Use of Activation Analysis in Problems of
Drug Control
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Two major problems in drug control are the manufacture of counterfeit drugs and
the diversion of legitimate drugs into illegal underground channels of distribution.
In this study the use of neutron activation analysis was investigated for identification
of the source of a drug product by analysis of certain trace elements added to it dur-
ing manufacture, or by analysis of natural trace elements or contaminants already
present. The usefulness of added trace elements was found to depend on the levels
of natural contaminants. A level too high of the latter would require the addition
of larger amounts of additives than physiological considerations permit. Thus,
each drug product should be considered individually, after first establishing its
natural contaminant content. Samples of dextroamphetamine tablets and capsules
from five manufacturers, along with common tablet and capsule ingredients, were
analyzed for natural contaminants. In the group, 17 elements were detected in
amounts of less than 1 part per billion to over 0.1 per cent. The contaminants
present in the tablets and capsules from the five manufacturers indicated each prod-
uct was readily distinguishable from the others.

Research Articles__

HE INTRODUCTION of new classes of drugs,

particularly barbiturates, tranquilizers, am-
phetamines, and more recently the hallucinogens,
has created new and difficult problems of control
for law enforcement agencies. The widespread
abuse of these new products has been well docu-
mented in popular periodicals. The Food and
Drug Administration (FDA) has estimated that
half the barbiturates and amphetamines pro-
duced legally in the United States are diverted
into illicit systems of distribution (1). This
diversion is possible largely through pilferage
and the smuggling of exported products back into
the country (2). Legislation in the form of the
Drug Abuse Control Amendments of 1965,
enforced by the FDA, provides for safeguards in
the distribution of depressant and stimulant
drugs. A second aspect of the control problem
is the small scale practice of drug counterfeiting,
in which clandestinely manufactured imitations
of brand name products are merchandised in
normal channels (3).

Any aids in product source identification will
obviously be of material assistance in the enforce-
ment program. The present work explores
various aspects of product source identification
through the use of neutron activation analysis
(NAA). Oneapproach is to arbitrarily introduce
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minute quantities of trace elements, having no
effect on drug quality, which will show up at any
future time under NAA. Another approach is to
investigate contaminants already present in the
drugs in the hope of their proving distinctive
with respect to origin.

According to Robinson (4), pharmaceutical
manufacturers have long added small quantities
of harmless substances to products for identifica-
tion purposes. Such tracers, usually detected
spectrographically, are considered by both manu-
facturer and the FDA to be trade secrets. The
present study shows NAA to be a promising
alternate tracer detection technique, with the
additional prospect that natural contaminants of
a product may also be used as a means of source
identification. Others have reached similar
conclusions. Pro (5) reports that he has sug-
gested to the FDA a list of possible elements as
markers.

NAA is a sensitive, powerful analytical tool,
effective for about two-thirds of the elements.
Activation is ordinarily carried out by placing
the sample in a nuclear reactor, where the large
quantities of thermal neutrons present create
radioactive nuclides through an (», 4) nuclear
reaction. Analysis is achieved by measuring the
radioactivity of the product nuclides after a
radiochemical separation procedure, or by direct
v ray spectrometry, with a scintillation detector
and multichannel analyzer. This work makes
use of the latter. Basic principles and applica-
tions of NAA are amply described in the litera-
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ture. Four recent reference books (6-9) list
hundreds of applications in a variety of disci-
plines, but surprisingly few in the pharmaceutical
sciences.

Using direct 4 ray spectrometry without radio-
chemical separation, several investigators have
presented evidence indicating the possibility
that sources of phenobarbital and pethidine
hydrochloride (10), moonshine whiskey (11),
meprobamate and heroin (12), and raw opium
(13) are readily distinguishable on the basis of the
presence and relative concentration of trace
elements. Schlesinger et al. (12) also report a
private communication from Dr. V. P. Guinn
saying that his group had used these techniques
successfully with amphetamine tablets.

With these same techniques, Tuckerman ef al.
(14) have identified 13 trace elements in samples
of 40 drugs and drug ingredients, in concentra-
tions of 0.01 mcg./Gm. to 5%,

The arbitrary addition of tracers is applicable
to a variety of drug products. The studies re-
ported here, however, are concerned entirely
with dextroamphetamine sulfate tablets and
capsules, and diluents commonly employed in
tablet and capsule manufacture.

