment.

Conditions affecting the absorption were the
amount of feed extract placed on the column,
the flow rate of the column, and the presence of
water. The limits of these variables were estab-
lished and sample weights, volume of extract,
and aliquots placed on the column were speci-
fied. The flow rate was controlled by column
packing and a fritted disk (a glass wool plug
and stopcock could also be used). Glassware
that was not free of moisture was oven-dried.

When these conditions were met, we were able
to extract the carbadox from the feed with
DMF, specifically isolate and elute carbadox
from all interfering substances, and use the
simple, sensitive sodium hydroxide ehromophor
for final measurement. By eluting directly into
a glass-stoppered graduate and measuring the
resultant volume of sodium hydroxide, we sim-
plified the procedure and still maintained the
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necessary parameters on the column at the
0.00119, level.

Pretreatment with water for pelleted feeds
was impossible because water will earry through
and elute carbadox in the DMF solution. No
means have been found for drying the DMF solu-
tion. Analyses performed in the Associate Ref-
eree’s laboratory (1) showed a consistent in-
crease in results after water treatment, Without
water treatment, recoveries were about 949%.
This recovery factor could be inserted in the
calculations for pelleted feeds if, in fact, a drug
binding problem does exist. No mention of this
has been made with furazolidone, a drug with
similar properties that is extracted in the same
manner. Our laboratory cannot formulate medi-
cated feeds, so we have no means of checking
this problem.

Recoveries were studied by using samples sub-
mitted for the 1976 collaborative study of Goras
et al. (unpublished (1975)), with guarantees of
0.0011, 0.0055, and 0.0229%. Five ml working
standard (0.022 mg/ml for 0.00119% level and

- 0.110 mg/ml for 0.0055 and 0.0229%, levels) was

placed in a 125 ml glass-stoppered Erlenmeyer
flask and evaporated to dryness. The appro-
priate size sample was then placed in the flask
containing the evaporated standard. This sample
plus standard and an identical sample without
added standard were analyzed. Results were
compared with standards analyzed directly as
under Preparation of Standards. In all cases,
1009, recoveries were obtained. Recoveries of
added standards in the 1976 collaborative study
of Goras et al. averaged 88.3% in our laboratory.

In studying the chromatographic step of the
method, it is important to adhere to the sample
weights and aliquots as specified in the method.
When the aliquot of the sample extract has
passed through the column, the carotenoid pig-
ments are completely eluted with a total of 10
ml DMF. Additional washing may be necessary
when feeds are formulated with high (>2.5%)
levels of alfalfa meal. Washing with DMF is
continued until the eluate is pale green. When
the carbadox is eluted with chloroform-methanol
(34+1) and extracted with NaOH, the pale green
color remains in the chloroform fraction. Feeds
formulated in the laboratory with up to 25%
alfalfa meal showed no interference in the rapid
carbadox method. Most swine feeds are formu-
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Tablel. Comparison of results for 6 collaborative samples analyzed by
1976 collaborative method and proposed rapid method

Carbadox, % Recovery, %
intended
potency Coll. Av. Rapid Av. Coll. Rapid
0.00132 0.00112 0.00100 87.8 72.7
0.00116 0.00096
0.00120 0.00092
0.00132 0.00117 0.00126 93.9 94.7
0.00124 0.00125
0.00131 0.00123
0.00529 0.00558 0.00469 108.3 89.8
0.00573 0.00475
0.00587 0.00480
0.00529 0.00535 0.00471 101.7 90.4
0.00538 0.00478
0.00541 0.00484
0.0242 0.0244 0.0224 105.4 94.6
0.0255 0.0229
0.0266 0.0234
0.0242 0.0286 0.0237 109.1 97.5
0.0264 0.0236
0.0242 0.0234

lated with not more than 2.59, alfalfa meal, and
at this level, additional washing is unnecessary.

Using the samples submitted for the 1976
collaborative study, results were obtained by
the rapid method and compared with results
obtained by the method under study. The rapid
method results were highly reproducible; 6 sam-
ples can be completed in 2 hr without experi-
ence or special techniques. The long method,
with experience and more careful techniques,
would require several days for the analysis of 6
samples. Results by the rapid method tend to be
low and results by the collaborative method
tend to be high (see Table 1). We know carba-
dox can be extracted with DMF (5 min in a
boiling water bath and shaking mechanically 10
min), as well as with chloroform-methanol (3+
1) (boiling for 1 hr). We know recoveries of

standards added to samples are consistently
100%. After data were obtained, we learned that
the first 4 samples used in the collaborative
study were pelleted feeds and we were also in-
formed of the intended potency of each sample.
With the exception of Sample 1, recoveries by
the rapid method ranged from 89.8 to 97.5%.
One pelleted feed and one feed not pelleted gave
recoveries of 94.7 and 94.6%, respectively. Drug
binding is not indicated.

The rapid method appears to be worthy of
further study.

REFERENCES
(1) Goras, J. T., Gonei, D. A., Kotaro, M., Curley,
J. E, & Gordon, P. M. (1974) JAOAC 57,
982-986 ,
(2) Official Methods of Analysis (1975) 12th Ed.,
AOAC, Washington, DC
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COLOR ADDITIVES

Preparation and Spectral Compilation of FD&C Red No. 40
Intermediates and Subsidiary Dyes?

SANDRA J. BELL

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

FD&C Red No. 40 may contain higher or
lower sulfonated subsidiary dyes, depending on
the purity of intermediates used. Samples of
10 possible subsidiaries were prepared and puri-
fied. They are to serve as analytical standards
to aid in the identification of unknown com-
pounds frequently appearing during the anal-
ysis of certification samples. Visible, ultra-
violet, and infrared spectra as well as absorp-
tivities and molar extinction coefficients are
given for each dye.

FD&C Red No. 40, 6-hydroxy-5-(2-methoxy-
5-methyl-4-sulfophenylazo)-2-naphthalene sul-
fonic acid disodium salt is listed in the Code
of Regulations (1) for provisional use in foods,
drugs, and cosmetics. The amounts of higher
and lower sulfonated subsidiary dyes permitted
in certified batches of FD&C Red No. 40 are
limited to 19% each. The dye is prepared by
coupling diazotized cresidine-p-sulfonic acid
(CSA) with 2-naphthol-6-sulfonic acid sodium
salt (Schaeffer’s salt). Technical grade interme-
diates, which are used in the commercial manu-
facture of dyes, are known to contain impurities
which can either diazotize or couple to give
subsidiary dyes. Subsidiary dyes can most likely
arise from the presence of impurities such as
R-salt (2-naphthol-3,6-disulfonic acid), G-salt
(2-naphthol-6,8-disulfonic acid), 2-naphthol, or
2-naphthol-3,6,8-trisulfonic acid (NTA) in the
Schaeffer’s salt. They can also originate from the
presence of cresidine or o-anisidine-p-sulfonic
acid (OAS) in CSA. Ten subsidiary dyes have
been prepared by using various combinations of
these possible impurities.

HO

-
.

O3Na

NaO4$

Methods for the diazotization of CSA, cresi-
dine, and OAS are given below. The general
coupling method, used to form the desired sub-
sidiary dyes, was not adequate for the formation
of G-salt subsidiaries, since a mixture which
contains very little of the desired product is
obtained. A separate method is presented for
the coupling of G-salt intermediates.

Experimental
Apparatus

(a) Thin layer chromatographic apparatus.—
8 X 8” thin layer plates coated with 250 um silica
gel G and developing tank large enough to ac-
commodate plate.

(b) High-pressure liquid chromatograph.—Du
Pont Model 830 with 1 m Zipax column (strong
anion exchange) and variable wavelength detector.

(¢) Carbon-hydrogen-nitrogen analyzer. — Per-
kin-Elmer Model 240.

(d) Atomic absorption apparatus.—Jarrell-Ash
Model 82-385, for sodium and potassium deter-
minations.

Diazotization

CSA or OAS.—Add 300 ml water and 59 g
sodium carbonate to 0.1 mole CSA or OAS, and
stir until dissolved. Place in ice bath, and stir
until temperature equilibrates at 0°C. Add 7 g
sodium nitrite and 50 g ice, and stir; quickly add
21 ml concentrated HCI, and stir additional 20
min. Test for excess nitrite with starch-iodide
paper. If test is positive, add dropwise cold solu-
tion of 10% sulfamic acid until negative test is
obtained.

Crestdine—Cresidine is not water soluble. Add
300 ml water and 21 ml concentrated HCI to 0.1
mole cresidine to solubilize. Cool to 0°C; then add
cold solution of 7 g sodium nitrite/30 ml water.
Stir; then proceed as above with CSA.

Coupling
General method.—Add 150 ml water to 0.1 mole
R-salt, Schaeffer’s salt, etc. Add 10 g NaOH, and

! See (1975) JAOAC B8, 1087-1128 for similar data for
FD.

&C Yel'ow No. 6.
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stir until solution is complete. Dissolve unsul-
fonated cresidine in aqueous HCI. Cool intermedi-
ate solutions to 0°C, and gradually add diazotized
solution. Stir ca % hr; then neutralize with HCI.
Add NaCl and continue to stir % hr to precipitate
dye. Reduce solution volume with air if dye does
not precipitate easily, Filter dye, re-dissolve in
minimum amount of water, and re-precipitate with
salt. Repeat again to eliminate remaining inter-
mediates.

G-salt coupling.—Dissolve G-salt in 50% aque-
ous pyridine containing 10 g NaOH, cool to 0°C,
and add diazotized component slowly and with
stirring. Precipitate dye by adding acetone-ethyl
ether until one phase forms. Re-dissolve dye, and
precipitate with sodium acetate. Filter; then repeat
salting-out process twice.

Purification

Purified samples of G-salt, R-salt, and 2-
naphthol were available for use as starting ma-
terial in the syntheses. Other intermediates and
the subsidiary dyes prepared from them were
further purified as given.

Intermediates

CSA.—Slurry 100 g CSA with 100 ml water, and
add 50% NaOH solution until clear solution re-
sults, Add 20 g decolorizing carbon and heat slurry
on steam bath 1% hr. Filter off carbon; then acidify
with HCI. Filter precipitated CSA, wash with
ethanol, and dry.

Cresidine—~Slurry 200 g cresidine with 500 ml
hexane. Heat on steam bath until dissolved. Let
solution cool slowly to room temperature. Filter
and discard first batch of crystals. Filter and dry
subsequent batches.

Schaeffer’s salt —Slurry 50 g Schaeffer’s salt with
300 ml water. Make alkaline with NaOH; then
heat % hr with 10 g decolorizing carbon. Filter;
add HCl until intermediate begins to precipitate.
Let cool, and filter.

NTA—Dissolve 50 g in water, add 10 g de-
colorizing carbon, and heat 14 hr. Filter, add
ethanol to precipitate intermediate, and filter.

OAS.—Heat to dissolve 50 g in minimum
amount of methanol. Filter; then set in ice bath
to precipitate product. Filter.

Subsidiary Dyes

All dyes are salted out several times as given
above, Upon further recrystallization, consecutive
precipitates are obtained for each. They were kept
separate until purity was established by carbon-
hydrogen-nitrogen analyses and by high-pressure
liquid chromatography (HPLC). Impure fractions
were discarded. Those showing the best analyses
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were combined; the recrystallization steps were
repeated until adequate purity was obtained.

Cresidine + 2-naphthol—Dissolve in minimum
amount of acetone, adding solvent gradually while
heating, until dye is in solution. Filter hot; then
let cool to room temperature. Filter precipitate.
Obtain further precipitates by cooling in ice bath
and then placing in refrigerator overnight.

Cresidine + cresidine.—Heat to dissolve in mini-
mum amount of acetone. Filter; add water until
dye begins to precipitate. Re-heat; then cool in
ice bath. Filter precipitate. Recrystallize again by
dissolving in acetone and adding hexane to obtain
precipitates.

C8A + 2-naphthol and cresidine 4 Schaeffer’s
salt —Heat to dissolve dye in minimum amount
of ethanol, filter, and place in refrigerator over-
night. Filter precipitate, and obtain subsequent
precipitates by adding small amounts of ethyl
ether. )

OAS 4 Schaeffer’s salt —Heat to dissolve dye in
minimum amount of methanol. Filter; then add
small amounts of hot acetone until dye begins to
precipitate. Cool in ice bath, and filter precipitate.
Obtain additional products by adding small quan-
tities' of acetone, heating, and then cooling in ice
bath.

Cresidine 4+ G-salt and  cresidine + R-salt.—
Heat to dissolve dye in minimum amount of
methanol. Filter; then add hot ethanol until dye
begins to precipitate. Cool in ice bath, and filter
product. Obtain further precipitates by adding
small amounts of ethanol, heating to redissolve,
and then cooling overnight in refrigerator.

CS8A 4+ NTA.—Dye does not precipitate from
reaction mixture with salt. Reduce volume by
heating on steam bath; then add acetone-ethyl
ether until one phase forms and dye begins to pre-
cipitate. Place in refrigerator overnight; then
filter product.

C8A 4 G-salt—Heat to dissolve in minimum
amount of water, filter, and add hot ethanol until
dye begins to precipitate. Cool in refrigerator
overnight. Filter product, and add ethanol to
obtain additional precipitates. Repeat, using water-
ethanol.

CSA 4 R-salt.—Heat to dissolve in minimum
amount of water, and precipitate with concen-
trated HCIl. Recrystallize from water-methanol as
above for CSA 4 G-salt.

Establishment of Purity

All subsidiary dyes were dried overnight in a
vacuum oven at 110°C. They were allowed to
equilibrate with atmospheric humidity in order to

Received October 6, 1975,
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FIG. 2—UV-VIS spectra of cresidine | 2-naphthol.
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FiG. 3—UV-VIS spéctra -of CSA + 2-naphthol.
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FIG. 4--UV-VIS spectra of -cresidine 4 Schaeffer's salt.
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FIG. 5-——UV-VIS spectra of cresidine -}- G-sait.

FiG. 6—UV-VIS spectra of cresidine 4 R-salt.
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FIG. 7—UV-VIS spectra of CSA 4 G-salt.
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FI1G. 8—UV-VIS spectra of CSA | R-salt.
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FIG. 9—UV.VIS spectra of CSA 4| NTA.
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FIG. 10—UV.VIS spectra of OAS + Schaeffer's salt.
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210 300 400
FIG. 13-—UV spectrum of CSA.
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FIG. 14—UV spectrum of Schaeffer’s salt.
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FIG. 28—IR spectrum of Schaeffer's salt.
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Table 1. Spectral data for FD&C Red No. 40 and its intermediates and subsidiary dyes
Absorp- € X 10-4 Absorp- € X 104 Absorp- € X 10-4
tivity (L/mole- Neu- tivity (L/mole- tivity (L/mole-
Compound Acid (A/g-L) cm) tral (A/g-L) cm) Base (A/g-L) cm)
Visible
Cresidine + cresidine 520 100 26.9 415 61 16.3 415 64 17.2
Cresidine + 2-naphthol 505 75 21.8 505 76 22.2 452 55 16.1
CSA + 2-naphthol 493 55 21.6 493 60 23.6 502 32 12.6
Cresidine + Schaeffer’'s salt 497 46 21.4 497 54 21.4 427 23 11.4
Cresidine + G-salt 500 47 23.3 500 48 23.8 500 40 19.8
Cresidine 4 R-salt 512 48 23.8 515 49 24.3 451 22 10.8
CSA + G-salt 503 43 25.7 503 44 26.3 505 16 9.6
CSA + R-salt 515 44 26.3 515 45 26.8 465 21 12.5
CSA 4 NTA 508 37 26.0 508 37 26.0 437 16 11.0
OAS + Schaeffer’'s salt 486 42 20.2 490 L7 21.2 436 21 10.1
FD&C Red No. 40 497 51 25.3 497 52 25.8 445 26 12.9
Ultraviolet
Cresidine + cresidine 262 28 7.5 250 34 9.2 250 37 10.0
Cresidine + 2-naphthol 262 41 11.9 262 41 11.9 272 54 15.8
310 25 7.3 310 25 7.3 347 25 7.3
CSA + 2-naphthol 264 24 9.5 264 26 10.2 271 20 7.9
309 20 7.9 309 22 8.7
Cresidine + Schaeffer's salt 315 28 11.0 315 31 12.2 251 86 34.0
Cresidine 4 G-salt 249 46 22.8 249 47 23.3 260 25 12.4
331 25 12,9 331 25 12.4
Cresidine + R-salt 323 14 7.0 323 15 7.4 241 54 26.8
289 34 16.7
CSA -+ G-salt 246 37 22.1 246 37 22.1 244 37 22.1
) 327 19 11.3 327 19 11.3 259 37 22,1
CSA + R-salt 245 50 29.6 245 51 30.2 243 44 26.3
321 15 8.9 321 16 9.6 291 28 16.7
352 13 7.8
CSA + NTA 332 16 11.2 332 16 11.2 247 36 25.2
: 294 22 15.4
OAS + Schaeffer's salt 232 57 27.8 232 72 34.8 249 49 24.0
263 27 13.0 264 28 13.6 279 34 16.4
309 17 8.4 308 18 8.7
FD&C Red No. 40 314 23 11.4 314 26 12.9 248 59 29.2
280 42 20.8

prevent an increasing volatile content during anal-
ysis. The volatile content of each dye was deter-
mined as well as the carbon, hydrogen, and nitro-
gen composition. Sodium content was determined
by atomic absorption spectrophotometry (AAS).
The potassium content of the G-salt subsidiaries
was also determined by AAS since the intermedi-
ates used are in the form of potassium salts,
giving mixed salt products; the exact proportion
of each must be known to calculate pure dye con-
tent.

All subsidiaries were screened for extraneous
colored bands by thin layer chromatography
(TLC). Solutions of each dye prepared were ap-
plied to a TLC plate coated with silica gel G;
the plates were developed in isoamyl alcohol-14-
dioxane-acetonitrile-ethyl acetate-water-ammonia
(204-204-204-20-4-204-4), the same method used
for the analysis of subsidiary dyes in samples of
FD&C Red No. 40 submitted for certification (C.

Stein, 1974, Food and Drug Administration, Wash-
ington, DC, private communication). HPLC was
used to detect the presence of unreacted inter-
mediates as well as many of the subsidiary dyes.
Strong anion exchange columns with gradients of
sodium borate-sodium percholorate buffer solutions
were used to achieve separations (2).

Discussion

The general method followed for the synthesis
of most FD&C Red No. 40 subsidiaries was in-
adequate for the preparation of G-salt sub-
sidiaries, and an alternative method was found.
The coupling was attempted at several pH
values, each yielding a mixed product. 2-Naph-
thol, substituted by a sulfonic acid group in the
8-position, as in G-salt, is known to couple
slowly, probably due to steric hinderance. The
diazotates, either cresidine or CSA, are 4dlso slow
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couplers, since the alkoxyl group in the ortho
position decreases the positive charge of the
diazonium compound and facilitates its decom-
position. Apparently, the coupling to G-salt is
slower than the decomposition of the diazo
compound, giving poor yields of product. Using
aqueous pyridine as the coupling medium gave
good yields of the desired product. Venkatara-
man (3) suggested that pyridine activates the
coupling component in addition to stabilizing
the diazo group as the diazo-pyridinium radieal,
which then attacks the coupling site.

Results
Visible (VIS), ultraviolet (UV), and infrared
(IR) spectra of each prepared subsidiary are
shown in Figs. 1-28. VIS spectra were recorded
from 700 to 400 nm and UV spectra from 400 to
210 nm; these spectra were obtained in acid
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solution (A), 1% concentrated HCl; basic solu-
tion (B), 1% NaOH in water; and neutral
solution (N), distilled water. Cresidine + cresi-
dine and cresidine 4 2-naphthol were dissolved
in 959 ethanol. IR spectra are expressed in
wave numbers (cm-!). KBr pellets were used
to obtain all IR spectra. Absorptivity values as
well as extinction coefficients in the VIS and UV
range have been calculated and are shown in
Table 1. These data will be useful to aid in the
identification and quantitation of unknown sub-
sidiary dyes appearing during certification anal-
ysis of FD&C Red No. 40.

REFERENCES
(1) Code of Federal Regulations (1973) Part 8,
Title 21
(2) Singh, M. (1974) JAOAC 57, 219-220
(3) Venkataraman, K. (1952) Synthetic Dyes, Vol.
1, Academic Press, New York, NY, p. 424

70 CRE
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Quantitative Determination of 4,4’-(Diazoamino)-

dibenzenesulfonic Acid ineFD&C Yellow No. 5 by

Ion Exchange Chromatography

D. DOUGLAS FRATZ

Division of Color Technology, Food and Drug Administration, Washington, DC 2020/

An ion exchange chromatographic procedure
separates 4,4’'-(diazoamino)-dibenzenesulfonic
acid (DAADBSA) from FD&C Yellow Neo. 5
and DAADBSA is determined spectrophoto-
metrically. Recoveries of DAADBSA added to
FD&C Yellow No. 5 at levels of 0.01 to 0.4%
ranged from 90 to 130%. DAADBSA was found
in commercial samples of FD&C Yellow No. 5
in amounts ranging from 0.006 to 0.022%.

44’ - (Diazoamino) - dibenzenesulfonic acid
(DAADBSA) has been identified as a compo-
nent of FD&C Yellow No. 6; DAADBSA is
formed when diazotized sulfanilic acid couples
with undiazotized sulfanilic acid (1). This can
occur if an insufficient amount of acid or sodium
nitrite is used. High-pressure liquid chromato-
graphic (HPLC) and column chromatographic
methods (1-3) have been described for the
determination of DAADBSA in FD&C Yellow
No. 6.

Since the preparation of FD&C Yellow No. 5
(tartrazine) also has the diazotization of sul-
fanilic acid as the initial step, the possibility of
the presence of DAADBSA in FD&C Yellow
No. 5 samples was investigated. The methods
used for the analysis of FD&C Yellow No. 6
are not applicable to FD&C Yellow No. 5 be-
cause of the great difference in ionic character
of the 2 compounds, due to the different struc-
ture of FD&C Yellow No. 5 (see Fig. 1).
An HPLC method has been developed for the
determination of DAADBSA in FD&C Yellow
No. 5 (M. Singh, 1975, Food and Drug Admin-
istration, Washington, DC 20204). Although this
method is rapid and precise, the apparatus re-
quired is not readily available to all laboratories
and the HPLC techniques may be subject to
individual variations. Therefore, the ion ex-
change chromatographic technique described be-
low was developed for the separation and deter-
mination of DAADBSA in FD&C Yellow No. 5.

In the method presented, a strongly basic
anion exchange microgranular cellulose packing
is used. The buffer and eluant are prepared at

pH 12 to assure stability of the DAADBSA,
since it was shown to be unstable under acid
conditions (1) and in neutral buffer (D. D.
Fratz, 1976). The uniformity of the micro-
granular cellulose, compared to powder cellulose
used in column chromatography, causes the
DAADBSA to elute in a tight band and there-
fore very low levels can be detected. Since
DAADBSA has been found in much lower
amounts in FD&C Yellow No. 5, as compared to
FD&C Yellow No. 6, detection of these low

levels is essential to the wusefulness of the
method.

METHOD
Apparatus

(a) Spectrophotometer—Cary Model 118, or
equivalent.

(b) Chromatographic tube.—22 mm id X 10 cm,
glass, with ca 200 ml reservoir top, 22 mm medium
fritted disk, Teflon stopcock or tubing with clamp.

Reagents

(a) Anion exchange resin—DE32 (diethyl-
aminoethyl) microgranular cellulose (Whatman
Ltd, 9 Bridewell Place, Clifton, NJ 07014).

(b) Buffer—0.01M phosphate, pH 12. Dissolve
142 g Na,HPOy in 1 L water (0.1M). Take 100 ml
aliquot, add 3 ml 50% (w/w) NaOH, and dilute
to 1 I. with water.

(c) Eluant—0.01M phosphate buffer, pH 12,
and 0.1M sodium perchlorate. Dissolve 3516 g
NaClO,.H,0 in 500 ml water (5M). Mix 20 ml
of this solution, 100 ml 0.1 Na,HPO,, and 3 ml
50% (w/w) NaOH, and dilute to 1 1, with water.

(d) DAADBSA.—Prepare as described by
Bailey and Cox (1). Dissolve 10 mg in 1 L eluant,
and determine absorptivity at 407 nm.

Determination

Add 50 mg FD&C Yellow No. 5 to 10 ml volu-
metric flask, dissolve by adding c¢a 7 ml buffer
and swirling, and dilute to volume with buffer.

Prepare slurry of 50 g anion exchange resin
and ca 100 ml buffer, and pour into chromato-
graphic tube. Let column form and all liquid enter
column. To protect top of packing, carefully place
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22 mm filter paper on column, Wash sides of
column with 4-5 ml more buffer, and allow this
to enter column.

With column clamped off, add 1 ml (60 mg)
sample solution to top of column. Let sample
enter column; wash sides of column with ca 10
ml buffer and let wash enter column. Wash sides
of tube at least twice again with ca 10 ml eluant,
and let wash enter column. When all of dye has
entered column, fill reservoir with eluant and
allow column to develop. Collect fractions im-
mediately after first eluant enters column.

Discard first 50 ml, which should contain all the
FD&C Yellow No. 5. Collect next 15-25 ml, which
contains DAADBSA. Measure exact volume of
DAADBSA fraction, and determine absorbance at
407 nm, using 2.5 cm or longer cell.

Calculation
% DAADBSA = (A X V X 1009%)/
(WXLxA4)

where 4 — sample absorbance at 407 nm, V=
volume of sample fraction, ml, W =sample
weight, mg, L =cell length, cm, and A’ = ab-
sorptivity of standard at 407 nm A-ml/mg-cm.

Regeneration of Resin

The packed columns may be used for 2-3 deter-
minations. To prepare for reuse, let eluant con-
tinue flowing through column until all subsidiary
colors have eluted. This process may be shortened
by using an eluant containing 0.5M sodium per-
chlorate. Let ca 50 ml buffer elute through column
before reuse.

Results and Discussion

Table 1 shows the recoveries of DAADBSA
added to a sample of FD&C Yellow No. 5 con-
taining a negligible amount of DAADBSA and
analyzed by the anion exchange chromato-
graphic method. Recoveries of DAADBSA added
at levels of 0.01-0.409% ranged from 90 to 130%.
The FD&C Yellow No. 5 sample with no added
DAADBSA showed interference at levels equiv-
alent to 0.002-0.0039%, DAADBSA.

Table 1. Recovery of DAADBSA added to 50 mg
samples of FD&C Yellow No. 5 using
ion exchange chromatography

Added, % Found, % Rec., %
0.40 0.389 97
0.395 99
0.20 0.197 99
0.201 101
0.10 0.102 102
0.107 107
0.05 0.046 92
0.053 106
0.049 98
0.051 102
0.03 0.029 97
0.030 100
0.032 107
0.032 107
0.01 0.010 100
0.013 130
0.009 90
0.012 120
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Three commercial samples of FD&C Yellow
No. 5 were analyzed for DAADBSA by HPLC
(M. Singh, 1975) and by ion exchange chroma-
tography with the following results (%) : 0.030,
<0.02, and <0.02 (HPLC) and 0.020, 0.022;
0.009, 0.009; and 0.006, 0.007 (ion exchange,
duplicate results). The results are in good agree-
ment, considering the very small amounts of
DAADBSA found in the commercial samples.

After the DAADBSA has been eluted from
the column, at least 9. different subsidiary colors
may separate. None of these interferes with the
DAADBSA band. The interference seen in the
analysis of the FD&C Yellow No. 5 sample with
no DAADBSA added had no visible absorbance
maximum, but rather an absorbance which in-
creased slowly from about 425 to 350 nm. Evi-
dence of this interference in a sample containing
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DAADBSA can be seen as a lowering of the
maximum absorbance a few nanometers below
the usual 407 nm. The interference, however, is
not enough to be detrimental to the determina-
tion. :
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Aflatoxins are the only food contaminants
being monitored routinely on an international
scale with methods operating at the order of
magnitude of 10 ug/kg. At this concentration
level, methods of analysis which can achieve
coefficients of variation of 30-409% with re-
coveries of 70% or greater in interlaboratory
collaborative studies can be considered eligible
for referee status. In most cases, sample repro-
ducibility is the variable limiting the reliability
of methods of analysis. The inherent uncer-
tainty of the identity of chromatographically
separated entities requires the application of
confirmatory tests to verify that the character-
istic measured results from the presence of afla-
toxin. The methods are also inoperable with-
out a verification of the identity, purity, and
concentration of the reference standards used.
Screening methods which reliably eliminate
negative samples from further consideration
are indispensible for the practical operation of
monitoring programs.

The purpose of this paper is to review the
availability of sampling plans and collabora-
tively studied methods of analysis for aflatoxins
in foods and feeds. It is a condensation and
updated version of a longer document (1) in-
tended to supply background information for
recommendations of acceptable Referee Methods
for the prevention and settlement of disputes in
international trade. The original document was
prepared for the Food and Agriculture Organi-
zation (FAQ)/World Health Organization
(WHO) ad hoc Expert Consultation on Meth-
ods of Sampling and Analysis, held in Rome,
Italy, Jan. 12~16, 1976. This consultation, in
turn, was held in response to a recommendation
of the United Nations Conference on the En-
vironment held in Stockholm in 1972 to
strengthen the work of the Codex Alimentarius
Commission (CAC) and to improve the capa-

bilities of FAO and WHO to assist developing
countries in food control.

Aflatoxins are a group of toxic compounds
produced by the mold Aspergillus flavus, from
which the name was derived, and the closely
related A. parasiticus. Early studies of the toxic
agent in peanut meal demonstrated that the
toxic factor could be separated chromato-
graphically into 4 distinet spots (2). All 4 com-
ponents were given the name “aflatoxin” relating
to their common origin, with the addition of the
letters “B” (blue) and “G” (green) to refer to
their fluorescent color and the subscripts “1”
and “2” to refer to their relative chromato-
graphic mobility. To date, at least 17 closely
related compounds have been isolated, charac-
terized, or synthesized. Practically all of them
contain the difuranocoumarin moiety with the
lactone ring oxygen conjugated with a double
bond. Since only aflatoxins B,, B,, G,, G., My,
and M, have been found as contaminants in
foods and feeds, collaborative studies of methods
of analysis have been confined to these com-
pounds. For confirmation of the identity of afla-
toxin B,, the formation of the hemiacetal afla-
toxin B,, has been found useful. The structures
of these compounds are given in Fig. 1.

Two types of tests have been developed for
the detection and determination of aflatoxins:
biological and chemical. The bioassay techniques
are only semiquantitative and generally non-
specific. Those currently available are unsuitable
for routine screening purposes and do not re-
spond to the low levels required for food control
purposes. The chemical assay techniques, al-
though more reliable and faster, can produce
false identifications, particularly on commodities
with which the analyst has had little experience.,
Chromatographically isolated spots, tentatively
identified as aflatoxins, can be verified as to
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FIG. 1—Structures of aflatoxins of analytical interest in food and feed contamination.

identity with progressive certainty by additional
chromatography with different solvent systems
and by co-migration with internal standards, by
derivative formation, and finally by mass spec-
trometry. The toxicity of the compound can be
verified by bioassay. The most perplexing prob-
lem in the analysis for aflatoxin in contaminated
materials is that of sampling.

The natural occurrence of aflatoxins in foods
and feeds must be distinguished from its lab-
oratory production in various commodities. The
literature in this respect is confusing and must
be interpreted with care. The A. flavus group of
molds is ubiquitous and members have been iso-
lated from a wide variety of sources. Many of
these isolated molds have been described as
capable of producing aflatoxin, but often the
source from which they have been isolated was

not analyzed for the prior presence of the toxin
in the substrate. Moldiness is not always ac-
companied by the production of toxin.

Sampling
Sampling is undoubtedly the most important
contributor to the variability of analyses for
aflatoxin in agricultural commodities. This fact
arises from the inherent discontinuous nature
of the distribution of aflatoxin in raw agricul-
tural commodities.

Sampling from a Lot

The difficulty of sampling particulate com-
modities for aflatoxin derives from the normally
small proportion of contaminated kernels in a
lot, as suggested by Robertson et al. (3), and
the considerable variation in the amount of
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aflatoxin among infected units. This variation
has now been demonstrated for peanuts (4),
cottonseed (5), and corn (6). Levels of the order
of magnitude of 1,000,000 ug/kg in a few indi-
vidual kernels were reported in these investiga-
tions.

The problem of sampling shelled peanuts for
aflatoxin has been investigated extensively, both
theoretically and experimentally, in a remark-
able series of papers by Whitaker and his col-
leagues. In the first paper, Whitaker and Wiser
(7) point out that the distribution of aflatoxin
in shelled peanuts resembles the characteristics
of the incidence of contagious diseases, which
have been studied successfully using the nega-
tive binomial distribution. The negative binomial
probability function describes a situation with
high probabilities of zero counts and low prob-
abilities of very high counts. The general ap-
plicability of this distribution was tested with
data from 20,000 lots of shelled peanuts ana-
lyzed by the U.S. Department of Agriculture
(USDA) in 1967 (8) and from 10,767 lots ana-
lyzed in 1969 (9). With this information, effi-
cient sampling procedures (sample size and
number of samples per lot) can be devised to
determine within acceptable confidence limits if
the true average level of aflatoxin in a lot is
above or below a given tolerance level. The fit
of the negative binomial distribution to actual
sample analyses was tested (10) by subdividing
each of 29 lots of shelled peanuts into ten 12
pound (Ib) (54 kg) samples and determining
the aflatoxin content of each of the 290 samples.
The observed variability indicated that the as-
sumed distribution is a reasonable model for the
actual distribution.

Whitaker et al. (9) summarized the procedure
for developing sampling plans and evaluated the
4 sampling plans (2 single and 2 sequential)
used in the United States to control aflatoxin
content in shelled peanuts during the period
1969-1972. The sample size varied from 10 Ib
(4.5 kg) to 48 Ib (22 kg). The current (1975)
plan (11) is a 3-step sequential procedure (three
48 1b samples).

The assumptions on which these plans are
based are:

(1) The reliability of the determinations of
the aflatoxin distribution in commercial lots of
shelled peanuts from the 1969 crop, as measured
from the analyses of ten 12 lb samples (each
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containing about 10,600 kernels) from each of
29 lots;

(2) The applicability of the negative binomial
distribution model and the accompanying as-
signed constants, e.g., 99.9% of the kernels con-
tain no aflatoxin and the remaining 0.19, are
contaminated at an average level of 50 pug/kg;

(3) All samples are drawn in a random man-
ner;

(4) All of the errors are due to sampling;
none are ascribable to subsampling or to analy-
sis.

The data base for the calculations (8, 9) was
from years with an unusually high incidence of
aflatoxin in peanuts. Therefore, the use of this
data base in developing the sampling plans
affords a high safety factor. The correspondence
of the experimental data to those calculated from
the model equation appears to be satisfactory
(10), particularly when it is considered that the
method of analysis has a total overall relative
error of about 309 and a within-laboratory
relative error of 15-209,. With such a large
analytical and subsampling error, many skewed
distributions should also fit the experimental
data fairly well. All instructions for sampling
emphasize the need for obtaining a random sam-
ple (which is not the same as a haphazard sam-
ple). An experimental study of the relationships
of sampling, subsampling, and analytical vari-
ances as a function of the size of sample and sub-
sample and number of analyses has also been
described by Whitaker et al. (12). For the test
procedures used in this study, sampling con-
stitutes by far the largest single source of error,
followed by subsampling, and then by analysis.
The proportion of error due to sampling be-
comes greater as the aflatoxin concentration be-
comes lower. Therefore, the model of Whitaker
and Wiser (7) appears to be a valuable tool for
selecting and comparing sampling plans.

Tiemstra (13) studied the variability within
550 lots of the 1967 crop of peanuts sampled in
triplicate, using 10 1b samples. He, too, concluded
that lot sampling was the critical variable in
determining the aflatoxin content of a lot.
Tiemstra found that a log normal distribution
(less peaked than the negative binomial but
still very skewed) represented his data very well.

Velasco et al. (14) provided the basic varia-
bility data needed for developing sampling plans
for cottonseed and the relationships of the com-
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ponent variances for this commodity were stud-
ied by Whitaker et al. (15).

The procedures recommended by the Interna-
tional Association of Seed Crushers (16) for
sampling oilseeds, recognized as good practice for
obtaining samples to estimate most of the factors
affecting oilseed quality, are not adequate for
aflatoxin control. Representative sampling of
milled commodities is not as difficult as with the
original seed. With oilseed cakes, for example,
some breaking and mixing of kernels occur dur-
ing processing. Cereal grains present intermedi-
ate sampling difficulties because of smaller kernel
size and, in the case of corn, because of a higher
incidence of contaminated kernels (6) than pea-
nuts. Well mixed processed products, such as
peanut butter, present no sampling problem;
neither do milk and milk produects, because of
their original fluid nature.

The sampling plans which have been devel-
oped on statistical grounds are based upon the
distribution of aflatoxin in peanuts as found in
the United States during certain crop years and
using the limit established by the U.S. Food and
Drug Administration (FDA). The legal, geo-
graphic, and practical requirements of other
countries and the characteristics of specific com-
modities will influence the selection of other
appropriate sampling plans.

Sampling plans developed for regulatory pur-
poses have little relationship to sampling plans
for dietary or surveillance purposes. For dietary
surveys, there are no critical levels, no definition
of acceptable lot, and no consumer and producer
risks. Averaging of large numbers of samples in
a survey automatically reduces all errors by the
square root of the number of samples. Survey
samples suffer from other types of errors, eg.,
the level of aflatoxin contamination in ‘“cook-
pot” samples is considerably lower after dilution
with nonsusceptible foods than with lots of bulk
commodities. In fact, as pointed out by Barnes
(17), there is little point in analyzing food eaten
at any particular time to determine if it con-
tains aflatoxin, since chance plays a great part
in determining the degree of contamination of
the portion consumed. For public health pur-
poses, information should be obtained at a much
earlier stage, with adequate surveys of food at
harvest and storage, so that the populations
most heavily exposed regularly or intermittently
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to food contaminated with mycotoxins may be
identified.

Conclusion—Development and application of
sampling plans require a promulgation by gov-
ernmental or Codex authorities, or an agreement
between parties regarding the following factors:
a critical level (control, tolerance, guideline,
etc.) for aflatoxin(s); a definition of a good
(acceptable) and a bad (rejectable) lot; and a
statement of the acceptable or desired consumer
and producer risks. In the absence of this in-
formation, selection of any sampling plan will
be arbitrary. The evaluation of Whitaker et al.
(9), which includes a comparison of operational
and financial aspects, and the experience gained
in the United States with the use of several plans
for the control of aflatoxin contamination, if
supplemented by operational and financial in-
formation on more recent sampling plans, will
provide a rational basis for the selection of a
sampling plan.

Laboratory Scale Sampling (Subsampling)

and Preparation of Sample for Analysis

In accordance with Whitaker’s sampling plans,
large samples should be taken, for regulatory
purposes, to reduce sampling error. Fifty and
60 Ib (23 and 27 kg) portions are taken for
brazil and pistachio nuts in the United States.
The current U.S. peanut program (11) uses a
sequential sampling plan which requires that
three 48 Ib (22 kg) samples be submitted to the
laboratory. Only the first is ground until the re-
sult of the analysis is known. For survey pur-
poses, 1-5 kg samples are usually taken. In all
cases, it is important that the entire sample
supplied to the laboratory be ground and mixed.
The particle size of the first reduction is not
critical, but the amount of subsample taken for
further size reduction will depend upon that
particle size. The ultimate subsample from
which the analytical sample is taken must be
fine enough to pass through a U.S. Standard No.
20 sieve (ISO 850 pm).

Stoloff et al. (18, 19) compared the effective-
ness of various comminuting devices for nuts by
using nuts made radioactive by neutron activa-
tion to simulate a desired incidence of contamin-
ation. The distribution of radioactivity in se-
lected portions after grinding and mixing
provided a precise means of measuring within-
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- sample variability. A number of techniques have
been described for the preparation of samples
for analysis (20, 21). The equipment now most
commonly used for peanuts in the United States
is the Dickens-Satterwhite subsampling mill (22)
and for in-shell nuts, the Hobart vertical cutter-
mixer. For some products such as grains, an
ordinary disk mill is satisfactory for size reduc-
tion, followed by mixing. Other effective tech-
niques are freezing the sample in liquid nitrogen,
using grinding aids such as oyster shell, grinding
tree nuts in-shell, grinding with a small amount
of solvent (19, 23), and preliminary defatting
for high-fat products such as copra.

Sample sizes used for the actual analyses
have ranged from 20 to 100 g in various meth-
ods. The compromise between solvent economy
and a representative sample has been made at
50 g (3).

Biological Tests

Since its initial discovery and isolation, afla-
toxin B, has been evaluated in a greater variety
of biological systems than any other mycotoxin,
Almost 1000 papers have appeared describing
the effects of aflatoxins in systems ranging from
subcellular enzyme systems through cell cultures
and microorganisms to almost every laboratory
animal.

In the original biological test (24), newly
hatched ducklings were used as the test animal
for determining the presence of aflatoxin iso-
lated from suspect food, with bile duct hyper-
plasia as the specific, measured response. Wogan
(25) has shown that this test is, at best, only
semiquantitative. The lowest dose level of 04
pg/day administered for 5 days represents a
minimum intake required to induce a detectable
bile duct lesion and is the limit of detectability
by this technique in the duckling. The test is
also effective for detecting aflatoxin M, in fluid
milk and powdered milk (26) after toxin isola-
tion. Limited information is available on the
response of this test (and other biological tests)
to other aflatoxin-related compounds.

Burmeister and Hesseltine (27) surveyed over
300 species of microorganisms for their sensi-
tivity to-aflatoxin. One strain of Bacillus brevis
and 2 of Bacillus megaterium were most sensi-
tive to aflatoxin. This observation was trans-
lated into a zone of inhibition assay method
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(28) which was not sufficiently reproducible in
collaborative studies to warrant further investi-
gation.

Of all the biological tests, the chicken embryo
bioassay has proved to be the most useful. The
assay-is reproducible and typical lesions are ob-
served in the embryo with subacute levels of
aflatoxin B,, less than 0.1 pg/egg. The assay has
been used routinely by the U.S. FDA to con-
firm the toxicity of aflatoxin B, isolates from
contaminated samples. The correlation with the
chemical confirmation test has been 1009 with
over 500 samples. A minimum of 2 ug, and pre-
ferably 5 pg, of isolated aflatoxin B, is required
for an adequate number of eggs at suitable
levels to establish toxicity.

Conclusion—The chicken embryo bioassay
has been studied collaboratively (29). In gen-
eral, a linear dose-response relationship was
exhibited and good agreement was obtained with
the LD, slope, and associated standard errors.
It is interesting to note that the LD;, for pure
aflatoxin B, was 0.02 ug/egg and that for afla-
toxin B, isolated from peanut butter was 0.04.
The method has been adopted as official final
action by the Association of Official Analytical
Chemists (AOAC) (21, 26.073-26.078) and
can be recommended as a referee method for
confirmation of toxicity of isolated aflatoxin B,
preparations.

Chemical Assay

General

The aflatoxins are intensely fluorescent when
exposed to longwave ultraviolet (UV) light.
This fortuitous circumstance permits the detec-
tion of these compounds at extremely low levels
(ca 0.5 ng/TLC spot) and provides the basis
for practically all the physicochemical methods
for their detection and determination. Most
methods use the comparison of intensity of
fluorescence of a standard with that of the sam-
ple for estimation of the amount of toxin pres-
ent. Comparison of sample and standard spots
is always made on the same thin layer chroma-
tographic (TLC) plate, since the adsorbent layer
affects the fluorescent intensity (30). The “dilu-
tion to extinction” technique (31) used in the
first published methods is an inherently less
accurate procedure, which is gradually being
phased out of use. Visual comparison of afla-
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toxin spots on TLC plates under ideal conditions
only permits distinguishing intensity differences
in spots differing in amount by more than 209
(32). This is the limit of normal visual acuity.
In the same study (32) the coefficient of varia-
tion of visual estimation of the fluorescent in-
tensity of spiked extract spots on TLC plates
was found to be 28%. Both accuracy and pre-
cision of aflatoxin analysis can be enhanced
when instrumental measurement of the intensity
of the fluorescence is made. A number of pub-
lications describe different types of fluorodensi-
tometers (30, 33-37). Measurements of replicate
standard spots made with these instruments,
set for wultimate possible precision, gave a
pooled coefficient of variation from 4 separate
studies (34-37) of about 69, ; measurements of
spiked peanut butter extracts (30, 33, 37) gave
a pooled coefficient of variation of about 99%;
and a single study of replicate analyses of
cottonseed (32) gave a coefficient of variation of
139 for the densitometric measurements. How-
ever, most collaborative studies show about the
same overall coefficient of variation, about 309,
for both visual and densitometric measurements,
indicating that other errors predominate. Meth-
od compilations, therefore, permit the use of
either way of reading the aflatoxin spots.

There have been attempts to recover aflatoxin
by preparatory TLC for measurement by polar-
ography, fluorometry, spectrofluorometry, or
spectrophotometry, but these techniques have
been practical only for such high concentrations
as are found in cultures. There is some deter-
ioration of aflatoxin from photooxidation when
exposed to UV light for visualization (38).

In the United States, Canada, Federal Re-
public of Germany (food only), and Swe-
den, aflatoxin is reported as total aflatoxins
(B;+B,+G,+G,); most other countries re-
port only aflatoxin B,. The use of total afla-
toxins was based upon the initial prudence re-
quired when knowledge of the relative risk from
the several compounds was lacking. Although
aflatoxin B, is the most toxic aflatoxin, it is not
the most fluorescent. A ratio of the solid state
fluorescence, as reported by Pons et al. (30), for
B,:G,:B,:G, is 4.8:27:2.0:10, although the
ratios may vary considerably with the nature of
the developing solvent (37) and the gel used for
TLC (30). These ratios are considerably differ-
ent in solution, for example, the corresponding
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values in the same order in aqueous solution
are 8:13:1:5 (24). The precision of the deter-
mination of total aflatoxin concentration is also
somewhat better than that for the individual
compounds (30, 36), probably from compensa-
tion of errors. For accurate measurements, each
spot must be compared by interpolation with a
graded series of spots of the appropriate refer-
ence standard (36).

All the analytical methods for mycotoxins con-
tain the following basic steps: sample prepara-
tion, extraction, lipid removal, cleanup, separa-
tion, and quantitation. Since there is considerable
overlap in the various methods, most of the
published reviews (20, 39, 40) examine the dif-
ferent procedures by basic steps. Because of the
nature of some commodities, methods can some-
times be simplified by omission of unnecessary
steps; other commodities, because of the presence
of specific interferences, e.g., gossypol in cotton-
seed and theobromine in cacao, may require
additional steps in the method. Frequently, be-
cause of differences in laboratory environment,
introduction of new batches of reagents (e.g.,
silica gel, chloroform), and variations between
commodities, it is necessary to adjust the com-
position or proportions of the TLC developing
solvents to obtain adequate separation of the
aflatoxins or aflatoxin derivative spots from ex-
tract interferences as discussed in the introduc-
tion to the AOAC Natural Poisons chapter (21),
and specifically in sec. 26.010 of that chapter.

The analytical methods may be complicated
by several factors: (a) the distribution of afla-
toxin in natural products is usually hetero-
geneous, creating an unusual sampling problem;
(b) aflatoxins are found in agricultural com-
modities which may be sufficiently different to
require different extraction procedures; (¢) the
amount of toxin present is usually in the ug/kg
range, requiring elimination of a large mass of
“inert” material; (d) extracted aflatoxin is usu-
ally accompanied by pigment and fluorescent
interferences, necessitating a suitable cleanup
step; and (e) depending upon the history of the
sample and the cleanup steps, the observations
may be nonspecific and require confirmation of
identity of the fluorescent spots.

Numerous methods of analysis have been re-
ported for the determination of aflatoxins in
human and animal food. Many are minor mod-
ifications of basic methods, adapted to local
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commodities or problems. The methods discussed
below were chosen on the basis that referee
methods preferably should have been subjected
to interlaboratory collaborative studies (41). A
collaborative study measures the ability of nor-
mally skilled analysts in different laboratories to
reproduce each other’s results, utilizing the same
method on portions of the identical material.
The interpretation of the results and the judg-
ment of the suitability of the tested methods is
an administrative decision by governments and
those agencies which utilize the studies. For
legal purposes, the results of the studies must be
published or otherwise made available for re-
view and reinterpretation by those affected by
the use of those methods of analysis.

As a result of extensive surveillance work by
the U.S. FDA, Fischbach and Rodricks (42) re-
ported that the potential for finding aflatoxin
contamination is established for the following
common commodities: peanuts, cottonseed,
copra, corn, and various tree nuts (pistachio,
almond, walnut, pecan, filbert, and brazil). When
aflatoxin-contaminated ingredients are used in
dairy feed, aflatoxin B, is metabolized in part
to aflatoxin M,, some of which is excreted in
the milk (43-45). If the contaminated ration is
fed to laying hens, a part of the aflatoxin B, is
transmitted to the egg (46). When given to meat
animals, a small fraction of aflatoxin B, and its
metabolic M, is found in the edible tissue,
particularly the liver (47, 48).

Methods for vegetable products, which are
subject to direct contamination, are usually de-
signed to operate at levels of aflatoxin greater
than 1 pg/kg; methods for animal products,
which contain residues and metabolites of in-
gested aflatoxins, are usually designed to operate
at levels 1 or 2 orders of magnitude lower.

Three types of methods are required for ana-
lyzing foods for the presence of mycotoxins:

(1) Screening Methods—Methods which will
rapidly and reliably eliminate (“screen”) a large
number of negative samples to permit the ap-
plication of more time-consuming quantitative
methods to the relatively few samples which
give a positive response.

(2) Presumptive Methods—Methods which
provide qualitative and quantitative results by
relatively nonspecific procedures. The qualita-
tive results may become very reliable through
history of application to a specific commodity,
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laboratory experience, and application of spe-
cific isolation and cleanup techniques.

(3) Confirmatory Methods—Methods which
provide positive identification or verification of
the identity of the material under investigation.

Screening tests are not ordinarily eligible for
referee status since they are designed to provide
only a positive or negative response.

