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ABSTRACT

Activation analysis with x-ray fluorescence was used to measure the trace
element concentrations in samples of boll weevils collected from six different
locations. The preliminary results indicate that trace element concentra-
tions are different enough among the six groups to provide a distinctive
fingerprint of insects grown in a specific location. These probe experiments
have been encouraging enough to warrant further investigation on this con-
cept for identifying the probable origin of specific classes of insects that
have been tracked in disease control programs.

INTRODUCTION

A probe project was initiated in FY 1978 for the
Plant Protection and Quarantine (PPQ) part of the
Animal P lan t Hea l th Inspec t ion Service
(APHIS) to see if distinctive trace element
"fingerprints" could be obtained to differentiate boll
weevils from different locales. The need for this
capability was generated by a pilot program to
eradicate boll weevils in a relatively small region.1 If
this pilot program proves successful, total eradica-
tion from the U.S. would then be considered. The
plan is to use a multiphasic program over three years
in which combinations of insect control measures are
to be used. During the first year extensive insec-
ticide application is planned to bring the native pop-
ulation v,o near extinction. In the second year, a large
number of radiation-sterilized boll weevils are to be
released to overwhelm the residual native popula-
tion. In the third year, spot applications of sterile in-
sects would be applied as needed. To monitor the ef-
fectiveness of the program, traps baited with sex at-

tracting phermones would be located in the target
area and surrounding regions.

In analyzing the effectiveness of the program, it is
important to determine the origin of trapped boll
weevils to see if they are (1) from a native population
that survived the intensive control measures, (2)
carried into the region by vehicles or plant material,
(3) blown in by storms, or (4) sterile weevils that had
been released nearby. Therefore, it was necessary to
develop some kind of "fingerprinting" technique that
could be used to determine the origin of a few trap-
ped boll weevils.

BACKGROUND

Trace element analysis has been used extensively
in a wide variety of applications, including authen-
ticating paintings, determining the origin of
archeological artifacts, and many forensic applica-
tions to determine poisoning, origin of soil samples,



paint, ceramics, steels, and whether a person has
fired a gun recently. Based upon these types of
reports Los Alamos Scientific Laboratory (LASL)
scientists looked into the possibility of differen-
tiating between released screwworm flies and native
fertile screwworm flies. From these experiments, it
was determined that native screwworm flies had a
measurable quantity of the element bromine that
was easily distinguishable from the sterile screw-
worm flies that had essentially no bromine.2 It was
deduced that the bromine was from the tetraethyl
lead compound in automobile exhaust and the con-
centration of bromine on the wild flies would likely
vary depending upon the proximity of exhaust
fumes. However, it was concluded that it would be
quite possible to "spike" the diet of the artificially
reared screwworm flies with a nontoxic trace ele-
ment that would be detectable. Iodine, ruthenium,
and rhodium were suggested as possible elements.
However, there was not sufficient interest to pursue
these experiments further.

The analysis of different native screwworm flies
showed that their trace elements such as iron,
manganese, copper, and zinc differed significantly
so there was the potential for using the intrinsic
trace element concentrations as a means of differen-
tiating native populations. This approach seemed
particularly attractive since it was believed that
trace element concentrations in boll weevils would
be determined by the soil trace element concentra-
tion on which the host plant fed. Soils vary in trace
element composition to the extent that pottery sam-
ples may be traced back to their original clay source.
From these considerations, it was concluded that
there would be a high probability that the plants,
which grew on the soil, and the boll weevils that fed
on the plants, would all ha.G trace element con-
centrations that could be interrelated. This report
documents the preliminary work that has been done
to evaluate "fingerprinting" of boll weevils.

TRACE ELEMENT ANALYSIS

There are many chemical and physical methods
for analyzing the chemical constituents of inorganic
and organic materials.- Trace element determina-
tions by nuclear radiation activation analysis has
reached a high level of sophistication and it is a
relatively inexpensive way to perform an analysis for

a large variety of elements. Neutron induced activa-
tion is widely used in trace element analysis but the
large sodium background from biological samples is
a deterrent to using that as the first choice. Each
form of activation analysis such as high-energy
gamma-ray induced nuclear reactions, charged par-
ticle reactions, and a number of formB of x-ray
fluorescence, all offer specific advantages depending
upon the elements being sought. Since it was not
known which elements would be the most important
it was decided to do a survey type of experiment in
which the most inexpensive forms of multielement
activation analysis would be investigated and com-
pared to see if any of these methods or combinations
of methods would serve the purposes of the boll
weevil eradication program.

