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is constant and equal to the intrinsic far-field free-space jfipedance.
This, ol course, may not be true near the surface of an
energy in the electric and magnetic ficlds are equal j
condition. The power density Py = (e£E?)¢, where

propagation of the fields. The energy in the ele
Us = 1/2(eE?).

“the free-space

ic field is

U, = 1/2(Pg) ~ -

This leads to a convenient factor £o convert power-density (P,) in-
dicated meter readings on the radiation meter in milliwatts per square
centimeter, to energy-density/feadings in microergs per cubic meter.
U. in microergs per cubic g€ntimeter is equal to 0.167 P,. '
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Microwave Cataract

Abstract—The production of cataract by exposure to microwave '

radiation can occur, although just how it occurs is not well estab-
lished. Clarification as to the occurrence of cataract in microwave
worker population can only be achieved by careful cumulative

records of the visual and ophthalmologxcal status of mxcrowave‘

worker populations. ‘

That cataracts can be prdduced by exposure to microwave radia-
tion is well established {1]. The mechanism and conditions of expo-

sure required for this effect remain matters of speculation, however, . .
" aracts. If this is the case, it séems reasonable to expect this to be

since microwave radiation appears both to be quite insidious in its
effect and to be difficult to assess dosimetrically. Both of these fea-
tures contribute to the mysterious aspects of the health hazard from

microwaves. A clear and correct expression of the microwave cataract -
issue is of great importance to all who have industrial or mlhta.ry"

-health and safety responsibilities.

The lens contains cells derived from a single-cell type with a regu-

lar arrangement. Disorders of the function, structure, or arrange-
ment of these elements produce opacity, which may be small and
insignificant or large enough to interfere with vision,

The following are at least four main mechanisms by which such

opacifications may appear.-
1) An alteration in the nutrition of the lens, as may occur from
disease of eye elements around it, may be followed by cataracts that

often is limited to the posterior capsule of the lens. This is called

cataracta complicata, and the similarity in appearance of this cataract
and some cataracts produced by or allegedly produced by microwave
exposures has been mentioned repeatedly.

2) The lens is living tissue that must remain lxvmg if it is to re-
main transparent. Its cells have a growth pattern that is slow but
life long. If anything interferes with the growth pattern of the lens,
a corresponding opaque defect results. This sort of result has been
demonstrated to follow exposure to ionizing radiation, Such injury

_ has not been demonstrated consistently to be a predominant featura

of microwave injury., -
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3) Changes in the regular shape and smooth surface of the lens

impair its transparency. Subtle changes in the posterior lens capsule”

have been described as microwave cifects and may very well be the
predominaat effect of microwave exposure. It is possible that such
changes in the capsule may increase the water content of the lens or

- otherwise alter metabolism to produce cataract.

4) A final possible route of microwave injury involves modified
cells called lens fibers. These arc really stretched out cells that are
metabolically quiescent and therefore individually contribute little
to any lens change. Nevertheless, since these elements constitute the
main bulk of the lens, it is reasonable to expect a small effect upon
this bulk of tissue to have a considerable collective effect on lens

" transparency.

The four possible major routes of cataract formanon just men-
tioned are not necessarily independent. All four routes, or still others,
may combine in various proportions to produce cataracts. The op-
erating combination may vary according to physical factors, such

- as absorption characteristics, field strengths, direction of presenta-

tion, frequency, or according to individual factors such as age and
state of health or nutrition, size, etc.
In the case of ionizing radiation, it is not at all surprising to see

- mitotic-linked injury predominating. The lack of a predominant

mitotic-linked injury from microwave leads to the expectation of

- another role or combination of factors participating in cataract for-
" ‘mation. In an age when so many chemical and physical agents are

being accused of having a mitotic-linked threat, it is surprising that

- any other more subtle kind of injury can find expression.