EXPERIMENTAL

Systems of Additives—Minute quantities of
trace elements could be added to drugs during
manufacture either as a single element or in groups.
The number of elements having the desired proper-
ties is quite limited and, if used singly, the list
would be quickly exhausted. Consequently, group
or multicomponent systems would be required if a
large number of separate distinguishable tags was
desired. It is believed that, it differentiation is to
be based on quantitative measurement of the
amounts of the additives present, such measure-
ments could only have validity if expressed in
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relation to some internal standard included as an
additive. Thus, it was decided to investigate a
four-component system in which one of the com-
ponents serves merely as a standard, against which
the other three are varied and measured.

The amounts of additives to be used will depend
on the quantities needed to override the radio-
activity produced by natural contaminants in the
drug product. It was essential, therefore, to deter-
mine the levels of natural contaminants. The
second phase of this study was devoted to that end.

Selection of Additives—The basic equation far
neutron activation is (15)

_ mafeNy
Am = 1

(L —e-Atr)  (Eq. 1)

where A4,, is the activity of the sample of mass m,
¢ the thermal neutron activation cross-section, f
the fractional isotopic abundance, ¢ the thermal
neutron flux, Ny Avogadro’s number, 4 the atomic
weight, A the radioactive decay constant, and ¢
the time of irradiation. Criteria for the selection
of an additive which follow from Eq. 1 are high
natural isotopic abundance, high neutron activation
cross section, and short half-life (but not shorter
than about 30 min. to allow reasonable time for
counting). Additional criteria used were a high
v ray yield per disintegration, a reasonably simple
v tray spectrum, freedom from energy overlap
with other radionuclides of other additives, freedom
from interfering activities of other isotopes of the
nuclide sclected as an additive, availability in the
form of a fine, nonhygroscopic powder, availability
as a chemical compound in which the other con-
stituents do not appreciably activate under neutron
hombardment, absence as a natural contaminant at
least in comparable quantities, nontoxicity, and
reasonable availability and cost.

Results of the survey of elements are shown in
Table I. The sensitivity values were calculated
using Eq. 1 plus application of the v ray yield factor.
The asterisk in the last column indicates whether
the spectrum is complex, due either to the presence
of a large number of y ray peaks or to multiple
activities from the various isotopes present in the
element.

TABLE [—POSSIBLE IDENTIFYING MARKERS

Activation
Abundance, Cross-Section,

Nuclide %% Barns?® Half-Life®
%Mn 100 13.3 2.57 br.
63Cu 69.1 4.3 12.8 hr.
As 100 5.4 26.4 hr.
1218 57.2 6.8 2.8 day
1217 100 5.6 25 min.
1%Ba 71.7 0.5 84 min.
139 99.9 8.2 40.2 hr.
By 47.8 1400 9.2 hr.
528m 26.6 140 47.1 hr.
WDy 2892 2100 232 hr.
syh 31.8 60 4.1 day
1%Ly 97.4 35 3.7 hr.
19H{ 13.8 65 5.5 hr.
187Re 62.9 66 16.7 hr.
197A 1 100 96 2.7 day

Peak Complex
~ Ray Vield/ Energy, Sensitivity, Spec-
Dis. Mev. ¢ meg.? trum?®. ¢
1 0.84 5
1.2 0.51 20
0.40 0.56 134
0.7 0.56 430
0.17 0.44 9
0.26 0.16 330
1 1.60 108
0.025 0.97 12 *
1 0.10 30

e 0.098
0.07 0.40 1900 *

e 0.088 *
0.80 0.44 19 *
0.09 0.16 120 *
0.98 0.41 20

¢ From Koch (6). ?From Strominger ef al. (16).

¢ From Heath (18).
tion at a 101 neutron flux to produce immediately 100 counts/sec at 1009, counting efficiency.

4 Amount of element required for a 10-min. irradia-
© Not known.
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In selecting nuclides from Table I for a four-
component system, several opposing factors must
be considered. Manganese and copper have the
desired properties, but are already known to be
present to some extent in drugs (14). Arsenic might
be thought unsuitable, even at submicrogram levels,
because of its toxicity. JIodine has an undesirably
short half-life for many experimental arrangements,
and a photopeak overlapping that of gold, prevent-
ing their simultaneous use. The samarium peak
overlaps that of dysprosium. Based on these
considerations, the major portion of this work was
done with the seven additives listed in Table I1.