The “CB,” “BF,” and “cottonseed” methods
are the 3 most generally applied presumptive
tests for aflatoxins, The CB method (21, 26.014—
26.019), originally designed for peanuts, pro-
vides a relatively clean isolate. It simultaneously
extracts the sample with water and extracts the
water with chloroform, transfers the lipids and
aflatoxins to a silica gel column, selectively
elutes the fat with hexane and the pigments and
other interfering materials with absolute ether,
and finally strips the aflatoxins from the column
with 39 methanol in chloroform. The BF meth-
od (21, 26.020-26.024), also originally de-
signed for peanuts, is faster and more economical
of solvents but provides a poorer cleanup. It
simultaneously extracts and defats the sample
with a 2-phase system, aqueous methanol-hex-
ane, and then partitions the aflatoxins from the
aqueous phase into chloroform, leaving lipids
and pigments in the hexane and aqueous meth-
anol. After concentration of the aflatoxins in the
chloroform by evaporation, both methods sepa-
rate the aflatoxins by TLC and quantitate them
by fluorometry on a TLC plate by visual or
densitometric comparison with standards. The
cottonseed method (21, 26.048-26.056; 26.A09-
26.A16) contains features of both the CB and
BF methods in that it employs an aqueous polar
solvent (acetone-water) as does the BF method,
and a silica gel chromatographic column as does
the CB method, and in addition uses a lead ace-
tate precipitation in the initial extract to remove
specific interferences such as gossypol. This
method appears to be the most precise of those
widely used. A flow diagram of these 3 widely
used methods is shown in Fig. 2.

In The Netherlands, the method of choice
(49) uses a 2-dimensional TLC approach.(37)
to achieve the desired separation of aflatoxin B,
from interferences. This technique provides con-
siderable saving of time over the use of column
chromatography for extract cleanup; on the
other hand, a separate TLC plate is required’
for each sample.
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FIG. 2—Flow diagram of the operations of the CB, cottonseed, and BF methods for the analysis of aflatoxins.

The Attributes of Referee Methods

Referee methods are those judged suitable for
use by governments in regulatory control and
for use in settling or avoiding disputes. They
are recommended for inclusion in agreements to
abide by the results of analysis by the referee
method in combination with a suitable sampling
and decision plan.

The operational characteristics of the methods
are determined from an interlaboratory col-
laborative study, involving at least 6 laborator-
ies and at least 5 samples, which is designed to
obtain the following types of information:

(a) Accuracy, through the calculation of the
mean recovery of known amounts of added afla-
toxins which have been carried through the en-
tire method (spiked samples). This test applies
only when “pure” compounds are added. Use of
a naturally contaminated sample whose afla-
toxin content has been determined by the meth-
od under test does not provide an independent
determination of recovery.

(b) Precision, through the calculation of the
between-laboratory coefficient of variation and
preferably the within-laboratory coefficient of
variation by the inclusion of analyst replications
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beginning with separate analytical portions (re-
peatability). These terms can also be obtained
by the submission of blind replicates (identical
samples submitted as separate unknowns), a
preferable procedure.

(¢) False negatives, through the inclusion of
samples with aflatoxins concentrations near the
assumed limit of detection. An acceptable limit
of detection should be chosen so that at that
level not more than 1 incorrect decision per
group of 10 decisions, or fraction thereof, should
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1323

be tolerated for consideration as a referee meth-
od. Referee methods are not operable near the
limit of detection. They should only be used in
an area of acceptable precision where ‘“no”
false negatives or false positives are observed.

(d) False positives, through the inclusion of
uncontaminated samples. Such samples also pro-
vide information on the inherent variability of
the commodity blank, as produced by interfering
materials inherent in the commodity. A criterion
similar to (¢) should be used for the acceptable
limit of detection. Sometimes it is impossible to
distinguish commodity background from an in-
herent low level of contamination. The limit of
detection is determined by either the false nega-
tive or false positive criterion, since there is
only a single limit of detection.

(e) Specificity, by tests for conﬁrmatlon of
identity. A criterion as in section (¢) should be
used for the acceptable limit of applicability.

The values assigned to these criteria of suit-
ability are a function of the current state of the
art. It appears that a method which demon-
strates a recovery of at least 70% and a co-
efficient of variation no greater than 40% at a
total aflatoxins level of at least 10 pg/kg (see
Figs. 3-8) represents the current state of meth-
odology. Methods meeting these criteria are ac-
ceptable as referee methods. However, this is not
considered herein as an absolute rule but as a
rough guide for approximation of suitability.
Methods not meeting these criteria may also be
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acceptable when there is no alternative, For con-
sideration of a method in such cases, the major
conditions and qualifications are as follows:
For a commodity subject to a high incidence
of aflatoxin contamination, the need for practical
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control procedures may require the acceptance
of less strict criteria values; with a commodity
that rarely requires surveillance, deficiencies in
accuracy may be remedied by using a correc-
tion factor, and deficiencies in reproducibility
may be alleviated through the analysis of more
samples rather than by investing resources in
improving the method.

At concentration levels approaching the limit
of detection, lower performance standards often
must be accepted as, for example, in the case of
milk products; at higher concentration levels,
better reproducibility, though not necessarily
better accuracy, is expected.

The coefficient of variation considered is the
“total error,” which includes the between- and
within-laboratory components as well as any
interactions. Most of the total error in aflatoxin
analysis is attributable to within-laboratory
components. The within-laboratory (operator)
error may be reduced considerably (down to the
limitation imposed by sampling variability and
commodity background) by numerous tech-
niques, such as increasing the number and size
of samples, further reduction of particle size,
more effective mixing, larger analytical samples,
replications, averaging results, and compositing
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samples. The major between-laboratory error is
likely caused by differences in reference stand-
ards. To reduce between-laboratory error, par-
ticular attention must be paid to the initial
accuracy and continuing integrity of the stand-
ards, as detailed in 26.009 and 26.012 (21).
However, it should be kept in mind that repli-
cations near the end of a method (e.g., duplicat-
ing the TLC from the same cleaned up extract)
are not nearly so effective in improving reli-
ability of the value of the lot as is analyzing 2
separate samples from that lot. This is true
despite the fact that the duplicate results from
the same extract are most likely to be closer
together than the results from 2 separate sam-

Inter P

such performance is not automatic. Any given
analyst’s performance may be better or worse.
Laboratory and analyst performance must be
demonstrated by a conscientious effort, which
may be a special task or part of the quality
control program. Performance can often be im-
proved by practice and experience, but only to
a minimum level determined by operations such
as sampling and manipulations or by instru-
mental (or visual) limitations. Performance
better than this minimum may be suspected as
arising from unreported averaging or composit-
ing, or from the “quantum jumps” imposed by

ples from the same lot. PRODUCT STUDY
In the analysis of very small quantities, the o o Liauip PURCHASE ET-AL {574
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. . : : i 40
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A reasonable fraction of the analytical time 8 °a o\
must be invested in continuous quality control o
of laboratory operations. 5 . . ) .

The specific values for the various attributes
derived from an interlaboratory study repre-
sent the best values from a group of presum-
ably representative laboratories. The capability
of an individual laboratory or analyst to attain
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the succession of the discrete values of the
standard spots.

Finally, sampling, which is often not the re-
sponsibility of the laboratory, rather than lab-
oratory operations often contributes the great-
est proportion of the variability in aflatoxin
analysis. For peanuts this has been determined
(12) to be almost 909 of the total standard
deviation in many cases.

Methods of Analysis for Aflatoxins in Peanuts
and Peanut Products

Much of the original research on analytical
methods used peanuts and peanut products for
a number of reasons: Peanut meal as a compo-
nent of an animal feed caused the initial prob-
lem that led to the discovery of aflatoxins, rela-
tively large amounts of peanuts are consumed
by children in confections and as peanut butter,
and peanut meal was being considered as a
protein supplement for use in developing coun-
tries by WHO. In the United States and other
countries, an industry conscious of the sensitive
public relations aspect of a ecarcinogen in its
products cooperated with government agencies
to initiate testing and certification systems. Re-
search to develop rapid, practical methods has
been stimulated by the large number of samples
analyzed annually by governments and industry.
But within-lot analytical reliability seems to be
limited primarily by the lot sampling system
used.

Screening Methods

Early detection and diversion of small lots of
contaminated materials may prevent adultera-
tion of much larger accumulations. Screening
methods should be capable of detecting as low a
level of aflatoxins as the ultimate quantitative
methods. Theoretically, screening methods should
have a zero possibility of showing false nega-
tives. Dickens and Welty (50) noted a high
correlation between aflatoxin content and pres-
ence of mold resembling A. flavus, readily ob-
servable under low magnification in loose or
damaged peanut kernels. The USDA grading
system for in-shell peanuts requires an actual
count of the number of loose and damaged ker-
nels in the sample. As a result of the Dickens
and Welty finding, examination of loose or
damaged kernels for A. flavus mold was intro-
duced into the U.S. peanut inspection system
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(561). Each inspector has colored photomicro-
graphs of typical peanut molds for guidance.
The operation is said to take less than 1 min/
sample. Lots of in-shell peanuts having visible
A. flavus are rejected for all food use except oil
milling,

In recent years, improvements in the applica-
tion of small chromatographic columns, first
proposed by Holaday (52), have resulted in
reliable and practical methods for screening pur-
poses. The results of a collaborative study of 3
of these methods applied to corn (53) encour-
aged Romer to develop a broadly applicable
minicolumn method (54) based upon the Velasco
cleanup (55) and column packing technique
(56). The sample is extracted in a blender with
acetone-water (85+15) and the filtrate is treated
with ferric chloride and copper carbonate to
remove plant pigments. The aflatoxin is trans-
ferred to chloroform, which is washed with an
alkali solution to affect further purification. The
chloroform extract is applied to the top of a
minicolumn containing successive zones of neu-
tral alumina (top), silica gel, and Florisil (bot-
tom), with ealcium sulfate drier at both ends.
The column is developed with chloroform-ace-
tone, trapping the aflatoxins as a tight band at
the top of the Florisil layer where they can be
detected by their blue fluorescence under UV
light. By comparison with a previously prepared
column containing a known amount of aflatoxin,
a decision can be made whether the sample con-
tains more or less aflatoxin than the standard.
Aflatoxins, however, are not stable to continued
exposure to UV light, making repeated use of
such standards unreliable. An advantage of this
screening test is that the remaining chloroform
extract is sufficiently pure to be used for a TLC
presumptive test, as well as for a confirmatory
test, should the screening test prove to be posi-
tive. The within-laboratory precision of this
method for total aflatoxins in mixed feeds was
estimated to be 10-159% at 20 ug/kg (54).

The Romer screening method was subjected
to a collaborative study by Romer and Camp-
bell (57). Thirty-two ecollaborators from 10
countries examined 11 different agricultural and
food products, including peanuts, peanut butter,
and peanut meal, in a staggered design at 3
levels of total aflatoxins content: nondetectable
(zero), a low level (5-10 pg/kg), and a high
level (10-25 pg/kg). Considering only the 4
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peanut and peanut product samples, 949, of the
laboratories correctly identified the negative sam-
ples, 609 the 5 ug/kg samples, 95% the 10, and
100% the 20. The method was recommended for
adoption as official first action by the AOAC
for peanuts, peanut butter, and peanut meal at
total aflatoxins level of 10 pg/kg and above.

Conclusion. — The collaboratively studied
Romer minicolumn method, accepted by the
AOAC (21, 26.A01-26.A08) and by the
American * Association of Cereal Chemists
(AACC) (58, Method 45-10), is recommended
as a screening method at levels of 10 ug/kg and
above in peanuts and its products. It is also
applicable to numerous other commodities and
to mixed animal feeds. It is a method which may
prove very suitable for use by developing coun-
tries for monitoring their food supply and for
export control.

Presumptive Methods

The first aflatoxin method to be subjected to
a collaborative study and adopted by the AOAC
(59, 60) was the Celite method. This method
was developed in the laboratories of the U.S.
FDA and USDA after a critical study (61) of
the various methods which had been suggested
initially for the analysis of aflatoxin in peanut
products. When Lee (62) showed that the addi-
tion of water to a peanut meal being extracted
with chloroform resulted in more effective re-
moval of aflatoxins, that information was com-
bined with the knowledge which had accumu-
lated within FDA on the use of silica gel columns
for the chromatographic separation of aflatoxin
from extracted interferences, to produce what is
now known as the CB method (63). It became
the second method for the determination of
aflatoxin in peanut products adopted by the
AOAC after a successful collaborative study
(64). As peanut butter manufacturers became
more involved in testing their products for the
possible presence of aflatoxins, they searched for
adaptations which would simplify the task of

their control laboratories and reduce solvent °

costs. Waltking et al. (65) found that a separa-
tory funnel was simpler and faster for liquid-
liquid partition than the Celite column, and
centrifugation was faster than filtration for solid
separation, thus producing the BF method.
When compared with the 2 official AOAC meth-
ods in a collaborative study (66), it was found

1327

as effective as either one down to a total afla-
toxins concentration of 20 ug/kg. The BF meth-
od replaced the Celite method as an official
AOAC method (67).

The original collaborative study of the CB
method (64), using naturally contaminated and
spiked peanut butter and naturally contaminated
peanut meal, showed an overall recovery of total
aflatoxins at and above 30 pug/kg of about 100%
and a coefficient of variation of about 35% with
13 collaborators. A series of blind triplicates (3
identical samples spiked at a total aflatoxins
level of 80 ug/kg and submitted unknown to
each collaborator) showed overall averages of
74, 82, and 80 pg/kg and coefficients of varia-
tion of 31, 38, and 43%,, respectively. The varia-
tion exhibited here is a combination of sample
preparation, analyst, and laboratory. In the 3-
method collaborative study (Celite, CB, and BF
methods) (66), in which 13 laboratories partic-
ipated and 17 samples were distributed in a
staggered design (i.e., each laboratory examined
a selected number of the 17 samples), all of the
methods were found to be equivalent in accuracy
and precision, with about a 709% recovery of
added aflatoxin and an overall coefficient of
variation of about 359% for total aflatoxins levels
down to about 20 ug/kg.

Stack (68) carried the study of the CB and
BF methods down to the 2-10 ug/kg range, with
7 collaborators. Both methods proved to be as
accurate (about 809 recovery) for total afla-
toxins at the 5 and 10 pg/kg levels as in the
10-100 pg/kg range covered in the original
studies. The CB method is as precise (overall
coefficient of variation of about 309,) at the
lowest level of 2 ug/kg as at the higher levels.
The BF method, which does not provide as good
a cleanup as the CB method, loses precision at
a total aflatoxins level of about 3 ug/kg. The
coefficients of variation of the blanks by both
methods are of the order of magnitude of 100%,.
Analysts examining their plates both visually
and densitometrically sometimes obtain values as
high as 2 pg/kg on a presumably aflatoxin-free
peanut butter. Recoveries at and below the 3
pg/ke level are usually greater than 1009 either
because of the possible presence of some afla-
toxin in the raw material or because of the pres-
ence of some interfering material which cannot

Received July 16, 1976.
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be distinguished from aflatoxins at these low
levels. Figure 3 shows a plot of the overall co-
efficients of variation (pooled when nonsig-
nificant variables were reported separately) of
total aflatoxins by method (when part of the
study) for the collaborative studies of the BF
and CB methods. There did not appear to be
any difference between methods by product. The
only significant difference is between methods at
the lowest levels, where the BF method has an
unaceceptable variability for total aflatoxins be-
low 5 pg/kg.

The remarkable showing of the BF and CB
methods at such low levels as 5 pg/kg in the
latest study may be the result of many years of
experience on the part of the participating lab-
oratories, meticulous attention to the chromato-
graphic properties of the silica gel, improved
reference standards, and recognition of the lab-
oratory environment as a factor in producing
satisfactory TLC plates for visual or instru-
mental measurement.

A collaborative study for aflatoxin B, only, in
peanut butter, using 2-dimensional TLC to move
background interference from the aflatoxin area,
was conducted by Beljaars et al. (49). A limit
of detection of 3 ug/kg and a coefficient of vari-
ation of about 359% at the 3 and 6 ug/kg levels
of aflatoxin B, were found. This study is not
comparable to the collaborative studies described
above since the Beljaars study was conducted
for aflatoxin B, only, using a single extract pool
from an aflatoxin-free defatted and extracted
peanut butter, The extract was used direct (zero
value) or spiked. This study therefore measures
only the variability associated with the separa-
tion and determinative steps.

As a basis for the selection of analytical
methods to be recommended for use in France,
Jemmali (69) performed 2 separate method
comparison collaborative studies. The first study,
involving 11 laboratories, showed that estima-
tion of aflatoxin on a TLC plate by comparison
with a standard spot was more accurate and
precise than estimation by dilution to extinction.
The standard spot method with aflatoxin B,
gave values approximately twice as high as the
dilution method (1050 vs. 500 ug/ke) and
pooled coefficients of variation of 51 and 77%,
respectively. In the second study, the AOAC
cottonseed (21, 26.048-26.056), Celite (70),
BF (21, 26.020-26.024), and CB (21, 26.014—
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26.019) methods were compared by 12 labora-
tories, using naturally contaminated peanut meal
and wheat flour. The resulting recommendation
of the CB method was based on the low level
of background interference in the final extract,
achievement of the best precision of the 4 meth-
ods, and the simplicity of the required equip-
ment. A further collaborative study by 11 lab-
oratories of the CB method applied to naturally
contaminated peanuts and peanut meal gave a
pooled between-laboratory coefficient of varia-
tion of 169 for aflatoxin B, at the mean deter-
mined levels of 500 and 750 ug/kg.

As mentioned earlier, some countries, includ-
ing the United States, Canada, Sweden, and the
Federal Republic of Germany, require reporting
total aflatoxins (B, +B,+G;+G.). This involves
separation and quantitation of the individual
aflatoxins. Other countries, especially in the
European Economic Community, report only
aflatoxin B,. Both systems have advantages and
disadvantages. Most collaborative studies permit
comparison of the accuracy and precision of the
results reported both ways. In practically all
cases, the accuracy and precision data are so
similar that the same interpretation of the suit-
ability of a method would be made by either
criterion. Quantitation of a single aflatoxin (B,)
is simpler and faster than estimating 4 com-
pounds, which must be cleanly separated from
each other as well as from background. Afla-
toxin B, is the most commonly oecurring of the
aflatoxins and is usually present in the greatest
amount. However, in some commodities, afla-
toxin G, can be found in amounts exceeding B,
at an incidence of up to 10% of the samples
(71). In rare instances the ratio of G, to B, can
reach 20:1. Aflatoxins B, and G, are always
found in lesser amounts than B, or G,. How-
ever, the toxicological aspect is of greatest sig-
nificance. There is little comparative information
on the relative chronic toxicity of the aflatoxins;
practically all of the comparative studies are of
acute toxicity. Reporting only aflatoxin B, ig-
nores the contribution of the other compounds;
reporting total aflatoxins probably overempha-
sizes the contribution of the other 3 compounds.

Interesting information on the performance of
laboratories as distinguished from the adequacy
of methods for aflatoxin assay is obtained from
2 International Check Sample studies (72, 73).
These programs were initiated in 1971 to pro-
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vide laboratories around the world with a basis
for judging their analytical competence and to
determine the need for quality control among
the proliferating numbers of laboratories testing
for aflatoxins. The findings should encourage
those laboratories whose results deviate from the
majority to examine their methods and operat-
ing techniques. In the first study with a series of
4 samples, in which 129 laboratories partici-
pated, a significantly higher mean was found for
those laboratories reporting the use of the CB
method on peanut products than for those re-
porting the use of the BF method. In the second
study, consisting of a single sample analyzed by
117 laboratories, no difference was found be-
tween the mean values for those laboratories
using either of the 2 methods. However, in both
studies, the coefficients of variation were about
twice as great as in the basic collaborative
studies upon which official AOAC approval had
been granted. This attests to inadequacies in
many laboratories from various potential
sources, such as not following the method, faulty
operating conditions, and improper reference
standards. It strongly demonstrated the need for
a check sample service.

The International Agency for Research on
Cancer in Lyon, France, supported by grants
and technical advice from a number of sources,
has agreed to provide an international check
sample service on a continuing basis. It must be
emphasized that since check sample studies do
not specify or control the method of analysis to
be used in the examination of samples, they are
not collaborative studies of methods. The service
only supplies reasonably homogeneous samples
and ultimately a statistical analysis of the re-
sults obtained by the participating laboratories.
The responsibility for reviewing the results and
making any necessary changes in operating pro-
cedures rests entirely with each individual lab-
oratory. Participation in such check sample pro-
grams should be encouraged as an important
aspect of good laboratory practice.

Conclusion—The collaboratively studied CB
(21, 26.014-26.019) and BF (21, 26.020-
26.024) methods can be recommended as referee
methods for peanuts and peanut products for
aflatoxins levels of 5 ug/kg or greater, with a
coefficient of variation of about 309. These
methods also have the advantage of applicabil-
‘ty, with appropriate modifications, to numerous
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other aflatoxin-contaminated products. The CB
method is also endorsed by the International
Union of Pure and Applied Chemistry (IUPAC)
(74) and the BF method has been adopted by
the American Oil Chemists’ Society (AOCS)
(75, Method Ab 6-68 (revised 1973)) for pea-
nuts and peanut products.

Confirmation Methods

The possible occurrence of compounds that
have a fluorescence and chromatographic be-
havior similar to the aflatoxins has dictated the
need for additional confirmatory tests. This is
particularly true when applying the presump-
tive tests to new commodities and situations and
when proof of identity is required for legal and
regulatory purposes.

The original chemical test for confirmation of
identity was based on the formation of 2 sepa-
rate derivatives of either aflatoxin B, or G,
using the material isolated by preparative TLC.
This can be supplemented by the development
of characteristic terata in the embryos observed
in the fertile chicken egg bioassay. The U.S. FDA
has tested the identity of aflatoxin B, isolated
from more than 500 samples of contaminated
commodities, with 1009 coincidence of the
chemical and biological test results.

Andrellos and Reid (76) developed the origi-
nal confirmatory test for aflatoxins B, and G,
using the enol ether function of the difuran
moiety. The acid-catalyzed addition products
that were formed had characteristic mobilities
and fluorescent properties on thin layer chro-
matograms. The original reagents were acetic
acid-thionyl chloride and trifluoroacetic acid
which produced, respectively, a dimeric acetate
and an addition product with water (aflatoxin
B,.). Pohland et al. (77) simplified preparation
of the epimeric acetates using hydrochloric acid
and acetic anhydride and of the water adduct
using hydrochloric acid. Both tests were studied
collaboratively by Stoloff (78, 79) and both
were adopted by the AOAC.

Przybylski (80) further improved the Andrel-
los test of water adduet formation by eliminat-
ing the preparative chromatography, forming
the derivative from as little as 0.5 ng aflatoxin
B, or G, directly on the origin spot of the TLC
plate. He treated the original spot with tri-
fluoroacetic acid, removed the trifluoroacetic acid
by evaporation, developed the chromatogram,



1330

and examined the plate under UV light. A sup-
plementary test is obtained by spraying the
developed plate with sulfuric acid (14-3) (81);
the fluorescence of aflatoxins B, B,, G,, G., and
M, and the derivatives of B, and G, change
from blue or blue-green to yellow. This test is
not specific. It can only confirm the absence of
aflatoxin, i.e., spots which do not turn yellow
are positively not aflatoxin. But many materials
react with sulfuric acid to give a yellow spot.

The Przybylski test was studied collaborative-
ly by Stack and Pohland (82). In this study an
aflatoxin-free extract of peanut butter prepared
by the CB method was used. One portion was
retained as a negative sample and aflatoxin B,
was added to the remaining 2 portions to pro-
vide the equivalent of 5 and 15 ug/kg original
peanut butter, respectively. The portions were
further subdivided to provide 7 negative sam-
ples, 16 at 5 ug/kg, and 17 at 15 ug/kg, respec-
tively, a total of 40 subsamples. These 40 sub-
samples were randomly distributed to 8 collab-
orators. None of the § collaborators who received
the 7 blanks misidentified the blanks by either
the derivative or sulfuric acid spray test. None
of the 8 collaborators who received the seven-
teen 15 pg/kg samples failed to correctly iden-
tify the aflatoxin B, by either test. One of the
8 laboratorics receiving the 5 pg/kg samples
failed to identify, by the water adduect test, all
3 such samples distributed to it, but correctly
identified all 3 by the sulfurie acid test. Two lab-
oratories missed 3 of four 5 pg/kg samples by
the sulfuric acid test, although correctly identi-
fying all 4 samples by the water adduct test,
As a result of this study, the method was
adopted by the AOAC.

Any extract suitable for presumptive quanti-
tation, regardless of the method by which it is
obtained, 1s usually sufficiently pure to use for
confirmation of identity by derivative formation,
either after preparatory isolation or directly on
the TLC plate. Adjustment of the TLC solvent
may be necessary as discussed under the basic
steps in the prior section Chemical Assay, Gen-
eral.

The only derivatization method for aflatoxins
B, and G, thus far suggested (83) requires too
large an amount of the compound to be of prac-
tical use.

Conclusion. — The derivative confirmation
method on the isolated aflatoxin as deseribed by
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Pohland (21, 26.066-26.072) and the Przybyl-
ski method of derivative formation on the plate
as studied by Stack (21, 26.A17) are recom-
mended as referee methods for the confirmation
of aflatoxins B, and G, in peanuts and peanut
products, and for all other commodities discussed
subsequently for which presumptive methods are
recommended as referee methods. The cleaned
up extract from the Romer method (21, 26.A01-
26.A08) is also suitable for application of the
2 confirmatory tests (54). Variation in TLC
composition to adjust for differences in TLC
conditions is permissable.

Mecthods of Analysis for Aflatoxins
in Cottonseed and Cottonseed Meals

Aflatoxin contamination of cottonseed is gen-
erally characterized by the absence of aflatoxins
G, and G.. Cottonseed contains the characteris-
tic polyphenolic pigment gossypol, in addition
to the common plant pigments such as chloro-
phyll, xanthophylls, and flavones. These pig-
ments, which could interfere in the determina-
tion of aflatoxins, are removed by precipitation
with a heavy metal ion such as lead or zine, or
by adsorption to a ferric gel.

Screening Methods

Marsh et al. (84-86) observed in cotton fibers
under longwave UV light a glowing bright green-
ish-yellow (BGY) fluorescence associated with
A. flavus rot of cotton bolls. The fluorescent
compound has been identified as a product of
the action of peroxidase on kojic acid, a major
metabolite of A. flavus and A. parasiticus, the
species that produce aflatoxins. Rains can leach
out the fluorescent compound, which is water
soluble, and seeds contaminated after destruction
of the peroxidase, a labile enzyme, will not ex-
hibit the fluorescence. Whitten (87) proposed
using these observations as a simple screening
test for detecting the presence of aflatoxins. He
correctly identified 909% of 2300 samples with
detectable aflatoxins. False negative identifica-
tions occurred only with samples containing less
than 10 ug total aflatoxins/kg. The observa-
tions, which require no special skill, can be
performed rapidly.

Although a number of simplified and rapid
methods have been developed specifically for
cottonseed and cottonseed products (88-90), the
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only one which has been studied collaboratively
is the general minicolumn method of Romer
(54) which incorporates the extraction solvent
and the ferric gel purification step of the pre-
sumptive cottonseed methods. It was found to
be applicable to cottonseed products, with a
detection limit for total aflatoxins of 10 ug/kg.
The collaborative study of the method (57)
included 3 cottonseed meals. The negative sam-
ple, which actually contained confirmed afla-
toxin B, at 1 ug/kg, a barely detectable level,
was identified as positive by 4 and negative by
8 collaborators. Nine of 10 collaborators correct-
ly identified the 10 ug/kg sample and all 12
correctly identified the 20 ug/kg sample.

Conclusion. — The collaboratively studied
Romer minicolumn method, accepted by the
AOAC (21, 26.A01-26.A08) and the AACC
(68), is recommended as a screening method for
total aflatoxins in cottonseed and cottonseed
products at a level of 10 pg/kg and above, as
well as for numerous other agricultural com-
modities.

Presumptive Methods

Cottonseed products, particularly ammoniated
cottonseed and cottonseed meals, contain some
difficult-to-remove interferences. The original
AOAC method (21, 26.048-26.056; 91) utilized
an aqueous acetone solvent to obtain an extract
essentially free from lipids, followed by precipi-
tation of the gossypol pigments as the lead
derivatives, partition into chloroform, further
cleanup on a silica gel column, and separation
and quantitation by TLC. The collaborative
study (92) involved 12 laboratories with 10
samples each, 7 spiked and 3 naturally contam-
inated. The average recovery of total aflatoxins
(B,+B,) was 85% by visual and 909 by densi-
tometric estimation, with the unusually low over-
all coefficients of variation of 18 and 129, re-
spectively, for samples with aflatoxins levels down
to 30 pg/kg. Figure 4 contains a plot of the
coefficients of variation as a function of the
aflatoxin concentration. The 3 points intercon-
nected by solid lines are data from blind trip-
licates. The open circle of a pair connected by a
dashed line is the densitometric result; the solid
circle, the visual result. In this study, the co-
efficients of variation were essentially the same
for between- and within-laboratory error com-
ponents by either visual or densitometric meas-
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urement, reflecting little, if any, bias in the
method.

The original official method was simplified and
shortened (93) by eliminating the time-consum-
ing steps of boiling after lead salt treatment, by
substituting a simple filtration through silica gel
and alumina for column chromatography, and
by making silica gel chromatography optional
except for those samples, such as ammoniated
cottonseed products, which contain the most
difficult-to-remove interferences. In the collab-
orative study of the simplified method (94), 11
laboratories analyzed an aflatoxin-negative meal
and 12 contaminated samples with total aflatoxins
contents of 7-266 ug/kg. Only 1 laboratory re-
ported a false positive for the negative meal. The
mean overall coefficients of variation for the
contaminated meals, meats, and ammoniated
meals were 29, 37, and 38%, respectively, as
shown in Fig. 4. The between-laboratory vari-
ance is larger than the within-laboratory vari-
ance, indicating a systematic error for this
method.

Conclusion —The official AOAC method (21,
26.048-26.056) with its good precision is rec-
ommended as a referee method. The official
rapid method (21, 26.A09-26.A16), which is
considerably faster than the original official
method and which yields precision estimates con-
sistent with AOAC-approved methods for afla-
toxins in other products, can also be recom-
mended as a referee method down to 10 pg/kg.

Methods of Analysis for Aflatoxin in Copra,
Copra Meal, and Coconut
The analysis of coconut products for total
aflatoxins is difficult because of the presence of
interfering materials in the aflatoxin B,, G,, and
G, region.

Screening Methods

Although coconut meal was one of the com-
modities studied by Romer (54), coconut prod-
ucts were not included in his collaborative study.
Therefore no referee screening method is recom-
mended for this commodity.

Presumptive Methods

Baur and Armstrong (95) conducted a col-
laborative study of a slightly modified CB meth-
od for aflatoxins, in which 19 laboratories par-
ticipated, utilizing 2 copra samples, 1 naturally
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contaminated and the other negative, and 4
naturally contaminated copra meals. Quantita-
tive measurements for aflatoxins B,, G,, and G,
could not be made reliably because of back-
ground interference, but precision values for B,
are comparable to those obtained with other
commodities, with a coefficient of variation of
about 359% down to 35 ug/kg, the lowest level
tested.

Conclusion—The official AOAC method (21,
26.032-26.036) is recommended as a referee
method for the determination of aflatoxin B, in
coconut products at levels down to 35 pg/ke.
This method is also approved by IUPAC (96)
and by the AOCS (75, Method Ah 1-72).

Methods of Analysis for Aflatoxins in Corn

Corn contains less material interfering with
aflatoxin analysis than any of the other grains
except rice. The extracts from white corn con-
tain less interfering material than extracts from
yellow corn.

Screening Methods

Shotwell et al. (97) described a rapid screen-
ing method for corn kernels for possible afla-
toxin contamination based upon the presence,
when viewed under longwave UV light, of the
BGY fluorescence, similar to that seen in afla-
toxin-contaminated cottonseed (84). For maxi-
mum detectability, the corn must be cracked to
expose BGY fluorescence hidden under the seed
coat. The method may also be applicable to
wheat, oats, and barley (98), but it has not yet
been field tested on these grains. A 5 1b (2 kg)
sample can be examined in less than 5 min. The
test is obviously only indicative of the growth of
A. flavus in the fluorescing kernel. Positive ob-
servations should be followed by a chemical test
for aflatoxins.

For rapid screening of corn extracts, Dantz-
man and Stoloff (99) shortened the CB method
by applying the oil residue left after evapora-
tion of the extracting chloroform directly to a
TLC plate. The oil is separated from the afla-
toxins by preliminary development with an-
hydrous ether. A second development with one
of the usual solvent combinations separates the
aflatoxins from remaining interferences. By com-
parison with reference standards, a rapid esti-
mation of quantity can be made. This method
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was part of the collaborative study (100) of the
application of the CB method to corn and soy-
beans. This rapid method was found applicable
to corn at and above the lowest total aflatoxins
level tested, 10 ug/kg.

Shotwell and Stubblefield (53) performed a
collaborative study on 3 minicolumn screening
methods for aflatoxins in corn: the Pons et al.
method (90), the Shannon et al. modification of
the Pons et al. method (101), and the Velasco
method (56). The Shannon et al. modification
was applicable to levels of as little as 10 pg total
aflatoxins/kg corn and was considered prefer-
able to the original Pons et al. method. The
Velasco method gave only 1 incorrect detection
in 60 assays by 10 collaborators as compared
to 4 incorrect detections by the Shannon et al.
method; the Velasco method was applicable to
total aflatoxins as low as 5 pg/kg, but took con-
siderably longer to perform (45 min as compared
to 20 min). Both methods were adopted by the
AOAC. Selected features of the 3 minicolumn
methods were combined by Barabolak et al.
(102) and by Holaday and Lansden (103), but
these combinations have not been subjected to
collaborative studies.

Romer also combined various published ex-
traction and minicolumn techniques to obtain
a method (54) applicable to mixed feeds and
feed ingredients. The general collaborative study
of this method (57) established its applicability
to the detection of total aflatoxins in white and
yellow corn at levels of 10 ug/kg and above.

Conclusion—Four referee screening methods
are recommended for aflatoxin in corn. The
minicolumn methods do not require laboratory
facilities for their performances. Each method
has unique advantages. The Romer method,
which has been adopted by the AOQAC (21,
26.A01-26.A08) and the AACC (58) is useful
as a general purpose method. The Dantzman
and Stoloff rapid screening method (99), also
adopted by the AOAC (21, 26.038) and the
AACC (58, Method 45-05), can be conducted as
part of the CB presumptive method (21, 26.037-
26.039). The Shannon et al. method (21,
26.040-26.043) can be completed in the least
time, and the Velasco method (21, 26.044-
26.047) has the lowest limit of applicability (5
pg/kg) by collaborative test. Both of the latter
methods also have been accepted by the AACC
(58, Methods 45-15, 45-16).
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Presumptive Methods

Shotwell and Stubblefield (100) performed a
collaborative study of the CB method applied
to corn and soybeans. Fifteen collaborators
analyzed 8 corn samples with a recovery in 2
spiked samples of about 709% total aflatoxins
(B;+G;). The coefficient of variation for those
samples containing total aflatoxins of 20 ug/kg
or more was about 30%; in the 5-10 pg/kg
range, the coefficient of variation was about
double this value.

Conclusion—The CB method, as approved by
the AOAC (21, 26.037-26.039) and by the
AACC (58, Method 45-05) is recommended as
the referee method for total aflatoxins in corn
at levels of 20 pg/kg and above.

Methods of Analysis for Aflatoxins in Tree Nuts

Although for most purposes tree nuts are
considered as a class, for aflatoxin analysis each
type of nut must be examined individually. For
example, pistachio nuts show TLC interferences
when extracts are prepared by the BF method,
often as red spots which appear variably in
areas of the B, and G, spots (104). For an un-
known reason, the G aflatoxins in brazil nut and
filbert extracts may be retained on the silica gel
column used in the CB method (L. Stoloff &
V. DiProssimo, 1972-1973).

Screening Methods

All of the 14 participants in the collaborative
study of the Romer method (57) correctly iden-
tified the presence of aflatoxins in pistachio nuts
at the lowest level of total aflatoxins used, 10
pg/kg. No problems were encountered during
the developmental work on this method (54)
with brazil nuts, cashews, walnuts, pecans, al-
monds, and filberts at total aflatoxins levels of
5 pg/kg. Therefore the collaboratively studied
Romer method (21, 26.A01-26.A08) is recom-
mended as a screening method for tree nuts at
10 pg/kg and above.

Presumptive Methods

DiProssimo (104) conducted a collaborative
study of the CB and BF methods with pistachio
nuts, using both naturally contaminated and
spiked samples containing total aflatoxins at
levels of 15-57 ug/kg. The statistical design in-
cluded “blind” triplicates with both types of
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contamination to permit a separation of the be-
tween- and within-laboratory components of
error. The CB method recovered more aflatoxin
than the BF method, approximately 85 vs. 65%,
respectively. The coefficient of variation was
about 40% for both methods at the total afla-
toxin levels of 35-60 ug/kg, remaining at about
the same level (509, ) for the CB method at 15
pg/kg but increasing to an unacceptable 70%
with the BF method for the same sample. The
BF method also gave more false positive results
with negative samples than the CB method, re-
flecting the fact that with most commodities the
CB method gives a cleaner exract than the BF
method. Operationally, the BF method is con-
siderably faster and more economical than the
CB method.

The coefficient of variation for each method is
plotted as a function of concentration in Fig. 5.
For this figure, the original data were used to
recalculate coefficients of variation, where neces-
sary, to provide the same basis as plotted in the
previous figures, so that a direct comparison of
the data among commodities is possible. The
design of this study also permitted the calcula-
tion of the standard deviation of a single analy-
sis by a single laboratory (analyst), which, when
expressed as a coefficient of variation, is about
409, approximately the same as the total over-
all variability. The standard deviation of a single
analysis is interpreted as follows: The “true”
aflatoxin content of a sample analyzed by a
single determination by a given laboratory will
lie, 959 of the time, within the range deter-
mined by the value found =2 times the stand-
ard deviation.

Conclusion—The official AOAC CB (21,
26.063) and BF (21, 26.064) methods are rec-
ommended as referee methods for the determin-
ation of total aflatoxins in tree nuts down to

35 pg/kg.

Methods of Analysis for Aflatoxins in Soybeans
and Small Grains

Soybeans and the small grains (wheat, oats,
rye, sorghum, and barley) usually do not present
an aflatoxin contamination problem, either be-
cause of the possible presence of an inhibitory
substance, as in the case of soybeans, or because
the conditions of seed development and matura-
tion are not conducive to mold growth, as in the
case of small grains.
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Screening Methods

Because of the infrequency of aflatoxin con-
tamination in soybeans and small grains in the
U.S, these commodities were not included as
such in the 2 Romer studies (54, 57). How-
ever, soybean meal constituted a substantial part
of the mixed feeds included in these studies. The
incidence of false negatives for 4 mixed feeds
was very low at a total aflatoxins level of 25
pg/kg. Therefore, the collaboratively studied
Romer method (21, 26.A01-26.A08) is recom-
mended as a screening method for soybeans at
25 pg/ke and above.

Presumptive Methods

Shotwell and Stubblefield (100) performed a
collaborative study of the CB method on both
corn and soybeans, Thirteen collaborators ana-
lyzed 7 soybean samples with a recovery in 2
spiked samples of about 709 total aflatoxins
(B,+G,). The coefficient of variation for sam-
ples containing total aflatoxins at 20 and 60 ug/
kg, naturally contaminated and spiked, was a
high 459, with an unexplained spread of the
coefficients of variation in an identical series of
triplicates of 64, 52, and 209, as shown in Fig.
6. The low incidence of aflatoxin in this com-
modity has created no urgency to investigate
the cause of these large variations. Although the
AOQOAC (21, 26.065) and the AACC (58, Method
45-05) have accepted the CB method for soy-
beans, it appears to have too great a variation
for acceptance as a referee method.

Methods of Analysis for Aflatoxin
in Cocoa Beans

The usual extracting solvents and partitioning
systems are excellent solvents for theobromine
from cocoa beans and its products. The sheer
bulk of this compound interferes with the isola-
tion of the aflatoxins. Although cocoa beans were
on the original list of suspect commodities be-
cause of the climatic and environmental situa-
tion and usual agricultural practices under which
they are produced, aflatoxin contamination of
cocoa beans has not been demonstrated. No evi-
dence has appeared to warrant additional work
to improve present methods for aflatoxin in this
product.

Screening Methods
Collaboratively studied screening methods
have not been applied to cocoa products.
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Presumptive Methods

Scott (105) was able to apply the CB method
to cocoa beans by removing most of the lipids
with hexane before extracting with chloroform,
and then removing most of the theobromine
with silver nitrate. In the collaborative study
utilizing 11 laboratories (106) on samples of
cocoa beans containing added total aflatoxins at
45 and 70 pg/kg, the average recovery obtained
was 859, with a coefficient of variation of 359.
At 18 ug/kg the coefficient of variation ap-
proached an unacceptable 509,. These data are
shown in Fig. 7.

Conclusions. — The collaboratively studied
Scott modification of the CB method (21,
26.025-26.031), which has also been accepted
by IUPAC (107), is recommended as the referee
method for cocoa beans at total aflatoxins levels
of 45 pg/ke and above.

Methods of Analysis for Aflatoxins
in Green Coffee

The problem with the analysis of green coffee
beans for aflatoxin is similar to that with cocoa
beans—caffeine and interfering fluorescent mate-
rials are extracted and must be removed. No
aflatoxin was found in a survey of 58 samples
of moldy coffee from various countries (108).

Screening Methods
Collaboratively studied screening methods
have not been applied to coffee.

Presumptive Methods

Levi (109) applied the CB method as modi-
fied by Scott (110) to coffee beans by grinding
the beans, after freezing, in a blender. The
chloroform extract was cleaned up on a deacti-
vated Florisil column; impurities were eluted with
tetrahydrofuran. In the collaborative study, the
results from 8 laboratories showed a 709 over-
all recovery of added aflatoxin B,, but the co-
efficient of variation of 3 sets of duplicate sam-
ples was almost 509, with aflatoxin B, at 25 and
80 ug/kg. There were no false positives with a
negative sample, and 6 of the 8 laboratories
detected the presence of aflatoxin B, at 5 ug/kg.
The variability of results by this method, as
shown in Fig. 7, is too great for referee use.

Conclusion—No recommendation can be made
for a referee method for the detection, deter-
mination, or confirmation of aflatoxin in coffee
beans.
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Methods of Analysis for Aflatoxins
in Mixed Feeds
Mixed feeds, particularly those containing al-
falfa, corn gluten, and fish meals (111), present
a difficult separation problem.

Screening Methods

The Romer method (54) was specifically de-
veloped for mixed feeds. It successfully handled
commercial chick, pig, turkey starter, and dairy
rations in the collaborative study (57) at total
aflatoxins levels of 15 pug/kg and above.

Presumptive Methods

The Commission of the European Communi-
ties is reported to have conducted a collabora-
tive study on straight and mixed feeds, using a
2-dimensional TLC .method. Citrus pulp pre-
sents difficulties in the analysis. The results of
the collaborative study have not been published.
Therefore no method can be recommended as a
referee method for mired feeds, although meth-
ods are available for the individual ingredients,
as discussed under the specific agricultural com-
modities.

Conclusion—Only the Romer screening meth-
od (21, 26.A01-26.A08) can presently be rec-
ommended for the examination of mixed feeds
at total aflatoxins levels of 15 pug/kg and above.

Methods of Analysis for Aflatoxins
in Milk Products and Animal Tissues

The methodology developed for studies of
aflatoxin metabolism required limits of detection
2 orders of magnitude lower than the.concentra-
tion in the feed ingredient. These methods have
been adapted to analysis of the edible tissues:
aflatoxin M, in milk, aflatoxin B, in eggs, and
aflatoxins B, and M, in meat (particularly
liver). The practical limit of detection for afla-
toxins in these tissues is about 0.1 ug/kg (wet
weight), although under research conditions the
limit has been pressed to around 0.02 pg/kg for
aflatoxin M, in milk and aflatoxin B, or M, in
liver.

The primary metabolite found in milk is afla-
toxin M,, with M, sometimes observable as a
minor constituent. Under research dosing condi-
tions, aflatoxin B, may also be seen as a minor
constituent. Separation of aflatoxin M, from M,
on silica gel TLC plates is difficult. Therefore,
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as a practical matter for survey purposes, afla-
toxins M, and M, are measured together.

Only aflatoxin B, has been found transmitted
to eggs; both B, and M, are found in liver.

Screening Methods

No screening methods have been proposed for
animal products.

Presumptive Methods—Milk Products

Stubblefield et al. (112) compared the per-
formance of 6 published methods for the deter-
mination of aflatoxin M, in liquid and powdered
milk, using comparison eriteria of a detection
level of 0.1 pg/kg in fluid milk and 1 pg/kg in
powdered milk, and the relative recovery of
aflatoxin M, from naturally contaminated and
spiked samples at fluid milk equivalent levels of
0.1, 0.5, and 1.0 ug/kg. The Purchase and Steyn
method (113) was selected as most suitable for
assaying powdered milk and the Jacobson et al.
method (114) for liquid milk. On the basis of
experience gained in this work, these methods
were further simplified without sacrificing any
of their desirable attributes.

A collaborative study of these 2 methods, in-
volving 15 laboratories, was performed by Pur-
chase et al. (115) using the Purchase and Steyn
method (113) for powdered milk and the Jacob-
son et al. method (114) for liquid milk. The co-
efficients of variation found are given in Fig, 8.

With powdered milk, 5 of 13 laboratories re-
ported false positives on the negative sample.
One false negative was reported by 13 labora-
tories at the lowest level of aflatoxin M tested,
1.2 ug/kg. The coeflicient of variation was 36%
at this level. The highest level tested, 50 ug/kg,
had the highest coefficient of variation, 47%.
Overall, the recovery of “expected” aflatoxin M
by this method was 649 with a coefficient of
variation of about 30%.

Both spiked and mnaturally contaminated
liquid milk samples were used in the collabora-
tive study. For the naturally contaminated sam-
ples, the average of the reported values was
859 of the value established by the initiating
laboratory by the same method. The recovery
from the spiked samples was 479%. The coeffi-
cients of variation showed an unusual pattern.
The 3 samples naturally contaminated at about
1 pg/kg had the lowest coefficient of variation,
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about 379%. The lowest and highest aflatoxin
levels, 0.1 and 5.0 ug/kg, had the highest coeffi-
cients of variation, about 1009. There were 2
false positive observations in 13 reports on the
negative sample and 5 false negative samples at
the lowest spiked level, 0.1 ug/kg.

Pons et al. (116) developed a method applic-
able not only to milk but to its heat- and acid-
processed products (concentrated milks and
cheeses). The aflatoxin is extracted with acetone-
water, phospholipids and soluble proteins are
removed with lead acetate, and residual fats are
partitioned into hexane. Aflatoxin M is then re-
moved with chloroform, which is washed with
salt solution. For fluid milk, the residue after
evaporation of the chloroform may be used di-
rectly for TLC. Heat- and acid-treated milk
products must be further purified by partition
chromatography on a cellulose-aqueous meth-
anol column prior to TLC. This method can be
performed more easily and rapidly than the 2
methods previously tested and is more generally
applicable. It was further refined by Stubble-
field and Shannon (117) and then subjected to a
collaborative study involving 19 international
participants (118). Samples were prepared by
spiking the milk prior to preparation of each
milk product and also by spiking specific sample
portions immediately before shipping. The coeffi-
cients of variations are large (45-75%) at these
low levels of aflatoxin M, (0.1-3 ug/kg), using
milks (liquid and dried), butter, and cheese
(ricotta, cheddar). A negative blue cheese gave
a number of false positives because of the pres-
ence of a fluorescent interference in the aflatoxin
M, area.

Schuller et al. (45) performed a collaborative
study of the determination of aflatoxin M, in
naturally contaminated liquid and powdered
milk, utilizing a Celite isolation procedure (59)
and 2-dimensional TLC (119). Eight samples (4
pairs of blind duplicates) were examined by 21
laboratories. No negative samples were included.
For this paper, the original data have been re-
analyzed statistically to permit comparing the
coefficients of variation with that of Purchase
(115) as given in Fig, 8 The liquid milk con-
taminated with the lowest level, 0.05 ug aflatoxin
M/L, showed almost 209 false negatives. At the
higher level, 0.16 ug aflatoxin M/L, the coeffi-
cient of variation was about 509 with no false
negatives. The coefficient of variation for
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powdered milk was about 309 for the 2 levels
studied, 1.5 and 4 ug aflatoxin M/L.

Conclusion.—At levels of aflatoxins of the
order of 0.1-1 ug/kg the problem of separation
of the contaminant from the interferences is
magnified over that encountered in plant mate-
rial, resulting in coefficients of variation so high
(45-75%) that it is doubtful that meaningful
conclusions can be drawn as to the relative per-
formance of methods other than most labora-
tories are able to determine correctly the pres-
ence or absence of the aflatoxin. Even here,
confirmation by derivatization is a necessity
since the results show about a 109, probability
that a false positive or false negative result will
be obtained.

A coeflicient of variation of 509 on a sample
showing an aflatoxin M, level of 1 ug/kg, which
is regarded as a heavily contaminated milk sam-
ple, means that independent samples analyzed
by different laboratories will show wvalues of
from 0 to 2 pg/kg 959 of the time. A finite
proportion of the results, 2.59%, are to be ex-
pected as false negatives and 2.59 of the results
will be an extremely improbable value (for
milk) of greater than 2. These are expected
values, derived from the normal operations of
laboratories operating under conditions where
the laboratories knew that their results would
be compared with the results of other labora-
tories. Routine conditions would be expected to
produce a poorer showing. It is therefore neces-
sary to institute an extremely rigorous quality
assurance program, as well as to recognize the
need for the analysis of a number of independent
samples from the same lot, when an individual
result is likely to be used as the basis for eritical
decisions such as in legal actions and for referee
purposes.

Nevertheless, since analysts must live with the
best which is available, the collaboratively
studied methods, despite their limitations, have
been accepted by the AOAC and IUPAC: the
modified Pons method (21, 26.079-26.083) for
milk products in general, the Purchase and
Steyn method for powdered milk (21, 26.088-
26.089; 115), and the modified Jacobson
method for fluid milk (21, 26.084-26.087;
115). In view of the reported variability in
results, these methods cannot be recommended
as referee methods. Reliance for referee purposes
must be associated with the use of several lab-
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oratories or numerous samples to reduce the

variability to a reasonable range.

Presumptive Methods—Animal Tissue

Methods for aflatoxins in animal tissues have
been developed by only a few workers. Rossi
et al. (120) used 2-dimensional TLC. Brown
et al. (121) combined the extraction and parti-
tion of Jacobson et al. (114) with the silica gel
column of the CB method and the cellulose
column of Pons et al. (116), followed by TLC
and measurement by fluorodensitometry. Since
the within-laboratory coefficient of variation of
the basic portions of the Brown et al. method
(121) at the 0.05-0.2 pg/kg levels of aflatoxin
are already over 409%, it is unlikely to be suit-
able as a referee method.