X-ray fluorescence was the first choice because it
was relatively inexpensive, could be done in the
field, and could detect a large number of elements in
biological samples. The three types of excitation
sources for x-ray fluorescence are: (1) radioactive
isotope, (2)proton, and (3) bremsstrahlung x rays.
Figure 1 illustrates the principle of operation for
isotope and proton induced fluorescence. In Fig. 1A
the isotope x-ray sources give one or more x-rays that
impinge on the sample and induce fluorescence x-
ray emission in the sample. By choosing isotopes
with specific energies, it is possible to "enhance" the
sensitivity of particular elements. The lithium
drifted germanium detector [Ge(Li)] is shielded
from the radioactive source by a collimator. The
detector has good energy resolution for the x rays so
individual x-ray fluorescent lines can be seen. In Fig.
IB, protons irradiate the sample and the fluorescent
x rays are detected by a lithium germanium crystal
similar to A. Specific elements can be enhanced by
proper choice of proton energy.

Bremsstrahlung induced fluorescence is similar to
Fig. 1A but the radioactive isotope source is replaced
by a small x-ray machine. Electrons are accelerated
to a few thousand volts and then stopped in a metal
target (usually tungsten or molybdenum) and a con-
tinuum of x-ray energies (bremsstrahlung), up to
that of the original electrons, irradiates the sample.
This type of excitation activates a large group of ele-
ments.

In neutron activation, the sample is irradiated in a
nuclear reactor for a time approximately equal to
the half-life of the radioisotope of interest. Since
sodium is an unwanted contamination in biological
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Fig. 1.
Two types of activation by fluorescence.

samples, two different irradiations are generally
done, one short (less than one hour), compared to
the sodium half-life and another that is long (few
days) compared to the sodium half life. In the latter
case, the technician waits until the sodium activity
has decayed to insignificance before examining the
sample.

RESULTS

Boll weevil samples from six locations were col-
lected by the U.S. Department of Agriculture
(USDA) personnel and sent to LASL for analysis.
The samples were from the following locations: (1)
Mississippi State, Mississippi (laboratory reared),
(2) Florence, South Carolina, (3) Winston County,
Mississippi (hill region), (4) St. Joseph, Louisiana,
(delta region), (5) Washington County, Mississippi
(delta region), and (6) Panola County, Mississippi

(hill region). About 10 weevils from each sample
were examined using x-ray fluorescence analysis,
with both isotope and bremsstrahlung excitation x-
ray sources, to see if differences in trace element
concentrations could be detected. Figure 2 shows the
pulse height distributions (obtained with the brems-
strahlung source) from those samples. The samples
with the most similar distributions are paired in "a"
and overlayed on each other and normalized to the
same number of counts from the target x rays. The
other curves (2b and 2c) are similarly paired and
normalized. Note that the ordinate is logarithmic to
cover the large dynamic range. It is important to
note that all of the samples could be distinguished
from each other by comparing the curves. Smaller
differences were observed in the pulse height dis-
tributions taken with the few isotope sources
available, so those experiments were terminated,
and those data are not shown.

Since the six samples could be separated on the
basis of the trace element concentrations, it was
decided to compare individual weevils within a sam-
ple to establish statistical confidence in the data.
Figure 3 shows the comparison of four individual
weevils from one sample (sample #4). These dif-
ferences between Fig. 3a and 3b are greater than ex
pected and the effect appears to be real because
replicate examination of a single weevil gave nearly
identical results, so the curves appear as one and are
not shown. There are instrumental artifacts in the
pulse height distributions, for example, the peaks
from the target and from argon gas, but they are well
understood.

Figure 4 shows the pulse height distributions from
a single boll weevil and a group of 10 weevils from
the same sample. The small difference shown is
caused by an instrumental artifact in the argon
peaks below the channel 100 associated with sample
size. Small samples have more of an argon
background.

FUTURE

Based upon the reproducibility of replicate
analyses and the observed differences between sam-
ples, we have requested a vertical set of samples con-
sisting of soil, plants, and weevils from different
areas. From these samples we will try to determine
the "transfer function" that relates trace elements in
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Fig. 2.
Companson of bremsstrahlung induced x-ray fluorescence pulse height distributions from six
different locations. Channel number is proportional to x-ray energy. Some of the individual
x-ray peaks have been identified with the element causing these peaks.
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Fig. 3.
Bremsstrahlung induced x-ray fluorescence of
four single bolt weevils from the same sample
to show variation within a single sample.
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Fig. 4.
Comparison of one boll weevil (No. 1) with a
composite of 10 other boll weevils from the
same sample (No. 2).

soil, plants, and weevils. We have initiated negotia-
tions to perform some experiments with neutron ac-
tivation and proton activation to determine which
elements offer the must promise for fingerprinting. If
these experiments are successful, the principles
could be applied to tracing other insects that are of
interest, such as, fruit flies that are found at ports of
entry.
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