Sample Preparation—Samples for irradiation
were prepared in the form of fine, dry powders
sealed in plastic containers. Since quantities of an
additive required for irradiation and counting were
much less than 1 mg., a dilution technique was
required to provide samples of known weight.
Lactose powder was found to be sufficiently inert
under activation to serve as the basic diluent,
although, as Table VI shows, mannitol would have
been preferred, had the fact been known at the
time. Stock mixes of the seven additives in lactose
were prepared in concentrations ranging from 0.019
for Dy.0; to 29, for La;0;. Geometric dilutions
were carried out with a spatula on a pill tile, with a
mixing period of 10 min. after each successive
blending of equal portions. After blending on the
pill tile was complete, the mixture was transferred
to a 22-ml. glass vial, where it was further agitated
for 30 min.

The first stock mixes prepared exhibited a varia-
tion in specific activity under neutron activation,
as shown in Table IIT by Au stock mixes A and B,
and by Cu stock mix A. Although first thought to
be due to inadequate mixing, this variability turned
out to be related to the fineness of the additive
powders. In the case of Au, mixes A and B were
prepared from purchased powder, passed through a
100-mesh screen, with mix B being more thoroughly
mixed than A. Mix C was passed through a 100-
mesh screen. The CuO powder was used as pur-
chased in mix A, and further subdivided with a
mortar and pestle before preparing mix B. The
LasO; powder as purchased was noticeably finer than
the other oxides, as Table III indicates.

Both Lucite and polyethylene vials were used for
the irradiations. Because both showed slight Mn
and Na contamination, samples were transferred
to other vials before counting. To facilitate trans-
fer, the sample was usually encased in a plastic
film.! This was done by centering the weighed
powder on a 3-in. disk of the film, gathering up the
edges and twisting, and then holding the twisted
portion about 2 mm. from a heated soldering pencil
until fused.

Activation and Analysis—For the investigation
of the scheme of additives, the Purdue University
reactor (with an available flux of about 2 X 1010
thermal neutrons/cm.%/sec.) was used. Studies on
the natural contaminants were carried out, using a
flux of about 5 X 102, in the CP-5 reactor at
Argonne National Laboratory. Neutron flux values
were determined by use of gold foil or gold powder
flux monitors, along with calibration of the counting
assembly using a calibrated !'¥Cs source. The

1 Handi-Wrap, Dow Chemical Co., Midland, Mich.

439

TABLE II—EXPERIMENTAL DETERMINATION OF
MARKER SENSITIVITIES®

Radionuclide Specific Activity,

Additive Marker Relative to Au®
MnO, %Mn 1.38
CuO 84Cn 0.437
Lay0; bl 771 0.14¢
El.lzo;g l”"‘Eu 4.01
Sm;0s 1838m 1.22
Dy.03 Dy 69
Au 18AYy 1

* A 2-in, diameter X 2-in. thick well detector was used.
b The specific activity of Au was 4.12 X 106 counts/min./mg.
of Au, for a 30-min. irradiation at a flux of approximately
2.1 X 10 neutrons/cm.2/sec. Counting rate was based on
a seven-channel peak, corrected for decay, at 5 kev/channel.
¢ A 15-channel peak was used.

TABLE III—UNIFORMITY OF STOCK MIXES

Repli-
cates —Specific Activity—
Ana- Coefi. of Range,
Stock Mix lyzed, Variation, 9, of
(in Lactose) No. o Mean
0.25% Au A 6 9.7 43
B 6 9.3 28
C 7 2.2 5.3
1.0% CuO A 8 7.3 21
B 8 1.7 6.1
2.09% La,0s 8 1.4 4.8

duration of all irradiations except the last, which
was 105.6 hr., was 10 or 30 min. Counting was
begun as soon as possible after removal from the
reactor (about 1 hr. for the Purdue reactor and 3
hr. for the CP-5). Counting was delayed 1 week
after the long irradiation, to permit decay of the
24Na.

The counting system consisted of a NaI(Tl)
crystal mounted in a commercial steel shield?
having 6-in. walls and inside dimensions of 20 X 20
X 36 in. The detector output was fed into a 400-
channel analyzer.!? Readout was by a high speed
printer,* writing at 5 channels/sec. Two different
detectors were used. All measurements on the
additives were made with a 2-in. well crystal. All
spectra of natural contaminants were collected with
a4 X 4-in. crystal.