No collaborative studies have been performed
using animal tissues.

Confirmatory Methods

Because of the uncertainties involved in de-
termining the low levels of aflatoxin M found in
animal tissues and foods of animal origin, the
reliability of confirmation tests assumes greater
importance. Stack et al. (122) described a deriv-
ative technique specifically developed for afla-
toxin M, in which 30 ng aflatoxin is used but
as little as 1 ng is detected. Use of such low
quantities requires a preliminary cleanup by
preparative TLC or by column chromatography.
This method was included in the collaborative
study performed by Stubblefield and Shannon
(118). When an estimated 30 ng aflatoxin M,
added to milk was carried through the entire
method, 5 false negatives were reported in 29
observations on the formation of the 2 deriva-
tives specified in the method. When 50 ng afla-
toxin M, was added to an extract from the
equivalent of 50 g colby cheese, all observations
for the acetate derivative were correct, and only
1 false negative was reported for the hemiacetal
derivative. The study had no provision for
judging the possibility of false positive observa-
tions. A modification of the Przybylski method
has been developed for aflatoxin M (123), but
it has not yet been tested collaboratively.

Conclusion—The derivative formation and
TLC method as approved by the AOAC (21,
26.090) is recommended as a referee method for
confirming the identity of aflatoxin M, with
quantities greater than 30 ng.
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Table 1. Sources of aflatoxin standards (1976)
Compounds
Source available®
Aldrich Chemical Co., aflatoxins

940 St. Paul Ave,
Milwaukee, W| 53233

Applied Science Laboratories, Inc., quantitative

PO Box 440, Bi, B2, Gi, G2
State College, PA 16801 standard kit
Calbiochem, aflatoxins
10933 N Torrey Pines,
La Jolia, CA 92037
Makor Chemicals, Ltd, aflatoxins
PO Box 6570,
Jerusalem, Israel
A. E. Pohland, aflatoxins
Food and Drug Admmlstratlon,
200 C St, Sw,
Washington, DC 20204
Rijksinstituut voor de aflatoxins
Volksgezondheid, By and M,

PO Box 1,
Bilthoven, The Netherlands

qualitative mixture
of B1, Bz, Gi, G2

Senn Chemicals, aflatoxins
CH-8157 Dieseldorf,
Switzerland

R. M. Stubblefield, aflatoxins
U. S. Department of Agriculture, M; and M2
1815 N University St,
Peoria, IL 61604

Supelco, Inc., aflatoxins

Supelco Park,
Bellefonte, PA 16823

¢ B;, B2, G1, and G2, unless otherwise specified.

Standards

All of the recommended screening, presump-
tive, and confirmatory methods for aflatoxins
depend upon comparison with a reference stand-
ard. The identity and purity of the standards
used in conjunction with the performance of the
method ultimately determine the success of the
analysis. Suitable standards are now interna-
tionally available from a number of sources as
shown in Table 1. Rodricks (124) recommended
that all collaborative studies of quantitative
methods for mycotoxins include (a) information
on the characterization of the standards, their
source, methods of isolation and purification,
criteria of purity, and stability under conditions
for dispensing and use, and (b) a method for
checking concentration and purity of the refer-
ence standards. The basic UV absorption char-
acteristics of solutions of erystalline preparations
of the 4 aflatoxins, from several laboratories,



1338

JOURNAL OF THE AoAC (Vol. 59, No. 6, 1976)

Table 2. Collaboratively studied methods of analysis recommended as referee methods
Min. level Coeff. of
Method/commodity applicability® var., % Ref. Remarks
Biological method
Aflatoxin B) isolates 2 ug (B1) — AOAC 26.073-26.078 (21) chicken embryo bioassay
for toxicity
Screening methods report positive or
negative
Peanuts, cottonseed, 10 —
corn, tree nuts, and Romer minicolumn
their products :Aoég :g_.ﬁ)ogg)sma @n method
Mixed feeds 15 s
Soybean meal 25 —
Corn 10 — AOAC 26.038 (21) part of CB method
AACC 45-05 (58)
10 — AOAC 26.040-26.043 (21) most rapid
AACC 45-16 (58)
5 — AOAC 26.044-26.047 (21) lowest limit of
AACC 45-15 (58) applicability
Confirmatory methods
All extracts suitable for 20 — AOAC 26.066-26.071 (21) Pohland modification
presumptive tests for
By and G, including 15 — AOAC 26.A17 (21) Przybylski modification
that for Romer screen-
ing test
Extracts suitable for 30 ng (M) — AOAC 26.090 (21) acetate/hemiacetal
M, presumptive tests
Presumptive methods
Peanuts and its products 5 30 AOAC 26.014-26.019 (21) CB method
IUPAC Inform. Bull. 31 (74)
5 30 AOAC 26.020-26.024 (21) BF method
AOCS Ab 6-68 (rev. 1973) (75)
Cottonseed and its 30 15 AOAC 26.048-26.056 (21) original method
products AOCS Aa 8-71T (75)
10 30 AOAC 26.A09-26.A16 (21) rapid modification
Coconut and its 35 (B1) 35 AOAC 26.032-26.036 (21) modified CB
products JUPAC Inform. Bull. Tech.
Rep. 9 (96)
AOCS Ah 1-72 (75)
Corn 20 30 AOAC 26.037-26.039 (21) CB method
AACC 45-05 (58)
Tree nuts 35 40 AOAC 26.063 (21) CB method
35 40 AOAC 26.064 (21) BF method
Cocoa beans 45 35 AOAC 26.025-26.031 (21) modified CB

IUPAC Inform. Bull. Tech.
Rep. 8 (107)

¢ Applicable to total aflatoxins, ug/kg, unless otherwise indicated as specific compound or as absolute amount.

were determined in 2 laboratories (125). These
constants, in turn, were used to determine the
concentration of aflatoxin in standard solutions
supplied to collaborators in 3 separate studies
summarized by Rodricks and Stoloff (126). The
average coefficient of variation for the deter-
mined concentrations of the 4 aflatoxins in these
studies is 4.5%, approaching the limit of spec-
trophotometric precision. In a related study,
Purchase and Altenkirk (127, 128) determined
the stability of aflatoxin M, standard solutions.

Conclusion—The criteria of purity and meth-
ods for determining the purity and concentra-

tion of aflatoxins as approved by the AOAC (21,
26.004-26.013) and IUPAC (129) should be
part of all referee methods.

Summary
Table 2 gives those methods which are judged
as suitable as referee methods, by commodity,
with appropriate applicability eriteria.
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DISINFECTANTS

Analysis and Optimization of a Quantitative Organic Soil
Neutralization Test for Disinfectants

ELAINE J. WHITMORE and NORMAN A. MINER

Arbrook, Inc., Arlington, TX 76010

An analysis and optimization of a test to
quantitatively assess the resistance of disinfec-
tants to neutralization by organic soil is pre-
sented. The recommended method uses sterile,
dry baker’s yeast as a standard organic soil,
and 24-hr cultures of Staphylococcus aureus
and Pseudomonas aeruginosa as test organisms.
The test determines the maximum per cent
(w/v) of organic soil which a disinfectant can
tolerate and remain able to kill about 106 test
organisms/ml in 10 min at 25°C. This per cent
is defined as the organic soil neutralization
number. The procedure offers several advan-
tages over other organic soil capacity tests.

Disinfectants ecan be deactivated as a result of
interaction with organic soil such as blood,
mucus, and other organic matter (1, 2). Neutral-
ization of disinfectants by organie soil may con-
tribute to instances of disinfectant failures as
well as to actual contamination of disinfectants
with microorganisms, as have often been re-
ported (3-8).

In the United States, disinfectants are regu-
lated by the Environmental Protection Agency
(EPA). The basic test required to assess disin-
fectant activity is the AOAC use-dilution meth-
od (9). This test determines the ability of a
disinfectant, diluted with sterile distilled water
to the recommended use-dilution, to disinfect
stainless steel cylinders contaminated with test
organisms (Salmonella choleraesuis, Staphylo-
coccus gureus, and Pseudomonas aeruginosa) in
10 min at 20°C. There is no extraneous organic
soil in this test and there are no standard tests
required by the EPA to determine the activity
of disinfectants in the presence of organic soil.
Thus, chemicals which qualify as disinfectants
at dilute concentrations in the laboratory may
fail when they encounter organic soil in the
reality of the use situation in the hospital, where
disinfectants may be used repeatedly, or over a
protracted period of time.

A reproducible quantitative test is presented

which determines the per cent (w/v) of sterile,
dry baker’s yeast which a disinfectant at the
manufacturer’s recommended concentration
(use-dilution) can tolerate and maintain the
ability to kill about 10¢ bacteria/ml in 10 min
at 25°C. The maximum per cent of organic soil
(sterile, dry baker’s yeast) in which a disinfect-
ant remains active is defined as the organic soil
neutralization number. An earlier publication
(10) briefly described a preliminary version of
this test as used in a study to comparatively
evaluate several disinfectants.

This paper presents an analysis of the com-
ponent factors of the test and establishes a
standard set of experimental constants for deter-
mining the resistance of disinfectants to neutral-
ization by organic soil.

Experimental
Reagents

(a) Baker’s yeast—Fleischmann’s active dry
yeast (manufactured by Standard Brands, Inc.,
New York, NY).

(b) Disinfectants.—Major active ingredients as
listed on labels: aldhehydes—1, 2% acidic glutar-
aldehyde, pH 2.7-3.7; 2, 2% alkaline glutaralde-
hyde, pH 8.2-89. Phenolics—1, o-phenylphenol,
5% ; o-benzyl-p-chlorophenol, 4.5%; p-tert-amyl-
phenol, 1%; 2, o-phenylphenol, 109%; o-benzyl-
p-chlorophenol, 8.5% ; p-tert-amylphenol, 2%; 3,
o-phenylphenol, 5.7%; p-tert-amylphenol, 1.8%.
Cationic quaternary ammonium compounds
(quats)—1, alkyl (50% Ci4, 40% Ci,, 109% Cys)
dimethyl benzyl ammonium chloride, 9% ; 2, alkyl
dimethyl benzyl ammonium chloride, 3.25%; 3,
n-alkyl (50% Ci4, 40% Ciz, 10% Ci¢) dimethyl
benzyl ammonium chloride, 3.9%.

(¢) Subculture media—See 4.001(a), (c) (9).
Nutrient broth—Use with aldehyde disinfectants.
Letheen broth.—Use with phenolic and quaternary
ammonium disinfectants.

The effectiveness of any subculture medium in
neutralizing carried-over disinfectant must be es-
tablished for other categories of disinfectants be-
fore evaluating this test. To do this, add one loop-
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Determination of neutralization number

Growth of Test Bacteria in Subculture Tubes
g Yeast/10 ml disinfectant

Neut.
Test bacteria 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 No.
S. aureus 0 0 0 0 0 0 0 0 0 +
0 0 0 0 0 0 0 0 0 + 9
P, aeruginosa 0 0 0 0 0 + + + + +
0 0 0 0 0 1] + + + + 5

ful of disinfectant at manufacturer’s recommended
concentration’ to duplicate tubes containing 10
ml subculture medium. Inoculate separate tubes
with 50-100 organisms from 24-hr cultures of each
test bacteria and incubate tubes 48 hr at 37°C.
If test bacteria grow in subculture medium,
carried-over disinfectant has been neutralized and/
or diluted sufficiently to eliminate bacteriostatic
activity.

(d) Test organisms—S. aureus, ATCC 6538;
and P. aeruginosa, ATCC 15442; see 4.010-4.011
9.

Concentration range of 24-hr cultures of test
organisms used in these tests was 2.7-7.0 X 108/ml
for 8. aureus and 0.8-1.9 X 102/ml for P. aerugi-
nosa. If necessary, dilute organisms with sterile
0.85% NaCl solution to achieve this concentration.
Test bacteria should have resistance to phenol at
20°C as specified by 4.001-4.006 (9).

Preparation of Samples

(a) Organic soil—Prepare yeast for tests by
grinding to even consistency with mortar and
pestle. For example, 20 g yeast ground for 60
sec in 300 ml mortar is suitable for use. Weigh
dry yeast into 25 X 150 mm test tubes in desired
increments to cover range of organie soil challenge
to be tested (see example presented in Table 1).
Cap tubes and sterilize yeast by autoclaving.
Break up clumps of autoclaved yeast in test tubes
by agitation on vortex-action mixer.

(b) Disinfectants—Dilute each disinfectant to
be tested to manufacturer’s recommended concen-
tration (use-dilution) in sterile distilled water.

Test Procedure

Aseptically add 10 ml disinfectant to each tube
of dry yeast and mix thoroughly. Place tubes of
disinfectant plus yeast in 25°C water bath for 1
hr.

Using 1 ml pipet, add 0.1 ml 24-hr culture of
test organisms (2.5-7.0 X 108 S. aureus/ml or 0.8
19 X 10° P. aeruginosa/ml) to each disinfectant-
yeast tube at 30-sec intervals, mixing immediately
prior to and following addition of organisms. In-

cubate tubes 10 min at 25°C. At 30-sec intervals,
mix each tube, and using 4 mm id loop, transfer
one loopful of yeast-disinfectant-organism mixture
from each tube to 20 X 150 mm subculture tube
containing 10 ml subculture medium. Agitate sub-
culture tubes and transfer one loopful from each
inoculated tube to second subculture tube con-
taining 10 ml subculture medium. Agitate second
set of tubes. Double subculture technique serves
as additional check for bacteriostasis. If growth
appears in second subculture tube while first sub-
culture tube is negative, subculture medium has
not adequately neutralized disinfectant carried
over, and another neutralizing medium must be
selected.

Incubate all subculture tubes 48 hr at 37°C and
read results by macroscopic examination for tur-
bidity as indicator of growth of test organism. At
higher yeast concentrations, clarity of nutrient
medium may be affected by yeast carry-over.
Streak samples from such tubes onto letheen agar
plates for verification of bacterial growth.

Calculation of Neutralization Number

Neutralization number is defined as maximum
per cent (w/v) of yeast which will not inactivate
disinfectant within parameters of this test. Obtain
number by multiplying greatest weight of yeast
resulting in no growth in first row of subculture
tubes by 10. Because of limit of physical com-
patibility of disinfectants with yeast, 3 g yeast/
10 ml disinfectant was maximum used. Thus, the
highest measurable neutralization number was
>30. An example is shown in Table 1.

Establishment of Test Parameters

The influences of several components of this test
were evaluated in order to develop and recom-
mend an optimum practical standard procedure
which would assure accuracy and repeatability.
The test components studied were: use of hard
water vs. distilled water; length of disinfectant-
organic soil contact time; number of test bacteria ;'
age of test bacteria; incubation temperature; and
disinfectant concentration. .
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Neutralization numbers of disinfectants at their manufacturer’s recommended use-dilutions

Neutralization No.

% Active Distd water® Hard water®

ingredients
Disinfectant Use-diln at use-diln S. aureus P. aeruginosa S. aureus P. aeruginosa
Aldehyde 1 undild 2.0 >30 >30 NT® NT
Aldehyde 2 undild 2.0 >30 >30 NT NT
Phenolic 1 1:33 0.315 4 6 4 3
Phenolic 2 1:256 0.080 1 0.5 1 <0.25
Phenolic 3 1:100 0.075 1 2 1 <0.25
Quat1 1:128 0.070 2 1 2 0.5
Quat 2 1:32 0.102 1 0.5 1 <0.25
Quat 3 1:32 0.122 3 3 3 1

¢ Dilutions of phenolic and quat disinfectants were made with sterile distilled water.
® Dilutions of phenolic and quat disinfectants were made with sterile, 600 ppm standard hard water.

¢ Not tested; used undiluted.

Results of these studies, which are presented
below, led to the selection of the set of test con-
stants described in the Test Procedure section of
this paper. Examples of application of the opti-
mum test method to determine organic soil neu-
tralization numbers of several disinfectants and
examples of test reproducibility are also presented.

Results
Effect of Hard Water on Neutralization
Numbers
The activity of some disinfectants is reduced
in the presence of hard water (11). Table 2

Table 3. Effect of contact time between
disinfectants and organic soil on
neutralization numbers

%
Active
ingre- Neutralization No.
dients Contact _—
Dis- at diln time, S. P. aeru-
infectant tested min aureus ginosa
Phenolic 1 0.25 0.5 10 >10
2 7 4
10 5 5
30 5 5
Quat 3 0.25 0.5 >10 9
2 7 6
10 8 7
30 7 7
Aldehyde 2 0.25 0.5 >30 >30
2 30 22
10 26 18
30 14 10
40 12 10
60 12 10
Aldehyde 2 2.00 10 >30 >30
30 >30 >30
60 >30 >30
300 >30 >30

indicates the effect on soil neutralization number
of dilution of disinfectants in water of 600 ppm
hardness or in distilled water (see 4.027-4.028)
(9). The activity against P. aeruginosa of all
the phenolic and quat disinfectants tested was
50 to ==75% less in hard water than in distilled
water, as reflected in reduced neutralization
numbers. When 8. aureus was the test organism,
neutralization numbers were not altered by dilu-
tion of the disinfectants in hard water. As a
result of these different effects of hard water,
sterile distilled water is used to dilute disin-
fectants in this organic soil neutralization test.
This allows for standardization of the test, and
avoids the necessity of making a judgment as to
what is a representative water hardness. The
effect of hard water on glutaraldehyde at the
manufacturers’ recommended concentration was
not studied because both glutaraldehyde disin-
fectants are used undiluted.

Length of Disinfectant-Organic Soil Contact
The effect of the length of contact between
the organic soil and disinfectant was determined
in order to establish the appropriate time to use
in the standard test procedure. Disinfectant was
mixed with the yeast and allowed to remain in
contact with the yeast from 30 sec to 5 hr. As
shown in Table 3, neutralization of the phenolic
and quat tested occurred within 10 min after the
initial contact with the yeast, but was not com-
plete in less than 2 min. Neutralization of 0.25%
alkaline glutaraldehyde, however, was not com-
plete until 30-40 min after initial contact with
the yeast. The neutralization number of un-
diluted alkaline glutaraldehyde is apparently
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Table 5. Effect of age of test culture on

neutralization numbers

Final concn of
P. aeruginosa/ml disinfectant

Disinfectant® 107 10¢ 10° 104
Phenolic 1 6 6 8 12
Phenolic 2 3 3 7 >10
Quat1 3 5 9 >14
Quat 3 8 12 >18 >18

Neutralization No.

8. aureus P. aeruginosa
Disinfectant® 24 hr 48 hr 24 hr 48 hr
Phenolic 1 3 4 6 5
Quat 3 8 7 8 8
Aldehyde 2 10 10 8 10

¢ Each disinfectant was tested at 0.25% active in-
gredients.

sufficiently in excess of 30 (the highest number
possible in this test) that no change in neutral-
ization number was observed within a 5-hr dis-
infectant-yeast contact time. Because the same
degree of neutralization of alkaline glutaralde-
hyde was achieved in 1 hr as in 5 hr, and be-
cause 1 hr is a more practical time than 5 hr,
a standard contact time of 1 hr is recommended
to allow maximum neutralization of all disin-
fectants prior to adding the test microorganisms.

Effect of Numbers of Organisms

The ability of any disinfectant to completely
kill microorganisms in a fixed exposure time is a
function of the number of microorganisms with
which the disinfectant is challenged. Neutraliza-
tion numbers for several disinfectants were de-
termined by using various concentrations of P.
aeruginosa in the inoculum as the only test vari-
able. The test cultures were diluted in sterile
0.859% sodium chloride solution. As expected, the
neutralization numbers decreased as the number
of organisms/ml in the disinfectant was in-
creased from 10 to 107 (Table 4). The smallest
differences in neutralization numbers occurred
when the concentration of P. aeruginosa was in
the range of 10¢ to 107 P. aeruginosa/ml disin-
fectant. The results indicated that the standard
test procedure should use 10¢ to 107 miero-
organisms/ml disinfectant to achieve consistent
neutralization numbers.

Effect of Age of Culture

Virtually no differences in neutralization num-
bers were noted when 48-hr cultures of S. aureus
or P. aeruginosa were used rather than 24-hr
cultures (Table 5). For convenience, 24-hr cul-
tures that achieve 2.5-7 X 108 8. aureus/ml cul-

¢ Each disinfectant was tested at 0.25% active in-
gredients.

ture and 0.8-1.9 X 10° P. aeruginosa/ml culture
are the standard test organisms for the organic
soil neutralization test.

Effect of Temperature

As shown in Table 6, minimal differences in
neutralization numbers were observed when the
disinfectants were tested at 20 or 25°C, Neutral-
ization numbers were the same or slightly higher
at 25 than at 20°C. Since water baths able to
achieve 25°C are more readily available than
refrigerated baths, 25°C was determined as the
standard temperature for this test.

Effect of Disinfectant Concentration

To assess the effect of disinfectant concen-
tration on resistance to inactivation by organic
soil, neutralization numbers were determined for
several disinfectants diluted with sterile distilled
water to provide various levels of active ingre-
dients. Concentration-response curves of repre-
sentative disinfectants are presented in Figs.
1-5. As indicated in these figures, there was a
linear increase in neutralization number with an
increase in the concentration of active ingredi-
ents. “Active ingredients” refers only to the
ingredients in the major chemical group of each
disinfectant, i.e., phenolics, quats, or glutar-
aldehyde.

Table 6. Effect of temperature on
neutralization numbers

Neutralization No.

S. aureus P. aeruginosa
Disinfectant® 20°C 25°C 20°C 25°C
Phenolic 1 4 4 5 5
Quat 3 7 8 8 8
Aldehyde 2 12 14 10 12

This paper was presented at the 8¢th Annual Meeting of
the AOAC, Oct. 13-16, 1975, at Washington, DC.

¢ Each disinfectant was tested at 0.25% active in-
gredients.
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mended concentration for instrument disinfection.

Neutralization Numbers of Disinfectants
at Manufacturer’s Recommended Use-Dilutions
The neutralization numbers of each test disin-
fectant at the manufacturer’s recommended use-
dilution against S. aureus and P. aeruginosa as
determined by the standard test method are
shown in Table 2. Alkaline and acidic glutar-
aldehyde (29%) were able to tolerate at least
309% (w/v) organic soil in the form of sterile,
dry baker’s yeast without losing the ability to
kill the test organisms in 10 min (neutralization
numbers of >>30). The neutralization numbers

of the quats tested ranged from 0.5 to 3.0 for
P. aeruginose and from 1.0 to 3.0 for S. aureus,
while the neutralization numbers of the phenol-
ics tested ranged from 0.5 to 6.0 for P. aeru-
ginosa and from 1.0 to 4.0 for 8. aureus.

Test Reproducibility

Organic soil neutralization tests were repeated
5 times per day for 5 different days for 4 disin-
fectants, using P. aeruginosa as the test or-
ganism. The disinfectants were diluted in sterile
distilled water to the level of 0.259% active in-
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gredients (i.e., glutaraldehyde, total phenolics,
total quats). As shown in Table 7, the standard
deviations of each group of 25 samples ranged
from 6.5 to 12.6% of the means. In these tests,
yeast increments of 0.1 g were used for all disin-
fectants except aldehyde 2, for which 0.2 g in-
crements were used. Deviation can be minimized
by reducing the size of organic soil increments
in the test. For example, a test using 0.1, 0.2,
0.3, 04, 0.5, and 0.6 g yeast (0.1 g increments)
will yield statistically better results than a test
using 0.2, 04, and 0.6 g yeast (0.2 g incre-
ments).

Not all disinfectants were tested in all seg-
ments of the research described. Representative
disinfectants were evaluated, and the overall
influence of each test component was similar for
each.

Discussion
The organic soil neutralization test offers sev-
eral advantages over British organic soil capac-
ity tests such as B.S. 808:1938 (12) and the
Kelsey-Sykes capacity test (13). The organic
soil neutralization test presented here is a quan-
titative test, providing a numerical indication of
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the resistance to neutralization based on test
procedures carefully controlled with regard to
inanimate factors and microorganisms (i.e., num-
ber, age, resistance to phenol). Unlike the latter
2 methods, no subjective judgment concerning
a maximum percentage of organic soil repre-
sentative of a use situation needs to be made. In

ation (use-dilution).

addition, the British tests add the organic soil
and test bacteria simultaneously, and timing
begins with that addition. This procedure may
lead to inaccurate conclusions because neutral-
ization of disinfectants is not instantaneous, but
requires a finite time dependent on the type and
concentration of the disinfectant. By not allow-

Table 7. Reproducibility of organic soil neutralization test
Neutralization No.
Disinfectant® Day (P. aeruginosa) Mean Std dev.?
Aldehyde 2 1 12,12, 12, 14, 14 12.8 0.98
2 14, 14, 14, 12, 12 13.2 0.98
3 12, 12, 12, 12, 12 12.0 0
4 12, 12, 12, 12, 10 11.6 0.80
5 14, 14, 14, 14, 14 14.0 0
all numbers 12.72 1.11
Phenolic 1 1 6, 6, 5 5, 5 5.4 0.49
2 5 5 4, 4, 4 4.4 0.49
3 4, 4, 4,5, 5 4.4 0.49
4 5 5 5, 5, 6 5.2 0.40
5 4, 5,5 5,5 4.8 0.40
all numbers 4.84 0.61
Phenolic 2 1 3 3 3, 3, 3 3.0 0
2 3, 3, 3, 3 3 3.0 0
3 3 3 3, 3, 4 3.2 0.4
4 3 3, 3, 3, 3 3.0 ]
5 3 3, 3, 3 3 3.0 1]
all numbers 3.04 0.20
Quat 3 1 9, 8 8,9 9 8.6 0.49
2 8, 7 8, 8, 8 7.8 0.40
3 7, 7, 7, 8, 8 7.4 0.49
4 8, 8 8, 7,7 7.6 0.49
5 8 8 8, 8 8 8.0 0
all numbers 7.88 0.59

2 All disinfectants were tested at 0.25% active ingredients.

b Standard deviation = V/[Z (x—x)?]/N.
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ing an adequate contact period between the dis-
infectant and the soil, maximum inactivation of
the disinfectant will not be realized when the
test organisms are introduced, which could re-
sult in erroneously high indications of the re-
sistance of the disinfectant to neutralization by
organic soil. Under use conditions, a disinfectant
which is used repeatedly or over a protracted
period of time will remain in contact with or-
ganic soil for prolonged periods and will under-
go maximum neutralization. The organic soil
neutralization test described in this paper pro-
vides for maximum inactivation of the disin-
fectant by allowing a contact period of 1 hr be-
tween the disinfectant and yeast prior to the
addition of the test bacteria.

A test which quantitatively evaluates the
ability of a disinfectant to remain active in the
presence of organic soil is needed. Disinfection
failures, as well as growth of bacteria in disin-
fectant solutions, can occur as a result of ignor-
ance of the inactivating effect of organic soils on
disinfectants. Such disinfectant failures in hos-
pitals are often associated with outbreaks of
infection (3, 6).

The purpose of this organic soil neutralization
test is to provide a number indicative of the
relative and absolute ability of a disinfectant to
resist neutralization by organic soil. If the or-
ganic soil neutralization numbers for S. aureus
and P. aeruginosa were determined for and dis-
played by all disinfectants, consumer evaluation
of the potential activity of each disinfectant in
specific use situations would be facilitated, and
the incidence of disinfectant failures could be
expected to be reduced. It is therefore suggested
that a test such as presented here be considered

Received August 15, 1975. Resubmitted April §, 1976.
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for incorporation into AOAC disinfectant testing
and evaluation methods.
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FORENSIC SCIENCES

Identification of Human Seminal Acid Phosphatase by

Electrophoresis

MARK D. STOLOROW, JAMES D. HAUNCHER, and WILLARD C. STUVER*
Michigan State Police Scientific Laboratory, 42146 W Seven Mile Rd, Northville, MI 48167
* Pittsburgh and Allegheny County Crime Laboratory, 311 Ross St, Pittsburgh, PA 15219

Recent advances in forensic science in the
identification of human seminal acid phospha-
tase are presented, with particular attention to
the acrylamide gel electrophoretic method. In
that method a difficulty in distinguishing sem-
inal acid phosphatase from certain fecal phos-
phatases has been observed and an attempt is
made here to distinguish the phosphatases
from one another experimentally by differential
substrate specificity. 4-Methylumbelliferyl phos-
phate and a-naphthyl acid phosphate are used
as reaction substrates. Although seminal and
vaginal acid phosphatases are differentiated by
the modified method, fecal phosphatase is not
clearly differentiated from seminal acid phos-
phatase.

For years forensic scientists have sought a
reliable method for confirming human seminal
stains in cases where spermatozoa were absent.
A stable constituent of seminal plasma was
sought which would meet 3 criteria in the analy-
sis of seminal stains: persistence, abundance,
and uniqueness.

Of all the components of seminal plasma for
which forensic scientists have developed testing
procedures, perhaps none has more closely ap-
proached fulfilling these criteria or received as
much attention as the enzyme acid phosphatase.
Acid phosphatase demonstrates both excellent
persistence and abundance in seminal stains (1).
However, acid phosphatase is not unique to
semen but is also present in varying concen-
trations in other body fluids, including vaginal
secretions and saliva. This limits its usefulness
as a test of uniqueness for seminal acid phos-
phatase in aspermatic stains composed of semen,
vaginal secretions, or saliva, or mixtures of
these secretions.

In our experience, merely measuring the en-
zymatic activity of acid phosphatase in mixed

stains may be inadequate to confirm the acid
phosphatase as distinctly seminal in origin, par-
ticularly in forensic cases involving minute or
weak stains.

L-Tartrate is a well known inhibitor of seminal
acid phosphatase. However, evidence that L-
tartrate inhibition is not specific for seminal
acid phosphatase is well documented (2-5). A
number of additional methods have been devised
to characterize the uniqueness of this acid phos-
phatase.

In 1973, Baxter (2) reported the identifica-
tion of human seminal acid phosphatase by
electro - immunodiffusion and - immunoelectro-
phoretic techniques which employ a precipitat-
ing antiserum and the substrate a-naphthyl
phosphoric acid. Baxter’s techniques depend on
both the immunological character and the elec-
trophoretic mobility of human seminal acid
phosphatase to differentiate this enzyme from
the acid phosphatases in other body secretions.

He found that testing seminal acid phos-
phatase only for its immunological activity by
the Ouchterlony double diffusion technique (2)
fails to differentiate semen from vaginal fluid.
Baxter noted that ‘“specific” antihuman-semen
serum is species-specific but, unfortunately,
cross-reacts with human vaginal fluid when
stained with e-naphthyl phosphoric acid and
Brentamine Fast Dark Blue R, and with vaginal
fluid, saliva, and tears when stained with amido
black.

Consequently, Baxter turned to an immuno-
electrophoretic technique on agar, combining the
electrophoretic mobility of acid phosphatases
with their antigenic properties to identify the
presence of human semen.

Several months before Baxter published his
findings, Lam et al. (3) reported separating acid
phosphatases found in body tissues by acryl-

J. D. Hauncher is Associate Referee on Biological Fluids
(Immunoelectrophoresis).

This paper was presented at the 89th Annual Meeting of
the AOAC, Oct. 13-16, 1975, at. Washington, DC.
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amide gel electrophoresis into 5 component iso-
enzymes. They found that acid phosphatase
extracted from pulverized prostatic tissue con-
tains primarily 3 component isoenzymes which
they termed isoenzymes 1, 2, and 4. Experiments
with liquid semen revealed that the only iso-
enzyme of acid phosphatase present in semen is
isoenzyme 2.

Based on these findings, Lam et al. concluded
that the acid phosphatase isoenzymes 1 and 4 in
prostatic tissue are intracellular in origin while
isoenzyme 2 is an extracellular enzyme secreted
by the prostate into seminal plasma.

Although Lam et al. were investigating acid
phosphatase for purposes of medical research, it
was of particular interest to forensic scientists
that they were able to distinguish prostatic
acid phosphatase from that of 19 other tissues
solely on the basis of electrophoretic mobility
in an acrylamide gel support medium.

To the frustration of forensic scientists, Lam
and his colleagues included neither vaginal fluid
nor saliva among the physiological specimens
selected for investigation.

However, in 1974, Emes (neé Adams) and
Wraxall (4) reported success with a method of
acrylamide gel electrophoresis which differenti-
ates seminal acid phosphatase from other acid
phosphatases. They did investigate the electro-
phoretic mobilities of acid phosphatases from
vaginal secretions and saliva and found their
electrophoretic patterns readily distinguishable
from that of seminal acid phosphatase. They
also analyzed other sources of acid phosphatase,
including animal semen, vegetable extracts, hu-
man blood, and human feces. Emes and Wraxall
concluded that acid phosphatase from human
semen could be differentiated from each of the
other substances investigated.

In reviewing forensic science’s history of at-
tempts to devise methods to characterize the
uniqueness of human seminal plasma, the work
of Emes and Wraxall represents a milestone in
at least 2 respects.

First, the method of Emes and Wraxall, like
Baxter’s method, differentiates human seminal
acid phosphatase from other acid phosphatases.
Second, the method of Emes and Wraxall pro-
vides a means of identifying human seminal acid
phosphatase solely on the basis of electro-
phoretic mobility. Their technique does not re-
quire the use of antisera, in contrast with Bax-
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ter’s method which is dependent on both the
immunological and the electrophoretic properties
of acid phosphatase.

The method of Emes and Wraxall has been
used in casework in our laboratories on a regu-
lar basis over the past 24 months. In our ex-
perience, we consider the technique of consider-
able value in differentiating seminal from vaginal
acid phosphatase. However, inadequate differ-
entiation of semen from fecal matter on certain
anal swabs and stained material using this tech-
nique has given us cause for concern and led us
to the present investigation.

Emes and Wraxall described their method as
one which will “. . . distinguish semen from
faeces and vegetable material by electrophoretic
mobility and differences in pH activity . ..” (4).

It is equally important to repeat their warn-
ing concerning phosphatases in feces: “Phos-
phatases in other body secretions and vegetable
extracts are likely to be encountered in forensie
work. Of these the most common is faeces and
care must be exercised when interpreting the
results” (4).

Emes and Wraxall observed that fecal phos-
phatase exhibits a considerably higher pH opti-
mum (pH 11.0) than seminal acid phosphatase
(which has a pH optimum of 5.5 to 7.0 (3)).
Emes and Wraxall suggested that the use of a
reaction buffer of pH 3.0 significantly diminishes
or eliminates the bands of fecal phosphatase on
development with the substrate 4-methylumbel-
liferyl phosphate (MUP). In addition they ob-
served that the sites of fecal phosphatase activ-
ity “. . . varied from donor to donor and day to
day, but did not correspond with the semen or
vaginal acid phosphatase bands” (4). Accord-
ingly, the presence of seminal acid phosphatase
on anal swabs is presumably identifiable by its
characteristically strong band intensity com-
bined with its characteristic electrophoretic
mobility.

However, in’ our laboratories control anal
swabs free of semen have been analyzed by the
method of Emes and Wraxall and it was ob-
served that certain of these samples produced a
single band of weak “intensity with an electro-
phoretic mobility corresponding to seminal acid
phosphatase (Fig. 1). .

G. T. Duncan (1975, Broward County Crime
Laboratory, Ft. Lauderdale, FL, private com-
munication) reported that, on several occasions,
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FIG. 1—Acrylamide gel tropt
semen-free anal swab; 2 and 5, free vaginal
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hthyl acid phosph and naphthanil diazo blue B. The

anode corresponds to the top of the figure.

analysis of semen-free anal swabs by the method
of Emes and Wraxall produced intense bands of
activity at a position corresponding to seminal
acid phosphatase. In other instances, Duncan
observed an intense ‘“fast’” band from semen-
free anal swabs at a position slightly anodic to
seminal acid phosphatase.

Weak or dilute seminal stains are not uncom-
mon evidence in criminal casework. Consequent-
ly, in cases where a minute quantity of semen
is present in a stain or on a swab suspected of
being contaminated with fecal matter, the for-
ensic scientist might be less than confident in
concluding that the faint electrophoretic band
in the position of seminal acid phosphatase is in
fact from semen and not from fecal matter.

In an attempt to resolve this problem, dif-
ferences in substrate specificity between acid
phosphatase and fecal phosphatases were con-
sidered.

In his recent study of acid phosphatases,
Sensabaugh (5) separated human acid phos-
phatases into 4 major classes according to molec-
ular weight. One of the variations he observed
among these classes of acid phosphatase was a
variation of enzymatic substrate specificity. It

appears that the lower molecular weight classes
of acid phosphatase (including erythrocyte acid
phosphatase) react readily with MUP but not
with a-naphthyl acid phosphate. Conversely, the
higher molecular weight classes, which include
seminal acid phosphatase, exhibit strong reac-
tivity with a-naphthyl acid phosphate.

Based on Sensabaugh’s observation that acid
phosphatases vary in substrate specificity, it was
decided to conduct electrophoresis by the meth-
od of Emes and Wraxall and compare the rela-
tive reactivities of MUP and a-naphthyl acid
phosphate with fecal phosphatase.

METHOD

The 1 mm thick horizontal polyacrylamide gel
electrophoretic method for identifying seminal
acid phosphatase is based on that described by
Emes and Wraxall (4). The few minor technical
modifications are those employed in the State
Police Scientific Laboratory, Northville, MI.

Apparatus

(a) Electrophoretic apparatus—Horizontal elec-
trophoresis tank (Shandon Southern Instruments,
Inc., Sewickley, PA, No. SAE-3225, Kohn Model
U-77); cooling plate (Shandon SAE-3231 TLE
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platen and accessories) ; and power supply Vokam
constant voltage-constant current-stabilized dc
power supply (Shandon SAE-2761). Operating
parameters: 135 v for 16 hr with cooling plate
on for 18 hr in 4°C refrigerator; current should
not exceed 20 ma at onset. Acid phosphatases
migrate toward anode in this method.

(b) Ultraviolet viewing box—Chromato-Vue
Model CC-20 portable darkroom (Ultra-Violet
Products, Inc., San Gabriel, CA).

(c) Electrophoresis plate—1 mm deep. Glass
plate, 814 X 6”, bordered with glass or polycarbon-
ate strips 14” wide X 1 mm thick.

Reagents

(a) Tank buffer—Veronal buffer. Prepare 2.0 L
aqueous solution containing 0.021M sodium barbi-
tone (4.35 g/L) and 0.013M barbital (diethylbar-
bituric acid, 2.39 g/L). Adjust to pH 8.5 with
0.10N NaOH.

(b) Gel buffer—Use undiluted tank buffer.

(¢) Reaction buffer—Prepare 0.5 L aqueous
solution of 0.05M citric acid (10.5 g of monohy-
drate/L). Adjust with 0.10N NaOH to pH 3.0.

(d) Acrylamide—Cyanogum 41 gelling agent
(Fisher Scientific Co., No. C-588).

(e) Polymerization activator—Ammonium per-
sulfate (Fisher Scientific Co., Pittsburgh, PA, No.
A-682).

(f) Polymerization catalyst—N,N,N’,N”"-tetra-
methylethylenediamine (TEMED) (Sigma Chem-
ical Co., St. Louis, MO, No. T-8133).

(g) Hydrolyzed starch—Electrophoresis grade.
Connaught, hydrolyzed (Fisher Scientific Co.,
No. S-676).

(h) Acid phosphatase reaction substrate.—(1)
4-Methylumbelliferyl phosphate (MUP), sodium
salt (ICN Pharmaceuticals, Inc., Cleveland, OH,
No. 102359). (2) Sodium a-naphthyl acid phos-
phate (Dajac Laboratories, Philadelphia, PA, No.
554421).

(i) Coupling dye—Naphthanil diazo blue B
(Dajac Laboratories, No. 553322).

(j) Agar—Oxoid purified agar (Colab Labo-
ratories, Inc., Glenwood, IL).

Preparation of Polyacrylamide Gel

Prepare 8.0% polyacrylamide gel by weighing
50 g acrylamide and 0.07 g ammonium persulfate.
Dissolve in 50 ml gel buffer and degas. Add 20
ul TEMED to gel solution to catalyze polymer-
ization. Pour gel solution onto glass plate
promptly. Lower second glass plate onto acryl-
amide solution, excluding air bubbles from solu-
tion. Polymerization is complete in 10-15 min at
room temperature. Remove upper glass plate.
Slice and remove strip of acrylamide 4 mm X 10

1355

cm long from a position one-third the way from
cathode end of gel.

Preparation of Starch Stacking Gel

Prepare 7.8% starch gel solution by mixing hy-
drolyzed starch with 25.0 ml gel buffer; boil and
degas. Cool starch solution to 55°C and pipet
into trough on plate. Place plate in moisture
chamber and store 30 min at 4°C or until starch
solution has gelled.

Preparation of Samples

Cut samples measuring 2 X 10 mm from stains
on cloth or swabs. (Width may vary, depending
on relative concentration of stain.) Include con-
trol stains of known semen and known vaginal
secretion in each trial. (A single 1 cm cotton
thread from a prepared seminal stain is ample
for a seminal acid phosphatase control.) On micro-
scope slides with well depressions, soak samples
in minimum of distilled water and store 5-10 min
in moisture chamber at room temperature. Ex-
ercising care to avoid cross contamination, insert
samples into starch gel origin. Proceed with elec-
trophoresis according to parameters stated under
Apparatus.

Determination

(a) MUP —Dissolve 40 mg MUP in 100 ml
reaction buffer (pH 3.0). Saturate 5 X 5” piece
of Whatman 3MM chromatographic paper with
reaction mixture and place on top of gel anodic
to origin, taking care to exclude air bubbles. Store
plate 10-20 min in moisture chamber at 37°C.
Read results under longwave ultraviolet illumina-
tion.

(b) a-Naphthyl acid phosphate—On surface of
polyacrylamide gel, construct mold using 1 mm
thick glass or polycarbonate strips to mark out
area, measuring 5 X 5” and positioned anodic to
origin. Prepare solution containing 5.0 mg sodium
a-naphthyl acid phosphate, 50 mg naphthanil
diazo blue B, and 10.0 ml reaction buffer (pH 3.0).
Prepare second solution by adding 0.16 g agar to
10.0 ml reaction buffer (pH 3.0); boil and degas.
Cool agar solution to 48-50°C. Mix solution con-
taining e-naphthyl acid phosphate into agar solu-
tion and pour combined reaction mixture promptly
into mold on top of polyacrylamide gel. Store
plate 30-60 min in 37°C moisture chamber. Purple
bands develop at sites of enzymatic activity.

Experimental
In order to demonstrate whether fecal phos-
phatase shows different sensitivity to the 2 sub-
strates, MUP and a-naphthyl acid phosphate, the /‘
following experiment was performed. : '
On a polyacrylamide gel prepared according to
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the method above, 6 samples were inserted into
the starch gel origin. Inserted into sample slots
1 and 4 were 2 portions of a single control anal
swab (semen-frce). Inserted into sample slots 2
and 5 were 2 portions of a single control vaginal
swab (semen-free). Inserted into sample slots 3
and 6 werc 2 portions of a single control seminal
stain.

Electrophoresis was carried out on a cooling
plate for 16 hr at a constant voltage of 135 v,
using a continuous Veronal tank buffer (pH 8.5)
as described above.

One-half of the plate (Samples 1, 2, and 3) was
developed with the MUP reaction mixture. The
other half of the plate (Samples 4, 5, and 6) was
developed with the reaction mixture containing
a-naphthyl acid phosphate. Following develop-
ment, cach half of the plate was photographed,
using black and white film. (Each half of the
plate was intentionally developed for 2% hr rather
than the normal 30-60 min period to maximize
the intensity of the bands for photographic pur-
poses. Consequently, the bands of enzymatic ac-
tivity are unnecessarily broad and diffuse.)

Results and Discussion

The photographs (Fig. 1) show that the elec-
trophoretic mobility of the feeal phosphatase
control (Samples 1 and 4) corresponds to the
mobility of seminal acid phosphatase (Samples
3 and 6).

The fecal phosphatase band patterns of Sam-
ples 1 and 4 are not unlike those which could be
produced by weak seminal acid phosphatase
activity. Therefore, fecal phosphatase in semen-
free anal swabs analyzed by the method of Emes
and Wraxall (4) could, in certain cases, be mis-
taken for seminal acid phosphatase. Conversely,
forensic scientists might also feel justifiably
skeptical about confirming the presence of
seminal acid phosphatase on anal swabs which
are, in fact, stained with aspermatic semen.

Unfortunately, the attempt to eliminate the
fecal phosphatase bands by substituting a-
naphthyl acid phosphate for MUP in the reac-
tion mixture proved unsuccessful in these experi-
ments. The intensity of the fecal phosphatase
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band developed with e-naphthyl acid phosphate
is visually comparable to the intensity of the
fecal phosphatase band developed with MUP.

Based on Sensabaugh’s observation (5) that
low molecular weight acid phosphatases are un-
reactive with e-naphthyl acid phosphate, it
would appear that the fecal phosphatase de-
tected in this experiment does not fall within
the low molecular weight classes of acid phos-
phatases described by him.

Conclusions

It has been shown that in some instances fecal
phosphatase can exhibit the same mobility as
seminal acid phosphatase in acrylamide gel elec-
trophoresis. This phenomenon can impede the
identification of seminal acid phosphatase on
aspermatic anal swabs.

Because the acrylamide gel electrophoresis
method of Emes and Wraxall has proved in our
experience to be a simple and valuable analyti-
cal technique for distinguishing seminal acid
phosphatase from vaginal acid phosphatase, fur-
ther investigation into the problem associated
with fecal phosphatase is warranted.
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Systematic Approach to the Detection of Explosive Residues. IV.

Military Explosives

CHARLES R. MIDKIFF, Jr. and WILLARD D. WASHINGTON
Bureau of Alcohol, Tobacco and Firearms, Department of the Treasury, Washington, DC 20226

Part IV of the series encompasses tests for
the detection and identification of military ex-
plosives collected at the scene of a criminal
bombing. Major categories and typical formu-
lations of some common military explosives are
described. Tests are described and evaluated for
the identification of 2,4,6-trinitrotoluene, cyclo-
trimethylenetrinitramine, and pentaerythritol
tetranitrate. Thin layer chromatography and in-
frared spectroscopy are used for the identifica-
tion of major explosive components. Tests for
minor components to enable characterization
and to distinguish similar compositions are in-
cluded.

This paper is the fourth in a series describing
techniques applicable to the laboratory examin-
ation of small amounts of explosives. It focuses
primarily on the techniques used in the head-
quarters laboratory of the Bureau of Alcohol,
Tobacco and Firearms for the examination of
physical evidence submitted in connection with
the investigation of bombing incidents. Methods
for the detection and identification of the more
common military explosives will be described.

Military explosives are used in only a few
per cent of the criminal bombings examined in
our laboratory. This is probably attributable to
the lesser availability of military explosives as
compared with commercial or improvised types.

In general, military explosives are based on
the high explosives 2,4,6-trinitrotoluene (TNT)
and cyclotrimethylenetrinitramine (RDX) and
may be single component or composites (Table

Table 1.

1). Pentaerythritol tetranitrate (PETN) is also
included in this paper since it is the principal
explosive in both military and commercial deton-
ating cord and sheet explosives.

Military dynamite (Table 1), which differs
from commercial dynamite by containing no
nitroglycerin component or any inorganic nitrate
salts, is a medium velocity (20,000 fps) plastic
explosive which is packaged in standard dy-
namite cartridge waxed-paper wrappers. Three
sizes are available: M1—134 X 87, M2—115 X
8”, and M3—11% x 12”7, Military dynamite is
equivalent in strength to 609 straight com-
mercial dynamite but it is safer to handle and
store. The other composite explosives listed are
used in sizes and configurations dictated by
their application, ranging from hand grenade
fillers to cratering charges.

Experimental
Apparatus

See deseription of apparatus in refs. 1-3 plus the
following:

(a) X-Ray diffractometer—Diano power source,
Rigaku wide angle goniometer, and copper dif-
fraction tube.

(b) Diamond cell sample solder—For infra-
red samples (manufactured by High Pressure
Diamond Optics Inc., 929 Mackall Ave, McLean,
VA 22101).

(¢) Beam condenser. — 4% for Perkin-Elmer
Model 621 infrared spectrometer.

(d) Thin layer plates—Silica gel G, 0.25 mm on
glass (Analtech).

Types of military explosives®

Designation High explosive, %

Binder/additives, % Color

Amatol (various formulations) TNT-20,40,50,55,60

RDX, 91

RDX-TNT, 60+40

RDX-Tetryl-TNT,
71+3+4

RDX, 91

RDX-TNT, 75415

Composition A
Composition B
Composition C
1,2,and 3
Composition C-4
Military dynamite

yellow-brown to
light yellow
white to buff
light yetlow to brown
yellow to brown

ammonium nitrate-
80,60,50,45,40
beeswax, 9
none, 3% wax
plasticizing oil-
DNT-MNT, 641045
0il-DOS-PIB, 1.6+5.3+2.1
oil and PIB-cornstarch, 545

white
white

¢ Notations: DNT = dinitrotoluene, DOS = di-(2-ethylhexyl) sebacate, MNT = mononitrotoluene, PIB = poly-
isobutylene, RDX = cyclotrimethylenetrinitramine, TNT = 2,4,6-trinitrotoluene, Tetryl = methylpicrylnitramine.
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Table 2. Reported TLC systems for TNT
Rt
Plate? Eluant Overspray TNT DNT Ref.
A benzene-cyclohexane-ethyl acetate EDA/UV light — — 4
(504-454-5)
A benzene-ethy! ether-ethanol (504 304-20) EDA/UV light — — 4
B ethyl acetate-petroleum ether (154-85) p-DEAB? — — 5
B 1,2-dichloroethane-petroleum ether p-DEABb — — 5
(25+75)
(o trichloroethylene-acetone (80+-20) EDA/DMSO, o-tolidine® 0.59 0.58 Zitrin
D KOH (ethanol), Griess 0.60 — 6
E benzene-nitromethane (3+1) none/254 nm UV 0.88 — 7
E Toluene-benzene-n-hexane-n-pentane- none/254 nm UV 0.70 —_ 7
acetone (5+5+4+1+1)
F benzene-hexane-pentane (5044010} none/254 nm UV 0.28 — 8
F benzene-hexane-pentane-acetone none/254 nm UV 0.83 — 8
(50+40+10+10)
G benzene TiCla/DMAB? 0.44 0.40 9
E UV light 0.68 N/A 7
H DPA (ethanol)/UV/H2S04 0.75 0.70 10
| TiCl3/DMAB? 0.40 0.37 1
H benzene-hexane (1+1) DPA/UV/H2504 0.45 0.50 10
| TiCls/DMAB? 0.20 0.17 11
H xylene-hexane (3+2) DPA/UV/H2S04 0.40 0.40 10
1 TiCl3/DMAB? 0.30 0.22 11
H carbon tetrachloride-1,2-dichloroethane DPA/UV/H2S04 0.45 0.50 10
4+1)
1 TiCla/DMAB? 0.15 0.20 11
H acetone-chloroform (1+1) DPA/UV/H2S04 0.90 0.95 10
I TiCl3/DMAB? 0.67 0.63 1
H hexane-acetone (4+1) DPA/UV/H2S04 0.40 0.40 10
H chloroform DPA/UV/H2S04 0.75 0.80 10
| ethanol TiCl3/DMAB? 0.61 0.65 11

e A = silica gel/starch on glass plates; B = silica gel/zinc on glass plates; C = silica gel, 0.2 mm on aluminum
sheet; D = silica gel (E. Merck); E = silica gel on polyethylene terephthalate (Brinkmann); F = silica gel; G = silica
gel, 0.25 mm on glass plates; H = silica gel, 0.25 mm on glass plates (Analtech); | = silica gel, 0.25 mm on glass

plates (Mackery-Nagel).

b p-Diethylaminobenzaldehyde (DEAB), 0.25% in absolute ethano! made 0.25N HCI with HCI.
¢ Ethylene diamine (EDA) and dimethylsulfoxide (equal volumes) or o-tolidine (5% in 95% ethanol).
4 TiCl; (15% in HCI) spray, air dry, spray with 1 g p-dimethylaminobenzaldehyde (DMAB) in 30 ml ethanol, 3 mt

HCI (1+18), and 180 ml n-butyl alcohol.

