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MAJOR AND TRACE ELEMENTS AS BIOPREDICTORS
OF RADIATION-INDUCED INSECT STERILITY!

R. LEvy? H. L. CROMROY?, AND J. A. CORNELL?

ABSTRACT

Multiple regression models of 11 species of adult insects representing the
orders Anoplura, Coleoptera, Diptera, and Lepidoptera indicated that total
body concentrations of several major and trace elements could be used as a
bioindicator or biopredictor of radiation-induced insect sterility on a species
level. There was a particularly high correlation between total body major and
trace element content and irradiation-induced insect sterility in a group of
stored-product insects that had similar feeding preferences (i.e., laboratory
diets of grain and/or flour).

A statistical model based on insect total body Cu and K/Mg ratio was
highly effective in estimating or predicting the radiosterilization doses for
several species of stored product insects feeding primarily on grain and/or
flour.

Total body concentrations of several major and trace elements (cations)
have been shown to be correlated to the acute (LD50/24 hr) radiosensitivity of
stored product beetles, cockroaches, and blood feeding insects (Levy et al.
1973). Simple regression analyses indicated that Cu or Cu/Fe ratio, K, and Mg
were the most effective biological predictors or indicators of acute radiation
mortality for the 3 groups respectively. Additional research utilizing multiple
regressison analyses indicated the interelement dependence of Na with K (i.e.
Na+K) and Mg (i.e. Na + Mg) in formulating predictor models for estimating
the acute radiation mortality of cockroaches and blood feeding insects re-
spectively (Levy et al. in press).

The dietary and metabolic importance of major and trace elements have
been briefly reviewed by Levy and Cromroy (1973). Englemann (1970)
presented an excellent review showing the importance of dietary concentra-
tions of Zn, Fe, K, Mg, Na, and Cu in the reproductive physiology of adult and
immature insects.

The aim of this research was to determine whether total body concentra-
tions of several major and trace elements can be used as an effective biological
indicator or predictor of radiation-induced sterility on a species level.

Predictor equations could, therefore, be used to expedite the procedures
involved in determining a species-specific radiosterilization dose for insect
control, e.g. in a sterile-male release program. Such information could also be
used to evaluate insect and other biological imbalances produced in a post-
nuclear attack environment.

METHODS AND MATERIALS

The total body concentration of Cu, Fe, K, and Mg in 11 species of
adult insects representing the orders Anoplura, Coleoptera, Diptera, and
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Lepidoptera were obtained from the atomic absorption spectrophotometric
data of Levy and Cromroy (1973). Sterilization doses for adult insects were
obtained from the radiation literature (International Atomic Energy Agency
Bibliographical Series Nos. 9(1963), 15(1965), 24(1967); Stern (1969) from
samples of mixed sexes or obtained separately for males and females and
averaged to give a general sterilization dose for an insect species population.
The sterilization dose for a species was defined as that dose in rads (radiation
absorbed dose) of x or gamma radiation required to induce 99.9-100.0% sterility
in the irradiated insects. Sterilization doses obtained in units of R (Roentgen)
were converted to rads by multiplying by a conversion factor of 0.93.

Statistical analyses consisted of fitting multiple regression models using
the method of least squares (Draper and Smith 1966). These analyses were
based on the straight line equation, y=b,+b (X,)+b.(X,), where y=es-
timated or predicted radiosterilization doses in rads, b,=constant,
b,...b, =estimate or measure of the strength of X ...X,=total body concentra-
tion of a specific element or ratio of elements in parts per million (ppm).

To test the strength of a predictor equation, the coefficient of multiple
determination (R?) and F-statistic (F) were calculated for each model. F-test
significance at the 0.05 level was indicated for each model. The standard error
(SE) for each predicted or estimated radiosterilization dose was also deter-
mined.

REsuLTs aAND DiscussioN

Results from multiple regression analyses indicated that a model
representing the ratio of 2 trace (Cu/Fe) and 2 major (K/Mg) elements was
the most effective indicator or predictor of radiation-induced sterility for a
wide range of insect species (Table 1).

Relationships between trace (Cu/Fe) and major (Na & Mg, Na & K)
elements have been shown to be useful in estimating or predicting the
radiosensitivity of stored product beetles, cockroaches, and blood feeding
insects (Levy et al. 1974). A biological relationship has been shown between
Na and Mg, hence, it could be conjectured that a relationship exists between
K and Mg in insects (Chapman 1969).

Although the predictor equation (Table 1) was significant at the 0.05 level,
it only accounted for 75% (i.e. R?=10.7478) of the observed radiosterilization
doses. This was assumed to be due primarily to variations in diet, since Levy et
al. (1973) have shown a relationship between radiosensitivity and insect die-
tary (i.e. the total body concentration of major and trace elements ac-
cumulated from an insect diet). Additional variations between the observed
and predicted radiosterilization doses were presumed to be due to phylogene-
tic relationships, body weight and size, and physical activity (Menhinick and
Crossley 1969). Therefore, the insect species were subdivided and an analysis
made of a group that had similar feeding preferences, i.e., stored-product
insects fed grain and/or flour.

Multiple regression analyses of 7 species of stored product insects
representing the orders Coleoptera and Lepidoptera suggested an
interelement dependence of major and trace elements in formulating effective
models for predicting insect radiosterilization (Table 2). The data indicated
that total body concentrations of several biologically active trace (Cu) and
major (K/Mg) elements (cations) could be used as an excellent biological
indicator of predictor of radiation-induced sterility of stored product insects
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on a species level when insects were subdivided into a general feeding group
based on laboratory diets consisting mainly of grain and/or flour. Levy et al.
(1973) have shown the importance of Cu in estimating or predicting the acute
radiosensitivity of stored product beetles.

The removal of Fe from the stored product insect model seemed to
eliminate an erroneous feeding variable accumulated from an insect diet not
having mineral levels comparable with a diet of grain and/or flour. This
subsequently increased the prediction capability by significantly (i.e.
R?=0.9666) decreasing the variation between the observed and predicted
radiosterilization doses.

These data suggest the physiological importance and interaction of certain
trace and major elements (cations) in the mechanism(s) involving the
radiosensitivity of insects. In addition, the stored product insect grouping was
presumed to have reduced phylogenetic variations, as well as variations in
body size, weight, and physical activity which have been shown to be related to
insect radiosensitivity.
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