Spectra of single photopeaks of the additives were
analyzed by summing the counts in the seven
central channels and dividing by the count accumu-
lation time, the exponential decay factor, and the
additive weight. The result was the specific activ-
ity at the end of irradiation. In a mixture of
radionuclides, this calculation was carried out only
on the outermost peak. The peak was then re-
moved by instrumental stripping, with previously
prepared standards (8, 14), before analysis of the
next lower energy peak. Thus, for each component
of the mixture, the specific activity, corrected for
decay, was determined. Studies of 14 mixtures
resulted in the data contained in Table II.

Gold was selected as the internal standard against
which the other three compouents were varied and

2 Packard Instrument Co., Downers Grove, Il

3 Radiation Instrument Development Laboratory, Mel-
rose Park, Ill.; model 34-12B.

4+ Hewlett-Packard Co., Palo Alto, Calif.; model 562 A
digital recorder.
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measured. Reasons for the choice were its high
sensitivity, single sharp photopeak, intermediate
photopeak energy value, and longer half-life. For
185Dy the X-ray peak was used since it predominated,
but because of its low energy an analyzer resolution
of 5 kev/channel was required.

Mix Combinations—In order to prove the efficacy
of a four-component system, mix combinations of
additives were prepared and further diluted with
lactose, to simulate a batch of drug product. Sam-
ples were then taken for irradiation and measure-
ment. It was considered desirable to determine
the amount of change in any amount or level neces-
sary for it to be positively identifiable as “different.”
Or, stated in another way, it was desirable to deter-
mine the number of distinguishable tags possible
through varying the amounts of additives over an
order of magnitude relative to Au. Results of
measurements on the first three mix combinations
are shown in Fig. 1. The solid lines represent the
expected activities relative to Au, based on data
similar to those in Table II. The data points show
results obtained from actual measurement. The
levels shown in Fig. 1 were selected to approximate
an interval of v/2 between levels. Each dot corre-
sponds to a sample of the mix combination.

Difficulty in maintaining the intended level was
encountered only with %Mn. This was found to be
the result of a particle size too large in the MnO,
powder, which was composed of hard granules as
purchased and had to be subdivided before dilution.

Determination of Natural Contaminants—Eight
samples of dextroamphetamine sulfate tablets and
capsules from five manufacturers, along with 10
ingredients commonly used in amphetamine and
other drug products, were irradiated in the Argonne
CP-5 reactor. Each material was analyzed follow-
ing two 30-min. and one 105.6-hr. irradiations.
Samples approximately 100 mg. in size were sealed
by heat in 2/5; dr. polyethylene vials for the short
irradiations, and quartz ampuls for the long one.
Samples were weighed after counting,

Identification of contaminants was based on
determination of the peak energy and half-life, with
both being required. ¢ Ray spectrum catalogs of
Crouthamel (17), and particularly Heath (18), were
helpful here. Data reduction was carried out as
for the additives, though subtraction of the adjacent
continuum was usually necessary to determine the
seven-channel-peak counting rate.

Standards were prepared and irradiated along
with the unknowns, when their need became ap-
parent from the previous irradiation. Amounts of
contaminants present were determined by the
comparator method described by Lyon (8). The
radionuclides %S¢, 5!Cr, %Fe, %Co, %Zn, 228b,
1245h, and ?%%Pa have longer half-lives and were
detected only after the long irradiation. Amounts
of these elements present were calculated by an
absolute method using Eq. 1, and published data
on cross sections (6) and decay schemes (16).
To relate photopeak counting rates to sample
disintegration rates, it was necessary to determine
the counting efliciency of the detector system,
This was done in the following manner.

A calibrated '¥Cs source with a v ray emission of
4.95 X 10° y rays/min. was prepared. A count
of this source immediately gave the counting
efficiency for the energy 0.66 Mev. The values for
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other energies were calculated from absolute de-
tection efficiencies and peak-to-total ratios pub-
lished by Heath (18). Values of counting effi-
ciency as a function of energy for three different
detectors are plotted in Fig. 2. Data points on the
2-in. well crystal were established by direct experi-
mental comparison to the other two crystals. The
validity of the absolute method is supported by the
cross checks shown in the data in Table IV.
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Fig. 1—Expected and measured levels of markers in
three mix combinations, A, B, and C. Key: @, A
(with MnO,);, &, B (with La,0;); A, C (with MnO,).

PHOTOPEAK COUNTING
EFFICIENCY

0 02
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ENERGY, Mev.

Fig. 2—Photopeak counting efficiencies for three dif-
Jerent crystals. Source at mintmum distance. Key:
A, 4-in. crystal; B, 3-in. crystal; C, 2-in. well crystal.