Procedure

Following examination by the vapor trace
analyzer (1) for presence of commercial dynamite,
debris from suspected bombing is examined micro-
scopically for particles of unburned explosive. Any
particles observed are manually removed for fur-
ther testing (2). Composite military explosives
may be recognizable as white-to-brown putty-like
substances. If no explosive particles are recognized,
bulk sample is extracted with CHCl; and then
with dry acetone, and extracts are concentrated
as previously described (3) before further testing.
Separate, concentrated extracts are examined by
thin layer chromatography (TLC) and/or infrared
(IR) spectroscopy.

Results and Discussion
Identification of 2,4,6-Trinitrotoluene
TNT is a colorless solid which melts at 81°C
when pure. The normal military product ranges

from light yellow to brown. It is encountered as
flakes, prills, crystals, or cast solid. In our lab-
oratory, TNT is identified by spot tests, TLC,
IR, and x-ray diffraction (XRD). When par-
ticles of suspected TNT are noted, a sample is
placed in a spot plate and several drops of a
saturated solution of potassium hydroxide in
ethanol are added. TNT gives an immediate
deep red color which persists, whereas 24-di-
nitrotoluene (2,4-DNT) gives an immediate blue
color which slowly changes to a dark brown. No
color reaction is obtained with tetracene, PETN,
RDX, or cyclotetramethylenetetranitramine
(HMX).

Thin layer chromatography is applicable to
both identification and comparison of known
and questioned TNT samples. The questioned

Received April 26, 1976.
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Table 3. Evaluation of TLC systems for TNT/DNT®
R
Eluant TNT DNT
Ethanol 0.90 0.87
Benzene 0.85 0.80
Benzene-hexane (1+1) 0.45 0.45
Xylene-hexane (3+2) 0.60 0.50
Carbon tetrachloride-dichloroethane 0.40 0.50
4+
Acetone-chloroform (1+1) 0.95 0.95
Hexane-acetone (4+1) 0.50 0.55
Chloroform 0.85 0.90
Benzene-hexane-pentane (5+4+1) 0.45 0.45
Dichloroethane-petroleum ether 0.25 0.45
Qa+3)
Benzene-hexane-pentane-acetone 0.95 0.9
(5+4+1+1)
Ethyl acetate-petroleum ether (151-85) 0.75 0.65
Toluene-benzene-hexane-pentane— 0.85 0.75

acetone (5+5+4+1+1)

% Oversprayed with DPA in ethanol, dried, sprayed
with KOH in ethanol: DNT is yellow, TNT is red.

material is dissolved in chloroform and spotted
on a TLC plate along with a solution containing
known TNT. A number of solvent systems have
been reported for the TLC examination of TNT
(4-11) (Table 2). R; values for 24-DNT are
presented for comparison because it is among
the common minor components of military TNT.
used. The identification of these additional com-
pounds is of value when 2 or more samples are
being compared.

From the data in Table 2 it can be seen that
wide variations exist in the reported R; values.
The work of Chandler et al. (4), Yasuda (5),
and Bilson (12) describes the identification of
several additional compounds present in military
TNT and their colors with the spray reagents
even when the same support and solvent system
are used. A number of the solvent systems shown
were tested to determine their efficiency in re-
solving TNT and DNT and to establish the
expected R; values with the TLC plates rou-
tinely used in our laboratory which are not
activated or otherwise pretreated. Results are
shown in Table 3. It is apparent that significant
effects are exerted on the R, values obtained as
a function of plate type, support thickness, and
pretreatment. These variations emphasize the
necessity for simultaneous examination of known
and questioned explosive samples on the same
plate. Of the systems tested, the best resolution
was obtained with dichloroethane-petroleum
ether (14+3); however, satisfactory resolution

1359

was also obtained with carbon tetrachloride-di-
chloroethane (4+1) and, in view of its value
for TLC of commercial dynamites (3), it is the
system of choice for screening in our laboratory.

IR spectroscopy is the best method for con-
firmation when sufficient sample or extract is
available. Solid material can be examined as a
KBr pellet (preferably ground under hexane) as
shown in Fig. 1, or as a solution in chloroform
with chloroform as reference, as shown in Fig. 2.
Small particles (less than 1 mg) can be examined
directly by mounting in a diamond cell sample
holder and very sharp IR spectra are obtained
(Fig. 3). TNT is also soluble in acetone; how-
ever, some difficulties are encountered with this
solvent. Moisture absorption by the acetone
results in water band interference in the IR
spectrum. This problem is avoided by slowly
evaporating the acetone solution to dryness and
dissolving the residue in chloroform before IR
examination. Other problems encountered in-
volve more complex solvent interactions. When
samples of TNT from several sources were dis-
solved in acetone, the solutions became light
pink, and the color slowly deepened on stand-
ing. While the initial color may be attributed
to the presence of by-products in the impure
material (4), the intensification of color after
solution is complete suggests solvent interac-
tions. With acetone as solvent, several bands in
the IR spectrum are suppressed compared with
the spectrum in benzene, carbon tetrachloride, or
chloroform. This distortion (especially notable
at 1300-1400, 900, and 950 c¢m-!) may make
identification difficult particularly when very
dilute acetone solutions of the explosive are being
examined. This is shown in Fig. 4. Collections of
IR spectra for a number of explosives are given
by Pristera et al. (13) and Chason and Norwitz
(14). Newer instruments and other solvents may
provide somewhat better resolution than those
in ref. 14, but major band assignments for
explosive identification remain essentially un-
changed. When only small volumes of test solu-
tion are available, the IR spectrum can be
obtained and the solution from the IR cell can
be used for TLC. Alternatively, the test solution
can be evaporated onto a KBr disk and covered
with another disk for IR examination. The solid
material is washed off the KBr disk for TLC
(11).

Some preliminary attempts have been made ‘
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in our laboratory to determine TNT in solutions
by gas-liquid chromatography (GLC); how-
ever, no detailed studies have been made. The
use of GLC on glass columns has been reported
for the examination of traces of a number of
explosives in extracts of bombing debris, using
both flame ionization and electron capture de-
tection (8. Zitrin, Weizman Institute for Science,
Rehovot, Israel, 1974). The latter system has
also been applied to the examination of explo-
sive compounds separated as spots on a thin
layer chromatogram (8). High-pressure liquid
chromatography (HPLC) provides an additional
potential technique for the detection of TNT
in solvent wash solutions since it avoids possible
thermal decomposition of explosive compounds.
The separation of DNT and TNT from each
other and from other explosives present in com-
posites has been reported (15). HPLC will be
evaluated for examination of extracts during the
continuation of this work. Preliminary work by
Saferstein et al. (16) indicated that chemical
ionization mass spectrometry (CI-MS) may be
suitable for the detection of explosive residues
in extracts of debris material, Mass spectral
data were obtained for several explosives in
addition to TNT and the examination of debris
extract samples is planned. Zitrin and Yinon
(17) have recently reported the detection of
TNT by CI-MS in an acetone extract of resi-
dues from an explosion site.

A capability for detecting trace concentra-
tions of TNT vapor in air would allow the rapid
laboratory screening of debris for military ex-
plosives in the same manner as presently used
for commercial dynamite. While it has been
contended that several commercial instruments
have this capability, field tests by our labora-
tory using these instruments have generally
been unsatisfactory. Among the techniques pro-
posed by instrument manufacturers for TNT
vapor detection are gas chromatography by
vapor trace analyzer (1) and by mass spec-
trometry (18). A newer approach is plasma
chromatography (19, 20) which appears to offer
sensitivity in the nanogram range. Several ver-
sions of the gas chromatographic vapor detec-
tors have been evaluated in our laboratory and
lacked sufficient sensitivity to reliably detect
the amounts of TNT expected to be present in
post-blast evidence. Similar results have been
obtained with material collected following test
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detonations involving military explosives. Nei-
ther the mass spectrometer nor plasma chroma-
tograph type detectors have been evaluated by
us.

Identification of Cyclotrimethylenetrinitramine

RDX is most often encountered as a compo-
nent of military dynamite or one of the other
composite explosives, e.g., C-4. Two spot tests
are useful for preliminary identification of RDX
alone or admixed. In the thymol test, a few
milligrams of the sample is placed in a test tube
with 200 mg thymol and 6 drops of concen-
trated sulfuric acid. The tube is warmed 5 min
at 100°C, and 5-10 ml ethanol is added. A blue
color is produced by RDX (21). This procedure
is a modification of an earlier version (22) which
was designed to eliminate interference from
sugars, aldehydes, and most other nitramines.
By repeating the test at 150°C, RDX can be
distinguished from HMX which gives an olive
color (21). Other versions of the test do not
specify heating the sample before adding alcohol
(23). A second spot test uses a 0.4% solution of
6-amino-1-naphthol sulfonic acid (J-acid) in
concentrated sulfuric acid. A few drops of the
J-acid reagent are added to the questioned sam-
ple in a spot plate. The acid will turn yellow-
red if RDX is present. After a few seconds, 95%
ethanol is added dropwise. An immediate blue
color is produced which proceeds to a blue-green
and finally fades to gray. A similar test has been
reported with pharmaceutical nitroglycerin tab-
lets and J-acid (24). For confirmation purposes
both tests should be performed and the identi-
fication should be confirmed by TLC and/or
IR spectroscopy.

As manufactured, RDX often contains small
amounts of HMX. The quantitative determina-
tion of the HMX present can provide one basis
for the comparison of 2 samples suspected of
having a common origin. RDX and HMX may
be detected by spot tests (25, 26) or by their
brown-ring reaction with ferrous sulfate in sul-
furic acid (27); however, a number of other
nitro compounds interfere, This reaction has
been reported for the quantitative spectropho-
tometric determination of small amounts of
HMX in RDX (28) and, when sufficient sample
is available, could be of value in the comparison
of known and questioned samples to determine
possible common origin. It has not been used
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Table 4. TLC systems for RDX and HMX
Rt
Plate? Eluant Overspray RDX HMX Ref.
A chloroform-acetone (1+1) thymol® 0.47 0.40 9
B DPA/UV/H2S04 0.7 — 10
(o] NaOH/Griess® 0.46 — 11
B DPA(ethanol)/UV/H2S04 0.95 0.85 d
B thymol/H280,4° 0.73 0.64 !
B CTA/H2S04¢ 0.73 0.64 A
D 1,2-dichloroethane-acetonitrile (30110) Griess 0.58 0.25 Zitrin
E benzene-nitromethane (1+1) none/254 nm UV 0.80 0.70 7
E benzene-nitromethane (3-1) none/254 nm UV 0.51 0.24 7
B chloroform-acetone (2+1) DPA(ethanol)/UV 0.80 0.55 a
B chloroform-acetone-ethanol (1+1+1) DPA(ethanol)/UV 1.0 1.0 L4
B ethyl acetate-petroleum ether (154-85) DPA(ethanol)/UV 0.05 0.00 4
B hexane-acetone (4+1) DPA/UV/H2S04 0.2 - 10
B DPA(ethanol)/UV 0.05 0.00 4
C ethanol NaOH/Griess 0.49 —_ 11
8 DPA(ethanol)/UV 0.70 0.0 4
B chioroform DPA/UV/H2S04 0.15 — 10
B DPA(ethanol)/UV 0.20 0.03 4
B carbon tetrachloride-1,2-dichloroethane DPA/UV/H2S04 0.02 - 10
4+1

C NaOH/Griess 0.0 — 11
B benzene-hexane (1+1) DPA/UV/H2S04 0.02 — 10
(o] NaOH/Griess 0.0 — 11
B xylene-hexane (312) DPA/UV/H2S04 0.03 — 10
C NaOH/Griess 0.0 — 1
B benzene DPA/UV/H2S04 0.10 — 10
(] NaOH/Griess 0.0 —_ 11
F trichloroethylene-acetone (4+1) DPA(ethanol)/UV 0.16 — 6
D KOH/Griess 0.15 0.05 Zitrin

¢ A =silicagel, 0.25 mm on glass plates; B = silica gel, 0.25 mm on glass plates (Analtech); C = silica gel, 0.25 mm
on glass plates (Mackery-Nagel); D = silica gel, 0.2 mm on aluminum sheet; E = silica gel on polyethylene tereph-

thalate (Brinkmann); F = silica gel (E. Merck).

% 1.5 g thymol in 10 ml H2SO04 spray, dry 10 min at 100°C.

¢ Equal volumes of 1 and 2 mixed just before use: 1 = 0.5 g sulfanilic acid in 50 ml acetic acid and 100 m| water;
2 = 0.1 g 2-naphthylamine in 120 m| hot water, cool, and add 30 ml acetic acid.

4 Unpublished work from this laboratory.

¢ 15% thymol in 95% ethanol, overspray with H2804, dry at 105°C for 5 min.

/ R. Holmes, Bureau of Alcohol, Tobacco and Firearms, Philadelphia, PA, 1975.

¢ Chromotropic acid (CTA) 2% (aq.) overspray with H2S0y4, dry at 105°C for 5 min.

A J. Chrostowski, Bureau of Alcohol, Tobacco and Firearms, Philadeiphia, PA, 1975.

in our laboratory because it requires a larger
sample than is generally available. The deter-
mination of HMX in composite explosives (29)
and of HMX and RDX (30) by gel permeation
chromatography has been reported. This meth-
od could be applicable to the examination of
evidentiary samples of composite explosives such
as C-4 when 50-60 mg material is available.
Both RDX and HMX (29) and RDX and
PETN in composite explosives have been deter-
mined by HPLC, using an ultraviolet detector
(J. Strimaitis, Waters Associates, Inc., Milford,
MA, 1975) ; however, no work has been done on
HPLC of explosives in our laboratory.

TLC provides confirmation of RDX and
HMX in explosive formulations. Systems applic-
able to both RDX and HMX are shown in

Table 4. In general, solvent systems used for
cyclic nitramines are different from those suit-
able for nitroaliphatics or aromatics. Beveridge
et al. (11) and Parker et al. (10) tested a num-
ber of systems which, while suitable for TNT,
gave very poor migration for RDX. They re-
port satisfactory resolution of RDX and TNT
with acetone-chloroform (1+1); however, nei-
ther group included values for HMX which are
important in RDX explosive examinations, Us-
ing the same solvent system with our plates,
TNT, RDX, and HMX were poorly resolved.
Ethanol or chloroform alone were not satis-
factory TLC solvents for RDX and HMX be-
cause they gave no appreciable migration of
HMX from the origin. The best solvent found,
for RDX and HMX was chloroform-acetone
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FIG. 5—IR spectrum of 15 mg RDX/ml acetone.

(241) which allows HMX present in RDX and
vice versa to be easily seen upon visualization.
With this system as well as several of the others
tested, HMX tends to form diffuse spots or to
streak. We plan to do further development work
on suitable TLC systemis for military explo-
sives.

In contrast with TNT, HMX and RDX are
readily identified in dry acetone solution by IR
spectroscopy. These compounds are soluble in
acetone and allow the use of this solvent with-
out the band suppression found for TNT. If
sufficient explosive is available, a KBr pellet may
be prepared for IR examination or the diamond
cell may be used directly. IR spectra of RDX
and HMX are shown in Figs. 5-10.

X-ray powder diffraction provides a con-
venient method for the identification of sus-
pected RDX or HMX. RDX is included in the
1971 ASTM powder diffraction file (File No.
5-576) as is TNT (File No. 13-779). HMX is
not listed in the 1971 file but is among a num-
ber of patterns of explosives by Alston et al.
(31).

Identification of Pentaerythritol Tetranitrate
PETN is the main explosive in detonating
cord used to initiate high explosives and is also

occasionally used in M118 Flex-X type explo-
sives. While it has been reported that PETN
may be detected from residues of detonating
cord (11), our experience, both with tests and
actual case samples, is that it is unlikely to be
found in significant quantities in bomb debris. It
is more often necessary to confirm the identity
of this explosive in a portion of undetonated
cord found at a bombing scene or obtained from
a suspect. In our laboratory IR, TLC, and XRD
are suitable for this purpose. IR spectra of
PETN as a KBr pellet, with the diamond cell,
and in acetone solution, are shown in Figs. 11-
13; TLC systems reported for PETN are shown
in Table 5.

It had been observed in our laboratory that
with the TLC systems in routine use, the sepa-
ration of PETN and nitroglycerin (NG) is not
effective. This is also evident in Table 5 where
R; values reported for both PETN and NG are
shown; differences, in most instances, are
quite small. Operationally, little difficulty is en-
countered because U.S. commercial dynamite
commonly contains both ethylene glycol dinitrate
(EGDN) and NG and both are observed on the
TLC plate. The reported TLC systems were
evaluated and other potential systems were
studied to identify a satisfactory system for the
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Table 5. Reported TLC systems for PETN and NG
R¢
Plate® Eluant Overspray PETN NG Ref.
B chloroform-acetone (141) DPA/UV/H2S04 0.95 0.90 10
o] NaOH/Griess 0.71 0.65 11
A NaOH/Griess 0.69 0.38 9
B chloroform DPA/UV/H2S804 0.7 0.7 10
B benzene DPA/UV/H2S0y4 0.65 0.65 10
(o] NaOH/Griess 0.38 0.37 11
B benzeneshexane (1+1) DPA/UV/H2S804 0.30 0.35 10
(o] NaOH/Griess 0.15 0.17 11
B xylene-hexane (3+2) DPA/UV/H2S04 0.30 0.35 10
C NaOH/Griess 0.21 0.21 11
D DPA(ethanol)/UV 0.37 0.46 32
B carbon tetrachloride-1,2-dichloroethane DPA/UV/H2804 0.30 0.35 10
(4+1)
(o] NaOH/Griess 0.16 0.12 11
C ethanol NaOH/Griess 0.64 .60 11

@ Plates A, B, and C, same as in Table 4; Plate D = alumina (Eastman 6063).

examination of samples which could contain
both NG and PETN. Results are shown in
Table 6. No completely satisfactory single sys-
tem was found but in most of the systems PETN
tended to streak rather than to give a well
defined spot. When streaking is observed in a
screening solvent system, eg. carbon tetra-
chloride-dichloroethane (4+41), the questioned
sample should be re-examined by using either a
different plate or solvent system. Mixtures such
as carbon tetrachloride-chloroform (1+1) or di-
chloroethane-petroleum ether (142) give typi-
cal R, values for PETN and NG quite different
from those in the screening system. PETN gives
the typical spot test reactions for nitrates, ie.,
deep blue with diphenylamine in sulfuric acid
and red with the modified Griess reagent. The
use of HPLC (Strimaitis) and GLC and polaro-
graphic techniques (33) for the detection and
identification of PETN has been reported but
has not been studied in our laboratory. A useful
discussion of the properties and manufacture of
PETN is found in Urbanski (34).

Characterization of Composites

Composite explosives can be identified based
on solubility and chemical tests. A sample of a
suspected composite is extracted several times
with chloroform or carbon tetrachloride to re-
move TNT. A portion of the extract is tested
by adding 3—4 drops of alcoholic potassium hy-
droxide. A red color indicates TNT. A second
portion of the extract is then examined by TLC
or IR spectroscopy to confirm the presence of

TNT. The solid residue from the extraction is
treated with acetone and Composition B, RDX
and PETN, will dissolve completely. RDX and
PETN can be identified by TLC of a portion of
the acetone extract. IR examination is per-
formed on the remaining acetone solution. Both
tests should be performed since PETN alone and
mixtures of PETN and RDX have been used in
sheet form such as explosive charges in letter
bombs and military Flex-X. Some residues will

Table 6. Evaluation of TLC systems for PETN and
NG (silica gel plates), DPA (ethanol)/UV
Rt
Eluant PETN NG
Chloroform 0.70 0.75
Carbon tetrachloride 0.05 0.10
Petroleum ether 0.02 0.04
Ethanol 0.95 0.95
1, 2-Dichloroethane 0.95 0.95
Ethanol (75%) 1.0 1.0
Xylene-hexane (3+2) 0.45 0.45
Carbon tetrachloride-1,2-dichloro-
ethane (4+1) 0.30 0.35
Benzene-hexane (1+1) 0.40 0.45
Chloroform-acetone (1+1) 1.0 1.0
2+1) 1.0 1.0
Chloroform-acetone-ethano! (1+1+1) 1.0 1.0
Chloroform-carbon tetrachloride
1+1) 0.43 0.52
Petroleum ether-ethanoi (4+1) 0.95 0.95
(9+41) 0.70 0.70
1,2-Dichloroethane-petroleum ether
a+1) 0.80 0.85
1+2) 0.43 0.53
1+3) 0.25 0.37
Xylene-hexane-chlorotorm (3+2+1) 0.45 0.45
Xylene-hexane (3+2) 0.45 0.45
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FIG. 14—IR spectrum of DOS in chloroform.

remain following the acetone extraction of Com-
position A, Composition C, or military dyna-
mite., Composition A can be distinguished from
Composition C as the former is dry and crumbles
to a powder, whereas Composition C is soft and
plastic. A discussion of composite explosive
types A-D including variations within a single
type is found in Federoff and Sheffield (35),
Newhouser (36), and in ref. 37. Appreciable
residue of ammonium nitrate will remain fol-
lowing chloroform extraction of Amatols. This
can be identified by IR spectroscopy (13), XRD
(31), spot tests with Nessler, nitron, or Griess
reagents (3), or by TLC in ethanol (11). Com-
position and properties of various Amatols are
considered in Federoff and Sheffield, Vol. 1
(38).

The plastic explosive C-4 is supplied to the
U S. military in only a single grade; its formula-
tion is generally that given in Table 1. For
reasons of availability, the plasticizer normally
used, di-(2-ethylhexyl) sebacate (DOS), may be
replaced with di-(2-ethylhexyl) adipate (DOA).
The RDX used may contain up to 109, HMX;
British and Canadian plastic explosives use
higher purity RDX (ca 99%) and different
plasticizers. These variations in formulation can
provide -a basis for sample comparisons when
sufficient material is available. The commonly
used plasticizers are soluble in chloroform or
carbon tetrachloride and may be extracted for

IR examination. The small amounts (ca 4%)
of oil and binder present do not interfere. Fig-
ures 14-18 show chloroform spectra of solutions
of plasticizers and binders and chloroform ex-
tracts from several plastic explosives obtained
in our laboratory. It should be noted that the
explosive used in M118 (Flex-X) detonating
sheet varies with manufacturer. Some use PETN
and others use RDX. Future manufacture may
use other formulations.

X-ray diffraction has been previously men-
tioned for the identification of base explosives
but is also applicable to composites. Alston
et al. (31) have compiled diffraction patterns of
selected explosives and associated ingredients,
including 5 which are not included in the 1971
x-ray diffraction file: dinitroxydiethylnitramine
(DINA), methyl picrate, ethyl picrate, nitrated
ethylnitro oxamide (NENO), and HMX,

Several other works contain background in-
formation on composites and describe techniques
for their examination and identification. The
use of nuclear magnetic resonance has been
discussed (39) but has not been evaluated by
our laboratory. A work useful to the laboratory
analyst by Coates et al. (40) contains patterns
from infrared, mass spectrographic, and thermal
analysis of composite explosives. A series of
color tests, in addition to those previously de-
scribed, suitable for examination and compari-
son of military explosives is available (41).
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Detection of Military Explosives on Suspects
Since TNT- and RDX-based explosives are of
» consistency that makes them easily trans-
lerred, they may be detected in a test of the
nands of one suspected of having recently
nandled such materials. A suspect’s hands are
wrapped with polyester film adhesive tape to
rollect any adhering particles. The tape is re-
moved and tested by spot tests directly on the
tape. Alternatively, cotton swabs moistened with
acetone which are used to swab the hands may

be re-extracted later with acetone for testing.
For tests on the tape, TNT is detected with
aleoholic potassium hydroxide, and RDX is de-
tected either by the J-acid method or the thymol
test. The thymol reagent is prepared just before
use by dissolving 25 mg thymol in 5 ml con-
centrated sulfuric acid. The reagent is added
dropwise to the tape, followed by dropwise addi-
tion of ethanol.

Two RDX-based explosives, M118 (Flex-X)
and Detasheet, have been reported to give false
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FIG. 18—IR spectrum of Flex-X chloroform extract.

negative tests by the tape lift method (10).
When swabs are examined, TLC or IR spectra
of acetone extracts provide more convenient and
conclusive results than spot tests. Particulate
explosives may also be recovered during a visual
and microscopic examination of a suspect’s
clothing (pockets, cuffs, etc.) or vacuumings
from a vehicle. These can be examined as pre-

viously described. The detection of TNT alone,
RDX alone, or both TNT and RDX will pro-
vide an indication of the type of military explo-
sive handled by the subject.

Conclusion and Recommendation

From the tests outlined, the analyst should be
able to detect and identify most common mili-

This report of the Associate Referee, W. D. Washington,
was presented at the 88th Annual Meeting of the AOAC,
Oct. 14-17, 1974, at Washington, DC.

The recommendation of the Associate Referee was approved
by the General Referee and by Subcommittee G and was
accepted by the Association. See (1975) JAOAC 58, 329.
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tary explosives whether present as unexploded
particles or in solvent extractions of debris from
a bombing scene. From observations of physical
and chemical properties and the identification of
major explosive components, the particular
compositional explosive can be categorized.

Detection of minor components by TLC or
IR spectroscopy allows comparison of 2 or more
samples suspected of having a common origin.
Spot tests or TLC may be used to demonstrate
that an individual has recently handled military
explosives and to estimate their type. The Asso-
ciate Referee recommends that study be con-
tinued on the topic of Bomb Residues.
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FRUITS AND FRUIT PRODUCTS

Microbiological Assay with Lactobacillus plantarum for Detection of

Adulteration in Orange Juice

CARL E. VANDERCOOK and DORA C. SMOLENSKY
Fruit and Vegetable Chemistry Laboratory, Agricultural Research Service,
U .S. Department of Agriculture, Pasadena, CA 91106

A microbiological assay has been developed
to help detect adulteration in orange juice.
Under standard assay conditions with diluted
orange juice, the growth of Lactobacillus plan-
tarum is proportional to the concentration of
juice in the assay mixture. Imitation orange
beverages did not support growth. Growth was
also independent of the normal levels of com-
mon beverage ingredients such as sugar, acids,
butylated hydroxyanisole, and orange oil. Com-
mercial orange juices reconstituted from con-
centrates from various sources were assayed by
the microbiological procedure, and the vari-
ability of results (coefficient of variation 24%)
was about the same as or slightly lower than
that for many of the other constituents used
to estimate adulteration.

There has been continued interest by govern-
mental regulatory agencies, consumer groups,
and citrus processors in the problem of detect-
ing adulteration in orange juice beverages. We
recently reported on the concept of a microbio-
logical assay for juice content with an unknown
bacterium whose growth was proportional to
the orange juice content (1). The unknown bac-
terium, which was tentatively identified as a
Lactobacillus, had many of the characteristics
of L. plantarum. For an assay of orange juice
to be generally applicable, we felt it would be
best to use a readily available, known organism.
The purpose of this investigation was to explore
the suitability of L. plantarum in this assay and
to determine the experimental parameters and
variance of the assay.

METHOD

Apparatus and Reagents

(a) Liquid medium.—Prepare Bacto lactobac-
cilli MRS broth (Difco 0881-02) according to label.
Pipet 10 ml into test tubes, autoclave 15 min at
121°C, and store at 4°C until needed.

(b) Solid medium.—Prepare MRS agar from
MRS broth by adding 2% agar and bring mixture

to boil. While mixture is still hot, pipet 10 ml
into test tubes. Sterilize and store the tubes as
in (a).

(¢) Saline.—0.85% NaCl. Pipet 10 and 9 ml ali-
quots (twice as many 10 as 9 ml aliquots) into
test tubes and sterilize as in (a). (Tubes with
10 ml are used for suspending and washing cells
for inoculum; tubes with 9 ml are used for 14+ 9
dilution of final inoculum.)

(d) Test organism.—Lactobactllus plantarum,
NRRL B-1921 (Agricultural Research Service,
U.S. Department of Agriculture, Peoria, IL 61604).

(e) Spectrophotometer—Cary Model 14 (Vari-
an, Palo Alto, CA).

(f) Sterile hood—White-Roomette (Ultrasonic
Industries, Plainview, NY).

(g) Incubator.—18" sq box equipped with blower
fan and thermoregulator, +0.1°C (Lab Apparatus
Co., Cleveland, OH).

(h) High-speed centrifuge—Sorval Model RC-5
(Du Pont Instruments, Newtown, CT).

(i) Low-speed centrifuge.—International Model
HN (International Equipment, Needham Heights,
MA).

Stock Culture

Grow L. plantarum in MRS broth, and main-
tain as stab culture on MRS agar. Store stab
cultures at 4°C, and subculture monthly.

Inoculum

For preparation of inoculum for assays, inocu-
late MRS broth from stab culture, and incubate
broth at 37°C overnight (17-24 hr). Centrifuge
cells at low speed (1000 X g) under aseptic con-
ditions, and discard supernate. Wash the cells
once with 10 ml saline, centrifuge, and discard
wash. Suspend cells in 10 ml saline, and dilute
suspension 149 with additional saline to give
inoculum. Use 1 drop of inoculum to inoculate each
assay tube.

Reference to a company or product name does not imply
approval or recommendation of the product by the U.S.
Department of Agriculture to the exclusion of others that',
may be suitable.

Received April 1, 1976.
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Sample Preparation and Assay

Centrifuge single strength juice or concentrate
diluted to single strength at 17,000 X g (or greater
if necessary) for 15 min to give clear sample.
Measure per cent soluble solids (sucrose scale of
refractometer) of clarified juice. Adjust pH of
20 ml of clarified juice to 6.5 with NaOH and
dilute to 100 ml. Prepare 5 replicate culture tubes
(25 X 150 mm) with 10 ml of each assay mixture,
and autoclave 15 min at 121°C. Hold 2 tubes as
uninoculated controls, and inoculate 3 tubes with
organism. Incubate all tubes 30 hr at 37°C. Deter-
mine bacterial growth (as turbidity) by measuring
absorkance in 1 c¢cm cells of the inoculated assay
mixture against uninoculated control at 550 nm.
Express results as: Microbiological assay value =
(absorbance X 11.8)/% soluble solids.

Results and Discussion

Various aspects of the experimental procedure
were investigated to determine their influence
on the overall experimental error. The inocu-
lum concentration, time of sterilization, and time
and temperature of incubation were considered
individually.

We found (1) on a similar Lactobacillus
species that inoculum dilutions greater than 10-
fold (ie., 100-, 1000-, 10,000-fold) required an
cxcessive time for the bacterium to recach its
maximum growth, even though the values for
final growth were about equal. A 10-fold dilu-
tion of the cell suspension was selected for the
assay because of cell settling problems associated
with the higher concentration. In nutrient broth,
however, inoculation with the straight cell sus-
pension produced slightly higher growth than
inoculation with a 10-fold dilution of the sus-
pension (Table 1). The effect of small changes
in inoculum concentrations on cell growth was
evaluated on an orange juice sample by inocu-
lating the assay mixture with different dilutions.
Table 1 shows the absorbance of assays inocu-
lated with different dilutions (144, 1+7, 14+
9, 1411, and 1+4+19) of the cell suspension.
Growth in the assay did not differ significantly
(P <0.05) over the range of inoculum tested.
For a check on the day-to-day variations in in-
oculum coneentration, the absorbance of the
1 + 9 dilution was measured after the inocula-
tion step. The range of inoculum absorbance at

JOURNAL OF THE A0AcC (Vol. 59, No. 6, 1976)

Table 1. Effect of inoculum concentration on growth
(measured as absorbance) of L. plantarum
Inoculum Inoculum Mean
Sample® diin absorbance absorbance
A undild® — 0.900
A 1+9 — 0.840
B 1+4 0.77 0.385°
B 147 0.51 0.393¢
B 149 0.41 0.392°
B 1411 0.35 0.386°
B 1419 0.21 0.394

¢ A = nutrient broth, B = orange juice.

b Cells suspended in 10 ml saline.

¢ Mean of 7 replicates for each dilution. Analysis of
variance showed that dilution did not significantly affect
absorbance (calculated F = 1.60; Fo.05 = 2.69).

550 nm, measured on 11 different days, was
0.39-0.70 (mean and standard deviation 0.50=+
0.09). This range is less than that of the inocu-
lum dilutions which produced no significant
difference in the assays in Table 1.

The effects of inoculum times (17, 24, and 48
hr) were tested on inoculum concentration and
on the final bacterial growth in the assay mix-
ture. Absorbances for the inocula from the 3
incubation periods were within the 0.39-0.70
range reported above. Absorbance did not differ
greatly between the assavs inoculated with the
17- or 24-hr incubated incculum (means 0.339
and 0.336, respcctively), but the 48-hr incu-
bated inoculum produced a 139 lower growth
in the assay.

The cffect of sterilization time was determined
by autoclaving the same sample preparation for
12, 15, and 20 min. The mean absorbance values
were 0.389, 0.380, and 0.368, respectively. Ap-
parently small deviations from the standard 15
min would not cause any problems.

The optimum temperature for growth of L.
plantarum was reported as 30-35°C (2). In the
orange juice system, however, growth was maxi-
mum at 34-37°C (Table 2). Small fluctuations
between 34 and 37°C should not affect the
analyses.

Growth of the bacterium in the assay medium
was plotted as a function of time for 72 hr (Fig.
1). We chose 30 hr, when growth was 959 of
the maximum, for convenience. Samples inocu-
lated by 10 o’clock in the morning can be read
at 4 o'clock the next afternoon.

The recommendation of the Associate Referee was approved
by the General Referee and by Subcommittee T0 and was
accepted by the Association. See (1976) JAOAC 59, 389.

This report of the Associate Referee, C. E. Vandercook,
was presented at the 89th Annual Meeting of the AOAC,
Oct. 13-16, 1975, at Washington, DC.
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Table 2.

Effect of |

bation temp

ature on growth

(measured as absorbance) of L. plantarum

in orange juices

Orange Temp.,

juice °C Absorbance Mean
A 30 0.300, 0.290, 0.305, 0.310,
0.305, 0.310, 0.300, 0.310,

0.310, 0.295 0.303
A 37  0.350, 0.330, 0.350, 0.360,
0.350, 0.360, 0.350, 0.340,

0.330, 0.360 0.348

B 34 0.316, 0.318, 0.316, 0.316, 0.320 0.317

B 37  0.318, 0.316, 0.320, 0.316, 0.316 0.317

B 40  0.290, 0.295, 0.299, 0.286, 0.290 0.292

The choice of a 209% juice level in the assay
mixture was based on several considerations in-
cluding convenience of sample handling and
final absorbance values. However, the primary
reason is that, under the current experimental
conditions, bacterial growth, as a function of
juice content, is in the middle of the linear re-
sponse range at the 209 juice level. The linear
response range was checked for 3 representative
orange juice samples. The standard assay proce-
dure was followed except for the juice aliquots
which were 5, 10, 20, 50, and 75 ml per 100 ml
final volume. The response was linear up to 509%
juice in the assay mixture (r = 0.9985, 0.9956,
0.9995). With more than 509 juice in the assay
mixture, bacterial growth was inhibited.

For testing the agreement between experi-
ments, we prepared a large batch of composite
orange juice for assay as in the standard proce-
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FIG. 1—Growth of L. plantarum In orange Juice assay

as a function of time.
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dure except for proportionally larger volumes.
Culture tubes with 10 ml assay mixture were
frozen until needed. A set of these tubes was
withdrawn for inclusion in each group of deter-
minations, Table 3 shows the results, from the
composite orange juice, of assays by 2 analysts
on 9 days. As might be expected, the variance
within a single day was significantly lower than
the variance from day to day. From the analysis
of variance (3), the standard deviation due to
experimental error was =+=0.008 or 2.49% of the
mean. The standard deviation between deter-
minations on different days was =0.018 or 5.49%
of the mean, which might be expected on a day-
to-day basis.

Table 3. Replication of assay for composite orange juice by 2 analysts on 9 days, with analysis of variance
Analyst Measured absorbance® Daily means Analyst means
A 0.337, 0.342, 0.346, 0.333, 0.337
0.325, 0.329 0.336
A 0.333, 0.333, 0.329, 0.329, 0.329 0.331
A 0.325, 0.316, 0.320 0.320 0.331
B 0.340, 0.340, 0.370 0.350
B 0.340, 0.340, 0.325 0.335
B 0.330, 0.330, 0.330 0.330
B 0.310, 0.310, 0.320 0.313
B 0.340, 0.330, 0.330 0.333
B 0.340, 0.320, 0.340 0.333 0.333
Overall composite orange juice mean and standard deviation 0.3321+0.011
Degrees of Sums of Mean
Source of variance freedom squares (X10%) squares (X10%)
Determinations 8 2572.5 321.6
Error 24 1525.6 63.6
Total 32 4098.1
F = 5.06 Fo.or = 3.3

@ Not corrected for soluble solids.
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Table 4. Effect of beverage ingredients on growth (measured as absorbance)
of L. plantarum in orange juices

Orange juice Ingredient added Level® Absorbance®
A none — 0.393,40.398%
A BHA® 2 ppm 0.398,4 0.405¢
A orange oil 30 ppm 0.403¢
A orange oil 90 ppm 0.4019
B none 11.8% soluble solids 0.3369
B sucrose 13.0% soluble solids 0.340°
B sucrose 13.1% soluble solids 0.340°
B sucrose 14.49% soluble solids 0.327¢
B sucrose 15.2% soluble solids 0.327¢
B sucrose 16.7% soluble solids 0.334¢
B sucrose 17.5% soluble solids 0.329¢
B sucrose 19.5% soluble solids 0.318¢
8 sucrose 21.9% soluble solids 0.301°
B sucrose 39.7% soluble solids 0.258°

¢ Based on equivalent single strength orange juice. The level in the assay mixture is 1/5 that of the single strength

juice.

b Measured absorbance; not corrected to 11.8% soluble solids.

¢ Butylated hydroxyanisole.
4 Mean of 2-4 replicates.
¢ Single sample.

Orange juice-based bcverages often contain
orange oil for flavoring, butylated hydroxyani-
sole (BHA) as an antioxidant, and sugar. The
effects of these ingredients are reported in Table
4. Orange oil and BHA, at the low levels nor-
mally occurring in beverages, did not affect the
growth of the bacterium, but growth of L.
plantarum was inhibited by high sugar concen-
trations. This should not present a problem when
assaying single strength orange juices with a
normal range of sugar concentrations (10-159%),
since the standard dilution (20%) would yield a
2-39% level of sugars in the assay mixture. When
the sugar concentration in the assay mixture
exceeded 4-5%, growth was inhibited. As noted
above, the bacterial growth deviated from lin-
earity when the juice content in the assay mix-
ture excecded 50%. At the 75% juice level (7.5—
1139, sugar), growth was reduced to 929 of
the projected linear growth. The effect of added
citric acid on the assay was tested on an orange
juice with acidity levels adjusted to 2.24 and
292 (calculated as per cent anhydrous ecitric
acid). There was no significant difference in the
final mean growth (0.307 and 0.305, respective-
ly). Two brands of a synthetic breakfast orange-
flavored drink were prepared according to the
label and assayed by the standard method.
There was no measurable growth of the bac-
terium in either sample. It should be mentioned
in passing that L. plantarum is not specific for
orange juice. It also grows in lemon and grape-

fruit juices as well as some non-citrus juices
under the assay conditions (1).

Growth-limiting factor(s) in orange juice
have not been identified. However, since L. plan-
tarum is used in assays of both nicotinie acid and
pantothenic acid (4), the effects of these and
other vitamins added to the assay mixture were
investigated. A commercial multi-vitamin tablet
plus folic acid was dissolved in water and an
aliquot was added to the assay mixture before
dilution to final volume. The amounts of the
added vitamins in the final assay mixture were
as follows: vitamin A (acetate), 50 USP units;
vitamin D (ergosterol), 4 USP units; ascorbic
acid, 0.5 mg; thiamine, 0.02 mg; riboflavin, 0.025
mg; pyridoxine, 0.01 mg; niacinamide, 0.2 mg;
pantothenic acid, 0.01 mg; cyanocobalamin,
001 pg; and folic acid, 5 pg. These vitamin
levels amounted to a substantial increase over
those naturally present in the orange juice ali-
quot; however, there was no significant change
in the growth of L. plantarum in the fortified
juice over the control. Therefore, these vitamins
are apparently not the growth-limiting factors
in orange juice.

Orange juices and orange concentrates (recon-
stituted) from Florida, California, and Mexico
were assayed by this procedure. Data for these
samples are presented in Table 5 as absorbance
values. Each value should be considered as a
parameter of the particular sample. The mean
and standard deviation for the 30 samples are
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Table 5. Microbiological assay val for

30 orange juices from 3 regions

Source
Source Sample absorbance means® mean
California 0.456, 0.364, 0.616, 0.425, 0.411, 0.410
0.464, 0.271, 0.341, 0.413, 0.387,
0.490, 0.488
Florida 0.318, 0.314, 0.370, 0.400, 0.384, 0.335
0.350, 0.295, 0.268, 0.309, 0.253,
0.205, 0.425, 0.460
Mexico 0.355, 0.535, 0.352, 0.234, 0.385 0.372
Mean 0.378
Std dev. 0.092
Coeff. of var. 24%

¢ Absorbance adjusted to 11.8% soluble solids (Brix).

0.378=+0.092. The standard deviation is 249,
of the mean which is lower than standard devia-
tions for some of the juice constituents investi-
gated previously in this laboratory (5).
Absorbance would be lower for an adulterated
than for a full strength orange juice, and if the
value decreased below a predetermined level the
product would be rejected. Assays of several
samples from a given source would increase the
probability that authenticity would be correctly
identified. Nevertheless, because of the variabil-
ity between samples, the microbiological assay
probably would not be used as the only test of
authenticity. Numerous workers (6-10) have
shown that data with relatively high coefficients
of variation can be processed by use of certain
statistical combinations to produce results with
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significantly lower variance. It will be necessary
to analyze more samples by this assay and
other procedures (5) to select the best combina-
tion of parameters. It is also possible that or-
ganisms with different nutrient requirements
might complement each other in a series of assay
procedures for detecting adulterations. It is rec-
ommended that study be continued.
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Different forms of iron (total, ionic, and
complexed) were investigated by colorimetry,
emission spectroscopy, spectrophotometry, and
electrophoresis on agar gel with the following
results: The lowest concentration of complexed
iron occurs in the sample of highest colloid-
protein stability (limit of precipitation); the
colloid protein stability is directly dependent on
the content of complexed iron in hordein-
globulin fractions; a decrease in hydrogen ion
concentration leads to an increase in the con-
tent of complexed iron; a low redox potential
corresponds to high protein stability ; the change
in fractional protein composition depends on
the amount of complexed iron; the content of
proteins in salt and in alcoholic fractions in-
creases with added ferric ions, resulting in de-
creased colloid protein stability.

Iron is one of the important trace elements
in the mineral composition of beer (1-3) because
it is physiologically aective, it influences the
quality of the beer, and it affects nitrogen ex-
change in it (4-15). Iron in small quantities
can also be a catalyst in redox reactions. There-
fore, the stability of beer depends on the con-
tent of iron-reactive polyphenols (16), mela-
noidins, reductones (17), tanninogens (18), pro-
teins, and dissolved oxygen (4-7, 19-21).

Trace metals in beer result both from natural
sources and arise during processing. Iron may
appear in the cationic Fe(III) or Fe(II) form
or in an anionic complex, also with a valence of
+3 or +2. There may also be organic com-
pounds in beer which do not undergo dissocia-
tion but which contain iron. The metals which
are tied up in complexes are not highly active.
The mobility of the metal ions depends on the
stability of the complexes, which, in turn, is
determined by the nature of the complex, the
pH of the solution, and the redox potential.
Therefore, the complexed metal ions can serve

Received September 26, 1975,

as a reservoir of free ions; a change in the
medium releases the ions, which can then form
new complexes. The divalent and trivalent iron
ions are in equilibrium. The equilibrium may
shift in the direction of the divalent ion in the
presence of natural reducing agents. The tri-
valent iron ions can result from the oxidation of
Fe(I1) with atmospheric oxygen or on reduction
of Cu(II) to Cu(I). The presence of copper
ions thus affects the stability of the medium.
The turbidity of the medium may also be deter-
mined by the quantity and valence of the cat-
ionic form of iron, since Fe(III) can form
insoluble complexes with various components
of the ethanolic medium (22, 23). Therefore,
a knowledge of the total iron ion composition
of the medium is not enough to determine the
stability; it is necessary to know those forms
which the iron takes in the medium (24). Thus
the different forms of iron, the dynamic
changes of redox potential in the investi-
gated samples, the effect of these changes on
the forms of iron, and the effect of the iron on
the colloidal stability of beer were investigated.
Techniques available for the analysis of iron
content are spectroscopy (25-28), atomic ab-
sorption spectrometry (29-31), and colorimetry
(32).

Experimental

The investigation was carried out on Zhuguli
nonfiltered beer (Kolos Breweries, Lvov, USS.R.)
produced by the double-decoction method from
60% light malt and 40% nonmalted adjuncts.
Standards of comparison were brews clarified by
cotton filtering masses: Kineshma (control) and
Evlakh?! (test). Kineshma was selected as the con-
trol because it was processed by a more standard
procedure. The 2 are distinguished by their filter-

1 Kineshma and Evlakh are the Russian names of samples
of cotton fibers. Kineshma mass is 34 nephelos units and
Eviakh mass is 55 nephelos units, one differing from the
other in filtering ability.
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ing ability, which is superior for Evlakh mass.
The investigation is based on 30 experiments.

Total Iron

The total iron content in alcoholic beverages
was determined by emission spectroscopy. Fifty
ml samples were dried and ashed, the ashes were
mixed with standards and a buffer, and the result-
ing mixtures were burnt in an ac electric arc on
a Spectrograph I JSP-28. Iron was also determined
by the method of Vondenhof and Beindorf (33).
The quantitative determination of iron in the
presence of the other elements is based on the
formation of complexes with PAN (a polyamide
synthetic fiber) (2).

In order to determine total iron content the
sample was heated to 480°C, treated with HNOj,
and dissolved in 18% HCI. The solution was trans-
ferred in portions to a separatory funnel and the
iron as FeCl; was extracted into ether. The ex-
tracts were combined and the solvent was re-
moved. The product was then dissolved in HCI
and H,SO, was added. The volume was measured
and the spectrophotometric determination of total
iron present was made at 520 pm (2, 22, 34).

Cationic Form of Iron

The cationic form of iron was determined by
chromatography on an ion exchange column
of cationic resin KY-2 in the potassium form.
The column was eluted with 20% KCl and the
Fe(III) 4 Fe(II) in the eluate was determined
colorimetrically by adding o-phenanthrolene or
a,o’-dipyridyl in the presence of hydroxyamine.

Complexed Iron

The amount of complexed iron was determined
by the difference between total and cationic iron.
The complexed form of iron was also determined
by concentration and fractionation of the proteins
in beer according to the tannin-caffeine method
(35). The sample of beer (400 ml) was treated
with 30 ml 4% tannin solution and the pre-
cipitate was dissolved in twice its weight of caf-
feine. Samples of the concentrated protein (0.04
ml) were subjected to horizontal electrophoresis
for 5 hr at 40-80 v on EFA-1, a veronal-medinal
pH 8.6 buffer containing 1.5-2.09% agar gel. After
the fractions were separated by electrophoresis,
complexed iron was determined in each fraction
by emission spectroscopy and spectrophotometry.

Proteins were also concentrated and fractionated
by the micro-chromatographic method, which
uses columns of Sephadex G25, molselect G25,
Acrylex P30, kieselgel Stabifix, kieselguhr, bento-
nite, polyacrylamide, polyamide resin Perlon,
silica gel, silicic acid, aluminum oxide, Florisil,
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and Perlite. The ratio of adsorbent to sample was
50:1. Columns were eluted with 0.05N NaCl and
dialysis was performed in glucose snlution for
48 hr. The concentrated protein was fractionated
by horizontal electrophoresis on agar gel.

To determine the complexed and ionic forms of
iron we also used another method of fractionation
based on the solubility of proteins in different
solutions. Proteins were extracted successively
from the beer samples with solutions of 5% po-
tassium sulfate, 0.2% NaOH, and 70% ethanol.
The extracts were filtered and the proteins were
precipitated by adding 10% trichloroacetic acid to
each filtrate. The filtrates remaining after pre-
cipitation were also investigated. Iron in the sedi-
ments and the washing was determined spectro-
scopically.

Other Parameters

Foam stability, colloid protein and biological
stability, redox potential, and pH and rH were
determined by conventional methods. Common
nitrogen was determined by the micromethod of
Dumas and Kjeldahl, and a factor of 625 was
used to convert the nitrogen value to crude pro-
tein. The colloidal stability of beer was determined
by using the limit of precipitation of ammonium
sulfate. As the limit of precipitation decreased,
the colloidal stability increased.

