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Abstract

Objective: The characteristic biological effects of low-fre-
guency electromagnetic fields (EMFs) appear to be func-
tional changes in the central nervous, endocrine and
immune systems. For unapparent reasons, however, the
results of similar studies have often differed markedly from
one another. We recognized that it had generally been
assumed, in the studies, that EMF effects would exhibit a
dose-effect relationship, which is a basic property of linear
systems. Prompted by recent developments in the theory
on nonlinear systems, we hypothesized that there was a
nonlinear relationship between EMFs and the effects they
produced in the endocrine and immune systems. Methods:
We developed a novel analytical method that could be
used to distinguish between linear and nonlinear effects,
and we employed it to examine the effect of EMFs on the
endocrine and immune systems. Results: Mice exposed to
5 G, 60 Hz for 1-175 days in 7 independent experiments
reliably exhibited changes in serum corticosterone and

lymphoid phenotype when the data were analyzed while
allowing that the field exposure and the resulting effects
could be nonlinearly related. When the analysis was re-
stricted to linear relationships, no effects due to the field
were found. Conclusions: The results indicated that
transduction of EMFs resulted in changes in both the en-
docrine and immune systems, and that the laws governing
the changes in each system were not the type that govern
conventional dose-effect relationships. Evidence based on
mathematical modeling was found suggesting that the
coincident changes could have been causally related.
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Introduction

Artificial electromagnetic fields (EMFs) having a wide
frequency range and emanating from diverse sources are
present everywhere in the environment, and their potential
biological significance has received much attention [1, 2].
The fields are apparently not genotoxic, like ionizing
radiation [3]. Instead, their primary biological effects
appear to be functional responses in the central nervous,
endocrine and immune systems [4]. This is problematical,
however, because results of similar studies have often dif
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