TABLE IV-—MEASURED CONTAMINANT CONCENTRA-
TIONS BY COMPARATOR AND ABSOLUTE METHODS

Conen., meg./Gm. of

La in
CaS0O4 Au in
2H:0 Mannitol
Comparator method 0.17
Comparator method involving
two different irradiations 0.20 0.0014
Absolute method 0.16 0.0014
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TABLE V—CONTAMINANTS IN COMMERCIAL DEXTROAMPHETAMINE TABLETS AND CAPSULES®

Radio- Tablet Mir.
nuclide No. 4 Capsule Mfr.
Element Measured No. 1 No. 2 No. 3 Lot Ab Lot B Lot C No. 4 No. b

Na 24Na 400 200 300 200 200 200 60 60
Sc 48c 0.008 0.02 0.02 0.02 0.01
Ca YCa 7% 49, 169, 169, 169, 139,
Mn 5%Mn 0.9 10 0.7 2 1 1 .06 0.1
Cu 84Cu 1 2
Zn %Zn 30 2 2
Br 82Br 2 0.5
Sre 8imSr 600 300 800 800 800
Shd 1228p 0.03 0.07
La 40 g 0.01 0.02 0.02 0.04 0.05 0.03
Au 198Ay 0.0005

% Entries are in mecg./Gm. or per cent where designated.

served. %1Inevery instance 60-day 124Sb was also observed.

Application of Eq. 1 to contamination concentra-
tion determinations required measurement of the
neutron flux for the long irradiation. This was
done by six different determinations using La, Au,
and Mn standards in two different irradiations,
yielding as the result (5.5 £ 0.8) X 102 neutrons/
cm.?/sec.

Contaminants in Dextroamphetamine Tablets
and Capsules—Contaminants observed in the
dextroamphetamine sulfate tablets and capsules
are shown in Table V. Polaroid photographs of
samples of the spectra providing the data for Table
V are shown in Fig. 3. Spectra of tablets from four
different manufacturing sources, taken after a 30-
min. irradiation and a 6-hr. waiting period, show
the presence of only #Na, %Mn, and ¥™Sr, but in
widely varying amounts. The longer lived nuclides
are observable only with longer data collection
times after the shorter ones have decayed. This
effect is illustrated further with the capsules in
Fig. 4, where 4 shows only the presence of 2¢Na,
5%Mn, and %Cu. In B, the peak at 0.55 Mev.
shows the presence of #Br in one manufacturer’s
product, but not in the other. In C, both sources
show #Zn and 1%48b, but ¥Ca is apparent in only the
samples from manufacturer No. 4.

Contaminants in Drug Ingredients—Table VI
shows contaminants present in a selection of nine
commonly used tablet ingredients, and also in a
commercial sample of pure dextroamphetamine
sulfate crystals. Sodiutn was the one element
found in all cases, but was present in a wide range of
concentrations. Because the dextroamphetamine
sulfate crystals were supplied by manufacturer
No. 4, one might expect the same trace elements
to appear in the tablets and capsules of manufac-
turer No. 4. That several do not is attributed to
the fact that, because of sample sizes, the detection
sensitivity for the pure dextroamphetamine sulfate
sample is enhanced by a factor of about 50 over
that of the tablets and capsules.

RESULTS AND CONCLUSIONS

Requirements for Additives—The experimental
work has demonstrated that a four-component
system of additives to provide product identification
will work insofar as activation and counting tech-
niques are concerned. In applying any such system

> Coded designation of lot numbers.
different numerically, indicating lots manufactured at greatly differing times.

Lot numbers were greatly
¢In every instance 64-day #Sr was also ob-

to a particular drug product, the factor determining
the amount of additives required will obviously be
the principal activities produced by natural con-
taminants. For dextroamphetamine tablets, these
activities would be due to Sr, Mn, and Na. Usinga
seven-channel-peak from a 4-in. detector at 10
kev/channel, the sensitivity ratios between !%Au
and %$Na, %¥Mn, and ¥Sr were 19, 0.16, and 29,
respectively, If, in a four-component system, one
assumes that Au used as an internal standard would
need to produce a peak at least as large as that of any
natural contaminants, when measured after a delay
of the order of 3 hr., the Au concentrations required
to match those of Na, Mn, and Sr for the tablets of
Table V would be 13, 7, and 11 meg./Gm., respec-
tively. Such concentrations are unlikely to be
granted official approval. A gain by afactor of 5-10
would be possible with an alternate approach using
Smy0s5, Eu,0;, and CuO, together with Au, compris-
ing the mixture, then waiting about 10 hr. until most
of the %Mn and 8™Sr had decayed, and removing the
2¢Na by instrumental stripping. It is evident that

Fig. 3—Spectra of dextroamphetamine sulfate tablets
from four manufacturers. Thirty-minute irradiation
followed by 6-hr. decay; 0—4 Mev.; vertically displaced
for clarity; scale of vertical axis is logarithmic. Key:
A, manufacturer No. 4; B, manufacturer No. 1I; C,
manufacturer No. 2; D, manufacturer No. 3.
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each drug product must be considered individually

in designing a system of identifying additives, after’

first establishing the levels of natural contaminants.