To calculate the redox potential, EH, we used a
method based on the measurement of the electric
potential as determined by the pH and the
voltage:

2 EH
oi9sa T +27H

where rH =log[H,;]; pH = —log[H+*]; EH =
redox potential of the system; and T = absolute
temperature. The potential of a 50 ml sample was
determined with a platinum-calomel electrode sys-
tem.

In a series of experiments, standard solutions of
the cations of bi- and trivalent iron (Fet+? with
CNS- [pK 0.07]; Fe+3 with CNS- [pK 2.3]; Fe+?
with CN- [pK 24]1; and Fe+*® with CN- [pK 31])
were added to samples of control beer. Results
(Fig. 1) show the dependence of colloid protein
stability on iron in different forms.

rH=

Results and Discussion

Results show that there is a relatively large
amount of complexed iron in unfiltered beer
(Table 1). Most of the iron in the test sample
was in cationic form. Data in Table 1 show
that this sample exhibited higher stability by
its larger limit of precipitation.

The protein fraction of beer was concentrated

¥
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LIMIT OF PRECIPITATION ml/100ml
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FIG. 1-—The colloid protein stability of beer as a function of the content of ionic forms of iron: 1, bivalent iron;
2, trivalent iron.

by chromatography and fractionated by elec-
trophoresis into 2 groups: the albumins-glutelins
and the globulins-hordeins. The ability of the
different adsorbents to concentrate the protein
fractions is as follows (see Table 2 and Figs. 2
and 3): aluminum oxide < silica gel < Per-
lite < Florisii < polyamide resin Perlon <
Acrylex P 30 < silicic acid < polyacrylamide <
molselect G25 < kieselgel Stabifix < kiesel-
guhr < Sephadex G25. All the adsorbents were
added to the beer samples at 20-25°C. The
results show that protein concentration is de-
pendent on the different adsorbents (the change
of total protein, B-globulin, and iron is in a
definite order).

The complexed and ionic forms of iron were
also determined in the different beer fractions
(Table 3). The bond strengths between the
complexed iron and proteins were determined
by the ratio of the quantity of complexed iron
in protein fractions to the total amount in beer.
The data obtained show that iron is found in
complexes with proteins of all fractions, and

Table 1. Iron content (10-3 mg/L) of treated and

. untreated beer samples

Non-
Form of iron filtered Control Test
Total (spectroscopy) 170.15 118.34 54.17
Cationic, Fe(ll) + Fe(l!l) 29.77 22.20 30.00
(colorimetry)
Complexed (difference) 140.38 96.14 24.17
Limit of precipitation, — 8.0 11.0

(M1 (NH4)2S04/100 mi)

that iron present in the sediments is in com-
plexed form and in the filtrates in free ionic
form. .

Beside the determinations of the total, ionic,
and complexed iron forms, we determined the
effect of changes in the pH of the medium on
the relative amounts of each form present. The
pH of the original products was 4.5. A series of
samples were prepared and the pH was altered
from 0 to 7 by adding sulfuric acid or sodium
hydroxide. After one week, equilibrium between
the different forms of iron was attained in the
samples. The pH of each sample was rechecked
and the total, cationic, and complexed iron con-
tents were determined. The nature of the varia-
tion in percentage of complexed iron with re-
spect to changes in pH is almost identical in
each of the 3 samples (nonfiltered, control, and
test). The differences that do exist can be ex-
plained by the presence of different amounts of
complex-forming compounds in each of the
samples and by differences in their ability to
complex with iron. Qur experiment shows that
with an increase in concentration of hydrogen
ions the percentage of complexed iron decreases.

The results of the calculations of the redox
potential (EH) are given in Table 4. The data
show that the lowest redox potential is asso-
ciated with the highest protein stability. Redox
ability is determined by the presence of reducing
agents which protect beer from oxidation. These
reducing agents are melanocidins, polyphenols,
proteins, carbohydrates, sulfoxides, and ascorbic
acid. All of these substances possess reducing
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Lol N30 ability and therefore establish a certain redox
CE| pEge potential. The oxidized form, Fe(III), as op-
osed to Fe(II), decreases the effectiveness of
t= | RBRw p ,
] ;3 P the melanoidins. The greater the concentration
= of Fe(III), the higher the redox potential of the
g Eg| 287" system, according to the Nernst equation.
<E5(BEART The table also presents the results of adding
Lol mg=. the ionic forms of Fe(III) and Fe(II) to .the
28| ggme control sample. The main quantitative indices
@ - of beer (turbidity, foam stability, colloid pro-
- § s | R82< tein, and biological stability) are most inﬂuepced
5 &> 588" by the introduction of the oxidized form of iron.
'E- Tl wys,, Beer stability also depends on the concen-
£ k' 'é, sgs~ tration of those forms of iron capable of com-
2]ls ! - plexing with the different protein fractions.
E 2| ®33x| 8 f’: Fe Adding bivalent iron did not greatly affect the
] _g z 23| ERR colloid protein stability of beer, while trivalent
|5 Suw| 838w iron added at levels of 3.8-7.0 X 10-3 mg/100
E E" S83 | g8~ ml sharply decreased it. This confirms the sup-
] @ - position that free Fe(II) ions are less active
= b+ -
s g 'é§§ :EE: than Fe(III). These changes also depend on
J|s| =87 87° whether the Fe(II) and Fe(III) are added as
g dxg 2x3Io a complex with CNS- or CN-. There is little
E -8 | gl change in the latter case, as would be expected
i L@ <« o 16 from the pK values (Fig. 1).
=3 = 'E gé; ;;;: It is interesting to compare the results of
,,E ta* - Tables 3 and 5 obtained by investigation of
e 238 | B8R different protein fractions. From Table 5, we see
X £€8E| B8A"” that the protein composition in the sample af-
4 & ema .. fects the mineral composition, especially that of
g ‘5‘%’ ;;;r~ iron. In the nonfiltered sample without added
"E @ - Fe(IIl), there was more protein in the salt
8la s Eif: fraction compared with the test and coptrol
g£ls Pl &=®a samples. After Fe(III) was added, the fractional
3 E’ cs| 283e composition of the protein changed; the greate:st
M S&| g288% concentration was in the salt and aleoholic
s 3 c.39 | 822 fractions and the lowest concentration was in
fl=| 2=5|sgs!
E Table 3. Free ionic and complexed forms of iron
8 (X 10-* mg/L)
—\*. Non-
(2 Index filtered Control Test
T Filtrates:
£eg Aqueous (albumin) 16.22 3.14 2.01
8| =3F Salt (globulin) 10.18 7.14 4.18
2 2eg Alkaline (glutelin) 3.08 2.46 1.12
- : 0.2 Alcoholic (plolamine  14.29 12.49 7.34
el ':g + hordein)
E® % Sediments:
389 Aqueous 53.00 41.15 9.31
=28 salt 30.14 20.14 2.09
el Alkaline 57.10 27.16 10.03
ESSE Alcoholic 10.05 9.14 4.11
L3
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FIG. 2—Total protein concentration obtained after chromatography on various adsorbents: 1, Sephadex G25; 2,

Sephadex G100; 3, Sephadex G50; 4, aluminum oxide; 5, silica gel; 6, Perlite; 7, Florisil; 8, Perlon; 9, Acrylex

P30; 10, silicic acid; 11, polyacrylamide; 12, Molecular S|eve- 13, Sephadex G75; 14, kieselguhr; 15, ber i
16, ammonium sulfate; 17, tanni ine; 18, kieselgel Stabifix.
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FIG. 3—j-Globulin concentration obtained after chromatography on various adsorbents: 1, Sephadex G75; 2,

Sephad G25; 3, Sephad G100; 4, Sephadex G50; 5, aluminum oxide; 6, silica gel; 7, Perlite; 8, Florisil; 9,

Perlon; 10, Acrylex; 11, silicic acid; 12, polyacrylamide; 13, Molecular Sieve; 14, ki lguhr; 15, b ite; 16,
kieselgel Stabifix; 17, ammonium sulfate; 18, tannin-caffeine.
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Table 4. Effect of adding iron on the physicochemical indices of beer

Control with added iron
cations, 4.5 X 10-3

(2) Gorinstein, S., Vizgert, R., & Kiseleva, L.
(1971) NTI Tsintipishcheprom 5, 7-9
(3) Postel, W. Drawert, ¥., & Quevenc, U.
(1972) Brauunssenschaft 25(11), 341-346
(4) Gramshaw, J. W. (1967) J. Inst. Brew. Lon-
don 73, 258-270
(5) Gramshaw, J. W. (1967) J. Inst. Brew. Lon-
don 73, 455-472
(6) Gramshaw, J. W. (1968) J. Inst. Brew. Lon-
don 74, 20-38
(7) Gramshaw, J. W. (1969) J. Inst. Brew. Lon-
don 15, 61-83
(8) Barrett, J., Griffiths, C. M., & Kirsop, B. H.
(1967) J. Inst. Brew. London 73, 445-450
(9)-MacWilliam, I. C. (1968) J. Inst. Brew. Lon-
don 74, 38-54
(10) Ayrapaa, T. (1968) J. Inst. Brew. London
74, 169-178
(11) Engan, S. (1970) J. Inst. Brew. London 76,
254261
(12) Mantschev, 8., & Dechatov, G. (1970) Brau-
wissenschaft 23(2), 56-61
(13) Venskyavichus, J., Gorinstein, S., & Makshty-
alene, Z. (1971) Sadovod. Vinograd. Vinodel.
Mold. 26(4), 33-36; thru Chem. Abstr. (1972)
76, 23802w

Sample mg/100 ml

Index Nonfiltered Test Control Fe(lll) Fe(ll)
pH 4.75 5.20 5.19 5.02 5.00
EH —106.2 —78.2 —89.2 —120.5 —90.2
rH 14.5 12.5 13.8 14.68 13.5
Height of foam, mm — — 20.0 5.0 13.0
Limit of precipitation, ml (NH4)2504/100 mi —_ 9.0 8.0 4.0 7.0
Biological stability, days — 9.0 8.0 1.0 4.0
Foam stability, min - —_ 2.0 0.3 1.4

Table 5. Dependence of iron ch on fr | protein composition
Total amt Protein fractions
protein,

Sample mg/100 ml Aqueous Salt Alcoholic Alkaline
Nonfiltered 358.75 38.27 183.40 102.41 34,67
Control 341.88 28.34 179.25 100.29 34.00
Test 297.50 27.23 157.90 80.37 32.00
Nonfiltered with Fe(lll) 358.75 20.00 200.34 118.44 19,97
Control with Fe(lll) 341.88 14.93 196.61 113.34 17.00
Test with Fe(lll) 297.80 13.92 174.27 89.31 20.00

REFERENCES (14) Gorinstein, S. (1973) J. Food Sci. 38, 1264-
1266
(1) Ault, R. (1970) J. Inst. Brew. London 76 . . .
299_501 ( ) > (15) Gorinstein, S. (1975) J. Agric. Food Chem.
23, 4547

(16) Jacobsen, T., Lie Sturla, & Chapon, L. (1974)
Tech. Q. Master Brew. Assoc. Am. 11, 225~
261

(17) Chapon, L., & Louis, C. (1974) Biosphere 5,
448-456
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Z. (1974) J. Inst. Brew. London 80, 558-564

(19) Schildbach, R. (1974) Monatsschr. Brau. 27
(10/11), 217-241
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Gas-Liquid Chromatographic Determination of Methyl

Anthranilate in Wine

RICHARD R. NELSON, TERRY E. ACREE, CHANG Y. LEE, and ROBERT M. BUTTS
Department of Food Science, New York State Agricultural Experiment Station, Geneva, NY 14456

A method is described for the gas-liquid chro-
matographic determination of methyl anthra-
nilate in wine. Methyl anthranilate is extracted
with Freon 113 (1,1,2-trichloro-1,2,2-trifluoro-
ethane), concentrated, and quantitated by com-
paring the peak area with that of an internal
standard (p-di-n-butoxybenzene). A synthetic
wine solution (12% ethanol in water) as well
as White Riesling and Concord wines containing
various concentrations of added methyl anthra-
nilate were analyzed. Recovery of methyl an-
thranilate in the range of 0.1-10 mg/L aver-
aged 100.269% with an average relative error
of 3.94%. The method is both rapid and reli-
able.

Methyl anthranilate was first discovered in
1895 by Walbaum in neroli oil obtained by the
steam distillation of bitter orange flowers (Citrus
aurantium) (1). It has since been found in other
plant materials including mandarin, lemon, ber-
gamot, jasmine, gardenia, and grapes of the la-
brusca species (2). Erdmann and Erdmann were
first to characterize methyl anthranilate (3) and
several workers have since studied the distribu-
tion and determination of this ester (4-7). In
1928, the AOAC (8) listed a colorimetric and a
gravimetric method for determining methyl
anthranilate. These are still the methods of
choice for analyzing grape juice (9). Other use-
ful methods have also been proposed, including
a method specifying electron affinity gas-liquid
chromatography (GLC) (10) and a fluorometric
method (11). A GLC method for detecting and
measuring methyl anthranilate in imitation grape
flavors (at 430-26,050 ppm) was previously re-
ported (12). This paper presents a GLC method
for determining methyl anthranilate in wine. A
selective solvent extraction procedure minimizes
interferences from fermentation products in-
cluding ethanol. The method is rapid and sensi-
tive. In addition, it is superior to the various
juice determinations cited above for the analysis
of wine.

Received April 5, 1976.

METHOD
Reagents and Apparatus

(a) Freon 113. — 1,12-Trichloro-1,2,2-trifluoro-
ethane (Precision Cleaning Agent, E. 1. du Pont
de Nemours & Co., from Buffalo Solvent and
Chemical Corp., Buffalo, NY). Distill and store
in glass.

(b) Internal standard.— p-Di-n-butoxybenzene
(No. 586, Chem Service, Media, PA), 250 ppm in
Freon 113.

(c) Methyl anthranilate standard solution.—
300 ppm methyl anthranilate (No. 159, Eastman
Organic Chemicals, Rochester, NY) in ethanol.
Add standard to wine samples at desired levels.

(d) Rotary evaporator. — Biichi Rotovapor
(Rinco Instrument Co., Inc., Greenville, IL) with
20°C water bath.

(e) Gas chromatograph. — Hewlett-Packard
Model 5830A equipped with Model 18850A GLC
terminal and flame ionization detector and 4 m X
3 mm stainless steel column packed with 5% SP-
1000 (Carbowax modified with terephthalic acid,
Supelco, Inc.) on 100-120 mesh Chromosorb W.
Operating conditions: temperatures (°C)—column
180, injector 250, detector 300; nitrogen carrier
gas 23 ml/min.

Procedure

Add desired amount of methyl anthranilate
standard to 300 ml aliquot of wine. Stir 5 min, add
300 ml Freon 113, cover, and stir 15 min on mag-
netic stirrer at medium speed. Transfer mixture
to 1000 ml separatory funnel and let stand until
phases separate. Draw off 250 ml Freon phase and
transfer to 500 ml round-bottom flask. Attach
flask to Rotovapor and concentrate solution to ca
10-15 ml. Add concentrate to 25 ml volumetric
flask containing 1 ml internal standard solution.
Rinse round-bottom flask twice with 2-3 ml Freon
and add rinses to volumetric flask. Dilute sample
to volume with fresh Freon. Sample, now ready
for GLC analysis, contains 10 ppm internal stand-
ard and 10-fold concentrate of wine extract con-
taining methyl anthranilate.

Calibrate gas chromatograph with standard
Freon solution of 10 ppm methyl anthranilate and
10 ppm p-di-n-butoxybenzene. Collect information |,
during calibration run and store for use in ex-
perimental determinations.
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Calculation

Retention times and response factors (calculated
as peak area ratios) of methyl anthranilate and
internal standard are stored in computing acces-
sory of gas-liquid chromatograph. Retention times
for Freon 113, internal standard, and methyl an-
thranilate are 0.79, 10.83, 12.90 min, respectively.
During each experimental run, compare amount
of methyl anthranilate with amount of internal
standard. Use this ratio and ratio from calibration
run to calculate automatically amount of methyl
anthranilate (ppm) present in sample.

Results and Discussion

Freon 113 was chosen for this procedure be-
cause it will not extract water from the sample.
Furthermore, interfering fermentation produects
such as methanol, ethanol, and some organic
acids are not extracted. Freon is easy to handle
in the laboratory because of its high density,
low toxicity, and nonflammability.

Methyl anthranilate was determined in a
simulated wine solution (129 ethanol in water),
in White Riesling wine (Vitis vinifera), and in
Concord wine (Vitis labrusca). Concord grapes
naturally contain methyl anthranilate, while
White Riesling grapes do not (5, 13). Samples
were analyzed with added methyl anthranilate
ranging from 0.1 to 10.0 ppm. A plot of the log
of the amount of methyl anthranilate added vs.
the log of the peak area ratio (methyl anthrani-
late/p-di-n-butoxybenzene) for the simulated
wine solution and the White Riesling wine was
linear. The correlation coefficients were 0.9972
and 0.9992, respectively. This indicates that the
method is consistently accurate and there is no
deviation from the theoretical linearity of the
analysis at the extremes. Table 1 shows the
average experimental recovery of methyl an-
thranilate in the simulated wine, the White
Riesling, and the Concord samples. The overall
average recovery was 100.269%, with an average
relative error of 3.94%. It is apparent that the
method works equally well in all 3 systems. It is
also clear that the Freon extracts virtually all
of the methyl anthranilate from the aqueous
phase and that the ester is not subsequently lost
during concentration, due to its extremely low
volatility (bp,; 135.5°C) (14).

The samples analyzed in this work were 10-
fold concentrations of the original wine, but it
is important to note that the method could be
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Table 1. Recovery of methyl anthranilate at
various levels from a simulated wine solution,
White Riesling wine, and Concord wine

Added, Found, Recd, Rec.,*

Sample ppm ppm ppm %
Simulated wine 0.10 0.114 0.114 114.0
0.50 0.490 0.490 98.0
1.00 0.958 0.958 95.8
5.00 4.490 4,490 89.8
10.00 10.320 10.320 103.2

White Riesling 0.00 0.000 0.000 —_
0.10 0.102 0.102 102.0
0.30 0.293 0.293 97.7
1.00 0.993 0.993 99.3
3.00 2.957 2.957 98.6
10.00 9.770 9.770 97.7

Concord 0.00 0.973 0.000 -
0.10 1.078 0.105 105.0
1.00 1.994 1.021 102.1

@ Overall average recovery = 100.26% ; average relative
error = 3.94%.

easily adapted to more concentrated samples.
In this way, the sensitivity of the method could
conceivably be increased. The limit of detection
under the conditions deseribed is at least 0.1
ppm methyl anthranilate in the original wine.

Since the accuracy of the results depends on
the peak area measurements, peaks under the
methyl anthranilate or the internal standard
peak would yield erroneous results. This possi-
bility was investigated by analyzing several
wines, with and without methyl anthranilate, by
combined GLC-mass spectrometry. Samples of
Concord, Niagara, Catawba, Ives, Delaware, and
White Riesling wines were extracted, concen-
trated, and analyzed on a Varian Series 1400
chromatograph with a column as described
above. The GLC portion of the system was in-
terfaced with a Bendix Model 12 time-of-flight
mass spectrometer modified with a CVC elec-
tronics package which makes the system equiv-
alent to the CVC MA-2. The spectra collected
indicated that the peaks corresponding to methyl
anthranilate and p-di-n-butoxybenzene were
free of interfering compounds.

The method described is a rapid and reliable
means for determining methyl anthranilate in
wine. It is useful in wine flavor research because
of the importance of methyl anthranilate in the
flavor chemistry of many wines produced in the
Eastern United States and Canada. It is sug-
gested that the method be subjected to collabor-
ative study.
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Gas Chromatographic Determination of Micro Amounts of
Cyanide Residues in Wines, Distilled Liquors, and

Other Alcoholic Beverages

BRIAN L. BATES and DONALD R. BUICK

Australian Government Analytical Laboratories, Department of Science, 344 Tapleys Hill Rd,

Seaton, South Australia 5023

A gas chromatographic method for the deter-
mination of cyanide residues in alcoholic bever-
ages has been developed from procedures pre-
viously reported for application to water sam-
ples. Quantitatively isolating HCN from alco-
holic beverages presented difficulties not en-
countered with aqueous solutions, particularly
in the presence of SO, in the sample. HCN was
liberated from the acidified sample by heating
at 70°C, flushed into an NaOH absorber solu-
tion, converted to cyanogen bromide (CNBr),
extracted into diisopropyl ether, chromato-
graphed on a Porapak Q column, and detected
by an electron capture detector. SO, that is
present in most wines interfered with the bro-
mination step and caused low recoveries. This
interference was eliminated by initially con-
verting any cyanide present in the sample to
the stable mercuric cyanide salt and then purg-
ing the acidified sample solution of all SO,.
The Hg(CN), present was then dissociated by
adding KI and the analysis proceeded as pre-
viously described. Mean recoveries of 80-97%
were obtained for 2-20 pg cyanide from repli-
cate analyses of spiked samples of distilled
liquors free of SO,. The relative standard devia-
tions ranged from 6.1 to 11.1%. Mean recover-
ies of 65 to 919% were obtained in the same
range of cyanide from replicate analyses of
spiked wine samples known to contain SO,
with relative standard deviations ranging from
0.8 10 10.2%. The limit of detection was 0.2
ug HCN.

The analytical investigations deseribed below
were undertaken as a continuation of an Asso-
ciate Referce study to supplement the official
AOAC method (1-3) for the qualitative detec-
tion of HCN in aleoholic beverages with a quan-
titative method of appropriate sensitivity,
accuracy, and preeision. The study was con-
sidered in 2 parts. First, we determined the
optimum procedure for quantitatively isolating
the analyte in as pure a form as possible from
samples containing significant quantities of alco-
hol, other volatile organic compounds, and SO,,

using apparatus that is readily available. Second,
we investigated the optimum determinative
step, which was limited to comparing a standard
colorimetric method of long standing with the
somewhat newer technique of measuring HCN
in the form of cyanogen bromide by gas chroma-
tography (GC). Such a procedure would be
suitable for general use in most regulatory and
quality control laboratories.

Experimental

Initially, HCN was isolated from acidic aque-
ous solutions spiked with potassium ferro-
cyanide, using Conway microdiffusion cells, ab-
sorbed in 0.1N NaOH solution (4, 5) over 24 hr,
brominated, extracted into diisopropyl ether (6),
and detected by gas-liquid chromatography
(GLC) on a column of 7% Hallcomid M18 on
Gas-Chrom Q with an electron capture detector
(7). A calibration curve was linear for 0.1 to 5
ug CN-. However, poor results were obtained
for the same procedure applied to alcohol-water
(14-1) spiked with 1-40 pg CN- as potassium
ferrocyanide. The high concentration of ethanol
prevented the transfer of HCN from the acidi-
fied alecohol-water solution to the NaOH absorber
solution; therefore, Conway cells were aban-
doned in this study.

Next we attempted to isolate HCN from
acidified alcohol-water (141) spiked with potas-
sium ferrocyanide by distilling at the boiling
point, flushing the liberated HCN through a re-
flux condenser, and absorbing it in a 0.1N NaOH
trap. HCN was quantitated by GLC as described
above, Erratic results were obtained in the
range of 5-30 pg added CN-. We then dis-
covered that n-propanol, a common congener in
wines and brandy, had a retention time identical
to CNBr and could not be separated by adjust-
ing parameters on the Hallcomid M18 column
in use. Some n-propanol was present in both the

Received March 22, 1976.
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Recoveries of CN- added as KCN to 200 ml alcohol-water (1 4 1) and brandy,

using method of isolation of HCN for samples free of SOz, and gas chromatography

Recovery
Added, No. of Mean,* Range, Std Rel. std
Sample e ppm tests B ne dev, dev., % Av., %
Alcohol-water 10.0 0.05 6 8.0 6.8- 9.2 0.8 9.9 80
Brandy 2.0 0.01 4 1.8 1.5-1.9 0.2 11.1 90
Brandy 10.0 0.05 5 9.7 8.9-10.4 0.6 6.1 97
Brandy 20.0 0.1 4 7.5 15.6-19.6 1.8 10.3 88

@ Outliers were not excluded.

aleohol solution and brandy, and distilled with
the HCN; this probably accounted for the er-
ratic recoveries at these low levels.

We investigated the 3-methyl-1-phenyl-5-
pyrazolone colorimetric determinative step of
Epstein (8), as specified in the APHA standard
methods manual (9). Initially, we could not
obtain stable colors for a calibration curve from
standard aqueous solutions of HCN. However,
by adding more bis-pyrazolone, we obtained a
linear calibration curve from 0 to 15 ug CN-.
However, KCN added to alcohol-water solu-
tions, isolated by the distillation/gas flushing
technique, and determined in 0.1N NaOH ab-
sorbing solution again gave very erratic recov-
eries, 10-93% at 10 pg CN-/200 ml solution
(0.05 ppm).

A Fisher-Milligan spiral gas washer specified
in the APHA method (9) was not available for
these experiments and may have proved more
efficient for absorbing HCN. We varied the pro-
cedure by heating the distillation flask contain-
ing the acidified sample at 70°C and supplying
cooled condenser water at <<20°C, to reduce the
amounts of other volatile constituents of the
sample reaching the absorber trap and to mini-
mize decomposition of HCN that may occur at
higher temperatures of distillation. In this series,
11 colorimetric recoveries ranged from 69 to
1049 for 10 pg CN- added to 200 ml (0.05
ppm). The mean value was 8.5 ug, standard
deviation 1.0, and relative standard deviation
11.29 . These results were considerably less pre-
cise than that specified in the APHA method,
which has a relative standard deviation of 1.7%
for water samples.

Nota and Palombari (6) used a Porapak Q
column to separate CNBr for subsequent GC
determination by electron capture detector.
None of the commonly oceurring congeners in
wine or brandy interfered with the CNBr peak

on this column under the operating parameters
used. Alcohol-water solutions were spiked at 10
pg CN-/200 ml (005 ppm). The HCN was
isolated and quantitated by the procedures de-
seribed below, Isolation of Cyanide from Samples
Free of Sulfur Dioxide and Gas Chromatog-
raphy, respectively. Recoveries from replicate
analyses were satisfactory and are given in
Table 1.

Recoveries were satisfactory for an Australian
blended brandy sample spiked with KCN at
various levels and analyzed by the same proce-
dure (Table 1). A blank determination on the
brandy showed no peak -corresponding to
CNBr. A sample of brandy which had previous-
ly been analyzed for ethanol and the other major
congeners by method 9.075 (3) was also sub-
jected to the same isolation procedure. The con-
tents of the NaOH absorber trap were then
analyzed for the presence of congeners but only
ethanol and methanol were detected in significant
quantities.

However, we obtained low recoveries (31-
529,) for a wine sample known to contain
S0,, spiked with 10 pg CN-/200 ml (0.05
ppm) as KCN, and analyzed for HCN by the
same method used for the brandy samples. In
this case, the bromide water was completely
decolorized when added to the contents of the
NaOH trap. This did not occur for brandy sam-
ples. Adding excess bromine water did not im-
prove these recoveries. The problem appeared to
be due to SO, in the sample. Bates (1) pre-
viously reported that SO, interfered in the de-
velopment of the color complex formed in the
qualitative method for the detection of cyanide.
This interference was removed by introducing
a lead dioxide column between the condenser
and the test paper as specified in 9.102(f) and
11.053 (3).

A number of experiments were then performed
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in a similar manner on wine samples known to
contain SO, and spiked with KCN except that
liberated HCN was first passed through a PbO,
column prior to absorption in the 0.1N NaOH
trap. Reasonably precise results and better re-
coveries were obtained. In 4 tests of 10 ug CN-/
200 ml wine (0.05 ppm), the mean recovery was
72%, range 6.8-7.5 pg, standard deviation 0.3
pg, and relative standard deviation 4.6%. Dis-
tilling for longer periods did not significantly in-
crease recoveries. We suspected some of the
HCN may have been trapped in the PbO, col-
umn. In further experiments, spiked wine sam-
ples were first distilled 2 hr through the PbO,
column in the above manner, the original NaOH
trap was then replaced with one containing
fresh NaOH solution, and the contents of the
PbO, column were added to the original acidi-
fied wine in the distillation flask. The distillation
was restarted and proceeded for 2 hr. Additional
HCN (10-209%) was recovered, so some HCN
had been trapped in the PbO, column, but the
results of these additional recoveries were some-
what erratic. This may be due to a number of
factors including the flow rate of the nitrogen
and the particle size of the PbO,.

A method that seemed more promising for
removing SO, from the system was then in-
vestigated and is reported in detail below under
Isolation of Cyanide from Samples Containing
Sulfur Dioxide. The cyanide in the sample is
first fixed by reacting it with mercuric chloride
in the distillation flask. The mercuric cyanide
formed is very stable and is practically undisso-
completely removed by the technique of heating
at 70°C and flushing with gas after which the
mercuric cyanide is dissociated by adding KI
(10) and the liberated HCN is removed in the
manner described above. Our investigations of
this procedure indicated that the acidified sam-
ple in which cyanide had been converted to mer-
curic cyanide should not be boiled during the
removal of SO,, because low recoveries were
obtained.

METHOD

Apparatus

(Assembled as shown in Fig. 1. These items are

also specified in ref. 3, 9.101(a), (c), and (d).)

(a) Distilling flask—500 ml, round-bottom, 3-
neck with § ground socket joints, angle-type
(1963 Fisher No. 10-165, or equivalent).
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FIG. 1—Distillation and trap apparatus for recovery
of cyanide from alcoholic beverages.

(b) Nitrogen inlet tube—With § cone to fit
side neck of distilling flask and long enough to
almost reach bottom of flask.

(c) Condenser—Graham coil-type, with inner
and outer § joints, F cone to fit center neck
of distilling flask (1963 Fisher No. 7-728, 400 mm
jacket length, or equivalent), and cooled with flow
of cool water.

(d) Stopper—With § cone to fit side neck
of distilling flask.

(e) Gas absorber/washer—It consists of 2 parts:
bubbling tube immersed in absorbing solution in
50 ml § test tube which is connected to U-tube
also containing absorbing solution plus 2-3 glass
beads to break up bubbles, as shown in Fig. 1.
(See also the Fisher-Milligan gas washer specified
in ref. 9 and gas absorbers specified in ref. 3,
20.102.)

(f) Gas chromatograph. — Varian Aerograph
Model 1200 gas chromatograph equipped with 3H
source concentric design electron capture detector
and coupled to a 1 mv chart recorder. Applied
voltage 90 v dc, sensitivity 1 X 10-1° amp/mv, and
attenuation ca X128. A 6’ X 18” od stainless steel
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FIG. 2—Gas chromatogram of CNBr recovered from
brandy spiked with KCN (2 g CN-/200 mi, 0.01 ppm)
by gas flushing HCN into NaOH absorber solution,
brominating, and extracting CNBr with diisopropyl
ether; 5 ul injected. 1, water; 2, CNBr; 3, (C3H;).0.

column packed with 50-80 mesh Porapak Q and
glass-lined injector port was used. Operating
parameters: nitrogen carrier gas ca 50 ml/min,
column 125°C, detector 180°C, injector 170°C,
chart speed 5§ mm/min.

(g) Constant temperature water bath.—Suit-
able for immersing 500 ml flask and capable of
maintaining 70-+-2°C.

Reagents

(All chemicals were analytical reagent grade.)

(a) Sodium hydroxide—0.1N solution.

(b) Mercuric chloride—2% solution.

(c) Stock cyanide solution.—Dissolve 1251 g
KCN in 500 ml water (1000 ug CN-/ml). Stand-
ardize against AgNO; solution, using p-dimethyl-
aminobenzalrhodamine indicator as described in
Standard Methods for the Examination of Water
and Wastewater (9).

(d) Standard cyanide solution.—Dilute 5 ml
stock solution to 500 ml with water, mix, and
dilute 10 ml to 100 ml. Prepare final dilution
fresh daily (1 ml=1.0 ug CN-).

(e) Sulfuric actd.—1+49.

(f) Orthophosphoric actd.—20% solution.

(g) Phenol—5% solution.

(h) Diisopropyl ether—Caution: This may form
explosive peroxides on standing and should peri-
odically be passed through an activated alumina
column.

Isolation of Cyanide from Samples Free of
Sulfur Dioxide

Control recovery test using standard KCN solu-
tion.—Place 200 ml alcohol-water (141) in dis-
tilling flask which is immersed in 70°C constant
temperature water bath. Assemble apparatus as
shown in Fig. 1. Connect absorber trap, with ca
8 ml and 2 ml 0.1N¥ NaOH in large test tube and
U-tube, respectively, to top of condenser. Add
aliquot of standard KCN solution (1 ug/ml) to
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flask, plus 10 ml H,SO, (149) through side neck.
Replace stopper. Pass stream of nitrogen gas
through liquid in flask and up through condenser.
HCN carried with it is absorbed in NaOH solu-
tion in trap. Continue 2 hr.

Adjust bubbling rate to give discrete bubbles
so NaOH does not splash out of absorber. Add
contents of U-tube to solution in test tube, rinsing
the former with 2-3 ml water. When cyanide con-
tent is less than 20 ug CN-, total volume in ab-
sorber should not exceed 25 ml. For higher levels
of cyanide, solution can be diluted to 50 ml in
volumetric flask and an aliquot can be analyzed.
Proceed with Gas Chromatography below. Analyze
blank concurrently.

Samples—Use same procedure for suitable ali-
quot of sample known to be free of SO,.

Isolation of Cyanide from Samples Containing
Sulfur Dioxide

Control recovery test using standard KCN solu-
tion.—Assemble apparatus as shown in Fig. 1
except do not place absorber trap on top of con-
denser until indicated below. Place 200 ml alcohol-
water (14-1) in distilling flask which is immersed
in room temperature water bath. Add aliquot of
standard potassium cyanide solution (1 ug CN-/
ml) to flask plus 2 ml 2% mercuric chloride solu-
tion and bubble nitrogen gas through solution
15 min.

Increase temperature of water bath to 70°C as
quickly as possible. Add 10 ml H,SO, (14-9) and
pass nitrogen through solution 1 hr. Turn off
nitrogen, connect NaOH absorber trap with con-
denser, add ca 1 g KI to contents of distillation
flask through side neck, replace stopper in side
arm of flask, and continue to pass nitrogen through
system additional 2 hr.

Add contents of U-tube to test tube, rinsing
former with water as described above. Proceed
with Gas Chromatography. Analyze blank con-
currently.

Samples—Use same procedure on a suitable ali-
quot of wine or other sample known to contain
S0,.

Gas Chromatography

Samples—Add 2 ml 20% orthophosphoric acid
and 12 drops saturated bromine water (ca 0.5 ml)
to test tube containing alkaline HCN solution,
stopper, mix, and let stand 15 min. Add 0.2 ml
5% phenol solution, mix, pipet in 5 ml diisopropyl
ether, and shake 2 min. Let layers separate, with-
draw aliquot (usually 5 ul) of ether phase into
syringe, and inject onto column. Retention time
of CNBr is ca 2 min, 45 sec under these conditions -
(Fig. 2). Measure area under CNBr peak and
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Table 2. Recoveries of CN- added as KCN to 200 ml wine, using the method of isolation
of HCN from samples containing SO, and gas chromatography
Recovery
Added No. of Mean,® Range, Std Rel. std
Mne ppm tests ME ug dev. dev., % Av., %
2.0 0.01 5 1.3 1.2-1.4 0.01 0.8 65
10.0 0.05 5 9.0 8.3- 9.6 0.5 5.2 90
20.0 0.1 5 18.1 15.6-19.8 1.9 10.2 91

¢ Outliers were not excluded.

compare with area produced from known amount
of standard KCN solution, obtained as follows:

Standards—Take aliquot of standard KCN solu-
tion that will produce CNBr peak of approxi-
mately same area as that for sample. Transfer to
F test tube, add 10 ml 0.1N NaOH, 2 ml 20%
phosphoric acid, and 12 drops saturated bromine
solution, mix, and let stand 15 min. Add 0.2 ml
5% phenol solution, mix, pipet in 5 ml diisopropyl
cther, shake 2 min, and let layers separate. In-
ject aliquot (usually 5 ul) of ether phase onto
column and measure area of CNBr peak obtained.

Calculations.—

CN-, ppm = [(4 — 4,)/4"]1 X (V//V))

X (W'/V)
where A — peak area of sample; A, = peak area
of blank; A’=pecak area of standard; V, = in-
jected volume of sample extract in pl; V' =in-
jected volume of standard extract in ul; W’/ =
weight of CN- in standard in ug; and V = volume
of original sample. It is recommended that V, and
V' be kept equal. The volume of injected blank
extract must be equal to V,.

Results and Discussion

The quantitative isolation of HCN from alco-
holic beverages in a form suitable for the deter-
minative step presents more problems than it
does for water samples, particularly if SO, is
present in the product.

The recovery results obtained from replicate
analyses of distilled liquors, free of SO.,, spiked
with CN- at 2-20 ug, are given in Table 1. They
range from 80 to 97% and are equal to or better
than the minimum recovery level of 809 that
is generally acceptable for residue analyses (11,
12). The preeision indicated by the relative
standard deviations shown is considered to be
quite acceptable.

The recovery results obtained from replicate
analyses of wine samples known to contain sig-
nificant amounts of SO, which had to be re-
moved prior to the determinative step arc given

in Table 2. A similar degree of accuracy and
precision was obtained at the 10 and 20 ug level,
but these were not quite so good at the 2 ug
level. Blank determinations were performed for
all wines and the blank values were subtracted
from the total recovered.

The limit of detection of the GC determina-
tion, defined as that amount which will give a
peak height greater than twice the size of base-
line fluctuations (noise, etc.), was 0.2 ug HCN.
This was determined by serially diluting aliquots
of standard KCN solution, converting the
cyanide to CNBr in each diluted solution by
the procedure given for the preparation of
standards, extracting into diisopropyl ether, and
injecting 5 pul.

The identity of the CNBr peaks obtained
from standard solutions of KCN was confirmed
at the outset of these investigations by com-
paring with the retention time of peaks ob-
tained from a solution of solid CNBr (E. Merck)
dissolved in petroleum ether, under the same
operating parameters, This solid reagent rapidly
decomposes in contact with air and has a limited
shelf life.

All diisopropyl ether extracts of CNBr ob-
tained from spiked samples and standards were
injected in triplicate for greater precision be-
cause this was a special study. The mean of the
areas was taken for the calculations. However,
the reproducibility of the gas chromatographie
system was very good and this replication would
not be necessary for routine determinations.

In general, distilled products such as rectified
spirits, whisky, brandy, vodka, rum, and gin
are free from SQ,, whereas table wines invari-
ably contain significant amounts of SO,. If there
is any doubt, samples should be subjected to the
qualitative test for sulfurous acid, 20.100 (3).

The GC determinative step was more rapid
and reliable and required fewer manipulations
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than the colorimetric procedure. We propose to
use the rapid qualitative screening test given in
Official Methods of Analysis (3) to initially de-
tect the presence of cyanide in samples and, if
positive results are obtained, determine the
amount of HCN quantitatively by the above
method. The same basic apparatus can be used
for both tests, except that the ground-glass
flange assembly containing the test papers used
for the qualitative test will be replaced by the
absorber assembly containing 0.1N NaOH.

It is recommended that the method be studied
further.
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CEREAL FOODS

Loss of Chloride in the Official Method for the Determination of

Sodium Chloride in Cereal Foods

WALLACE S. BRAMMELL

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

The official final action method for sodium
chloride in cereal foods, 14.129, was found to
give erroneously low results because of loss of
chloride during ashing. Comparison of the data
with values obtained by the official first action
potentiometric method, 32.A01-32.A06, which
does not require ashing, showed that large and
variable losses of chloride occurred. Official
ashing methods for other foods specify addition
of sodium carbonate to prevent conversion of
chloride to volatile forms, but this was not
specified in 14.129. In the present study it was
found that sodium carbonate did not completely
prevent loss of chloride. The official first action
potentiometric method, 32.A01-32.A06, has
been adopted as official first action for the de-
termination of chloride in cereal foods to re-
place 14.129, which was repealed, official first
action. A cross-reference to 32.A01-32.A06 has
been added to 14.096.

In order to remove organic matter that could
interfere in the determination of chloride in
foods, official AOAC methods (1) have usually
specified either wet ashing with nitric acid or
dry ashing in a muffle furnace. Dry ashing is
employed in official methods for the determina-
tion of chloride in plants, 3.067-3.070; beer,
10.067; wines, 11.026; bread, 14.096; maca-
roni, egg noodles, and similar products, 14.129;
roasted coffee, 15.019; butter, 16.190; eggs and
egg products, 17.025; fruits and fruit products,
22.051; meat extracts and similar produets,
24.061; nuts and nut products, 27.012; and
canned vegetable products, 32.017.

To prevent loss of chloride by conversion to
a volatile form during ashing, these methods
gencrally specify addition of a fixative. In 8 of
the 12 methods listed above, sodium carbonate
is added for this purpose, usually 20 ml 59 solu-
tion as given in 3.067. In method 27.012, 10
ml 109 Ca(OAc), solution is used. In the other
3 methods (14.096, 14.129, and 16.190), the
use of a fixative is not specified.

The addition of a fixative to prevent loss of
chloride during ashing may not be required
under certain conditions, ie., (I) low carbo-
hydrate content of sample, (2) low ratio of
carbohydrate to chloride, (3) low ashing tem-
perature, (4) short ashing time, and (5) forma-
tion of an alkaline ash. As the carbohydrate
content of cereal foods is often very high and
no provision is made for adding a fixative such
as sodium carbonate, it seemed likely that loss
of chloride would occur when samples are ashed
by the official final action method, 14.129.
Therefore, one purpose of this investigation was
to determine whether such loss does take place
and, if so, the magnitude of the loss. Another
purpose was to determine if adding sodium
carbonate prevented this loss. Osborn (2) dem-
onstrated the need for a fixative to prevent loss
of chloride in ashing fruit produects, even though
as he states “. . . fruit ash normally contains
approximately 75 per cent of potassium ear-
bonate, which should, and no doubt does, act to
reduce loss of chlorine during ashing.”

With regard to the problems involved in ash-
ing samples for chloride determination, Browne
(3) mn his AOAC President’s Address called at-
tention to the inadequacy of AOAC methods for
chloride in plant and animal products because
of the loss that can occur during incineration,
even with the addition of sodium carbonate. In
1928, Tilden (4) demonstrated that large losses
of chloride oceurred when sucrose and various
foods, including cheese, oysters, and fruits, were
ashed without a fixative. She concluded that
sodium carbonate in a ratio of at least 5 parts
to 1 part of chloride should be added before
ashing. As a result of this work, the addition of
20 ml 59 Na,CO; to samples before ashing was
specified in 3.067, the basic dry ashing method
for chloride.

In 1934, Stone (5) conducted a collaborative
study of the official method for the determina-
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tion of salt in cheese after it was brought to his
attention that it gave erroneously low results.
In this study the collaborators ashed samples
according to the official method which specified
no fixative, and ashed samples with calcium ace-
tate or sodium carbonate added as fixatives;
they also used wet ashing with nitric acid and
potassium permanganate solution. The loss of
chloride from 5 samples of natural cheese ana-
lyzed by the official method averaged about
249,. However, the loss from 3 samples of proc-
essed cheese averaged only 29%. The author
attributed this low loss to the presence of an
emulsifier which acted as a base. The sodium
chloride values obtained for natural cheese with
calcium acetate were almost identical with those
obtained with sodium carbonate and wet ashing.
However, the method was deleted the following
year and replaced-by the wet ashing method.
Pickett (6) investigated the effect of ashing
temperature on losses of chloride from various
plant and animal products. When samples weigh-
ing approximately 5 g were ashed with 20 ml
59% Na,CO,; added, he found that there was
little, if any, chloride lost at 500 and 600°C.
However, in some samples there was a loss of

chloride at 700°C; at 800°C the loss was con--

siderable for most of the materials tested. He
found that even at 500°C there was a large loss
of chloride from some samples if sodium car-
bonate was not added.

In a collaborative study of a potentiometric
titration method for determining sodium chloride
in foods, Brammell (7) obtained data on a wide
variety of foods. The results indicated that when
5 g samples were ashed with 1 g Na,CO; (20 ml
59% Na,CO,; solution) as specified in 3.067,
there was little or no loss of chloride.

A review of the history of the 50-year-old
method for determining sodium chloride in
cereal foods, 14.129, is required to help explain
why the recommendation for its deletion came so
late. This method was adopted as a tentative
(official first action) method in 1925 and was
made official (official final action) in 1926 for
alimentary pastes (later changed to macaroni,
egg noodles, and similar products) without a
collaborative study. In 1928 it was adopted by
cross-reference as a tentative method for chlo-
ride in baked products (later changed to bread,
method 14.096), again without collaborative
study. In 1929 (8), the General Referee recom-
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mended that the method be studied collabora-
tively for the purpose of adopting it as official
final action, but the study was never done.

In 1934 (9), the Associate Referee proposed a
method for determining the salt-free ash of
macaroni products and baked products. In this
method the weight of added sodium chloride,
determined by 14.129, was subtracted from the
weight of the ash. It soon became apparent that
this method did not give accurate values for
salt-free ash. The Associate Referee, in his 1939
(10) and 1940 (11) reports, attributed this to
loss of chloride during ashing, but he presented
no data showing the magnitude of the loss.

In his 1940 report (12), the General Referee
recommended that the tentative method for
bread (now 14.096) be adopted as official final
action, although the collaborative study proposed
in 1929 had never been conducted. In his 1942
report (13), the General Referee stated “Section
91, page 235, entitled ‘Chloride in Ash as So-
dium Chloride, Official’ [now 14.129] cannot be
satisfactorily used for the correction of added
sodium chloride in the estimation of the original
ash of macaroni products owing to the decom-
position of the added sodium chloride and sub-
sequent loss of chlorine during ashing.” Appar-
ently the determination was performed because
of the convenient availability of the original ash.
The inaccuracy was acknowledged in the par-
enthetical statement at the end of method
14.129 in each edition of Official Methods of
Analysis beginning with the fourth edition in
1935. It originally read “(This NaCl value de-
ducted from the total ash does not give NaCl-
free ash).” In the seventh edition (1950) this
was changed to read ‘“(This NaCl value deducted
from total ash gives only approximate NaCl-
free ash).” A more useful and pertinent state-
ment would have been “(This method gives only
approximate values for NaCl).”

Experimental

The samples were prepared for analysis, with-
out any preliminary grinding, by preparing water
suspensions in a Waring Blendor and preserving
them with formaldehyde solution as described in
the official first action potentiometric method
32,A01-32.A06 (7, 14), using a 50 g sample and
450 g water. The NaCl content of the samples was
then determined by titrating 50 g suspension wif;h
AgNO; solution to the potentiometric end point,
36.A06.
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To determine the effect of ashing on the NaCl
content of the sample, 50 g (equivalent to 5 g
original sample) of the same suspensions previ-
ously analyzed by potentiometric titration were
weighed in tared 250 ml Pyrex beakers. Some sam-
ples were spiked with NaCl, using the standard
solution specified in 32.A03(c). This solution con-
tains 5 g NaCl/L, so 1 ml was added for each
0.1% additional NaCl desired in the sample. The
sample suspensions were analyzed as in 14.129
with no fixative added, with 1 g Na,CO; (20 ml
5% solution as specified in 3.067) added, and with
2 g Na,CO; (40 ml 5% solution) added. These
suspensions were mixed and heated to dryness
overnight in a 130°C oven.

After drying, the beakers were placed in a cool
muffle furnace and heated for 2, 4, or 6 hr at
550°C or for 2 hr at 650°C. After the beakers were
cooled to room temperature, 5 ml water was added
to wet the residue in beakers with no Na,COj
and with 1 g Nay,CO3. Five ml HNO; (14-4) was
added to the 2 g NayCO; beakers to neutralize
the additional 1 g Nay,CO;. Most of the beakers
contained a considerable amount of carbon which
was pulverized with a stirring rod. Then 100 ml
HNO; (1419) was added to each beaker, and
the chloride was titrated with AgNO4 solution to
the potentiometric end point as described in
ref. 7, Preliminary Study, sec. (b).

The oatmeal sample was also analyzed without
first preparing a suspension. Three 5 g portions of
the dry cereal were weighed into 250 ml beakers
and spiked with NaCl solution; 0, 20, and 40 ml
5% Na,CO3; were added. The samples were mixed,
dried overnight in a 130°C oven, ignited over a
Meker burner, and then ashed in a muffle furnace
for 2 hr at 550°C.

The loss of chloride during ashing was calculated
as follows:

Chloride loss, % = [(% NaCl in unashed sample
— % NaCl in ashed sample)/
% NaCl in unashed sample] X 100

Results and Discussion

The data in Table 1 show that the official final
action method for the determination of sodium
chloride in cereal foods, 14.129, gave low re-
sults for bread and macaroni products, cereals,
and snack foods because of loss of chloride dur-
ing ashing. This was demonstrated by compar-
ing the apparent sodium chloride values ob-
tained by 14.129 with those found by using the
official first action potentiometric method,
32.A01-32.A06, which does not require ashing.
The loss of chloride during ashing of bread sam-
ples ranged from 182 (rye bread) to 34.59%
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(whole wheat bread). For macaroni products,
the loss ranged from 6629 for macaroni con-
taining 0.3% added salt to 94.3% for the same
macaroni without added salt. For cereals, the
loss of chloride was 28.0% for oat cereal and
92.69% for oatmeal with 0.39% NaCl added when
the samples were ashed 2 hr at 550°C; increased
losses occurred with a 6-hr ashing at 550°C. The
losses from the 2 snack foods tested were some-
what lower; crackers lost 14.8 and 16.89, when
ashed at 550°C for 2 and 6 hr, respectively.
Pretzels were ashed for 6 hr at 550°C and lost
399% of the chloride. The sodium carbonate
added during the manufacture of pretzels prob-
ably accounts for the small loss of chloride
found. Addition of sodium carbonate before
ashing eliminated loss of chloride from bread
samples and pretzels; loss in the other samples
studied was lowered but, in many cases, the loss
was still high (see Table 1). Therefore, even
if 14,129 had called for ashing according to
3.067 rather than 14.006, it would not have
yielded results that were accurate enough for an
official method.

The samples ashed without added sodium
carbonate still contained some carbon, even after
6 hr. If they had been ashed longer to obtain
a light gray ash or to constant weight as di-
rected in 14.129, the data in Table 1 suggest
that even higher losses of chloride would have
occurred.