~ Mitotic-linkage provides a very sensitive indicator of cellular in-
jury, provided damaged cells live long enough to reproduce, for this

" “then amplifies the effect so that the accumulated alteration can be

observed. Thus, mitotic injury of cells has been shown to occur
at levels of 25 rad or less, whereas cells that. are incapable of mitotic
activity do not show damage at exposures less than 1000 rad. This
indicates that to have a cataract without mitotic-linked injury an
especially sensitive target element of the lens must be affected, or a
mechanism must exist that acts to coucentrate the effect at some
target element. Field hot spots have been postulated. Concentration

.of effect at the interface formed by the posterior surface of the lens

and the vitreous is a possibility. This theoretically may cause a com-

" mensurately concentrated absorption of energy and a corresponding

temperature elevation that alters the lens capsule, leading to cat-

frequency dependent because depth of absorption may be frequency

. dependent.

Experiments conducted with power levels in the watt range and

"using a “closed system” configuration have not supported this posi-

tion. Experimental far-field observations have been inconsistent in

“'producing cataracts but have suggested that the site of initial lenticu-

lar alteration may not be related to the microwave frequency. These
findings suggest that the site of lenticular change is power related
{1, pp. 14-16].

It appears to be extreémely difficult to design an experiment that
produces unequivocal results in a setting that has manifest ﬁde‘xty
to the occupational situation.

There are residual questions related to frequency of radiation
and depth of effect, to the production of mitotic-linked damage, to a

thermal component.in the injury, and above all to the relation of

each of these factors to the aging of a worker population and to other

" elements of the occupational environment.

Since the Army operates microwave equipment, the Surgeon

" General must be concerned about the safety of the operation per-
- sonnel, Knowledge of all mechanisms is required to provide a com-

plete capacity for predicting and avoiding microwave injury. In-
formation of this type is essential to the development of precise
criteria from which safety guidelines can be formulated. To be useful
such guidelines must be formulated with fidelity to the subject, and
they must also be useful to those who have responsibility for the
health and safety of personnel, There is no reason to believe that
current guidelines are inadequate for the protection of personzei from

" cataract formation. This is not to say that it is easy to differeatiate
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Cmicrowave cataracts from all other cataracts, that all microwave
i  cataracts that have been produced in personnel have been detected,
or that all inaccurate allegations of microwave cataracts have been
disproved. The military services, however, have supported efforts
to monitor or detect microwave-induced cataracts in military and
industrial personnel [2]. In the climate of such uncertain circum-
‘5.—‘ stances, adequate clarification of the subject is difficult to achicve
: and maintain, Claritication comes in part from experimental studies
using animals and in part from the examination of workers who have
been exposed accidentally or whose occupational exposure has been
for some reason unaveidable. Such a clouded area is subject to un-
fortunate confusion. Confusion has been created by reports which
have alleged microwave injury without substantial proof [3], [4].
Great care should be taken to minimize confusion by avoiding exag-
" geration. At the same time it is essential not to overlook any possi-
bilities.

Experience gained by painstaking examination of selected popu-
lations with proper controls is essential to the elucidation of micro-
wave cataract production in workers beyond the incidence that is
normally expected with the passage of time. The determination of a
small and subtle effect can only be achieved by the elimination of
confusion by the establishment of precise records repeated at ap-
propriate intervals during the lifetime of the worker population. This
requires compiete examination of the lens and a determination of
fully corrected visual acuity. The status of other elements of the eye

N must be determined to eliminate confusion as to the cause of any
present or future alteration in the lens and its relation to any im-
pairment of visual function.

SUMMARY

The production of cataracts by exposure 1o microwave radiation
can occur, although just how it occurs is not well established. Clari-
fication as to the occurrence of cataracts in microwave worker popu-
lation can only be achieved by careful cumulative records of the
visual and ophthalmological status of microwave worker populations.

RoBERT W, NEIDLINGER
U. S. Army Medical Res. and Develop. Command
Washington, D, C, .
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