Eu,0; is suitable as an additive component, but
only if irradiation time is in the range of 1 hr. or
less, and assay made within about 10 hr. Though
the spectrum is very complex, only the 9.3-hr.
activity of ¥2™Eu appears at first.

Journal of Pharmaceutical Sciences

The number of separate identifiable tags possible
under a four-component system also depends on
how much the measurements are affected by natural
contaminant activity. In a situation where one
could use an arrangement such as shown in Fig. 1,
83 combinations are possible, if one includes the zero
level. Not enough combinations were tried to be
certain that all 512 combinations would be dis-

Fig. 4—Spectra of dextroamphetamine sulfate capsules from two manufacturers.

Decay times: (manufacturer

No. 4) A—7.3 hr., B—6.0 days, C—16 days; (manufacturer No. §) A—7.7 hr., B—6.1 days, C—30 days.

Scale of vertical axis is linear.

Key: A,0-4 Mev.; B, 0-2 Mev.; C, 0-2 Mev.

Lefthand column, manufac-

turer No. 4; righthand column, manufacturer No. 5.
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TABLE VI-—CoONTAMINANTS IN CERTAIN DRUG INGREDIENTS®
Di-
calcium
Dextro- Phos-
Radio- amphet- Microcrys- Calcium phate
Ele- nuclide amine Mg Wood talline Manni- Sulfate Di-
ment Measured Sulfate  Stearate Cellulose? Cellulose® tol Dihydrate hydrate Lactose  Starch Tale
Na 2¢Na 10 700 600 6000 2 1 1000 40 200 400
Sc %S¢ 0.07 0.001 0.001 0.7
Cr B51Cr 0.2 2 0.07 0.4
Mn %Mn 0.3 10 0.007 0.3 8 0.4 7
Fe 5%Fe 50 90 300 6 1000
Co %Co 0.1
Cu %Cu 10 10
Zn %Zn 0.6 20
Br #Br 0.05
St ¥mSr 50
Sbd 1228h 0.02 0.08 0.06 0.02 0.007 0.008
La 'YLa 0.006 0.2 0.4
Eu 52mEu 0.005
Au 1%Aqn 0.0004 0.0004 0.001
Hg 23Hg 0.05 0.2
Th 283Pa 0.2

¢ Entries are in mcg./Gm.
can Viscose Division, FMC Corp., Marcus Hook, Pa.

tinguishable;
could be used.

Single component additives have a distinet
advantage. Quantitative differences would not be
involved; only detection would be required for
identification purposes, and far smaller amounts
could be used. Table VI shows natural levels of Au
of less than 1 part per billion were easily identified.
Similar values would apply to other additives of
comparable sensitivity.

Contaminants Detected—These results are gener-
ally consistent with those of Tuckerman et al. (14).
In analyzing a somewhat different group of ma-
terials, the following additional trace elements
were found: Cr, Fe, Zn, Sr, La, Eu, and Au. In
the two compounds common to both studies,
namely magnesium stearate and tale, these samples
contained the same trace elements as those of
Tuckerman, and in the same general levels; but
other contaminants were also observed, as seen in
Table VI.

Contaminants for Source Identification—Exami-
nation of Table V shows the six dextroamphetamine
sulfate products from the five different manufac-
turers to be clearly and readily distinguishable
from each other, on the basis of contaminants
present and their relative concentrations. On the
other hand, the three different lots of manufac-
turer No. 4, though apparently widely spaced in
time, are so similar as to be indistinguishable.
These results, then, provide further supporting
evidence that natural contaminants may offer a

but it is evident that, with care, most

b Marketed as Solka-Floc by the Brown Co., Berlin, N, H.

¢ Marketed as Avicel by the Ameri-

In every instance 60-day 124Sb was also observed.

means of determining the specific manufacturing
source of amphetamine drug samples.
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