Some interesting data were obtained when
5 g samples of oatmeal were ashed without first
preparing a suspension in a Waring Blendor.
These samples were spiked with 0.1, 0.3, and
0.5% NaCl and ashed 2 hr at 550°C. Compari-
son of the results obtained for the sample spiked
with 0.3% NaCl with the comparable one pre-
pared as a suspension shows that the loss from
the coarse, unblended sample was somewhat
lower (77.6 vs. 92.6%) when the samples were
ashed without sodium carbonate for 2 hr at
550°C. But the loss from the coarse sample
ashed with 1 g Na,CO, for 2 hr at 550°C was
nearly as great as for the blended sample after
a 6 hr ashing at 550°C, and the loss from the
coarse sample was somewhat higher with 2 g
Na,CO; added. Therefore, it appears that sam-
ple particle size may be another factor affecting
loss of chloride during ashing, although the pre-
ashing with a burner may have contributed to
the loss. The data also show that, with the un-
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Table 1. Loss of chloride in the determination of sodium chloride in cereal food samples
% NaCl¢

Ashed Loss of chloride, %

32.A06, 14.129, 14.129,
no no lg 2¢g no lg 2g

Sample ashing Naz2C0O3 Na2CO3 NazCO03 Time,hr NaCO3 NaCO; NaCO3
Bread
White bread 1.71 1.30 1.71 1.72 6 24.0 0.0 0.0
Rye bread 1.37 1.12 1.38 1.39 2 18.2 0.0 0.0
Whole wheat bread 1.21 0.792 1.21 1.21 2 34.5 0.0 0.0
Macaroni Products
Egg noodles 0.130 0.036 0.127 0.132 2 72.3 2.3 0.0
Egg noodles + 0.5% NaCl 0.640 0.207 0.635 0.640 2 67.7 0.8 0.0
Macaroni 0.088 0.005 0.111 0.101 2 94.3 0.0 0.0
Macaroni + 0.3% NaCl 0.388 0.131 0.361 0.379 2 66.2 7.0 2.3
Cereals
Oat cereal, ready-to-eat 3.36 2.42 2.84 2.90 2 28.0 15.0 13.7
3.36 2.34 2.86 2.87 4 30.4 14.9 14.6
3.36 2.29 2.88 2.86 6 31.8 14.3 14.9
3.36 2.22 2.89 2.87 2b 33.9 14.0 14.6
Oatmeal + 0.3% NaCl 0.380 0.028 0.380 0.383 2 92.6 0.0 0.0
0.380 0.010 0.368 0.371 4 97.4 3.2 2.4
0.380 0.008 0.350 0.371 6 97.9 7.9 2.4
0.380 0.001 0.376 0.369 2b 99.7 1.1 2.9
Oatmeal + 0.1% NaCl 0.180 0.035 0.161 0.174 2 80.6 10.6 3.3
Oatmeal + 0.3% NaCl 0.380 0.085 0.351 0.369 2 77.6 7.6 2.9
Oatmeal + 0.5% NaCl 0.580 0.151 0.540 0.572 2 74.0 6.9 1.4
Snack Foods

Crackers 1.55 1.32 1.54 1.54 2 14.8 0.6 0.6
1.55 1.31 1.54 1.54 4 15.5 0.6 0.6
1.55 1.29 1.54 1.54 6 16.8 0.6 0.6
1.55 1.21 1.54 1.53 2b 21.9 0.6 1.3
Pretzels 4.55 4.37 4.56 4.57 6 3.9 0.0 0.0

@ Single determinations on samples ashed at 550°C.
b Ashed at 650°C.

blended oatmeal spiked with sodium chloride,
the per cent loss of chloride during ashing was
inversely related to the initial chloride content.

Conclusions and Recommendations

The official final action method for the deter-
mination of sodium chloride in cereal foods,
14.129, was found to give low results because of
failure to specify addition of a fixative to pre-
vent loss of chloride during ashing. However,
it was shown that erroneously low results are
also obtained for some cereal foods using the
amount, or even twice the amount, of sodium
carbonate recommended in similar official meth-
ods for other foods.

It is recommended (I) that the official first
action potentiometric method, 32.A01-32.A 06,
be adopted as official first action for the deter-
mination of chloride in cereal foods to replace
14.129, which should be repealed, official first
action; and (2) that a cross-reference to
32.A01-32.A06 be added to 14.096 to replace
the present cross-reference to 14.129.
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DRUGS
Differential Pulse Polarography of Cacodylate Injections

WALTER HOLAK

Food and Drug Administration, 850 Third Ave, Brooklyn, NY 11232

A method was developed for the analysis of
cacodylate injections, using differential pulse
polarography for measuring As(III). The caco-
dylate molecule is decomposed to As(V) by
heating with Mg(NQ;),.6H,0; As(V) is then
chemically reduced to As(III) and polaro-
graphed in 1M HCI supporting electrolyte. The
method of standard addition is used for quan-
titation. Recoveries based on the analysis of syn-
thetic cacodylic acid solutions containing ap-
proximately 9 mg arsenic/ml ranged from 99.1
to 101.7%. ¢

The established methods for the analysis of
cacodylates are based on iodometric (1) or bro-
mate (2) titrations after digestion of the sample
with sulfuric acid. In order to take advantage
of modern instrumentation, a procedure (3) was
developed in which the cacodylate moiety was
measured by nuclear magnetic resonance spec-
troscopy and total arsenic was determined by
atomic absorption spectrophotometry. The de-
termination of arsenic by atomic absorption
spectrophotometry, however, was not entirely
satisfactory because of well known interferences
~which result from the position of the reso-
nance lines of arsenic in the short wavelength
region of the ultraviolet spectrum. In this re-
gion, the atmosphere as well as the combustion
products of an air-acetylene flame absorb
strongly.

Mpyers and Osteryoung (4) reported that
arsenic can be determined readily by differential
pulse polarography. In this report a simple,
accurate, and precise method is described for
the analysis of cacodylate injections by measur-
ing arsenic as As(III) by differential pulse
polarography. The standard addition technique
is useful for pharmaceutical dosage forms where
unknown components are present; with this
technique the components will exert the same
effect on the sample system as on the standard.

METHOD
Apparatus and Reagents

All reagents are reagent grade, unless otherwise
indicated.

(a) Polarograph—PAR Model 174 (Princeton
Applied Research Corp., Princeton, NJ 08540), or
equivalent. Typical instrument settings: scan rate
2 mv/sec, scan direction —, range 1.5 v, initial
potential —0.15 v, modulation amplitude 50 mv,
operation mode differential pulse, current range,
0.05 ma, or as needed, output offset as required,
display direction -4, drop time 1 sec, low pass
filter off, selector off, pushbutton initial, recorder:
z-axis, 0.1 v/in., y-axis, 1 v/in.

(b) Cells—Standard cell bottom (PAR No.
9301), saturated calomel reference electrode
(SCE), carbon rod counter electrode, and drop-
ping mercury indicating electrode.

(c) Pipet—100 ul Eppendorf, or equivalent
(Princeton Applied Research Corp.).

(d) Supporting elecirolyte—1M HCl. Add 82
ml concentrated HCl to ca 500 ml water in 1 L
volumetric flask, dilute to volume with water, and
mix.

(e) Arsenic standard solution.—2.000 mg/ml
As(IIT). Dissolve 2640 g As,03, dried 1 hr at
105°C, in ca 25 ml 1N NaOH in 1 L volumetric
flask, acidify to litmus paper with 1N HCI, and
dilute to volume with water.

Digestion of Sample (5)

Transfer to 100 ml borosilicate beaker accurately
measured volume of injection, diluted if neces-
sary, containing ca 29 mg sodium cacodylate (ca
10 mg As), and add 1.0 g Mg(NOj3),.6H;O and
1 ml concentrated HNQjz;. Heat on hot plate at
low heat until water is evaporated and then use
high heat to obtain solid residue. Complete diges-
tion by placing beaker in 400°C muflle furnace
until no brown fumes are evolved (ca 30 min).
Remove from furnace and let cool to room tem-
perature.

Chemical Reduction of As(V ) to As(1Il) (6)

Add 20 ml 5M HCI to residue in beaker and
swirl to dissolve, warming on steam bath, if neces-
sary; then add 2 ml 409% HBr and 0.3 g hydrazine
sulfate. Cover beaker with watch glass and place
on steam bath 30 min. Cool to room temperature,
transfer with water to 100 ml volumetric flask,
dilute to volume, and mix.

Received September 5, 1975.
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Determination

Add 20 ml supporting clectrolyte to polaro-
graphic cell and pipet 2 ml sample solution into
cell. Bubble nitrogen through solution 5 min; then
direct gas to sweep over solution. Switch selector
to “Cell” and allow enough time for recorder pen
to come to rest. Depress “Scan” pushbutton and
record polarogram from —0.15 to —0.9 v. Add
100 ul standard solution to cell and bubble
nitrogen through solution 1 min; then direct gas
to sweep over solution and record polarogram as
before, using same instrumental settings. Repeat
this procedurec on 2 additional successive 100 gl
aliquots of standard solution. Plot standard addi-
tion curve as follows: mg standard added (0, 0.2,
04, and 06) on z-axis and first As peak height
which appears at ca —0.36 v vs. SCE on y-axis.
Extrapolate linear plot to z-axis to obtain mg
As in sample. As is shown in TFig. 1, standards
nced not be polarographed beyond ca —0.60 v,
since analytical peak is at ca —0.36 v vs. SCE.

Results and Recommendation

The method was tested by using both differ-
ential pulse polarography and iodometric titra-
tion to analyze synthetic solutions prepared
from cacodylic acid; see Table 1. The polaro-
graphic results indicate that this method is
both accurate and precise. In addition, compari-
son of the polarographic results with those from
iodometric titration shows excellent agreement.
A single commercial sodium cacodylate injection
labeled as containing 320 mg/5 ml was also
analyzed in duplicate by both procedures and
the results again were in excellent agreement:
319.6 and 3178 mg/5 ml (polarography) and
319.6 and 316.6 mg/5 ml (titration). The dif-
ferential pulse polarographic procedure is sim-
pler and faster, thus making it more attractive.

The differential pulse polarographic method
offers several other advantages for the analysis
of cacodylates. First, As(III) in 13 HCI pro-
duces a characteristic polarogram consisting of
2 peaks which correspond to the reduction of
As(IIT) to As® (—0.36 v) and As® to AsH,
(—0.75 v) as well as a maximum (—0.60 v).
The characteristic polarogram offers a con-
venient identity test for arsenic (Fig. 1). Sec-
ond, oxidation states of arsenic or its presence
in organic compounds can be distinguished. For

The recommendation of the Associate Referee was approved
by the General Referce and by Subcommittee B and was
accepted by the Association. See (1976) JAOAC 59, 382.
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FIG. 1—Differential pulse polarograms of As(lll) in
1M HCIL. 1, 1M HClI (20 ml) 4 solution (2.00 ml)

derived from cacodylic acid and exhibiting features

of arsenic reductions; 2, Solution 14 0.200 mg As(ill)

(0.100 ml); 3, Solution 2 4 0.200 mg As(lll) (0.100 ml);
4, Solution 3+ 0.200 mg As(lll) (0.100 ml).

example, if one wishes to check for the presence
of As(III), the solution ecan be made 1M in HCl
and polarographed. Following this, As(V) can
be determined after chemieal reduction to
As(III). Under the conditions employed, As(V)
is not polarographically active at the dropping
mercury clectrode, which is also true for arsenie
organically bound as cacodylate. Thus inorgan-
ically honded arsenic can be differentiated.

Linecarity is an important consideration. In
this study the observed current was linearly re-
lated to the concentration even at the highest
value, 40 pg/ml. The response is known to be
linear up to about 60 ug/ml (4), above which
nonhinear behavior is observed.

Since some eacodylate dosage forms occur as
the ferric =alt, the interference of iron must be
anticipated. Both the iodometric (2) and bro-
mate (4) titrations eannot yield stoichiometrie
results in the presence of iron, Therefore, arsenic
must be separated first by distillation as AsCl,.
However, in the proposed method, iron would
be present as Fe(II) and would not interfere
because Fe(Il) is reduced at a more negative
potential.

The conditions under which electrochemical
analysis is conducted affect the quality of ana-
lytical results. In this case the rate of secan was
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Table 1. Analysis of cacodylic acid solution

Differential pulse polarography lodometric titration (1)

Detn Found, mg/mi Rec., % Found, mg/ml Rec., %

1 8.98 99.6 8.97 99.6

2 9.03 100.2 9.02 100.1

3 8.93 99.1

4 8.93 99.1

5 9.16 101.7

6 8.93 99.1
Av. 9.00 99.9 9.00 99.8
Range 8.93-9.16 99.1-101.7 8.97-9.02 99.6-100.1
Mean and std dev. 9.000.091 99.9+1.02 9.00-+0.035 99.7+0.35
Rel. std dev., % 1.01 1.03 0.39 0.36
found to be important in that a 2 mv/sec rate Acknowledgment

yielded more precise results than a 5 mv/sec rate.

The polarographic method described here has
a number of other advantages. The curve char-
acteristics identify the form of arsenic, as men-
tioned before. When compared with the titri-
metric procedures available for the measurement
of cacodylate, the sensitivity of the differential
pulse polarographic method is substantially
greater and permits differentiation of organically
bonded and inorganic arsenic.

It is recommended that the proposed differ-
ential pulse polarographic method for the analy-
sis of cacodylate injections be subjected to an
interlaboratory collaborative study for possible
adoption by the AOAC as an official first action
method.

This report of the Associate Referee was presented at the
89th Annual Meeting of the AOAC, Oct. 13-16, 1975, at
Washington, DC.

The author wishes to express his appreciation
to Thomas Medwick, Science Advisor, Food and
Drug Administration, New York District, and
Professor of Pharmaceutical Chemistry, Rutgers
University, New Brunswick, NJ, for his invalu-
able assistance in the preparation of this paper.
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Infrared Spectrophotometric Analysis of Medicinal Gases for

Trace Impurities

WILSON L. BRANNON, WALTER R. BENSON, and GEORGE SCHWARTZMAN*
Division of Drug Chemistry, Food and Drug Administration, Washington, DC 2020/
* Pharmaceutical Research and Testing, Food and Drug Administration, Washington, DC 20204

The feasibility of examining medicinal gases
for trace impurities, using an infrared spectro-
photometer in conjunction with a 10 m gas cell,
was investigated. Many of the impurities for
which the USP includes limits were detected
and measured at concentrations at or below
those permitted by the USP; these include sul-
fur dioxide, carbon dioxide, carbon monoxide,
and water. However, others (hydrogen sulfide,
nitric oxide, and nitrogen dioxide) were not de-
tected at these levels by this technique. Methane
was found at low levels in some samples.

Numerous methods used in the analysis for
pollutants in air employ infrared (IR) spec-
trophotometry (1). This laboratory has explored
the applicability of this technique to the analy-
sis of contaminants in medicinal gases for which
limits are set in the USP (2) ; see Table 1. Using
a 10 m multipath gas cell fitted to an IR spec-
trophotometer, a number of standard gas mix-
tures of nitrogen to which known amounts of
contaminants had been added at levels approxi-
mating the USP limits (2) were examined. The
method developed was found to be suitable for
detecting and measuring the concentrations of
carbon monoxide, sulfur dioxide, water, and car-

bon dioxide at these levels but it is not, how-
ever, applicable for the determination of hydro-
gen sulfide, nitric oxide, nitrogen dioxide, or
oxygen as contaminants.

The IR technique described has several ad-
vantages over the use of the gas detector tubes
specified in the USP methods: The IR technique
is simpler because all IR-absorbing gaseous
compounds can be detected in one spectrum if
their concentrations are high enough; the IR
technique requires only one cell, with a fixed
volume, and is specific; and the IR technique
measures the compound directly, rather than a
reaction product.

METHOD
Apparatus and Reagents

(a) Gas cell.—10 m multipath (Perkin-Elmer
Corp., Main Ave, Norwalk, CT 06852, No. 186-
0214), modified as shown in Fig. 1, and instruc-
tion manual (Perkin-Elmer Corp., No. 990-9564).

(b) Grating infrared  spectrophotometer. —
Model 621 (Perkin-Elmer Corp.).

(¢) Pumps—(1) Vacuum pump.—Y horsepower
(Fisher Scientific Co., 7722 Fenton St, Silver
Spring, MD 20910, Welch Duo-seal). (2) Com-

Table 1. USP limits of gas impurities, ppm
Impurity
Gas SO, H2S co NO, NO2 CO2 H20 Other

Nitrogen® none none 100 none 300% 35.7°  odors, oxygen 10,000
Oxygen none none 10° 54 300° 31.2*> odors
Carbon dioxide 5 1° 10 2.5 (NO) ammonia 25

2.5 (NOy) none 3/
Helium none none 10 odor, halogens 1
Nitrous oxide none none 10 1 (NO) 300 3 ammonia 25

1(NO2)
Cyclopropane none none none 300 none halogens, propylene, allene

¢ Pharmaceutic aid.
5 USP 18th (4), deleted from USP 19th (2).

¢ Exempt as in First Supplement (2), if produced by the air liquefaction process.

9 Deleted as in First Supplement (2).

¢ Noreliable, stable standard is available (E. Hughes, 1975, National Bureau of Standards, Washington, DC).

f mg/22 L.
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FIG. 1—Modified gas cell.

bination pressure-vacuum pump.—Y% horsepower
(Fisher Scientific Co.).

(d) Adsorbents—Ascarite, 8-20 mesh (Arthur H.
Thomas Co., Vine St, Philadelphia, PA 19105),
used in 8 X 2” glass column; and silica gel G, 16
mesh, grade 42 (Fisher Scientific Co., Tel-tale),
used in 28 X 4” column.

(e) Gases—Standard gas mixtures of nitrogen
with contaminants at concentrations close to the
USP limits and commercial samples of medicinal
gases (purchased on open market); see Table 2.

(f) Toggle valve—14" (see Fig. 1) (Potomac
Valve and Fitting, Inec., 12601 Twinbrook Pkwy,
Rockville, MD 20852, Whitey SS-1GM4).

Determination

Blank spectrum.—Purge IR spectrophotometer
and gas cell transfer optics (except the cell body)
according to manufacturer’s instructions with
air that has been forced through 2 columns of
ascarite and 1 column of silica gel by means of
small pump at rate of ca 10 cu ft/hr. Purge >1
hr. Maintain purge while attaching tank contain-
ing sample gas to gas cell by means of port, stain-
less steel tubing, and regulator. Decrease pressure
inside gas cell and tubing to 1 mm with second
pump, close valve leading to pump, and record
blank spectrum. Examine blank spectrum for
possible interferences.

Sample spectrum.—Introduce sample gas di-
rectly (not through purging system) into evacu-
ated gas cell by opening regulator and gas cell
valves. Obtain positive pressure of ca 1 atmos-
phere. Repeat this procedure. Close cell valve
and disconnect vacuum pump. Let gas in cell come
to room pressure by intermittently opening gas
cell valve. Close this valve and obtain IR spec-
trum. Under same conditions, obtain standard
gas IR spectrum. Compare these spectra to deter-
mine contaminants present.

Received March 11, 1976.
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Table 2. Analysis of commercial standards by

IR spectrophotometry

Standards® Concn, ppm Detected
1. Carbon dioxide 363 yes
2. Carbon dioxide 456 yes
3. Carbon monoxide 11.6 yes
4. Nitric oxide 6.2 no
5. Nitrogen dioxide 6.1(7.9)° no
6. Sulfur dioxide 7.2 yes
7. Hydrogen sulfide 4(1.3)¢ no
8. Nitric oxide 48 yes
9. Nitrogen dioxide® 47 yes
10. Hydrogen sulfide 44 no
11. Methane 9.9 yes
12. Water 25 yes

¢ These are gases prepared by companies at concen-
trations that approximate USP and NF limits except for
methane: MG Scientific, Division of MG Technical
Products, Inc., 1100 Harrison Ave, Kearney, NJ 07029,
Nos. 1-7 and 12; Airco Industrial Gases Division, Airco
Inc., 575 Mountain Ave, Murray Hill, NJ 07974, Nos. 8-11.

b Nitrogen is diluent except for No. 9.

¢ Re-analysis for nitrogen dioxide 169 days after initial
delivery.

4 Re-analysis for hydrogen sulfide 270 days after initial
delivery.

¢ Air is diluent.

Results and Discussion

The medicinal gases in the USP (2, 3) are
given in Table 1, along with the impurities for
which limits are given in the same USP mono-
graph. Standard gas mixtures of nitrogen with
the contaminants at concentrations close to
their USP limits were introduced into the IR
gas cell as described above. Both the standards
and the samples were measured under the same
conditions. The carbon dioxide, water, carbon
monoxide, and sulfur dioxide standards gave IR
absorption bands suitable for showing compli-
ance and noncompliance with the USP limits.
Nitric oxide, nitrogen dioxide, and hydrogen
sulfide were not detected at those levels. Nitric
oxide and nitrogen dioxide could be detected at
higher levels (see Table 2) but hydrogen sulfide
was not detected, even when it was present at a
concentration of about 50 times the USP limit.
Oxygen, as a contaminant of nitrogen, does not
show IR absorption bands and cannot be de-
tected.

Each contaminant has an absorption region
which is characteristic of that gas, as shown in
Fig. 2. All of the regions reported (4-7) for each
gas contaminant are listed in Table 3, together
with the regions found in this study. In general,

This paper was presented at the 80th Annual Meeting of
the AOAC Oct. 13-17, 1975, at Washington, DC.
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FIG. 2—IR absorption data for gases.

the IR region for each contaminant is different.
The sulfur dioxide region appears at the edge of
the water region. However, when the water con-
centration is 25 ppm, the sulfur dioxide absorp-
tion region can be measured at its USP limit
without interference. The nitrogen dioxide re-
gion appears in the middle of a broad water
region and thesc 2 components would interfere
if they were present in the same sample. How-
ever, the water band has a broad, characteristic
set of absorption peaks and can be identified
behind the much narrower set of peaks in the
nitrogen dioxide region. If nitrogen dioxide were
present at its USP limit, a water concentration
greater than 25 ppm would interfere with its
measurement.

Ammonia was not examined with this system;
however, it can be detected at the 25 ppm con-
taminant level in the 900-1000 em-* region (8).
Two characteristic peaks for ammonia oceur at

Table 3. IR absorption data for gases
A (this
A, 8, lab.,) Range,®
Gas L, cm-! cm-! cm-!

Hydrogen sulfide 1290 1289° 1100-1420
Carbon monoxide 2176 (7), 2178

2140 (8)
Sulfur dioxide 1361 1362
Nitric oxide 1875 1886 1750-1950
Nitrogen dioxide 1618 1625
Water 1590 1556 1330-1880
Carbon dioxide 2320 2355
Methane 3000 3005

2 In some cases the band shape is subject to change
S0 a range is used.

® Hydrogen sulfide was not observed at 44 ppm but
this band was found at higher concentrations.

about 930 and 965 cm™! and a characteristic
pattern is also clearly formed by the smaller
bands. These 2 peaks do not interfere nor are
they interfered with by the IR absorptions of
the other contaminants given in Table 1.

The IR measurements of the contaminants in
nitrogen, using a 10 m gas cell with no expan-
sion, gave the following approximate detection
limits (in ppm): nitrogen dioxide 7, sulfur di-
oxide 2, methane 10, carbon dioxide 43, and
water 5. With a 10X ordinate scale expansion,
the IR detection limit measurements for nitrie
oxide and carbon monoxide were 6 and 4, re-
spectively.

Eleven samples of various medicinal gases
(Table 4), were analyzed by the proposed meth-
od. In general, the contaminant gases listed in
Table 1 were detected at levels lower than the
USP limits.

In the IR spectrum of all samples of oxygen
alone or admixed with other gases, unexpected
peaks appeared at 3000 and 1308 e¢m-!. These
2 absorption frequencies are characteristic for
methane. In order to see if there were other
gases which could give similar absorbances, a
computer-assisted search of IR data (L. R.
Dusold, 1976, Food and Drug Administration,
Washington, DC, private communication) in-
volving over 100,000 compounds and mixtures
of compounds was initiated. The search elim-
inated several possible compounds which ex-
hibited either an additional band or a shift in
the position of the related bands and confirmed
the initial identification as methane.

Methane at levels of approximately 20-40
ppm was found in 3 samples of USP oxygen.
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Table 4. Comparison of ple and standard IR absorptions®
Standards, ppm
Sample? S0z NO° NO2 H20 [o{e 4 CO2 CO2 H2S CH4
Standard, ppm 7.2 48 47 25 11.6 36.3 45.0 44 9.9
1. 93% 02 L4 L L L L Me M ND/ M
7% CO2
2, 5% CO2 L L L L L M M ND L
95% Air
3. Lung diffusion L L L L M L L ND M
4. USP O2 No. 200 L L L L L L L ND M
5. USP 02 360L L L L L L L L ND M
6. USP O3 625L L L L L L L L ND M
7. Breathing air L L L L L L L ND L
8. 70% O2
309% CO2 L L L L L M M ND M
9. Nitrous oxide L L L L [ ] [} ND L
10. Cyclopropane ] [} | | | | | 1 1
11. Helium L L L L L L L L L

¢ Data were obtained by using 1X ordinate expansion.

b sample Nos. 1, 2, 49, and 11 were obtained from Airco, Inc.; Sample Nos. 3 and 10 were obtained from MG

Scientific.
¢ Data were obtained by using 10X ordinate expansion.

4 Sample has less (L) IR absorption than standard or was not detectable at limit of method.

¢ Sample has more (M) IR absorption than standard.

/ ND = no data obtained at that concentration because standard does not show IR absorbance in this system.
?2 | = IR absorption of sample interferes with absorbance of standard.

Although the USP monograph includes no limits
on the presence of methane, its possible presence
is recognized by the U.S. Navy which sets a
limit of 25 ppm methane in aviator-breathing
oxygen (9). A recommendation to the USP for
inclusion of this limit, using the method de-
scribed to determine the methane content, will
be made.

No sorption on the walls or the rubber O-
rings of the gas cell was encountered for carbon
monoxide and dioxide, sulfur dioxide, methane,
nitric oxide, and water. However, when the cell
was used for the examination of other gases,
eg, nitrogen dioxide, nitrous oxide, and cyclo-
propane, these gases were probably sorbed on
the cell walls, ete. The spectrum of the empty
gas cell did not show their presence after initial
use with proper evacuation but, on standing,
these gases desorbed and affected the spectra of
subsequent samples. Several days were required
to free the cell of these gases. Thus, care must
be exercised when dealing with gases other than
those shown not to sorb.

Some gases may react with the KBr window.
When nitrogen dioxide was left in the cell for
1 hr, its characteristic IR absorption region
began to disappear and another band appeared.
This new band was characteristic of a nitrate
salt (10). Polishing the KBr windows removed

this IR band. Although the lower limit of de-
tectability of nitrogen dioxide could be improved
by the use of a 10X ordinate scale expansion,
which would bring the sensitivity below the
limit given by the USP (Table 1), the problems
of reactivity with the KBr window and possibly
other surrounding material, sorption in the tank
used for the standard (see Table 2), and sorp-
tion in the chamber led us to conclude that this
method is not reliable for the determination of
nitrogen dioxide. In addition, although the Na-
tional Bureau of Standards has a standard ref-
erence material which will generate a gas con-
taining 50 ppm nitrogen dioxide, it does not
provide standard reference materials which gen-
erate stable standards at the lower concentra-
tions needed for the USP limits.

The method is not completely satisfactory for
several other gases because of interferences in
the IR absorption regions, as shown in Table 4.
For example, nitrous oxide interferes with the
absorption bands of carbon monoxide and car-
bon dioxide, but some open areas remain in the
spectrum so that methane, sulfur dioxide, and
water can still be identified and quantitatively
measured. Cyclopropane, on the other hand, ab-
sorbs in all of the IR regions of interest. Nitric
oxide and nitrogen dioxide cannot be detected
at the low levels specified in the USP limits.
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Hydrogen sulfide was not detectable, even at
very high concentrations,

The method deseribed is a simple, rapid,
specific, and quantitative method for trace
amounts of water, carbon dioxide, carbon mon-
oxide, sulfur dioxide, and methane and also a
variety of IR-absorbing gaseous contaminant
compounds (11), such as volatile hydrocarbons,
halogenated hydrocarbons (e.g., methyl chloride,
chloroform, carbon tetrachloride, freons, and
halogenated anesthetics), ethers, ketones, and
esters. However, the analyst must be aware of
the possibility of sorption, as was reported
earlier for methyl methacrylate (12). The ap-
plication of this general technique resulted in
finding methane and this presents a strong argu-
ment for the use of IR in screening medicinal
gases for possible contaminants not listed in
their specifications.
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Pilocarpine Hydrochloride in Ophthalmic Solutions: Modification
of a High-Pressure Liquid Chromatographic Determination

and Survey

JOHN D. WEBER

Division of Drug Chemistry, Food and Drug Administration, Washington, DC 2020/

Pilocarpine undergoes 2 important reactions
in solutions, epimerization to isopilocarpine and
hydrolysis to pilocarpic acid. There is no official
USP limit for isopilocarpine or pilocarpic acid
in pilocarpine hydrochloride ophthalmic solu-
tions. An existing high-pressure liquid chro-
matographic (HPLC) method was modified by
changing the buffer system to permit its use
with constant-pressure as well as constant-vol-
ume instruments. The procedure separates all
3 components on a cation exchange resin;
pilocarpine and isopilocarpine are determined
directly and pilocarpic acid indireetly. Ophthal-
mic solutions and drug substances were ob-
tained from substantially all the United States
marketers of pilocarpine opthalmic solutions
and were analyzed by the modified HPLC
method. Results of the survey show that iso-
pilocarpine is present to the extent of 0.4-3%
and pilocarpic acid at levels of 0.6-7% of
total alkaleid.

Pilocarpine is used as a miotic in the treat-
ment of glaucoma and retinal detachment. It
undergoes 2 important reactions in solutions,
epimerization to isopilocarpine and hydrolysis
to pilocarpic acid. Both reactions are base-
catalyzed; the latter is reversible, while the
former is not. Both reactions result in the loss
of pharmacological activity. The history, phar-
macology, chemistry, and stereochemistry of
pilocarpine are briefly reviewed with pertinent
references in the literature to the assay of pilo-
carpine (1-4). While the epimer, isopilocarpine,
lacks the pharmacological activity of pilocarpine
(5), there is no official limit per se for iso-
pilocarpine or pilocarpic acid in pilocarpine hy-
drochloride or nitrate (6). The USP specifies a
specific rotation of +88.5 to +91.0° for pilo-
carpine hydrochloride (6). That range permits
up to 69 isopilocarpine or 3% pilocarpic acid
contamination. The official assay, based upon
the formation of the hydroxamic acid (7), de-
termines both pilocarpine and isopilocarpine
(4) but does not detect pilocarpic acid (7).
Urbanyi et al. (4) demonstrated this experi-

mentally and reported the development of an
elegant method for the simultaneous determina-
tion of both isopilocarpine and pilocarpine in
ophthalmic solutions by high-pressure liquid
chromatography (HPLC) on an ion exchange
resin column.

Previously it had been clearly demonstrated
that the epimerization of pilocarpine occurs in
solutions of pH 6.5-7.0 (8, 9). In another in-
vestigation, the reversible hydrolysis of pilo-
carpine to pilocarpic acid was examined (2).
None of these studies could be correlated with
the situation which exists with marketed
ophthalmie solutions, although several authors
(2, 8 9) claim, without documentation, that it
is well known that there is no problem of sta-
bility with solutions of pH 3.5-5.5, the pH range
of official USP solutions (6).

The Food and Drug Administration (FDA)
initiated a nationwide survey of marketed
pilocarpine hydrochloride ophthalmic solutions.
A random sampling was obtained of one or
more products from 10 manufacturers and pack-
agers of pilocarpine hydrochloride ophthalmic
solutions, substantially all those in the United
States. In addition, FDA inspectors obtained
samples of bulk drug substances from the manu-
facturer or packager, The samples were sub-
divided and one portion was analyzed by the
official USP method in an FDA District lab-
oratory for compliance with existing USP re-
quirements. The other portion was sent to the
Associate Referee’s laboratory for the determin-
ation of isopilocarpine and pilocarpic acid.

Prior to the receipt of the samples an effort
was made to either locate a published method
or develop a suitable analytical method. When
this investigation was initiated late in 1973,
only one literature report of the analytical sep-
aration of pilocarpine and isopilocarpine was
found (10), a questionable separation by thin
layer chromatography (TLC). The reported
separation of the epimers could not be dupli-
cated in this laboratory, using the 2 TLC solvent
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systems given (10), as well as over 100 reason-
able variations. A comprehensive 1974 study (3)
of the epimerization and hydrolysis of pilo-
carpine described the use of nuclear magnetic
resonance (NMR) spectrometry at 100 MHz
to quantitate the 2 epimers. This laboratory does
not have a 100 MHz NMR spectrometer and
the 2 epimers could not be distinguished by
NMR at 60 MHz (11, 12).

Since the epimers have clearly differcnt in-
frared (IR) spectra, an ecffort was made to
analyze epimeric mixtures by IR. However, the
epimeric composition of pilocarpine and isopilo-
carpine mixtures could not be determined by
using the differences in their IR spectra, unless
the epimers were of about equal concentrations.

Since polarimetry has been used to determine
the epimeric composition of pilocarpine solu-
tions (2, 9), the Associate Referee developed a
method by which epimeric composition was eal-
culated from polarimetric measurements and
colorimetric determination of total alkaloids
subsequent to preliminary chromatographic sep-
aration of pilocarpic acid. The method was sue-
cessful for standard solutions of pilocarpine,
isopilocarpine, and pilocarpic acid generated in
situ as well as for simulated samples which con-
tained typical thickeners, buffers, and preserva-
tives. The method was capable of supplying the
data needed in this study; however, a major
drawback was the amount of effort and time
needed for each determination.

At this point the HPLC method of Urbanyi
et al. (4) was received for pre-publication re-
view. In evaluating the applieability of their
HPLC procedure to this study, it was necessary
to change the buffer because of a salient differ-
ence between our laboratory-assembled high-
pressure liquid chromatograph and their instru-
ment. The difference, which is also common to
some commercial instruments, involves the type
of eluant pump. Their instrument (4) has a
constant-volume pump, adjusting its pressure
generation to that mnecessary to maintain the
selected flow rate, while our laboratory-assem-
bled instrument, along with a number of com-
mercial instruments, has a constant-pressure
eluant pump. The HPLC method of Urbanyi
et al. (4) has been used to determine the iso-
meric purity of radiolabeled pilocarpine (13).

Received October 29, 1975.
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METHOD
Reagents

(a) Mobile phase—0.1M Na,HPO, in 5% iso-
propanol, Dissolve 282 g anhydrous reagent grade
NuaHPO, in ca 800 ml water, add 50 ml isopro-
panol, and dilute to 1 L with water. Adjust pH
to 9.0+0.05 by dropwise addition of dilute H;PO,
(347). Filter solution through 5 wm pore filter
(No. LS 47, Millipore Corp., Bedford, MA), in
250 ml filter holder (No. XX10 047 03), or equiva-
lent.

(b) Sodium sulfate solulion—02M. Dissolve
284 g reagent grade anhydrous Na,SO, in water
and dilute to 1 I, with water.

(¢) Cation exchange restin—Aminex A-7, so-
dium form, 92 um beads (Bio-Rad Laboratories,
Richmond, CA).

(d) Swlfuric acid—1N. Carefully add 28 ml
concentrated HySOy4 to ca 800 ml water, cool, and
dilute to 1 L.

(e) Trisodium phosphate solution—05M. Dis-
solve 190 g reagent grade NayPO,.12H,O0 in
water and dilute to 1 L.

(f) Pilocarpine standard solutton.—Dissolve ca
15 mg, accurately weighed, USP Reference Stand-
ard Pilocarpine Nitrate in 0.2M Na,SO, and di-
lute to 25.0 ml to give final concentration of ca
0.6 mg/ml.

(g) Pilocarpine<isopilocarpine test solution.—
Dissolve c¢a 15 mg, accurately weighed, isopile-
carpine nitrate (Aldrich Chemical Co., Metuchen,
NJ) in 02M Na,S0; and dilute to 100 ml with
0.2M Na,S0,. Dissolve c¢a 15 mg, accurately
weighed, USP Reference Standard Pilocarpine
Nitrate in 0.2M Na,SO,4, add 1.0 ml isopilocarpine
nitrate solution, and dilute to 25.0 ml.

Apparatus

(a) High-pressure liquid chromatograph.—With
ultraviolet (UV) detector capable of measurement
at 216 nm, cell of 10 mm pathlength and ca 10
p#l volume, and integrator to determine peak
area. (A larger cell of 1 mm pathlength and 25
el volume is satisfactory but there is less reso-
lution.)

(b) Column.—Thin wall 0.25” od stainless steel
tube, 65 mm X 5.5 mm, fitted at outlet with stain-
less steel frit with 2 um pores. (A 100 mm X 4 mm
id tube is also suitable, but has longer retention
times; the 100 mm X 6 mm id glass tube used
originally (4) is also satisfactory.) Suspend ca 4
ml dry resin in 25 ml mobile phase and slurry-
pack column at ea 100 psig. Cap column with
stainless steel frit with 2 gm pores. Alternatively,
if pressurized slurry column-packer is not avail-
able, apply vacuum to column outlet and add
dropwise suspension of 4 ml dry resin in 10 ml
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mobile phase. Mount column in instrument and
condition by eluting with mobile phase 2 hr at
06 ml/min. Remove column and fill any void at
top with resin slurry as before.

Preparation of Samples

(a) For intact pilocarpine and isopilocarpine.—
Dilute volume of ophthalmic solution containing
ca 15 mg pilocarpine hydrochloride to 250 ml
with 0.2M Na,S0,.

(b) For total alkaloids—Transfer same volume
of ophthalmic solution used in (a) to volumetric
flask; add 3 ml 1IN H,;S04, and let stand 2 hr.
Add 2 ml 05M trisodium phosphate solution and
dilute to volume with 0.2M Na,SO,.

Determination

Fit column in instrument and condition by
eluting with mobile phase at 06 ml/min until
stable baseline is obtained, measuring absorbance
at 216 nm.

Inject 10 ul pilocarpine-isopilocarpine test solu-
tion and adjust sensitivity so that pilocarpine peak
is ca 60% full scale. The method of sample intro-
duction depends on equipment available on chro-
matograph. A measured sampling loop, an in-
jection loop, and an injection block were all
satisfactory. A sampling loop of measured volume
was used in the survey.

Inject and record chromatograms, sequentially,
of duplicate 10 ul injections of sample preparation
(a), single 10 ul injection of pilocarpine standard
solution, and duplicate 10 gl injections of sample
preparation (b).

Calculations

Determine peak areas for isopilocarpine and
pilocarpine for each injection. If isopilocarpine
peak is present on chromatogram of the standard
solution, use sum of both peaks as standard area.

(a) Pilocarpine content of sample.

Pilocarpine salt in sample, mg/ml
=(C/V) X F X [P/(-P’"+ P")]

where C = concentration of pilocarpine standard
solution, in mg/ml; V = ml sample taken; P and
P’ — peak areas due to pilocarpine in sample prepa-
ration (a) and standard solution, respectively;
i-P’ = peak area due to isopilocarpine in standard
solution (if presént); and F = factor for dilution
and molecular weight (22.55 for pilocarpine hydro-
chloride ophthalmic solutions and 25 for pilo-
carpine nitrate ophthalmic solutions).
(b) Isopilocarpine content of sample.

Isopilocarpine, % of total alkaloid
= [i-P/(-P 4 P)1 X 100
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where i-P = peak area due to isopilocarpine sample
preparation (a).

(¢) Pilocarpic acid.

Pilocarpic acid, mg/ml = P, — P,
where P, and P, = pilocarpine content calculated
from sample preparations (a) and (b), respec-
tively.

Results and Discussion

Method Development

As noted before, the method of Urbanyi et al.
(4) is not suitable for a high-pressure liquid
chromatograph equipped with a constant-pres-
sure eluant pump. The problem manifested it-
self as an increase in retention time with each
subsequent injection; see Fig. 1. The potential
for this problem had been observed (4) as a
gradual rise in operating pressure with time. An
apparatus with a constant pressure eluant sup-
ply, which does not compensate for the increased
pressure drop across the column, and the tris-
(hydroxymethyl)methylamine (trisamine) buf-
fer recommended (4) was used initially. The
retention time at peak maximum for pilocarpine
was initially about 15 min on a 65 mm X 5.5
mm id column at a constant 140 psig and it in-
creased by about 4 min with each subsequent
injection. The peaks broadened until they dis-
appeared in the baseline noise (injection 5, Fig.
1). The increase in retention times was found
to be a function of time of exposure of the resin
to the buffer, rather than the number of in-
jections. The flow rate decreased simultaneously,
from an initial value of about 0.5 ml/min to
about 0.1 ml/min, A microscopic examination of
the resin beads showed no change in shape, size,
or birefringence before and after use. In an
effort to ascertain the cause of the drop in flow
rate, a column was emptied, the resin was
washed and decanted several times, and the col-
umn was repacked with the “spent” resin. The
flow rate increased to that of a new resin col-
umn, but retention times remained long. It was
hypothesized that the problem was due to per-
meation of the resin beads with the large tris-
(hydroxymethyl)methylammonium ion in the
buffer, “exposing” additional internal sulfonate
groups and effectively increasing the number of
exchange sites. If that were the case, the use of
a buffer with the less bulky sodium cation would
prevent permeation, since the resin is supplied
in the sodium form. An 0.1M Na,HPO, buffer
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FIG. 1-—Five successive injections of pilocarpine hydrochloride containing 5% i pine. Inj 5 was made

about 10 hr after injection 4 and peaks are lost in baseline noise. Eluant was the pH 9 trisamine bhuffer of
Urbanyi et al. (4). Anion peak deleted from tracings 2-5.

was substituted for the 0.2M trisamine buffer
as the eluting solvent. Using this, only an insignifi-
cant increase in retention time was scen after
150 injections; at this time the column failed
due to an accumulation of carboxymethyl cellu-
lose gel from the sample on top of the resin bed.
This simple expedient extends the very useful
method of Urbéinyi et al. (4) to high-pressure
liquid chromatographs equipped with constant-
pressure pumps.

The second problem encountered resulted from
the modification, Apparently pilocarpine under-
goes specific anion-catalyzed hydrolysis (8, 10,
14) and, as a result, is hydrolyzed at an unaec-
ceptably high rate in pH 9 phosphate buffer,
(see Fig. 2) while it is more stable in the pH 9
trisamine buffer specified by Urbanyi et al. For
that reason 0.2M Na,SO, is used for preparing
the standard and sample solutions instead of the
mobile phase. Using this electrolyte, there was
no measurable hydrolysis or epimerization of
pilocarpine, even 3 days after dilution. Water,
of course, does not hydrolyze pilocarpine, but
with water as the diluent, there is a serious
disturbance in the baseline of the chromato-
gram,

Urbanyi et al. (4) were able to detect 25 ppm
isopilocarpine, which is more than adequate for
all commercial samples examined. The peaks

were qualitatively identical to those reported
(4). Injection 1 in Fig. 1 is representative. At
pH 9, pilocarpic acid is eluted with other an-
ions; therefore, the pilocarpic acid content
could be calculated from the area of the anion
peak on the chromatogram if no other UV-ab-
sorbing anions are present. The area of the
anion peak is multiplied by an experimentally
determined factor of 0.81 to obtain the equiva-

e \N\A

recovery

%

(o} —r—r =ty b T e e——

5 10 15 20
haurs
FIG. 2—Hydrolysis of pilocarpine in pH 9 phosphate
buffer at 25°C: A, pilocarpine; O, pilocarpic acid; [J,
isopilocarpine, per cent X 10.
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Table 1. Determination of pilocarpine, Isopliocarpine, and pilocarpic acid in
ophthalmic solutions of pilocarpine hydrochloride

Pilocarpine Pilocarpic
Isopilocarpine, acid¢,
% of declared % of total % of total pH
Sample® Found, % Declared, % found alkaloids alkaloids of solution

1 0.476 0.5 95.2 0.95 4.6 4.25
2 0.963 1.0 96.3 3.4 6.8 5.05
3 0.520 0.5 104.0 1.98 0.6 4.98
4 1.00 1.0 100.0 2.5 4.0 5.20
5 0.97 1.0 97.0 0.4 6.0 3.72
6 0.516 0.5 103.2 1.5 4.8 4.55
7 2.93 3.0 97.7 0.63 6.3 3.55
8 0.255 0.25 102.0 2.62 4.0 5.00
9 1.39 1.5 92.7 1.4 2.0 4.00
10 2.00 2.0 100.0 0.7 3.0 4.45
1 1.02 1.0 102.0 0.7 4.0 3.60
12 0.937 1.0 93.7 1.53 0.6 3.95

¢ Samples 2-4 are from the same manufacturer; the rest are from different manufacturers.

b Average of 2 determinations.

¢ Difference between average of 2 determinations, each with and without acid pretreatment; see Method.

lent of pilocarpine. With ophthalmic solutions,
unknown anions in the buffer, thickening agents,
and some preservatives prevent direct determin-
ation of pilocarpic acid. When these interfering
substances are present, pilocarpic acid may be
determined by recyclization to pilocarpine in
sulfuric acid; the increase in pilocarpine in
the sample thus treated is used to calculate
pilocarpic acid.

An. aliquot of the sample is mixed with an
equal volume of 1N H,SO, and allowed to stand
for 2 hr; the solution is then partially neutral-
ized with 0.5M Na,PO, solution as desecribed
under Method, diluted, and chromatographed.
The pilocarpine content found in the assay is
subtracted from the pilocarpine content deter-
mined after the acid recyclization; the addi-
tional pilocarpine represents the pilocarpic acid
in the sample. At the lower levels, the pilocarpic
acid content is just larger than the uncertainty
in the measurement, estimated to be =19, of
total alkaloids. Pilocarpic acid content with
values less than 29 of total alkaloids are only
estimates. .

Pilocarpic acid and isopilocarpic acid are not
distinguishable by the difference method. How-
ever, it is apparent that isopilocarpic acid never
represented more than a few per cent of the
combined pilocarpic acid-isopilocarpic acid con-
tent, since isopilocarpic acid is recyclized to iso-
pilocarpine and a disproportionate increase in
isopilocarpine content after the recyclization
was never observed.

Results of the Survey

The samples were analyzed for pilocarpine,
isopilocarpine, and pilocarpic acid; see Table 1.
Since the quantities were related to peak areas,
not peak heights, and since the instrument used
did not have an integrator, relative peak areas
were determined by weighing cut-outs of Xerox
copies of the peaks. Simultaneously a control, a
4 X 4” square of each copy page of the individual
chromatograms (i.e., one control square for each
injection), was weighed. The average weight of
47 test squares was 199.93-4.85 mg. An integra-
tor would certainly have given better precision.
There were 5 injections for each sample, 2 di-
luted samples, 2 acid-treated samples, and 1
standard. Isopilocarpine was calculated by using
pilocarpine as an internal standard, and pilo-
carpine was calculated from injection of pilo-
carpine standard.

The standard contained about 19, isopilo-
carpine; results of 14 determinations were
0.96-0.29, isopilocarpine as per cent of total
alkaloid, which is indicative that the precision
of the method of analysis is better than the pre-
cision of the method of quantitation.

A correlation between isopilocarpine content
and pH is observed, which is too high to be
coincidental. A least square fit of isopilocarpine
(as per cent of total alkaloid) vs. pH of solution
gave a slope of 0.54 and an intercept at pH 3.5
with a correlation coefficient of 0.84 (see Fig. 3).
When the diverse sources of these solutions are
taken into consideration, 0.84 is a rather good
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FIG. 3—Correlation of isopilocarpine content (as per

cent of total alkaloids) and pH of ophthalmic solution.

The circles are experimental values and the line is
least square fit with all points equally weighted.

correlation coefficient. The value of the inter-
cept seems to imply that 3.5 is the lower limit
of pH for which epimerization will occur. Lest
too much importance be placed on this observa-
tion, a reservation must be made: Urbanyi et al.
(4) reported values for the pH and isopilo-
carpine content of 7 commercial ophthalmic
solutions and their data exhibited no simple
correlation between pH and isopilocarpine con-
tent.

The pilocarpic acid contents found for the
marketed solutions, listed in Table 1, ranged
from 0.6 to 6.89, of total alkaloid, but the
amounts showed no relationship to the pH of
the solutions. Urbanyi et al. (4) did not report
having determined pilocarpie acid.

These two facts, the apparent pH dependence
of isopilocarpine content and the apparent pH
independence of pilocarpic acid content, are
surprising. The epimerization of pilocarpine is
reported (3) to be irreversible, or at least the
equilibrium lies overwhelmingly in the direction
of the trans-isomer, isopilocarpine. Based on
that report (3) and other observations (2, 5, 8,
9) on the epimerization of pilocarpine, the iso-
pilocarpine content of samples in the pH 3.5 to
5.5 range should depend only on the history of
the sample, i.e., the method of sterilization, heat-
ing, storage conditions, buffer, and initial iso-
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pilocarpine content of the drug used to pre-
pare the solution. On the other hand, the hy-
drolysis of pilocarpine is the reverse of the
cyclization of pilocarpic acid, as shown below.

+H,0
—H,0

The former is base-catalyzed and the latter is
acid-catalyzed. At pH >6, the rate of hydrolysis
(apparent first order rate constant) increases
linearly with the pH, and at pH <3 the rate of
cyclization increases linearly with a decrease in
pH (2). If one combines Figs. 1 and 7 from
ref. 2, a plot of rate of hydrolysis vs. pH and
rate of cyclization vs. pH, respectively, the 2
curves should merge at a minimum value, ex-
pected between pH 3 and 8. Along this mini-
mum, a series of equilibria should be established
for which pilocarpic acid content should be a
function of pH only. Actually, such an equi-
librium has been reported (14) at pH 6.0, the
cquilibrium mixture containing 639, pilocarpine-
isopilocarpine and 379% pilocarpic acid-isopilo-
carpic acid.

The probable reasons for the lack of rela-
tionship beween pH and pilocarpic acid content
in the solutions in this survey are: (1) The
initial pilocarpic acid content depends on the
history of the sample (2), e.g. heating and
buffer content, and (2) the rates of the reac-
tions which would reestablish the equilibrium
are exceedingly slow between pH 3 and 5 (2, 3,
8, 9) at room temperature and below, the normal
storage conditions for ophthalmic solutions. The
rate of hydrolysis is affected by the specific ion
catalysis (8, 9, 14) but the position of the equi-
librium is unaltered (14). It has been reported
(14) that, at pH 6.0, although the rate at which
the equilibrium is established varies with
“gegen’’ ion, the equilibrium does not.

Of 13 samples of drug substance, all of which
conformed to USP requirements (6), 3 were
found to contain isopilocarpine, 0.60, 1.90, and
1.23% of total alkaloids, respectively.

P PA

Conclusions and Recommendations

All of the ophthalmic solutions examined con-
formed to USP XIX specifications (6) for pilo-

This report of the Associate Referee was presented at the
89th Annual Meeting of the AOAC, Oct. 13-16, 1975, at
‘Washington, DC.

The recommendations of the Associate Referee were ap-
proved by the General Referee and by Subcommittee B and
were accepted by the Association. See (1976) JAOAC 59, 382.
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carpine content and pH. There is no USP limit
for isopilocarpine or pilocarpic acid. All of the
samples of pilocarpine hydrochloride drug sub-
stances examined in this survey met USP XIX
specifications (6) with respect to melting range
and optical rotation. Nonetheless readily measur-
able amounts of isopilocarpine were found in
some of the samples.

As a result of the experience gained with the
method during this survey, it is recommended
that the modified HPLC assay for pilocarpine
and isopilocarpine be collaboratively studied.

The principle defect in the determination of
pilocarpic acid stems from the fact that one is
determining a small difference between 2 rela-
tively large values. The matter of an assay for
pilocarpic acid should be subjected to further
study.

Note Added in Proof —The method was tested
collaboratively and failed. Collaborators re-
ported poor separations and unreasonably long
retention times. The cause of the failure has
not been ascertained.
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Thin Layer Chromatographic Identification of

Some Sympathomimetic Amines

JITENDRA J. SHAH and RAMILA J. SHAH

Woodson-Tenent Laboratories, Inc., 345 Adams Ave, Memphis, TN 38101

Thin layer chromatographic behavior of some
sympathomimetic amines in the presence of
acids in neutral and organic solvent systems is
reported. The sympathomimetic amines were
dissolved in 0.1N¥ HCIl or ethanol and treated
with bromocresol green or p-nitrobenzoyl chlo-
ride reagents on fiber sheets or precoated glass
plates. Two-, 3-, and 4-component solvent sys-
tems were tested. Benzene-ethyl acetate gave 2
spots for cach amine standard; the more polar
spots were satisfactorily separated. Amines in
pharmaceuticals were not separated by any sol-
vent system tested.

Thin layer chromatography (TLC) is in-
creasingly used to separate and identify phar-
maceuticals in mixtures and also to quantita-
tively determine the composition. TLC is not
limited by the choice of spray reagents, a factor
in paper chromatography, because of the nature
of the carrier material. In studies with paper
chromatography, West (1) observed double
spots with trichloroacetic acid and tryptamine
derivatives of sympathomimetic amines; later,
Beckett et al. (2, 3) showed that the spot forma-
tion and multiplication occurs with many bases
in the presence of many acids. Robinson and
Shepherd (4) considered that the additional
amine spot formed in the presence of trichloro-
acetic acid results from the formation of loose
complexes between the bases, acting as electron
donors, and the trichloroacetic acid, acting as
an electron acceptor by virtue of the marked elec-
tronegativity of the 3 chlorine atoms. Roberts
(5) also observed the phenomenon of multiple
spot formation in an attempt to examine somec
factors which were affecting the R; values of
sympathomimetic amines, but on paper chro-
matography only. Hydrochloric acid in the de-
veloping solvent converted some of the nor-
epinephrine acid tartarate to norepinephrine hy-
drochloride. The presence or absence of multiple
spots, according to Roberts and Broadly (6),
depends on the chemical structure of each amine.

Studies of TLC (7-9) indicated that, just as
in paper chromatography, it is possible to ob-

tain 2 spots of an amine salt (or pure amine in
the prescnce of one or more equivalents of acid)
when a neutral or acidic solvent system is used
with ccllulose as the thin layer. The paper chro-
matographic separation of adrenaline and nor-
adrenaline, also sympathomimetic amines, has
been described in some publications (10, 11) and
ephedrine has been included in a chromato-
graphic study of alkaloids (12). James (10) has
also chromatographed some synthetic sympatho-
mimetic amines, e.g., carbasil and epinine, which,
like adrenaline, are catechol derivatives. Zweig
(13) showed that sympathomimetic catechol-
amines formed multiple spots when they were
chromatographed on paper from solution in 0.1N
HCl, using a phenol-hydrochloric acid solvent
system. The amines must have been present as
hydrochlorides under these conditions because
the same acid was being used in the salt and the
developing solvent. Zweig (13) confirmed that
complexes had been formed by techniques other
than paper chromatography. These arc only a
few of the many possible references that could
be mentioned.

We have developed chromatograms of 5
sympathomimetic amines with different organic
solvents with water as the stationary phase. The
amines were satisfactorily separated in the 2-
solvent systems examined.

METHOD
Reagents

(a) Solvents—Nanograde or spectrograde ben-
zene, n-hexane, ethyl acetate, n-butanol, toluene,
m-xylene, ethanol, and n-propanol (Fisher Sci-
entific Co., 1241 Ambassador Blvd, St. Louis, MO
63132) ; ACS grade glacial acetic acid and am-
monium hydroxide,

(b) p-Niutrobenzoyl chloride solution.—04%.
Dissolve 400 mg p-nitrobenzoyl chloride (Eastman
Kodak Co., Rochester, NY 14650, No. p-499) in
10 ml ethyl acetate and dilute to 100 ml with n-
hexane.

(¢) Bromocresol green.—05%. Dissolve 500 mg
bromocresol green (Matheson, Coleman & Bell,
Norwood, OH 45212, No. NB 179) in 100 ml
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Table 1. R: values on ITLC fiber sheet of some sy homimeti 1] in 2-sol sy
after treat with p-nitr y! chloride
Com- Benzene-ethyl acetate Benzene-ethyl acetate Hexane-ethy! acetate Hexane-ethyl acetate
pound® (70+30) (304-70) (50+-50) (304-70)°
1 0.10 0.36 0.14 0.71 0.11 0.43 0.13 0.65
2 0.10 0.79 0.12 0.90 0.09 0.76 0.12 0.90
3 0.11 0.29 0.12 0.56 0.12 0.28 0.12 0.49
4 0.13 0.84 0.14 0.95 0.10 0.75 0.13 0.94
5 0.12 0.64 0.14 0.92 0.12 0.78 0.12 0.88
Reagent . 0.12 — 0.12 —_ 0.10 — 0.12 A

¢ 1, ephedrine hydrochloride; 2, phenylpropanolamine hydrochloride; 3, N-phenylethanolamine; 4, hydroxy-
amphetamine hydrobromide; 5, propylhexedrine (all standards 10 mg/ml 0.1N HCI),

5 20 min developing time.

ethanol. Dilute 1 ml aliquot to 100 ml with etha-
nol.

(d) Sympathomimetic amine standard solutions.
—(1) Weigh 1 g of each amine (phenylpropanol-
amine hydrochloride, ephedrine hydrochloride, N-
phenylethanolamine, hydroxyamphetamine hydro-
bromide, and propylhexedrine) into separate 100
ml volumetric flasks and dilute to volume with
0.1N HCl (10 mg/ml). (2) Weigh 500 mg of each
amine into separate 100 ml volumetric flasks. Add
10 ml water and dilute to 100 ml with ethanol
(5 mg/ml).

Apparatus

(a) TLC fiber sheet—Gelman ITLC fiber SAF
(instant thin layer chromatogram, salicylic acid
fluorescent media, Gelman Instrument Co. Ann
Arbor, MI 48106). Fiber sheets can be used with-
out activation.

(b) Glass plates—Precoated glass plates for
TLC (Analabs, Northhaven, CT 06473), Anasil G
type, 20 X 20 em, 500 gum thick.

(c) Developing tanks—Stainless steel or glass,
9X9X4".

(d) Ultraviolet (UV) light—Black-Ray UVL-22
(Ultraviolet Products, Inc., San Gabriel, CA
91778), 115 v, 60 cycles, equipped with short and
long wavelengths.

Procedure

(@) For ITLC fiber sheet—Apply 5 ul standard
solutions 1 side by side on fiber chromatogram
sheet 1.5 cm from bottom, and let spots dry. Over
each spot, apply 5 ul p-nitrobenzoyl chloride re-
agent, and let spots air-dry. Develop chromato-
gram sheet to line 10-12 ¢m above spot (ca 20
min). Remove chromatogram sheet and dry in
100°C oven ca 1 min. Examine derivative spots
(yellow) under shortwave UV light. Determine R,
value for each spot.

(b) For glass plate—Apply 5 ul standard solu-
tions 2 to glass plate 25 ¢cm from bottom and 40
mm apart (do not touch plate with pipet). Let

spots dry. Over each spot apply 5 ul bromocresol
green, and let spots air dry. Amines are indicated
by blue spots on greenish yellow background ; spots
will turn yellow in acetic acid vapors. Develop
each chromatogram to line 15-20 cm above origin
spot (ca 45 min). Remove plate from tank and
dry in 100°C oven ca 3 min. Examine derivative
spots (green) under shortwave UV light. Deter-
mine R; value for each spot.

Results

A solution of sympathomimetic amine in 0.1N
HCI showed 2 spots when treated with p-nitro-
benzoyl chloride and chromatographed in the
benzene-ethyl acetate and hexane-ethyl acetate
solvent systems. The reagent itself gives one spot
in this system. Table 1 indicates the R, values of
standards in the 2-solvent systems. The more
polar spots all have R, values which are ap-
proximately the same, and the less polar spots
have different R, values, thus producing sep-
aration.

A solution of amine in ethanol showed 1
spot when treated with bromocresol green and
chromatographed in the ethanol-water-ammo-
nium hydroxide, n-propanol-water-acetic acid,
and n-butanol-water-acetic acid solvent systems.
In addition, the reagent gives 1 spot. By using
these systems, we cannot identify any amines.

A solution of amine in ethanol showed 1 and
2 spots when treated with bromocresol green
and chromatographed in the n-butanol-toluene-
water-acetic acid and n-butanol-m-xylene-water-
acetic acid solvent systems, while the reagent
gives one spot. Table 2 indicates the B, values
of standards in the 4-solvent systems. Only
propylhexedrine is satisfactorily separated from
the other amines.

Received August 13, 1975.
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Table 2. R: values on Anasil G plate of some sympathomimetic amines in 4-solvent systems,
after treatment with bromocresol green
n-Butanol-toluene-water- n-Butanol-toluene-water- n-Butanol-toluene-water-
acetic acid acetic acid acetic acid
Compound® (10+4-90+10+-40) (154-85+-10+40) (204-80+10+-40)°
1 0.08 0.12 0.18 0.54
2 0.09 0.14 0.20 0.56
3 0.05 0.11 0.16 —
4 0.06 0.11 0.18 —
5 0.16 0.24 0.31 —
Reagent 0.05 0.10 0.16 —

¢ See Table 1 (all standards 5 mg/ml ethanol.
b 45 min developing time.

By using several 2-solvent systems, we can
identify some amines. In the 3- and 4-solvent
systems, we can identify only one amine in the
presence of others. We could not identify amines
in pharmaceuticals because only one spot was
formed. Continued study is recommended.

Acknowledgments
The authors wish to thank the Woodson-
Tenent Laboratories for their cooperation and
research facilitics and Raymond C. Grant, Na-
tional Center for Drug Analysis, Food and Drug
Administration, St. Louis, MO, for helpful dis-
cussion about the project.

REFERENCES
(1) West, G. B. (1959) J. Pharm. Pharmacol.
11, 595-599
(2) Beckett, A. H., Beaven, M. A., & Robinson,
A. E. (1960) Nature London 186, 775-776
(3) Beckett, A. H., Beaven, M. A.,, & Robinson,

A E. (1961) J. Pharm. Pharmacol. Suppl. 12,
203T-216T

(4) Robinson, B., & Shepherd, D. M. (1961) J.
Pharm. Pharmacol. 13, 374-377

(5) Roberts, D. J. (1964) J. Pharm. Pharmacol.
16, 549-556

(6) Roberts, D. J,, & Broadly, K. J. (1966) J.
Pharm. Pharmacol. 18, 182-187

(7) Beckett, A. H, & Choulis, N. H. (1963) J.

Pharm. Pharmacol. Suppl. 15, 236 T-245T

Beckett, A. H.,, & Choulis, N. H. (1963)

XXIII Internationaler Kongress der phar-

mazeutischen Wissenschafter, Munster, Ger-

many

(9) Choulis, N. H. (1964) Ph.D. Thesis, London
University, London, England

(10) James, W. O. (1948) Nature London 161,
851-852

(11) James, W. O., & Kilbey, N. (1951) J. Pharm.
Pharmacol. 3, 22-26

(12) Munier, R., & Machebocuf, M. (1949) Bull.
Soc. Chem. Biol. Paris 31, 1144-1162

(13) Zwicg, G. (1959) Anal. Chem. 31, 821-824

8

~

The recommendation of the Associate Referee was approved
by the General Referee and by Subcommittee B and was
accepted by the Association. See (1976) JAOAC 59, 383.

This report of the Associate Referee, J. J. Shah, was
presented at the 89th Annual Meeting of the AOAC, Oct.
13-16, 1975, at Washington, DC.
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TECHNICAL COMMUNICATION

Confirmation of Results of Rapid Screening Test for Aflatoxins

Performed at Corn Elevator

ODETTE L. SHOTWELL, GAIL M. SHANNON, and MARION L. GOULDEN
Northern Regional Research Laboratory, Agricultural Research Service,

U.S. Department of Agriculture, Peoria, IL 61604

A screening method for corn and corn prod-
ucts, based on a minicolumn, was modified
slightly to assay 60 lots of corn at one elevator
to determine whether they could be sold as ani-
mal feed. To be salable, the lots had to con-
tain less than 20 ppb total aflatoxin. Aflatoxin
levels in the lots were later determined by the
official AOAC method for corn to check effec-
tiveness of the screening. No lot had been desig-
nated for sale that contained 20 or more ppb
total aflatoxin.

In 1974-1975, there was a need to devise a re-
liable testing program that could be carried out
at an elevator. In 1972, white corn under loan
from the 1971 crop year had been delivered to an
elevator in southeastern Missouri and placed in
3 storage bins (1), depending on rapid screening
tests for aflatoxin and corn quality. The bins were
supposed to be for aflatoxin-free, aflatoxin-con-
taminated, and US. Sample Grade (SG) corn.
Samples that contained the bright greenish yellow
(BGY) fluorescence associated with the presence
of aflatoxin (2, 3) were subjected to a rapid mini-
column test (4). This test was done on a 50 g
sample selected from a 5 Ib probe sample to
contain as much BGY material as possible. Prob-
ably because of sample selection, a great deal of
aflatoxin-free corn was placed in the aflatoxin-
contaminated bin, as determined by the CB
method later performed at the Northern Labo-
ratory on 10 lb samples that were ground and
blended.

The Food and Drug Administration agreed that
lots of corn from the contaminated and SG bins
could be sold as animal feed if they contained
<20 pg total aflatoxin/kg. As lots were unloaded
at the elevator, they were analyzed according to
the minicolumn method devised by Barabolak
et al. (5) with minor changes that decreased the
sensitivity. These minicolumn results were checked
by analyzing the same samples later at the North-
ern Laboratory by the CB method.

Presented at the 89th Annual Meeting of the AOAC, Oct.
13-16, 1975, at Washington, DC.

Experimental

Sampling at Elevator

A 50 lb continuous sample from every 2200-
2500 bushel lot of corn was taken with a primary
sampler (Dean Gomet Series 6800, vane-type)
during unloading. From each 50 lb of corn, a
rotary divider (Dean Gomet Series 4000) split
out a 10 lb subsample to be ground in a 6” Ray-
mond hammermill containing %” roundhole per-
forations to pass a No. 20 sieve. Ground samples
were blended 15-30 min in a Hobart Model A200
planetary mixer (12 qt capacity).

Rapid Screening Method (Minicolumn)

(a) Preparation of column—Plug tapered end
of glass tube (6 mm id X 23 cm long, tapered at
one end) with 5 mm glass wool. Add in order:
8-10 mm Drierite, 8-10 mm Florisil, 16-20 mm
silica gel, 8-10 mm neutral alumina, 8-10 mm
Drierite (5). Plug top of column with glass wool.
Tap after each addition to form firm layers. Apply
slight pressure to glass wool plug at top to make
certain column is tightly packed.

(b) Preparation of extract—Follow the method
of Barabolak et al. (5) with the following ex-
ceptions: Transfer 5 ml filtrate from ammonium
sulfate precipitation to 125 ml separatory funnel.
Redissolve residue from benzene extraction in 6.0
ml CHCls-acetone (941).

Prepare blank in identical manner from afla~
toxin-free corn, Prepare standard similarly, but to
residue from benzene extraction add 13 ul aceto-
nitrile-benzene (2498) solution containing 1.0 ug
B; and 03 pg By/ml, and then redissolve in 6.0
ml CHCl;-acetone (941).

(¢) Chromatographic analysis. — With pipet,
transfer 2 ml each of blank sample, standard ex-
tract, and unknown extracts onto series of col-
umns; let columns drain completely. To each
column add 1.0 ml CHClz-acetone (94-1) and
again let drain. Observe fluorescence under ultra-
violet light (365 nm). Presence of aflatoxin in
corn sample results in blue fluorescent band at top .
of Florisil layer that can be identified by com-
parison with standard. Sample fluorescence with
same or greater intensity than that in standard
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Table 1. Distribution of aflatoxin levels in
corn samples determined to contain <20
or 220 ug/kg by minicolumn test at elevator

220 pug/kg by
minicolumn

<20 ug/kg by
minicolumn

JOURNAL OF THE AoAcC (Vol. 59, No. 6, 1976)

Table 2. Aflatoxin in corn as delivered to elevator in

1972 and as unloaded in 1974-1975

Aflatoxin distri-
bution in corn
unloaded from
contaminated

Approx. distribution
of aflatoxin in corn
delivered to
contaminated®

Total Total and SG° bins and SG bins
aflatoxin, aflatoxin,

CB method, No. of CB method, No. of Aflatoxin,® No. % No. %
neg/Kg samples Mg/kg samples RE/KE of lots of total of lots  of total

0-<7 0 0-<13 ] ND¢ 203 a1 0 0

7-10 10 13-19 9 <10 79 16 8 13

11-15 7 20-29 8 10-19 71 14 21 35

16-18 3 30-39 9 20-29 35 7 8 13

40-49 3 30-39 18 4 9 15

50-59 6 40-49 13 2 3 5

60-69 2 50-59 13 2 6 10

70-79 2 60-69 15 3 2 3

80-89 1 70-79 5 1 2 3

80-89 9 2 1 2

90-99 11 2 0 0

column indicatcs total aflatoxin content >20 ug/ >100 2 _® 2 9

kg. If total aflatoxin content of corn sample is Total 501 100 60 99

<10 pg/kg, a blue fluorescent band should not
appear on the minicolumn with the modifications
in method as described. When extracts of corn
containing 10 ug total aflatoxin/kg are chromat-
ographed, there will be no more than a trace of
blue fluorescence.

CB Method for Corn
Proceed as in 26.014-26.019 (6).

Results and Discussion

Changes were made in the screening method
described by Barabolak et al. (5) to decrease sen-
sitivity, e.g., to increase the minimum concentra-
tion that could be detected. At the elevator in
southeastern Missouri, the only intercst was in
knowing whether a given lot of corn contained
<20 pg/kg and could be sold for feed. The de-
tection limit of the method as published is 0.5 ug
total aflatoxin/kg if a2 4 mm id glass tube is used
for minicolumn chromatography and 1 ug/kg if
the glass tube is 6 mm id. We chose the 6 mm
id glass tubes because they are available com-
mercially. We also decreased the volume of the
filtrate from the ammonium sulfate precipitation
from 100 to 5 ml. Thus an extract from corn
containing 20 ug aflatoxin/kg would give a clearly
defined blue fluorescent band on the minicolumn
under ultraviolet light (365 nm), but an extract
from corn containing 10 ug toxin/kg would not.
A technician, therefore, could decide more casily
whether the original corn contained <20 ug afla-
toxin/kg. By either decreasing or diluting the vol-
ume of the filtrate, or both, onc can set the detee-
tion limit of the method at any level.

Fifty-eight lots of corn containing 2200-2500
bushels were unloaded at the elevator. Two lots

¢ As determined by CB method 26.014-26.019 (6).

b Delivery to contaminated bin depended on results
of minicolumn test.

¢ 8G = U.S. Sample Grade.

4 ND = Not detected.

contained 1400-1600 bushels. Out of the 60 lots,
20 contained <20 pg aflatoxin/kg on the basis of
the modified minicolumn test on 10 lb blended,
ground samples. These lots were sold for animal
feed in the viecinity of the elevator., When the
same 10 Ib samples were analvzed by the CB
method at the Northern Laboratory, none con-
tained 20 pg aflatoxin/kg (Table 1). In fact, most
lots sold contained <15 pg toxin/kg. Quantitative
analysis at the Northern Laboratory of the 40
corn samples that gave positive minicolumn tests
(220 ug aflatoxin/kg) at the elevator revealed
31 contained 20 pg aflatoxin/kg (Table 1). Nine
samples contained between 13 and 19 ug/kg. The
minicolumn screening method proved to be effec-
tive in determining which lots of corn contained
<20 pg aflatoxin/kg.

When the corn was placed in the so-called afla-
toxin-contaminated and SG bins in southeastern
Missouri in 1972 (1), the average level of aflatoxin
was 27 pg/kg, assuming cach of the 501 truckloads
(200-400 bushels) had the same capacity. The
average level of toxin as unloaded in sixty 1400~
2500 bushel lots was 28 ug/kg. There was no
appreciable increase in toxin level during the 2
vears of storage. There appeared to be blending
of the lots as the corn was placed in the bins
and taken out (Table 2). Aflatoxin was not de-
teeted in 419% of the truckloads placed in the
bins. When the corn was unloaded in lots of 1400-
2500 bushels, no lot was found to be aflatoxin-
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free (sensitivity of assay is 1-3 ug/kg). Only one REFERENCES
lot had more than 80 g toxin/kg. (1) Shotwell, O. L., Shannon, G. M., & Hesseltine,
C. W. (1975) Cereal Chem. 52, 381-387

Ack led
We thank th < A“°.w°i gmle"st biligati 4 (@ Shotwell, . L, Goulden, M. L, & Hesseltine,
€ & an koo FABTICH tura Smbization A C. W. (1972) Cereal Chem. 49, 458-465
Conservation Service, U.S. Department of Agri- .
culture, for providing the corn samples from south- (3) Shotwell, O. L., Goulden, M. L., & Hesseltine,
eastern’ Missouri and also the results of the screen- C. 'W. (1974) Cereal Cliam; 51, 492490
ing tests (4) Shannon, G. M., Stubblefield, R. D., & Shot-
) well, O. L. (1973) JAOAC 56, 1024-1025

(5) Barabolak, R., Colburn, C. R., & Smith, R. J.

The mention of firm names or trade products does not

imply that they are endorsed or recommended by the De- (1974) JAOAC 57, 764-766
I}:s:tnr;ix;t;igxf‘eﬁ.gnculture over other firms or similar products 6) Oﬂ‘icial Methods Of Analysis (1975) 12th Ed.,
Received April 15, 1976. AQAC, Washington, DC
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CORRECTION
JAOAC 59, 830-834 (1976), “Colorimetric Deter- Change to read “of clean, dry can (without cap)
mination of Zirconium in Antiperspirant Aero- and dip tube from gross”

sols,” by Paul Beavin, Jr., p. 832, left column,
line 15
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XX International Dairy Congress to be Held
in Paris in 1978

The XX International Dairy Congress will be
held at the Centre International de Paris in Paris,
France, June 26-30, 1978. Mr. Jean Raffarin, former
Minister of Agriculture and President of the
French National IDF Committee, serves as Presi-
dent of Congrilait 78.

The scientific and technical program, headed
by Professor Andre Francois, will include discus-
sions and lectures on the nutritional value of
milk; factors of acceptability of dairy products;
food habits and consumption of dairy products;
new technological processes, particularly in energy
and water conservation and environmental pro-
tection; milk production; bacteriology and bio-
chemistry of milk and dairy products; and new
products.

The economic and commercial program, headed
by M. Jean Mittaine, member of the IDF
Executive Committee, will consider how to de-
velop milk production in different types of agri-
culture based on breeding cows, buffalos, goats,
or ewes; and how to harmonize relations among
milk production, manufacturing, and consump-
tion.

Reports will be published in a volume to be
distributed at the beginning of Congrilait 78. Offi-
cial languages will be French, German, and Eng-
lish. Simultaneous translations will be offered.
During the Congress, technical visits to dairies,
dairy farms, goat and sheep farms, and research
laboratories will be organized. Also on the agenda
are excursions to different regions of France be-
fore and after the meeting. For further informa-
tion, write: Congrilait, 50 rue Fabert, F-75007
Paris, France.

JOURNAL OF THE AoAc (Vol. 59, No. 6, 1976)

New: Journal of Chromatography, Biomedical
Applications

Elsevier Scientific Publishing Company will
publish starting January 1977 the Journal of Chro-
malography, Biomedical Applications. Issued bi-
monthly, the journal will be devoted to new de-
velopments and advances in biomedical applica-
tions of chromatography and electrophoresis. It
will form an integral part of the Journal of Chro-
matography, but can also be subscribed to sepa-
rately. The subseription price for 1 year is $49
U.S./Dfl 124.00, including postage.

The journal will publish papers dealing with
developments and applications of chromatographic
and electrophoretic techniques related to clinical
diagnosis (including publishing of normal values) ;
screening and profiling procedures with special
reference to metabolic disorders; results from basic
medical research with direct consequences in clini-
cal practice; combination of chromatographic and
electrophoretic methods with other physicochemical
techniques like mass spectrometry. Original papers,
short communications, review articles, informa-
tion on new instrumentation and forthcoming
events, and book reviews will be considered for
publication.

Free sample copies will be available on request
from: Elsevier Scientific Publishing Co., PO Box
211, Amsterdam, The Netherlands.

NBS Conference Briefs

The National Bureau of Standards of the U.S.
Department of Commerce will sponsor the fol-
lowing meetings in the coming months:

November 8-12—Computer Performance Evalu-
atton Users Group, San Diego, CA. Sponsored by
NBS and Computer Performance Evaluation
Users Group. Contact: Dick Dunlavey, A265 Tech-
nology Building, NBS, Washington, DC 20234.
301/921-3485.

November 17—Computer Networking Sym-
posium, NBS, Gaithersburg, MD. Sponsored by
NBS and the Institute of Electrical and Elec-
tronics Engineers’ Technical Committee on Com-
puter Communications. Contact : Marshall Abrams,
B212 Technology Building, NBS, Washington, DC
20234. 301/921-2601.

November 29-December 1—Bicentennial Mathe-
matical Programming Symposium, NBS, Gaithers-
burg, MD. Sponsored by NBS and the Special
Interest Group on Mathematical Programming of
the Association for Computing Machinery. Con-
tact: William Hall, A422 Administration Building,
NBS, Washington, DC 20234. 301/921-3855.

December 6-8—Winter Simulation Conference,
NBS, Gaithersburg, MD. Sponsored by NBS, As-
sociation for Computing Machinery, American
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Institute of Industrial Engineers, Institute of Elec-
trical and Electronic Engineers, Operations Re-
search Society of America, Society for Computer
Simulation, and the Institute of Management Sci-
ences. Contact: Paul Roth, B250 Technology
Building, NBS, Washington, DC 20234. 301/921-
3545.

January 10-13, 1977—Phase Diagrams in Metal-
lurgy and Ceramics, NBS,- Gaithersburg, MD.
Sponsored by NBS. Contact: Lawrence Bennett,
B152, Materials Building, NBS, Washington, DC
20234. 301/921-2982.

Jana Ruth Ostrom Receives 1976
AOAC Scholarship

Jana Ruth Ostrom, an outstanding pharmacy
student at the University of Washington, is the
1976 winner of a $1000 scholarship sponsored by
the Association of Official Analytical Chemists.

Mrs. Ostrom, who resides in Seattle, WA, holds
a BS. in zoology (1974, cum laude) from Johns
Hopkins University. She is working toward her
second bachelor’s degree at the University of Wash-
ington’s School of Pharmacy and has maintained
a 4.0 grade point average during her first 2 years
of study. She has worked in science laboratories
since 1972 and is currently a pharmacy intern
with the US. Public Health Service in the State
of Washington.

Each year AOAC  awards the 2-year scholar-
ship to a college sophomore who is studying a
subject important to public health and agriculture.
To qualify, the student must be in need of finan-
cial aid, maintain at least a B average during the
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first 2 years of undergraduate study, and plan to
do research, regulatory work, or quality control,
or teach in an area of interest to the AOAC. Past
scholarship winners have studied at Oregon State,
California State, Rutgers, Clemson, Purdue, Carle-
ton College, St. Joseph’s College, and the Uni-
versity of Nebraska.

Nominations for the 1977 award must be re-
ceived before May 1, 1977. Six copies of a nomina-
tion letter and 2 supporting reference letters
should be sent to: Executive Secretary, AOAC,
Box 540, Benjamin Franklin Station, Washington,
DC 20044.

AOAC to Hold Second Annual Spring Meeting

The Association of Official Analytical Chemists
(AOAC) will hold its second Annual Spring Work-
shop May 4-6, 1977, at the Stouffer’s Inn in Cin-
cinnati, OH.

Eight work sessions are planned for the 3-day
conference. The topics discussed will include:

(1) Vitamins.—High-pressure liquid chromatog-
raphy (HPLC) and fluorescent techniques for vita-
mins A, B;, B,, C, D, and E.

(2) Mycotozins—Thin layer chromatographic
and HPLC methodology for detection of toxins
related to animal and human health.

(8) Computer adaptation to laboratory instru-
ments.—Mini-computers with on-line capabilities
or potential.

(4) Food microbiology—Methods for detecting
bacteria, molds, or viruses in various commodities,

‘meats, water, and canned food. Laboratory stand-

ardization of techniques and automated tech-
niques as well as the fluorescent antibody pro-
cedure will be discussed.

(6) Medicated feeds.—Colorimetric and polaro-
graphic methods for drug additives as well as de-
tecting of antibiotics by automated, turbidimetric,
and plate assays.

(6) Environmental contaminants—Determining
heavy metals, pesticides, and other industrial
chemicals by atomic absorption spectroscopy,
HPLC, gas-liquid chromatography, and polarog-

.raphy. Methodology for field testing will also be

covered.

(7) Insect identification—A 2% day workshop
will be conducted by Food and Drug Administra-
tion (FDA) experts.

(8) Staphylococcal enterotoxin—A 2% day
workshop will be conducted by FDA experts at
the district office for the first 20 registrants.

Registration will be held Wednesday morning,
May 4, 1977. The registration fee is $15. Reser-
vations may be made at Stouffer’s by calling
directly (513/721-8600). Rates are $25 for a single
and $33 for a double room.
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For further information contact: Howard P.
Moore, Chief, Consumer Analytical Laboratories,
Ohio Department of Agriculture, Reynoldsburg,
OH 43068 (614/866-6361); or John Feldman,
Laboratory Director, Food and Drug Administra-
tion, 1141 Central Parkway, Cincinnati, OH 45202
(513/684-3511).

W.W. Wright, New AOAC President

William Wynn Wright, Ph.D., was installed as
the new president of the AOAC at the Associa-
tion’s 90th Annual Meeting in Washington, DC.

Dr. Wright is Deputy Associate Director,
Pharmaceutical Research and Testing, of the
Bureau of Drugs, US. Food and Drug Admin-
istration (FDA). He has served the AOAC from
1957 to 1971 as General Referee on Antibiotics, as
Executive Committee member since 1972, and as
AOAC Vice-President in 1975.

Born in Baltimore, MD in 1923, Dr. Wright
received his B.S. degree in chemistry and mathe-
matics (magna cum laude) from Loyola College
in 1944, and his M.S, and Ph.D. degrees in 1946
and 1948, respectively, from Georgetown Univer-
sity.

He began his career as a chemist with the Na-
tional Bureau of Standards in 1945; then trans-
ferred to FDA’s newly formed antibiotic certifica-
tion program. Dr. Wright is now responsible for
the Pharmaceutical Research and Testing activi-
ties of the Bureau of Drugs, providing technical
guidance and participation in scientific research
programs to develop and improve biological,
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microbiological, chemical and instrumental meth-
ods of drug analysis and to establish the pharma-
cological and toxicological properties of drugs.

Since 1960, he has also served as a consultant on
antibiotics and biological standardization for the
World Health Organization. He received a su-
perior Service Award in 1964 from the Depart-
ment of Health, Education and Welfare, and an
Award of Merit in 1971 from the FDA ; he was an
AOAC Fellow in 1969. Dr. Wright is a member
of the American Association for the Advancement
of Science, New York Academy of Sciences,
American Pharmaceutical Association, Academy of
Pharmaceutical Sciences, and the Research Society
of America.
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BOOK REVIEWS

Electroanalytical Chemistry. H. W. Nurnberg
(Ed.). John Wiley & Sons, Inc., New York, NY,
1974. xi + 609 pp. Price $49.50.

This book is Vol. 10 of the Advances in Ana-
lytical Chemistry and Instrumentation Series. It
consists of 7 chapters by various international ex-
perts who discuss selected topics in electroanalyti-
cal chemistry. All of the chapters are well docu-
mented, containing a total of 1776 references.

Chapter 1 by D. J. Fisher is a lengthy and in-
formative discussion on the design, testing, and
uses of instrumentation for de polarography and
for coulometry, geared to the needs and require-
ments of the electroanalytical chemist. The 4
principal subject areas are: system concepts as
applied to polarography, measurement systems for
dc polarography, instrumentation for coulometry,
and digital systems for automated electroanalytical
chemistry. Using polarographs and coulometers de-
veloped at Oak Ridge National Laboratory as
models, the author describes in great detail their
development and component parts. Various per-
formance tests used in the development of these
instruments can readily serve to check perform-
ance characteristics of similar electrochemical in-
struments.

In Chapter 2, G. W. C. Milner and G. Phillips
present an excellent review of the applications of
voltammetry and coulometry in the analysis of
the actinide elements. The review is somewhat
dated in that its most recent references were pub-
lished in 1968. However, this chapter should be
helpful to anyone engaged in the analysis for these
important elements.

P. J. Elving presents in Chapter 3 a timely and
interesting discussion of the current and future
trends in the use of voltammetric techniques in
organic analysis and in the study of organic reac-
tion kinetics. In order to portray as realistically as
possible the extent to which polarographic and
voltammetric techniques are actually being used
in organic analysis, especially from the service as-
pect, the author canvassed over 30 laboratories
representing industry, government, and educational
institutions. Many of the specific comments re-
ceived from these laboratories are incorporated in
the present review and should be of valuable as-
sistance for anyone contemplating using these
powerful electroanalytical techniques for organic
analysis and for organic reaction kinetic studies.

H. Hoffman and J. Volke present in Chapter
4 a very comprehensive review on the develop-
ment and applications of the various voltammetric

techniques to production control and to the quali-
tative and quantitative analysis of drugs in un-
known preparations and to the identification and
quantitation of pharmaceuticals in fluids of the
human and/or animal body with respect to toxi-
cology, pharmacology, and pharmacological kinet-
ics. There are many practical suggestions for using
electroanalytical techniques to analyze formula-
tions, tablets, ointments, creams, and similar phar-
maceutical preparations for major drug ingredients
and trace contaminants. Future trends and possi-
bilities for using polarography and voltammetry
in the pharmaceutical industry and pharmacologi-
cal studies are discussed.

In Chapter 5, J. Badoz-Lambling and G. Cau-
quis survey the basic concepts involved in studies
of electrochemical phenomena occurring in non-
aqueous solutions and various fused salt melts.
Many examples are from their own experiences
in nonaqueous electrochemistry with emphasis on
the practical aspects of the subject. Included are
sections on in situ visible and ultraviolet electro-
chemical spectroscopy and the separation and
identification of reaction products and trace con-
taminants.

B. Kastening presents in Chapter 6 an excellent
review of the joint applications of electrochemical
and ESR techniques for detecting and identifying
radicals involved in electrochemical reactions, thus
elucidating unknown mechanisms or confirming
those derived from electrochemical and/or other
techniques of stimulating organic reactions in solu-
tions. A vast number of topics such as experimen-
tation, theory, mechanisms, and conformation has
been very well organized into a short, understand-
able, and readable chapter.

K. Schwabe in the final chapter presents an ex-
cellent discussion of the theory and newer appli-
cations of pH measurements to industrial process
control and to the biological-medical field. He dis-
cusses the requirements for accuracy and repro-
ducibility which have been raised by these newer
applications and the problems encountered in at-
tempting to meet them. This timely chapter should
interest anyone involved in pH measurements of
any kind.

The book more than adequately fulfills the re-
quirement of the Advances Series in that it con-
tains critical comprehensive articles surveying
various topics on a high level which are satisfying
to the specialist and nonspecialist alike.

' Raymonp J. GATAN

Food and Drug Administration
Washington, DC
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A Dictionary of Chromatography. R. C. Den-
ney. Halsted Press, John Wiley & Sons, Inc,
New York, NY, 1976. xi + 191 pp. Price $14.50.

This book provides concise, easily understand-
able definitions in alphabetical order of abbre-
viations, terms, and expressions frequently em-
ployed in all fields of chromatography from ad-
sorption to zone electrophoresis. One of the
author’s objects in writing the dictionary is to
save readers the effort of wading through several
advanced chromatography books in order to ob-
tain answers to relatively straightforward ques-
tions. Dr. Denney has also provided over 300 ref-
erences to both journals and textbooks, complete
through 1975, so that more detailed studies can be
pursued where required.

Despite efforts to standardize chromatographic
terms and nomenclature, there is still much con-
fusion in this area. Where possible the author has
used those terms which appear to be generally
accepted, and at the same time to indicate how
these are interrelated throughout the various
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forms of chromatography. Because detectors are
identified by a variety of names in the chemical
literature, Dr. Denney has included as many of
these as possible, cross-referencing them in every
case to the name that seems to be most frequently
employed.

A Dictionary of Chromatography is not intended
for experts in chromatographic theory and prac-
tice. It provides an excellent reference source for
the student, laboratory technician, or general sci-
entist seeking rapid information on chromatog-
raphy. Besides the principal equations covering
theoretical chromatography, the book describes
the equipment available for carrying out chroma-
tography in all its forms, with the aid of over 50
diagrams and illustrations. The price appears some-
what high, but it turns out to be a good value
for the quality and quantity of information pro-
vided.

ALAN J. SENZEL

AOAC
Washington, DC

NEW PUBLICATIONS

Approved Methods of the American Associa-
tion of Cereal Chemists. American Association
of Cereal Chemists, 334 Pilot Knob Rd, St.
Paul, MN 55121, 1976. 950 pp. Price $75 to mem-
bers; $100 to nonmembers.

This 2-volume loose-leaf set containing 352
methods furnishes an updated version of AACC
methods for cereal and related products.

Treatise on Analytical Chemistry. Part I:
Theory and Practice. Vol. 11. Edited by U. M.
Kolthoff and Philip J. Elving with assistance
of Ernest B. Sandell. John Wiley & Sons, Inc.,
New York, NY, 1975. xxiii 4 697 pp. Price
$39.50.

This volume treats in great detail general labo-
ratory apparatus, general laboratory operations
and techniques, safety, common apparatus, tech-
niques, and operations, including safety, and clas-
sical methods of analysis (quantitative analysis,
gravimetric and titrimetric analysis). Many of the
examples are from inorganic analysis, metallurgy

and rock analysis, where the term residue has its
original analytical meaning of that which remains
after an operation, rather than the extremely small
amounts of materials sought in environmental
analysis. Much of the general first section is so
basic that it reads much like a text of 40 years
ago. It is this type of fundamental information
which makes this volume valuable.

International Standards for Agricultural
Equipment and Supplies. ISO Information
Centre Bibliography No. 4, June 1976. Interna-
tional Organization for Standardization, Case
Postale 56, 1211 Geneva 20, Switzerland. 5 pp.
plus annexes. Price Sw 9 ($3.60).

This bibliography contains the ISO International
Standards, draft International Standards, and
draft proposals for the following products: ma-
chinery, propagation materials, pesticides, and
fertilizers. Particularly valuable is the list of other
reference sources of international information and
names and addresses of international organiza-
tions active in these fields.
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SUBJECT INDEX

Acaricides, quinomethionate, in crops, in situ fluorom-
etry, 172
Acetone, in butter, GLC, 1140
in gastric contents, IR spectrophotometry, 130
Acid value, of oils and fats, comparison of methods, 658
Aconitine, in galenicals and biological samples, color-
imetry, 799
Aerosols, antiperspirant, zirconium in, colorimetry, 830
(corr. 1421)
of resmethrin formulations, GLC and IR, 745
Aflatoxins
B,;, B», G;, and G, resolution by HPLC, 101
in corn, confirmation of screening tests, 1419
with zearalenone, simultaneous detection, 106
in graded wheat, survey, 122
in mixed feeds and foods, screening method, collab-
orative study, 110
in peanuts, distribution, HPLC, 941
in stored corn, survey, 118
M,, derivatization for identification by TLC, 722
on raw and cooked soybeans, after Aspergillus inocu-
lation, 662
sampling and methods, review, 1315
Agars, comparison as growth substrates for fungi, 720
Agricultural liming materials
Changes in Methods, no changes
Air pollution, ethylene dibromide, colorimetry, 1262
Air sampling and analysis, committee report, 417
Alachlor, in corn and soybeans, GLC, 859
Alcoholic beverages
Subcommittee D’s report, 388
Changes in Methods, 462
referee report, 327
beer, calcium in, 2 methods, 678
forms of iron in, 1380
cyanide in, GLC, 1390
distilled liquors, cyanide in, GLC, 1390
distilled products, clarity evaluation by particle count-
ing, 671
sherry, vinyl chloride in, confirmatory method, 32
vinyl chloride in, comparison of GLC methods, 30
whisky, congener development during maturation, 770
wine, 8-asarone in, GLC, 675
bromine in, ion selective electrode, 53
coumarin in, GLC, collaborative study, 780
cyanide in, GLC, 1390
methyl anthranilate in, GLC, 1387
white, determination of color in, collaborative study,
777
Alkaloid drugs
Subcommittee B’s report, 382
Changes in Methods, 474
referee report, 302
aconitine, in galenicals and biological samples, color-
imetry, 799
pilocarpine, in ophthalmic solutions, HPLC, 1409
Rauwolfia serpentina, in tablets and powdered root,
spectrofluorometry, collaborative study, 811
reserpine, in formulations and biological fluids, color-

imetry, 795
in tablets, semiautomated fluorometry, collaborative
study, 289
spectrophotometry, using picrolinic acid reagent, 683
Alkyichlorobiphenyl mi: e, position and properties,
982
Allylisothiocyanate, in mustard seed oil, spectropho-

tometry, 689

4-Amino-6-(1,1-dimethylethyl)-3-(methyithio)-1,2,4-triazin-
5(4H)-one, see Metribuzin
Amino groups, free in intact pure proteins, fluorescence-
labeling method, 1251
4-Amino-3,5,6-trichloropicolinic acid, see Picloram
Analytical methods, variability of, 238
Analytical mycology of foods and drugs
Subcommittee F’s report, 396
Changes in Methods, 489
referee report, 352
Anthelmintics, levamisole, residues in bovine milk, GLC,
954
phenothiazine, HPLC, 693
Antibacterial agents, carbadox, in feeds, spectrophotom-
etry, 1290
Antibiotics
Subcommittee G's report, 398
Changes in Methods, 479
referee report, 357
bacitracin, in feeds, turbidimetric and diffusion as-
says, 526
in premixes and mixed feeds,
biological procedure, 1113
chloramphenicol, in agricultural crops, GLC, 1118
chlortetracycline, in feeds, modified turbidimetric as-
say medium, 536
in milk, evaluation of 2 microbiological methods, 1122
tasalocid sodium, modified extraction for microbio-
logical assay, collaborative study, 1286
lincomycin, residues, in animal tissues,
and confirmation, 849
Antidiabetic drugs, tolbutamide, extraction and partition
chromatography as ion-pairs, 1170
Antihistamines, chlorpheniramine maleate, IR identifi-
cation of maleic acid, 680
Antioxidants, in vegetable oils, derivatization and elec-
tron capture GLC, 1208
Antiperspirants, see Cosmetics
AOAC, general activities
Addresses, 1975, President’s, 233,
Wiley award, 238
air sampling and analysis, committee report, 417
Associate Referee of the year award, 1975, 230
automated methods, committee report, 407
Changes in Methods, 454
errata and emendations, 500
index, 501
CIPAC, 1975 meeting, report, 424
constitution, committee report, 408
editorial board report, 406
European representative’s report, 407
Executive Director’s report, 401
Fellows of the AOAC, committee
finance committee report, 405
GLC of pesticide formulations, committee report, 420
interagency committee report, 416
interim methods, 1976, 724, 948
international cooperation, committee report, 414
IS0, fertilizer sampling and chemical analysis, report,
426
long-range planning, committee report, 418
meeting, 1975, 376
methods classification, committee report, 408
officers and standing committees, 428
president, 1977, 1424
publications planning committee, report, 419

improved micro-

screening

report, 414



1436

recommendations for official methods, subcommittee
reports, 378
Referees and Associate Referees, 432
reviewers of JAOAC manuscripts, 374
safety, committee report, 415
spring workshop, 1976, 948
State participation, committee report, 415
statistics, committee report, 416
Treasurer's report, 405
Wiley award, contributions, 229
Wiley award winner, 1976, 1180
Wiley scholarship award winner, 1976, 1423
Arsanilic acid, in feeds, TLC and spectrophotometry, 60
Arsenic, in foods, polarography, 650 (corr. 1196)
Artificial sweeteners, see Preservatives and artificial
sweeteners
B-Asarone, in wines and flavors, GLC, 675
Ascorbates, in ground beef, screening method, 766
Ashing techniques, for minerals in feeds, comparison,
937
Aspartame, in foods and formulations, HPLC, 1048
L-Aspartyl-L.-phenylalanine methylester, in foods and
formulations, HPLC, 1048
Aspergillus, inoculation of soybeans for aflatoxin pro-
duction, 662
Aspiration toxicity testing, assessment of methods, 516
Automated methods
committee report, 407
crude protein in feeds, comparison of methods, col-
laborative study, 134, 141
fluorometry of reserpine in tablets,
study, 289
GPC cleanup of animal and plant fats for pesticide
residues, 174
Kjel-Foss method for protein nitrogen, 219
total nitrogen in plant tissue, 98
fluorometry of vitamin C in processed foods, 1244
Automobile paints, pyrolysis-GC, collaborative study, 35
Azinphos ethyl, in human plasma and mouse plasma,
tissue, and fat, GLC, 1094
Azodrin, in strawberries, GLC, 637

collaborative

Bacitracin, in feeds, turbidimetric and diffusion assays,
526
in premixes and mixed feeds, improved microbiologi-
cal procedure, 1113
Baking powders and baking chemicals
Changes in Methods, 461
sodium aluminum phosphate, neutralizing value, col-
laborative study, 26
Barley, see Grains
Beef, see Meat and meat products
Beer, see Alcoholic beverages
Bendroflumethiazide, column chromatography and UV,
collaborative study, 90
Benzo(a)pyrene, in oil-contaminated shellfish,
989
Benzoates, in ground beef, screening method, 766
Benzo(ghi)perylene, in oil-contaminated shellfish, HPLC,
989
1,2-Benzopyrone, see Coumarin
5-Benzyl-3-furylmethyl-dl-cis-trans-chrysanthemate, see
Resmethrin
Bergapten, in fragrance preparations, TLC and spectro-
photofluorometry, 547
Beverages, see Flavors and nonalcoholic beverages
BHA, see Butylated hydroxyanisole
Bioavailability, of reduced iron, correlation with solu-
bility, 582
Biological samples, aconitine in, colorimetry, 799
bovine liver, selenium in, cathodic stripping voltam-
metry, 1234

HPLC,
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bovine tissue, melengestrol acetate in, collaborative
study, 507
fluids, reserpine in, colorimetry, 795
gastric contents, acetone and ethanol in, IR spectro-
photometry, 130
human plasma and mouse plasma, tissue, and fat,
azinphos ethyl in, GLC, 1094
seminal acid phosphatase, human, isolation and iden-
tification by electrophoresis, 1352
Biological tests, aspiration toxicity testing methods,
assessment, 516
LDso test, biological parameters, 734
Biuret, in fertilizers, modifications of AOAC method, col-
laborative study, 923
in mixed fertilizers, AAS, 22
in urea, AAS, 22
Blood, added to ground beef, determination, 1240
Book reviews
Aldehydes—Photometric Analysis, Vols. 1 and 2, 729
Vol. 3, 1194
Analytical Atomic Spectroscopy, 1193
Applications of Laser Raman Spectroscopy, 227
Automatic Chemical Analysis, 369
Chromatography: A Laboratory Handbook of Chro-
matographic and Electrophoretic Methods. 3rd
Ed., 371
A Dictionary of Chromatography, 1426
Electroanalytical Chemistry, 1425
The Identification of Functional Groups in Organophos-
phorus Compounds, 369
International Commission for Uniform Methods of
Sugar Analysis, 1193
International Standards for Food Products, 1192
Isolation and Identification of Drugs, 1194
Methods of Biochemical Analysis, Vol. 22, 372
Operational Amplifiers in Chemical Instrumentation,
728
Organophosphorus Pesticides: Organic and Biological
Chemistry, 372
The Packed Column in Gas Chromatography, 1192
Perfumes, Cosmetics, and Soaps, Vol. 1: The Raw Ma-
terials of Perfumery, 228
Vol. 2: The Production, Manufacture and Applica-
tion of Perfumes, 370
Vol. 3, Modern Cosmetics, 1193
Pesticides in Soil and Water, 370
Photoelectron and Auger Spectroscopy, 728
Spectrophotometric Determination of Elements, 1192
Stripping Voltammetry in Chemical Analysis, 227
Vitamin C: Recent Aspects of Its Physiological and
Technological Importance, 371
Bromine, in wine, ion selective electrode, 53
Busan, in formulations, 737
Butter, see Dairy products
Butylated hydroxyanisole, in vegetable oils, derivatiza-
tion and electron capture GLC, 1208
tert-Butylhydroquinone, in vegetable oils, derivatization
and electron capture GLC, 1208

Cacao products
Subcommittee D’s report, 388
Changes in Methods, 488
referee report, 329
Cacodylate injections, differential
1401
Cadmium, in glazed ceramic surfaces, effect of light on
extraction, collaborative study, 158
Caffeine, in beverages, HPLC, 14
in coffee, HPLC, 1258
Calcium, in beer, 2 methods, 678
Capsaicin, in capsicum spices, GLC, 1
Capsicum spices, capsaicin in, GLC, 1

pulse polarography,
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Caraway seed, see Spices and other condiments
Carbadox, in feeds, spectrophotometry, 1290
Carbamate pesticides, fumigants, and miscellaneous
Subcommittee E's report, 391
Changes in Methods, 454, 471
referee report, 338
See also Carbaryl; Fungicides, herbicides, and plant
growth regulators
carbofuran, in crops and soil, spectrophotometry, 1276
dithiocarbamates and related compounds, MS, 622
ethylene dibromide, in grains, colorimetry, 1262
pentafiluorobenzyl ether derivatives, in natural waters
and soils, 188
Carbaryl, in dust and powder formulations, extraction,
collaborative study, 753 (corr. 1196)
Carbofuran, in crops and soil, spectrophotometry, 1276
Ceramics, glazed, effect of light on cadmium and lead
extraction, collaborative study, 158
Cereal foods
Subcommittee D's report, 388
Changes in Methods, 463
referee report, 329
sodium chloride in, loss of chloride in official method,
1396
Changes in Methods, 454
errata and emendations, 500
index, 501
Cheese, see Dairy products
Chloramphenicol, in crops, GLC, 1118
Chlordane, technical, chemical composition, 696
Chloride, in processed cheese, collaborative study, 1142
Chlorinated pesticides
Subcommittee E’s report, 391
Changes in Methods, 454, 471
referee report, 338
chlordane, technical, chemical composntion, 696
chlorphoxim, in water and fish, in-block methylation,
1088
contaminants and limitations of silicic acid chro-
matographic separation from chlorinated biphe-
nyls, 975
2,4-D, ion selective electrode, 1097
DDT, and related compounds, Raman spectra, 197
in blood serum, comparison of extraction methods,
1279
dicofol, hydrolyzable chiorine method, coliaborative
study, 1109
dieldrin, in blood serum, comparison of extraction
methods, 1279
endosuifan and endosulfan gulfate, in fruits and vege-
tables, multiresidue method, collaborative study,
209
GLC resolution on mixed phase systems, 1180
in eggs and kale, multiresidue method, collaborative
study, 169
lindane, in blood serum, comparison of extractlon
methods, 1279
multiresidue screening by nezatlve chemical ioniza-
tion MS, 1023
pentachloronitrobenzene, in formulations, GLC, 708
pentachlorophenols, polychlorinated dibenzo-p-dioxins
and dibenzofurans in, GLC-MS, 562
pesticides containing norbornene group, Raman spec-
tra, 197
separation from lipids before GLC, 224
tetradifon, in fruits and vegetables,
method, collaborative study, 209
tetrasul, in fruits and vegetables, muiltiresidue meth-
od, collaborative study;209"
2-Chloro-4,6-bis(ethylamino)-s-triazine, see Simazine
2-Chloro-2’,6’-diethyl-N-(methoxymethyl)-acetanilide, see
Alachlor

multiresidue
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2-Chloroethylph honic acid, see Ethephon

3-(3-Chloro-4-methoxyphenyl)-1,1-dimethylurea, see Me-
toxuron

3-(3-Chloro-4-methyl-phenyl)-1,1-dimethylurea, see Chlo-
rotoluron

N-(4-Chlorophenyl-N’-2,6-difluorobenzoyl)urea, derivatiza-
tion for GLC, 938
Chlorotoluron, titrimetry, collaborative study, 716
Chlorphoxim, in water and fish, in-block methylation,
1088
Chlortetracycline, in feeds, mod|f|ed turbidimetric assay
medium, 536
Cholesterol, in dairy products, colorimetry, 1146
in multicomponent foods, comparison of methods,
collaborative study, 46
interference in analysis of fish tissue for industrial
chemical residues, 1187
Cholinesterase Inhibition detection,
paraoxon, 641
CIPAC, 1975 meeting, report, 424
Citrate, in processed cheese, collaborative study, 1142
Citrus, see Fruits and fruit products
Clarity, of distilled alcoholic products, by particle count-
ing, 671
Clostridium perfringens, in foods, enumeration and con-
firmation, collaborative study, 606
Coccidiostats
Subcommittee G’s report, 398
Changes in Methods, 476, 479
referee report, 359
Codex Alimentarius, approved methods of analysis for
acid value of oils and fats, 658
Coffee and tea
Subcommittee C’s report, 384
Changes in Methods, no changes
referee report, 308
caffeine in, HPLC, 1258
Collaborative International Pesticides Analytical Council,
see CIPAC
Collaborative study, in methods validation, 1197
Color additives
Subcommittee G's report, 398
Changes in Methods, no changes
referee report, 359
Acid Orange 12 for determination of protein in meat,
62 (corr. 944)
Ext. D&C Yellow No. 1, diphenylamine in, spectropho-
tometry, 846
FD&C Red No. 40, 4,4’-(diazoamino)-bis(5-methoxy-2-
methylbenzenesulfonic acid) in, HPLC, 838
ion exchange chromatography, 578
preparation and HPLC, 5
preparation and spectral compilation of intermedi-
ates and subsidiary dyes, 1294
FD&C Yellow No. 5, 4,4’-(di nino)-diber I
fonic acid in, ion exchange chromatography, 1312
FD&C Yellow No. 6, 4,4’-(diazoamino)-dibenzenesul-
fonic acid in, elution chromatography and spec-
trophotometry, 12
in meat products, identification, 570
Congeners, development in whisky during maturation,
770
Constitution, committee report, 408
Corn, see Grains
Corrections, 723, 944, 1196, 1421
Cosmetics
Subcommittee G’s report, 399
Changes in Methods, no changes
referee report, 360
antiperspirant aerosols, zirconium in, colorimetry, 830
(corr. 1421)

of parathion as
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bergapten, in fragrance preparations, TLC and spec-
trophotofluorometry, 547

Coumarin, in wine, GLC, collaborative study, 780

Crabmeat, see Fish and other marine products

CSAT, see 4,4’-(Diazoamino)-bis(5-methoxy-2-methylben-
zenesulfonic acid)

Cyanide, residues in alcoholic beverages, GLC, 1390

Cyclophosphamide, MS study of metabolism and mode
of action, 1028

Cyclothiazide, column chromatography and UV, collab-
orative study, 90

Cyclotrimethylenetrinitramine,
residue, 1357

detection as explosive

2,4-D, formulated with picloram, collaborative
study, 748
ion selective electrode, 1097
DAADBSA, see 4,4’-(Diazoamino)-dibenzenesulfonic acid
Dairy products
Subcommittee C's report, 384
Changes in Methods, 464
referee report, 308
butter, acetone in, GLC, 1140
cheese, nitrate and nitrite in, colorimetry, collabora-
tive study, 284
processed, chloride, citrate, and phosphate in, col-
laborative study, 1142
cholesterol in, colorimetry, 1146
milk, cows’, polybrominated biphenyls in, GLC, 273
polychlorinated biphenyls and metabolites in,
GLC, 273
hexachlorobutadiene in, GLC, 552
survey, 559
residual antibiotics in, evaluation of 2 microbiologi-
cal methods, 1122
milk powder, dried, available lysine in, TLC, 1255
DDT, in blood serum, comparison of extraction methods,
1279
Decomposition and filth in foods (chemical methods)
Subcommittee C’s report, 384
Changes in Methods, no changes
referee report, 309
histamine, in fish, TLC, 1224
lactic and succinic acids, determination in eggs as
indicators of age, 613
refractive index, for determining age of eggs, 613
DES, see Diethylstilbestrol
3q,17-Diacetoxy-23,163-dipiperdino-5«-androstane di-
methobromide, see Pancuronium bromide
4,4’-(Diazoamino)-bis(5-methoxy-2-methylbenzenesulfonic
acid), in FD&C Red No. 40, HPLC, 838
ion exchange chromatography, 578
preparation and HPLC, 5
4,4’-(Diazoamino)-dibenzenesulfonic acid, in FD&C Yel-
low No. 5, ion exchange chromatography, 1312
in FD&C Yellow No. 6, elution chromatography and
spectrophotometry, 12
2,4-Dichlorophenoxyacetic acid, see 2,4-D
3,6-Dichloropicolinic acid, in soils, GLC, 264

HPLC,

Dicofol, hydrolyzable chlorine method, collaborative
study, 1109

Dieldrin, in blood serum, comparison of extraction meth-
ods, 1279

0,0-Diethyl O-p-nitrophenyl phosphate, see Paraoxon
0,0-Diethyl O-p-nitrophenyl phosphorothioate, see Para-
thion
Diethylstilbestrol, low levels in mixed feeds, GLC, 821
residues in beef livers, chemical confirmation, 817

2,3-Dihydro-2,2-dimethyl-7-benzofuranyl methyl carba-
mate, see Carbofuran
Dimethoxyamphetamines, investigation and identifica-

tion of bromination products, 1162
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0,0-Dimethyl O-[p-(dimethylsulfamoyl)phenyl]phospho-
rothioate, see Famphur
0,0-Dimethyl O-p-nitrophenyl phosplt thioate, see
Methyl parathion
Diphenylamine, in Ext. D&C Yellow No. 1, spectropho-
tometry, 846
Dissolution testing, in vitro, round-bottom resin kettle,
367
Dithiocarbamate pesticides, see Carbamate pesticides
Disinfectants
Subcommittee F's report, 396
Changes in Methods, 454
referee report, 353
AOAC use-dilution method, semiautomated ring car-
rier, 591
liquid, surface, test of virucidal efficacy, 1150
organic soil neutralization test, evaluation, 1344
DMMA, see 4,4’-(Diazoamino)-bis(5-methoxy-2-methyiben-
zenesulfonic acid)
DPA, see Diphenylamine
Drug residues, levamisole in bovine milk, GLC, 954
Drug residues in animal tissues
Subcommittee G’s report, 399
Changes in Methods, 476
referee report, 361
diethylstilbestrol, in beef livers, chemical confirma-
tion, 817
melengestrol acetate, in bovine tissue, collaborative
study, 507

Drugs
See also Alkaloid drugs; Antibiotics; Antidiabetic
drugs; Antihistamines; Drug residues; Drug res-
idues in animal tissues; Drugs, acidic and neu-
tral nitrogenous organics; Drugs, miscellaneous;
Drugs, nonalkaloid organic nitrogenous bases;
Drugs in feeds; Narcotic and dangerous drugs;
Steroid and terpinoid drugs
field desorption mass spectrometry, 1006
pancuronium bromide, ion-pair extraction, 802
Drugs, acidic and neutral nitrogenous organics
Subcommittee B's report, 381
Changes in Methods, 473
referee report, 301
bendroflumethiazide, column
UV, collaborative study, 90
cyclophosphamide, MS study of metabolism and mode
of action, 1028
cyclothiazide, column chromatography and UV, col-
laborative study, 90
nikethamide, in injectables, GLC, collaborative study,
93
phenols, solvent effects in partition as ion-pairs, 1175
tolbutamide, extraction and partition chromatography
as ion-pairs, 1170
Drugs, alkaloid, see Alkaloid drugs
Drugs, miscetlaneous
Subcommittee B's report, 382
Changes in Methods, 473
referee report, 303
allylisothiocyanate, in mustard seed oil, spectropho-
tometry, 689
cacodylate injections, differential pulse polarography,
1401
ferric, ferrous, and total iron in, spectrometric reac-
tion with a,o’-dipyridyl, 1156
medicinal gases, trace impurities in, IR, 1404
Drugs, narcotic and dangerous, see Narcotic and danger-
ous drugs
Drugs, nonalkaloid organic nitrogenous bases
Subcommittee B’s report, 383
Changes in Methods, 474
referee report, 305

chromatography and
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chlorpheniramine maleate, maleic acid in, IR identi-
fication, 680
procainamide hydrochloride, spectrophotometry, col-
laborative study, 807
sympathomimetic amines, TLC identification, 1416
Drugs, steroids and terpinoids, see Steroid and terpinoid
drugs
Drugs in feeds
Subcommittee G’s report, 399
Changes in Methods, 479
referee report, 363
See also Antibiotics
arsanilic acid, TLC and spectrophotometry, 60
carbadox, spectrophotometry, 1290
diethylstilbestrol, low levels in mixed feeds, GLC, 821
sulfonamides, TLC, 56
Dye binding method, for protein in meat, interlaboratory
study, 62 (corr. 944)

EDB, see Ethylene dibromide
Editorial board report, 406
Eggs and egg products
Subcommittee C’s report, 385
Changes in Methods, no changes
referee report, 310
fat in egg albumen, monomolecular film method, 1059
hexachlorobutadiene in, GLC, 552
survey, 559
lactic acid in, determination as indicator of age, 613
pesticides in, multiresidue method, collaborative study,
169
refractive index, for determining age, 613
succinic acid in, determination as indicator of age,
613
Endosulfan, in fruits and vegetables, multiresidue meth-
od, collaborative study, 209
Endosulfan sulfate, in fruits and vegetables, multires-
idue method, collaborative study, 209
Enzymes
Subcommittee C’s report, 385
Changes in Methods, no changes
referee report, 311
Errata and emendations, Official Methods of Analysis,
499
Escherichia coli, in foods, pathogenicity, 67
Ethanol, in gastric contents, IR spectrophotometry, 130
Ethephon, in apples, GLC, 617
in tomatoes, GLC, 1185
Ethylene dibromide, in grains and air, colorimetry, 1262
European representative’s report, 407
Executive Director’s report, 401
Explosives, military, detection of residues, 1357
Ext. D&C Yellow No. 1, diphenylamine in, spectropho-
tometry, 846
Extraneous materials in foods and drugs
Subcommittee E's report, 396
Changes in Methods, 488
referee report, 353
in canned crabmeat, extraction, collaborative study,
825
in ground beef, extraction, collaborative study, 51
in ground mace and ground caraway seed, extraction,
collaborative study, 827

Famphur, and oxygen analog, in reindeer and cattle
tissues, GLC, 261

Fats, see Oils and fats

Fatty acids, see Oils and fats

FD&C Red No. 40, 4,4’-(diazoamino)-bis(5-methoxy-2-
methylbenzenesulfonic acid) in, HPLC, 838
ion exchange chromatography, 578
preparation and HPLC, 5
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preparation and spectral compilation of intermediates
and subsidiary dyes, 1294
FD&C Yellow No. 5, 4,4’-(diazoamino)-dibenzenesulfonic
acid in, ion exchange chromatography, 1312
FD&C Yellow No. 6, 4,4’-(diazoamino)-dibenzenesulfonic
acid in, elution chromatography and spectropho-
tometry, 12
Feeds
Subcommittee A’s report, 378
Changes in Methods, 458
referee report, 293
See also Antibiotics; Drugs in feeds
aflatoxins in, screening method, collaborative study,
110
bacitracin in,
1113
cereal straws, alkali-treated, sodium in, ion selective
electrode method and AAS, 761
crude protein, comparison of methods, collaborative
study, 134, 141
improved Kjeldahl method, 1213
fat in intermediate moisture pet foods, collaborative
study, 1218
lasalocid sodium in, modified extraction for micro-
biological assay, collaborative study, 1286
lye-peel wastes, sodium in, ion selective electrode
method and AAS, 761
minerals in, comparison of ashing methods, 937
vitamin A in, colorimetric reagents, 1125
vitamin B,;, in, AAS, 580
Fenoprop, in apples, GLC, 617
Fertilizers
Subcommittee A's report, 378
Changes in Methods, no changes
referee report, 294
biuret in, AAS, 22
modifications of AOAC method, collaborative study,
923
direct available phosphate in, rapid micro screening
method, 20
urea, direct potentiometric titration with urease, 1045
Filth, see Extraneous materials in foods and drugs
Finance committee report, 405
Fingerprints, latent, on paper, accelerated development
by application of steam, 1003
Fish and other marine products
Subcommittee C's report, 385
Changes in Methods, 467, 472, 489
referee report, 312
chlorphoxim residues in, in-block methylation, 1088
cooking procedures for flavor and odor grading, 225
crabmeat, canned, light filth in, extraction, 825
hexachlorobutadiene in, GLC, 552
survey, 559
histamine in, TLC, 1224
industrial chemicals in, cholesterol
analysis, 1187
mercury in, digestion for AAS, 655
rapid digestion and flameless AAS, 1183
methy! and inorganic mercury in, comparison of flame-
less AAS methods, 153
methyl mercury in, GLC, 1226
oil-contaminated shellfish, benzo(a)pyrene and benzo-
(ghi)perylene in, HPLC, 989
shrimp, in shrimp cocktail, collaborative study, 644
smoked, nitrite in, ion selective method, 971
Flavors and nonalcoholic beverages
Subcommittee D’s report, 389
Changes in Methods, 463
referee report, 330
B-asarone in, GLC, 675
capsicum spices, capsaicin in, GLC, 1

improved microbiological procedure,

interference in
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Fluorescence-labeling, for

instant coffee, HPLC of caffeine, 14

soft drinks, HPLC of saccharin, sodium benzoate, and
caffeine, 14

vinegar, vinyl chloride in, comparison of GLC methods,
30

amino

determining free

groups in intact pure proteins, 1251

Food additives

Subcommittee C’s report, 385 (corr. 944)

Changes in Methods, 464, 468, 469

referee report, 314

butylated hydroxyanisole, in vegetable oils, derivatiza-
tion and electron capture GLC, 1208

tert-butylhydroquinone, in vegetable oils, derivatization
and electron capture GLC, 1208

coloring matter, in meat products, identification, 570

nitrates and nitrites, in cheese, colorimetry, collabo-
rative study, 284

nitrite, in meat products, fluorescence quenching, 783

in smoked fish, ion selective method, 971

N-nitrosamines, survey, 540

propyl gallate, in vegetable oils, derivatization and
electron capture GLC, 1208

Foods

aflatoxins in, screening method, collaborative study,
110

arsenic in, polarography, 650 (corr. 1196)

cholesterol in, comparison of methods, collaborative
study, 46

Clostridium perfringens in, enumeration and con-
firmation, collaborative study, 606

dietetic, sodium in, collaborative study of sodium ion
electrode method, 1131

Escherichia coli in, pathogenicity, 67

N-nitrosamines in, survey, 540

processed, vitamin C in, automated fluorometry, 1244

selenium in, evaluation of AAS methods, 911

polarography, 650 (corr. 1196)
vitamin A in, colorimetric reagents, 1125

For Your Information, 229, 374, 724, 945, 1190, 1422
Forensic sciences

Subcommittee G's report, 399

Changes in Methods, 490

referee report, 364

automobile paints, pyrolysis-GC, collaborative study,
35

latent fingerprints, on paper, accelerated development
by application of steam, 1003

military explosives, residues, detection, 1357

seminal acid phosphatase, human, isolation and iden-
tification by electrophoresis, 1352

speaker identification, voiceprint method,
time lapse on, collaborative study, 927

effect of

Fruits and fruit products

Subcommittee D’s report, 389
Changes in Methods, 468
referee report, 331
apples, ethephon and fenoprop in, GLC, 617
chlorinated pesticides in, multiresidue method,
collaborative study, 209
frozen concentrate for lemonade, citric acid correction
for refractometer sucrose readings, 368
fruit juices, punches, and cocktails, HPLC of saccharin
and benzoic acids, 14
grape juice, methyl anthranilate in, fluorometry, 269
orange juice, adulteration, detection with Lactobacil-
lus plantarum, 1375
o-phenylphenol in, HSLC, 162
quinomethionate residues in, in situ fluorometry, 172
strawberries, azodrin in, GLC, 637
icides, herbicides, and plant growth regulators

S:bcommittee E's report, 392
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Changes in Methods, 454, 471
referee report, 340
alachlor, in corn and soybeans, GLC, 859
Busan, in formulations, 737
carbamates, in foods, alkylation-GLC, 1061
2-chloroethyl phosphonic acid, in tomatoes, GLC, 1185
chlorotoluron, titrimetry, collaborative study, 716
2,4-D, ion selective electrode, 1097
3,6-dichloropicolinic acid, in soils, GL.C, 264
ethephon, in apples, GLC, 617
in tomatoes, GLC, 1185
fenoprop, in apples, GLC, 617
metoxuron, titrimetry, collaborative study, 711
metribuzin, comparison of methods, 278
pentachlorophenols, polychlorinated dibenzo-p-dioxins
and dibenzofurans in, GLC-MS, 562
pentafluorobenzyl derivatives of herbicidal acids, 633
o-phenylphenol, in citrus products, HSLC, 162
picloram-2,4-D formulations, HPLC, collaborative
study, 748
quinomethionate, in crops, in situ fluorometry, 172
thiocarbamates, in formulations, GLC, collaborative
study, 213
ureas, in foods, alkylation-GLC, 1061
HPLC, 1066

Gas chromatography, of pesticide formulations, com-

mittee report, 420

Gas-liquid chromatography, of chlorinated pesticides,

mixed phase systems, 1180

Gel permeation chromatography, automated, for separa-

tion of animal and plant extracts and pesticide res-
idues, 174

Gelatin, dessert preparations, and mixes

Subcommittee C's report, 386
Changes in Methods, no changes
referee report, 315

Grains

aflatoxins in, confirmation of screening tests, 1419
barley and barley meal, ochratoxin A in, spectropho-
tometry, 128
corn, alachlor in, GLC, 859
zearalenone in, collaborative study, 666
ethylene dibromide in, colorimetry, 1262
sterigmatocystin in, GPC and TLC, 966
GLC and ion selective MS, 1037
TLC, 963
stored corn, aflatoxins in, survey, 118
zearalenone in, survey, 118
wheat, graded, aflatoxin in, survey, 122
ochratoxin in, survey, 122

Grape juice, see Fruits and fruit products
Growth promoter, arsanilic acid, in feeds, TLC and spec-

trophotometry, 60

Hallucinogenic drugs, see Narcotic and dangerous drugs
Hazardous substances

Subcommittee A’s report, 379

Changes in Methods, 454

referee report, 295

acetone, in gastric contents,
130

ethanol, in gastric contents,
130

IR spectrophotometry,

IR spectrophotometry,

Herbicides, see Fungicides, herbicides, and plant growth

regulators

High-performance liquid chromatography

See also High-pressure liquid chromatography; High-
speed liquid chromatography

L-aspartyl-t-phenylalanine methyl ester in foods and
formulations, 1048

warfarin, 1104
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High-pressure liquid chromatography
See also High-performance liquid chromatography;
High-speed liquid chromatography
caffeine in coffee, 1258
4,4’-(diazoamino)-bis (5-methoxy-2-methylbenzenesul-
fonic acid) in FD&C Red No. 40, 5
piperine in black pepper, 951
resmethrin, ratios of cis-trans isomers, 1101
resolution of aflatoxins B;, B2, G;, and G, 101
sterigmatocystin in corn and oats, 966
urea herbicides in foods, 1066
vitamin D3 in resins, oils, and dry concentrates, 251
High-speed liquid chromatography
See also High-performance liquid chromatography;
High-pressure liquid chromatography
o-phenyliphenol, in citrus products, 162
Histamine, in fish, TLC, 1224

Industrial chemicals

acetone, in gastric contents, IR spectrophotometry,
130

alkylchlorobiphenyl mixture, composition and proper-
ties, 982

benzo(a)pyrene and benzo(ghi)perylene in oil-contami-
nated shelifish, HPLC, 989

ethanol, in gastric contents, IR spectrophotometry,

130

hexachlorobutadiene, in foods, GLC, 5652
survey, 559

in fish tissue, cholesterol interference in analysis,
1187

pentachlorophenols, polychlorinated dibenzo-p-dioxins
and dibenzofurans in, GLC-MS, 562
polybrominated biphenyls, in cows’ milk, GLC, 273
polychlorinated biphenyls, contaminants and limita-
tions of silicic acid chromatographic separation
from pesticides, 975
and metabolites, in cows’ milk, GLC, 273
polychlorinated dibenzo-p-dioxins, in pentachlorophe-
nols, GLC-MS, 562
polychlorinated dibenzofurans, in pentachlorophenols,
562
2,5,2’,5’-tetrachlorobiphenyl, IR studies of hydrogen-
bonding of hydroxylated metabolites, 993
vinyl chloride, in foods, confirmatory method, 32
in vinegars and alcoholic beverages, comparison of
GLC methods, 30
Interagency committee report, 416
Interim official actions, 724, 948
International cooperation, CIPAC, 1975 meeting, report,
424
committee report, 414
in methods validation, 1197
1SO, fertilizer sampling and chemical analysis, report,
426
International Standards Organization, see 1SO
International Union of Pure and Applied Chemistry, see
IUPAC
lon selective electrode, for determination of bromide in
wine, 53
Iron, ferric, ferrous, and total, in drugs, spectrophotom-
etry with ¢,a'-dipyridyl, 1156
reduced, correlation of bioavailability and solubility,
582
1SO, fertilizer sampling and chemical analygis, report,
426
Isopilocarpine, in ophthalmic solutions, epimerization
product of pilocarpine, HPLC, 1409
IUPAC Commission report, development improvement,
and standardization of methods of pesticide residue
analysis, 894
terminal residues, 866
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Kale, see Vegetables
Kjeldahl method, improved, for crude protein, 1213

Laboratory techniques
round-bottom resin kettie for in vitro dissolution test-

ing, 367
Lactic acid, determination as indicator of age of eggs,
613
Lactobacillus pl. um, for detection of adulteration

in orange juice, 1375

Lasalocid sodium, in feeds, modified extraction for micro-
biological assay, collaborative study, 1286

Lasso, see Alaclor

LDs, test, biological parameters, 734

Lead, in glazed ceramic surfaces, effect of light on ex-
traction, collaborative study, 1568

Lemonade, see Fruits and fruit products

Levamisole, residues in bovine milk, GLC, 954

Lincomycin, residues in animal tissues, screening and
confirmation, 849

Lindane, in blood serum, comparison of extraction meth-
ods, 1279

Long-range planning committee, report, 418

Lysine, available, in dried milk powder, TLC, 1255

Mace, see Spices and other condiments
Malathion, in formulations, titration, 216
Maleic acid, in chlorpheniramine maleate, IR identifica-
tion, 680
Mass spectrometry
applications to analysis of mycotoxins, 1016
field desorption, uses in pharmaceutical industry, 1006
in study of metabolism and mode of action of cyclo-
phosphamide, 1028
ion selective, detection of sterigmatocystin in grains,
1037
negative chemical ionization, multiresidue screening
of organic polychlorides, 1023
of dithiocarbamates and related compounds, 622
Meat and meat products
Subcommittee C’s report, 386
Changes in Methods, 469, 488
referee report, 315
added coloring matter in, identification, 570
backfat of pigs, modifications to Hanus iodine absorp-
tion number method, 1188
beef livers, diethylstilbestrol in, chemical confirmation,
817
0,0-diethyl-0-(2,5-dichlorophenyl) phosphorothioate
and 0,0-diethyl-0-(3,6-dichloro-2-pyridyl) phos-
phorothioate in, MS and GLC, 1081
ground beef, added blood in, determination, 1240
extraction of light filth, collaborative study, 51
preservatives in, screening method, 766
nitrite in, fluorescence quenching, 783
pork, cured, protein content as production control,
932
protein in, Acid Orange 12 dye binding method, inter-
laboratory study, 62 (corr. 944)
Media, agars, comparison as substrates for fungi, 720
Medicinal gases, traces impurities in, IR, 1404
Mel in bovine tissue, collaborative

14 ol
study, 507
Mercury, in fish, digestion for AAS, 655
rapid digestion and flameless AAS, 1183
inorganic, in fish, comparison of flameless AAS meth-
ods, 153
Metals and other elements
Subcommittee E’s report, 393
Changes in Methods, 454, 462, 468, 470, 497
referee report, 341
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arsenic, in foods, polarography, 650 (corr. 1196)
cadmium, in glazed ceramic surfaces, effect of light
on extraction, collaborative study, 158
calcium, in beer, 2 methods, 678
iron, forms in beer, 1380
reduced, correlation of bioavailability and solubility,
582
lead, in glazed ceramic surfaces, effect of light on
extraction, collaborative study, 158
mercury, in fish, digestion for AAS, 655
rapid digestion and flameless AAS, 1183
methyl mercury, in fish and shellfish, GLC, 1226
with inorganic, in fish, comparison of flameless
AAS methods, 153
minerals, in feeds, comparison of ashing methods,
937
phosphorus, in organic compounds, microchemical
determination, coliaborative study, 835
selenium, in biological material, cathodic stripping
voltammetry, 1234
in foods, evaluation of AAS methods, 911
polarography, 650 (corr. 1196)
sodium, in dietetic foods, sodium
method, collaborative study, 1131
in feeds and foods, ion selective electrode method
and AAS, 761
zirconium, in antiperspirant aerosols, colorimetry, 830
Method development, use of simplex optimization, 1204
Methods classification, committee report, 408
Methods evaluation, aflatoxins, 1315
Methods validation, sampling and analytical methods,
1197
Methyl anthranilate, in grape juice, fluorometry, 269
in wine, GLC, 1387
Methyl mercury, in fish, comparison of flameless AAS
methods, 153
in fish and shellfish, GLC, 1226
Methyl parathion, in formulations, HPLC and GLC, 740
6-Methylquinoline-2,3-diylthiocarbonate, see Quinometh-
ionate
Metoxuron, titrimetry, collaborative study, 711
Metribuzin, comparison of methods, 278
MGA, see Melengestrol acetate
Microbiological methods
Subcommittee F's report, 397
Changes in Methods, 479, 490
referee report, 354
agars, comparison as growth substrates for fungi, 720
Aspergillus, for aflatoxin production on soybeans, 662
bacitracin, in feeds, turbidimetric and diffusion as-
says, 526
in premixes and feeds, improved procedure, 1113
chlortetracycline, in feeds, modified turbidimetric
assay medium, 536
Clostridium perfringens, in foods, enumeration and
confirmation, collaborative study, 606
culture extracts for GLC, phosphorus pentoxide as
drying agent, 602
disinfectant use-dilution method, semiautomated ring
carrier, 591
Escherichia coli, in foods, pathogenicity, 67
Lactobacillus plantarum, for detection of adultera-
tion in orange juice, 1375
lasalocid sodium, in feeds, modified extraction, collab-
orative study, 1286
microslide gel double diffusion test, for identification
of staphylococcal enterotoxins, collaborative
study, 594
organic soil neutralization test for disinfectants,
evaluation, 1344
Salmonella, in dried active yeast, collaborative study,
731

ion electrode
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Microchemical methods
Subcommittee C’s report, 386
Changes in Methods, 497
referee report, 316
oxygen flask sulfur determination, review and col-
laborative study of method using thorin-methylene
blue indicator, 1135
phosphorus, in organic compounds,
study, 835
Microslide gel double diffusion test, for identification of
staphylococcal enterotoxins, collaborative study,
594
Milk, see Dairy products
Minerals, see Metals and other elements
Miticides, dicofol, hydrolyzable chlorine method, collabor-
tive study, 1109
Monocrotophos, see Azodrin
Morestan, see Quinomethionate
Multiresidue methods (interlaboratory studies)
Subcommittee E's report, 394
Changes in Methods, 471
referee report, 343
chlorinated and phosphated pesticides, in eggs and
kale, collaborative study, 169
chlorinated pesticides, in fruits and vegetables, col-
laborative study, 209
Mycotoxins
Subcommittee C’'s report, 386
Changes in Methods, 470
referee report, 317
See also Aflatoxins
aflatoxin and zearalenone, in corn, simultaneous de-
tection, 106
MS analysis, 1016
multimycotoxin screening method, 125
ochratoxin, in graded wheat, survey, 122
ochratoxin A, in barley and barley meal, spectro-
photometry, 128
sterigmatocystin, in cereal grains and soybeans, TLC,
963
in corn and oats, GPC and HPLC, 966
in grains, GLC and ion selective MS, 1037
T-2, interferences in GLC determination, 221
zearalenone, bis-diazotized benzidine as spray reagent
for TLC, 959
in corn, collaborative study, 666
in stored corn, survey, 118

collaborative

Narcotic and dangerous drugs
Subcommittee B’s report, 382
Changes in Methods, no changes
referee report, 305
dimethoxyamphetamines, investigation and
cation of bromination products, 1162
phencyclidine, identification of 5 analogs by chroma-
tography and spectroscopy, 81
New publications, 727, 1195, 1426
Nikethamide, in injectables, GLC, collaborative study,
93
Nitrate, in cheese, colorimetry, coliaborative study, 284
Nitrite, in cheese, colorimetry, collaborative study, 284
in meat products, fluorescence quenching, 783
in smoked fish, ion selective method, 971
Nitrogen, protein, cupric sulfate as catalyst in Kjel-Foss
method, 219
total, in plant tissue, block digestion and automated
analysis, 98
N-Nitrosamines, in foods, survey, 540
Nuts and nut products
Subcommittee €’s report, 387
Changes in Methods, no changes

identifi-
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referee report, 323

aflatoxins in, screening method, collaborative study,
110

peanut oil, vinyl chloride in, confirmatory method, 32

peanuts, aflatoxins in, distribution, HPLC, 941

Obituary, Morris Fishbein, 949
Ochratoxins
A, in barley and barley meal, spectrophotometry, 128
in graded wheat, survey, 122
Officers and standing committees, 428
Qils and fats
Subcommittee C’s report, 387
Changes in Methods, 469, 471
referee report, 323
acid value, comparison of methods, 658
animal and plant extracts, cleanup of pesticide res-
idues by GPC, 174
animal fats, separation from chlorinated pesticides
before GLC, 224
backfat of pigs, modifications to Hanus iodine absorp-
tion number method, 1188
beef fat, separation from pesticide residues by parti-
tion chromatography, 165
butter fat, separation from pesticide residues by parti-
tion chromatography, 165
C. fatty acids, in rapeseeds, GLC, 855
cholesterol, in multicomponent foods, comparison of
methods, collaborative study, 46
fat, in intermediate moisture pet foods, collaborative
study, 1218
fish fat, separation from pesticide residues by parti-
tion chromatography, 165
fish tissue, industrial chemical residues in, cholestrol
interference in analysis, 1187
in egg albumen, monomolecular film method, 1059
meat, 0,0-diethyl-O0-(2,5-dichlorophenyl) phosphoro-
thioate and 0,0-diethyl-0-(3,6-dichloro-2-pyridyl)
phosphorothioate in, 1081
peanut oil, vinyl chloride in, confirmatory method, 32
rapeseed oil, selenium in, cathodic stripping voltam-
metry, 1234
soybean oil, peroxide value by iodometry, 149
Oilseeds, C,, fatty acids in rapeseeds, GLC, 855
rapeseed oil, selenium in, cathodic stripping voltam-
metry, 1234
OPP, see o-Phenylphenol
Orange juice, see Fruits and fruit products

Paints, automobile, pyrolysis-GC, collaborative study, 35

P, i bromide, ion-pair extraction, 802

Paraoxon, cholinesterase inhibition on TLC as detection
of parathion, 641

Parathion, as paraoxon, cholinesterase inhibition detec-
tion for TLC, 641

Particle counting, for clarity evaluation of distilled alco-
holic products, 671

PBBs, see Polybrominated biphenyls

PCBr, see Pancuronium bromide

PCBs, see Polychlorinated biphenyls

PCNB, see Pentachloronitrobenzene

PCP, see Pentachlorophenols

Peanuts, see Nuts and nut products

Pentachloronitrobenzene, in formulations, GLC, 708

Pentachlorophenols, polychlorinated dibenzo-p-dioxins
and dibenzofurans in, GC-MS, 562

Pentaerythritol tetranitrate, detection as explosive res-
idue, 1357

Pepper, black, piperine in, HPLC, 951

Peroxide value, of soybean oil, iodometry, 149
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Pesticide formulations
Subcommittee A's report, 379 (1), 380 (II)
Changes in Methods, 454
referee report, 296 (1), 298 (I1)
Busan, 737
carbaryl, in dusts and powders, extraction, collabora-
tive study, 753 (corr. 1196)
chlordane, technical, chemical composition, 696
dicofol, hydrolyzable chiorine method, collaborative
study, 1109
malathion, titration, 216
methyl parathion, HPLC and GLC, 740
metoxuron, titrimetry, collaborative study, 711
metribuzin, comparison of methods, 278
pentachloronitrobenzene GLC, 708
phenothiazine, HPLC, 693
picloram-2,4-D, HPLC, collaborative study, 748
resmethrin, in aerosols, GLC and IR, 745
ratios of cis-trans isomers, HPLC, 1101
rotenone, effect of other rotenoids on, UV and IR, 703
simazine, GLC, collaborative study, 758
thiocarbamate herbicides, GLC, collaborative study,
213
warfarin, HPLC, 1104
Pesticide residues
See also Carbamate pesticides, fumigants, and mis-
cellaneous; Chlorinated pesticides; Fungicides,
herbicides, and plant growth regulators
N-(4-chlorophenyl-N’-2,6-difluorobenzoyl)urea, derivati-
zation for GLC, 938
famphur and its oxygen analog in reindeer and cattle
tissues, GLC, 261
in animal and plant extracts, automated GPC cleanup,
174
in eggs and kale, multiresidue method, collaborative
study, 169
methods, IUPAC Commission report, 894
quinomethionate in crops, in situ fluorometry, 172
Raman spectra of 11 pesticides, 1266
separation from fish, beef, and butter fats by partition
chromatography, 165
terminal, IUPAC Commission report, 866
3-trifluoromethyl-4-nitrophenol, in natural waters, GLC,
862
PETN, see Pentaerythritol tetranitrate
PG, see Propyl gallate
Phencyclidine, identification of 5 analogs by chro-
matography and spectroscopy, 81
Phenols
solvent effects in partition as ion-pairs, 1175
Phenothiazine, in pesticide formulations, HPLC, 693
Phosphate, direct available, in fertilizers, rapid micro
screening method, 20
in processed cheese, collaborative study, 1142
Phosphated pesticides
Subcommittee E's report, 395
Changes in Methods, 471
referee report, 345
azinphos ethyl, in human plasma and mouse plasma,
tissue, and fat, GLC, 1094
azodrin, in strawberries, GLC, 637
0,0-diethyl-0-(2,5-dichlorophenyl) phosphorothioate in
meat fat, MS and GLC, 1081
0,0-diethyl-0-(3,6-dichloro-2-pyridyl) phosphorothioate
in meat fat, MS and GLC, 1081
in eggs and kale, multiresidue method, collaborative
study, 169
malathion, in formulations, titration, 216
methyl parathion, HPLC and GLC, 740
parathion, as paraoxon, cholinesterase inhibition and
TLC, 641
reference Raman spectra, 1071
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Phosphorus, in organic compounds, microchemical de-
termination, collaborative study, 835
Phosphorus pentoxide, as drying agent for culture ex-
tracts for GLC, 602
Picloram, formulated with 2,4-D, HPLC, collaborative
study, 748
Picrolinic acid, as reagent for spectrophotometry of
alkaloids, 683
Pilocarpic acid, in ophthalmic solutions,
product of pilocarpine, HPLC, 1409
Pilocarpine, in ophthalmic solutions, HPLC, 1409
Plants
Subcommittee A’s report, 380
Changes in Methods, 454
referee report, 299
total nitrogen in, block digestion and automated anal-
ysis, 98
Polybrominated biphenyls, in cows’ milk, GLC, 273
Polychlorinated biphenyls, and metabolites, in cows’
milk, GLC, 273
contaminants and limitations of silicic acid chroma-
tographic separation from pesticides, 975
2,5,2’,5’-tetrachlorobiphenyl, IR studies of hydrogen-
bonding of hydroxylated derivatives, 993
Polychlorinated dibenzo-p-dioxins, in pentachlorophenol,
GLC-MS, 562
Polychlorinated dibenzofurans,
GLC-MS, 562
Pork, see Meat and meat products
Preservatives and artificial sweeteners
Subcommittee D’s report, 389
Changes in Methods, 468
referee report, 332
ascorbates, in ground beef, screening method, 766
L-aspartyl-L.-phenylalanine methyl ester, HPLC, 1048
benzoates, in ground beef, screening method, 766
benzoic acid, HPLC, 14
saccharin, in beverages, HPLC, 14
organic solvent-soluble impurities in, 1051
o- and p-sulfamoylbenzoic acids in, HPLC, 243
sodium benzoate in beverages, HPLC, 14
sorbates in ground beef, screening method, 766
sulfites in ground beef, screening method, 766
Procainamide hydrochloride, spectrophotometry, collab-
orative study, 807
T d 34 bl pr
Subcommittee C’s report, 387
Changes in Methods, 473, 488
referee report, 326
Propyl gallate, in vegetable oils, derivatization and elec-
tron capture GLC, 1208
Protein, crude, in feeds, comparison of methods, collab-
orative study, 134, 141
improved Kjeldahl method, 1213
in cured pork, as production control, 932
in meat, Acid Orange 12 dye binding method, inter-
laboratory study, 62 (corr. 944)

hydrolysis

in pentachlorophenol,

P

1

nitrogen, cupric sulfate as catalyst in Kjel-Foss
method, 219

quality, evaluation by relative nitrogen utilization
method, 42

Proteins, identification, paper chromatography, 584
intact pure, free amino groups in, fluorescence-label-
ing method, 1251
Publications planning committee, report, 419
Pyrolysis-GC, of automobile paints, collaborative study,
35

Quinomethionate, in fruits, in situ fluorometry, 172

Radioactivity
Subcommittee E's report, 395
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Changes in Methods, 497
referee report, 350
Raman spectra, of chlorinated pesticides, 197
of 11 pesticides, 1266
of phosphated pesticides, 1071
Rapeseeds, see Qilseeds
Rauwolfia serpentina, tablets and powdered root, spec-
trofluorometry, collaborative study, 811
RDX, see Cyclotrimethylenetrinitramine
Referees and Associate Referees, 432
Refractive index, for determining age of eggs, 613
Reserpine, in formulations and biological fluids, color-
imetry, 795
in tablets, semiautomated fluorometry, collaborative
study, 289
Resmethrin, in aerosols, GLC and IR, 745
ratios of cis-trans isomers, HPLC, 1101
Reviewers, of JAOAC manuscripts, 374
Rodenticides, warfarin, HPLC, 1104
Rotenone, effect of other rotenoids on UV and IR, 703

Saccharin, in beverages, HPLC, 14
organic solvent-soluble impurities in, 1051
o- and p-sulfamoylbenzoic acid residues in, HPLC, 243
Safety
Changes in Methods, no changes
committee report, 415
Salmonella, in dried active yeast, culture method, col-
laborative study, 731
Sampling, analytical variations in, statistical treatment,
787
for aflatoxin analysis, 1315
Selenium, in biological material,
voltammetry, 1234
in foods, evaluation of AAS methods, 911
polarography, 650 (corr. 1196)
Sherry, see Alcoholic beverages
Shrimp, see Fish and other marine products
Simazine, in wettable powder formulation, GLC, collab-
orative study, 758
Simplex optimization, use in method development, 1204
Sodium, in dietetic foods, sodium ion electrode method,
collaborative study, 1131
in feeds and foods, ion selective electrode method
and AAS, 761
Sodium aluminum phosphate, neutralizing value, collab-
orative study, 26
Sodium benzoate, in beverages, HPLC, 14
Sodium chloride, in cereal foods, loss of chloride in
official method, 1396
Soils, carbofuran in, spectrophotometry, 1276
3,6-dichloropicolinic acid in, GLC, 264
N-methylcarbamate pesticides in, derivatization, 188
Solvents, acetone, in gastric contents, IR spectropho-
tometry, 130
ethanol, in gastric contents,
130
Sorbates, in ground beef, screening method, 766
Soybean oil, see Oils and fats
Spectrophotometry, of alkaloids, picrolinic acid reagent
for, 683
Spectroscopic methods
Changes in Methods, no changes
Spices and other condiments
Changes in Methods, no changes
black pepper, piperine in, HPLC, 951
capsicum spices, capsaicin in, GLC, 1
caraway seed, ground, extraction of light filth, col-
laborative study, 827
mace, ground, extraction of light filth, collaborative
study, 827

cathodic stripping

IR spectrophotometry,
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Standard solutions and standard materials
Subcommittee A’s report, 381
Changes in Methods, no changes
referee report, 300
Staphylococcal enterotoxins, identification by microslide
gel double diffusion test, collaborative study, 594
State participation, committee report, 415
Statistics, committee report, 416
sampling, analytical variation in, 787

simplex optimization, use in method development,

1204
Sterigmatocystin
in cereal grains and soybeans, TLC, 963
in corn and oats, GPC and HPLC, 966
in grains, GLC and ion selective MS, 1037
Steroid and terpinoid drugs
Subcommittee B’s report, 33
Changes in Methods, 476
referee report, 306
Stored product insect control, resmethrin, HPLC of cis-
trans isomers, 1101
Succinic acid, determination as indicator of age of eggs,
613
Sugars and sugar products
Subcommittee D’s report, 390
Changes in Methods, 473, 497
referee report, 333
o- and p-Sulfamoylbenzoic acids, as impurities in sac-
charin, HPLC, 243
Sulfites, in ground beef, screening method, 766
Sulfonamides, in feeds, TLC, 56
Sulfur, oxygen flask determination and method using
thorin-methylene blue indicator, 1135
Sympathomimetic amines, TLC identification, 1416

T-2 toxin, interferences in GLC determination, 221

TBHQ, see tert-Butylhydroquinone

Terrachlor, see Pentachloronitrobenzene

2,5,2’,5-Tetrachlorobiphenyl, IR studies of hydrogen-
bonding of hydroxylated derivatives, 993

Tetradifon, in fruits and vegetables, multiresidue meth-
od, coliaborative study, 209

Tetrasul, in fruits and vegetables, multiresidue method,
collaborative study, 209

TFM, see 3-Trifluoromethyl-4-nitrophenol

TH 6040, see N-(Chlorophenyl-N’-2,6-difluorobenzoyl)urea

Thiocarbamates, in formulations, GLC, collaborative
study, 213
2-(Thiocy 1ethylthio)b thiazole, see Busan

Thiodiphenylamine, see Phenothiazine
TNT, see 2,4,6-Trinitrotoluene
Tobacco
Subcommittee A’s report, 381
Changes in Methods, no changes
referee report, 300
Tolbutamide, extraction and partition chromatography
as ion-pairs, 1170
Tordon, see Picloram-2,4-D
Toxicological tests
Subcommittee G's report, 400
Changes in Methods, no changes
referee report, 365
aspiration toxicity testing methods, assessment, 516
LDso, biological parameters, 734
Treasurer’'s report, 405
2-(2,4,5-Trichlorophenoxy) propionic acid, see Fenoprop
3-Trifluor thyl-4-nitroph 1, in natural waters, GLC,
862

1445

2,4,6-Trinitrotoluene,
1357

detection as explosive residue,

Urea, biuret in, AAS, 22
in fertilizers, direct potentiometric titration with
urease, 1045
Use-dilution method for disinfectant testing, semiauto-
mated ring carrier, 591

Variability of analytical methods, 238
Vegetables, brine-frozen, sodium in, ion selective elec-
trode method and AAS, 761
carbofuran in, spectrophotometry, 1276
chlorinated pesticides in, multiresidue method, collab-
orative study, 209
hexachlorobutadiene in, survey, 559

kale, pesticide multiresidue method, collaborative
study, 169

soybeans, aflatoxin occurrence after Aspergillus inoc-
ulation, 662

spinach, hexachlorobutadiene in, GLC, 552
Vinegar, vinyl chloride in, comparison of GLC methods,
30
confirmatory method, 32
Vinyl chloride, in foods, confirmatory method, 32
in vinegars and alcoholic beverages, comparison of
GLC methods, 30
Virucides, efficacy of liquid surface disinfectants, 1150
Vitamins and other nutrients
Subcommittee D’'s report, 390
Changes in Methods, 481
referee report, 334
See also Proteins
A, in feeds and foods, colorimetric reagents, 1125
B2, in feeds, AAS, 580
C, in processed foods, automated fluorometry, 1244
cholesterol, in multicomponent foods, comparison of
methods, collaborative study, 46
D3, in resins, oils, and dry concentrates, HPLC, 251
iron, reduced, correlation of bioavailability and solu-
bility, 582
lysine, available, in dried milk powder, TLC, 1255
sodium, in dietetic foods, sodium ion electrode meth-
od, collaborative study, 1131
Voiceprint method, for speaker identification, effect of
time lapse on, collaborative study, 927

Warfarin, HPLC, 1104
Water
Subcommittee D’s report, 391
Changes in Methods, no changes
referee report, 336
chlorphoxim residues in, in-block methylation, 1088
N-methylcarbamate pesticides in, derivatization, 188
natural, 3-trifluoromethy!-4-nitrophenol in, GLC, 862
Wheat, see Grains
Whisky, see Alcoholic beverages
Wine, see Alcoholic beverages

Yeast, dried active, Salmonella in, culture method, col-
laborative study, 731

Zearalenone, in corn, with aflatoxin, simultaneous de-
tection, 106
in stored corn, survey, 118
TLC, bis-diazotized benzidine as spray reagent, 959
Zirconium, in antiperspirant aerosols, colorimetry, 830
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Illustrations: Illustrations, or figures, may be sub-
mitted as drawings or photographs. All figures must
be cited in the text consecutively. Figures are num-
bered by arabic numbers, and all figures must be
accompanied by descriptive captions, typed on one
(or more) separate sheets, not on the figure itself.
The figure should be identified by number on the
back by a soft pencil or (preferably) a gummed
label.

Drawings should be submitted either as the orig-
inal drawing or a good glossy photograph; photo-
copies, multiliths, Verifax copies, Xerox copies, ete.
are not acceptable. Drawings should be done in black?
India ink (ordinary blue or blue-black ink is not ac-
ceptable) or with drafting tape on white tracing
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a Leroy lettering set, press-on lettering, or a similar
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in numerical order (rather than alphabetical or
chronological). (Note: If an article contains only one
reference, this reference may be inserted directly in
the text, rather than placed at the end.) It is the
author’s responsibility to verify all information given
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References to journal articles must include the
following information: last names and at least one
initial of all authors (not just the senior author); year
of publication, enclosed in parentheses; title of
journal, abbreviated according to accepted Chemical
Abstracts style; volume number; numbers of first and
last pages. References to books, bulletins, pam-
phlets, etc. must include the following information:
last names and initials of authors or editors; year of
publication, enclosed in parentheses; full title of
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private communications or unpublished data should
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in the following form: author’s name and affiliation,
and year.

The abbreviation for the journal title should be
repeated for each reference; do not use :bid. This
Journal will be referred to as JAOAC.
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should be listed as follows: Official Methods of Anal-
ysis (1975) 12th Ed., AOAC, Washington, DC, with
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Symbols and Abbreviations
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g gram(s)
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ng microgram(s)

ng nanogram (s)
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cm centimeter(s)
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ppm parts per million
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psi pounds per square inch
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