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The disparity in opinions regarding the hazards of radiofrequency(RF)/ 
microwave radiation is manifested in the differences in health standards , 
adopted by various countries. For example, the current U.S. standard for 

. 2 occupational exposures to this type of non-ionizing radiation (10 mW/cm) 
allows exposures 1000 times higher than the Soviet standard. Much of this 
difference is a result of epidemiology studies conducted in Russia and 
Eastern Europe which have not been accepted by Western scientists, and 
often conflict with their own research. 

This paper presents a review of some of the more important Eastern European 
and Russian epidemiology studies. The purpose of the review is to invest
igate the hypothesis that low-level chronic exposure to RF/microwave radi-· 
ation can cause adverse health effects in humans. The information will be 
useful to the Occupational Safety and Health Administration(OSHA) in its 
determination as to whether sufficient data exist to support mandatory 
enforcement of its st~ndard. 

Identified Problems 

A number of problems or short comings were identified during the course 
of the review which limited the effectiveness of the review itself, or 
greatly reduced the value of the individual studies. The former category 
consisted primarily of communication barriers which took the following forms: 

1. Translation problems. The accuracy of the English translations of the foreign articles was questionable at some points, and obviously lacking at others. One article described its study population as a group of elderly "mental subjects". It was later learned that the group ·actually was comprised of "intellectually capable" elderly subjects. 



Problems were.also encountered in interpreting the medical terms found 
in the articles with terms used in this country. For example, "neuro
circulatory dystonia" may not encompass the same symptoms to physicians 
of different countries. The criteria for such a diagnosis were rarely 
reported. 

2. Inaccessibility of articles. Physically locating a translated copy 
of foreign articles can be difficult. Although most of the articles 
reviewed for this paper were already translated, the articles referenced 
by the articles reviewed were not available. One study even described 
its study population in a referenced article which could not be located. 

3. Incomplete reporting. A major connnunication barrier was the lack 
of descriptions of important factors of each study. Many of the articles 
failed to describe how cases for the study populations were selected, 
for example. It is felt that many of the authors omitted.useful inform
ation in the interest of brevity. However it is impossible to determine 
from the articles whether this is true, or whether the supporting inform
ation just does not exist. 

Hany of the studies suffered from a myriad of weaknesses which greatly 

reduced their usefulness and credibility. Of the six articles reviewed 

in the attached appendix, four lack a matched contrel population. These 

four rely on comparisons with published "normal" values for the clinical 

tests performed, and so, are particularly subject to biases introduced by 

variations in performing and analyzing the tests. The need for rigorous 

controls is particularly important for these studies since all but one 

author acknowledged their expectations to find RF/microwave induced health 

effects. In fact, the stated purpose of three of the studies was to 

characterize these effects in more detail, not to determine if they exist. 

One problem common to most epidemiological studies, and found in all of 

the studies reviewed, is the lack of exposure information. Only three of 

the six studies offered quantitative measurements of RF/microwave levels, 

and these presented broad ranges for potential exposures. Two studies 

assumed exposures of "several mW/cm2", while the remaining study could 
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· d 1 . " t. 1" only describe the exposures to its stu y popu ation as occupa iona • 

Finally, the lack of quantitative data of all types is a weakness of most 

o_f the reviewed studies. A statement that the test results were "somewhat 

high" or even "significantly high" are of little value without the quanti

tative data to support them. None of the studies calculated relative-risks 

or odds-ratios. This weakness is compounded by the fact that many of the 

reported health effects are hard to quantitate at best. Besides the sub

jective complaints (e.g., headaches, sleepiness,_loss of memory, etc.), 

broad diagnoses such as "vascular-vegetative dysfunction" make for dif

ficult comparisons since the criteria for diagnoses are usually not 

expressed in quantitative terms. 

Conclusions 

It is apparent from the connnents that follow each of the attached study 

reviews that the original hypothesis of this paper regarding the existence 

of microwave induced health effects is not-convincingly resolved. However, 

it is felt that the information presented by the studies in general can be 

selectively used in an overall evaluation of this hypothesis which would 

include theoretical studies, animal studies, and other epidemiological 

studies. 

The general consensus of the reviewed studies identify the eye lens and 

the central nervous system as the primary target organs; the latter causing 

secondary effects in the cardiovascular, endocrine, digestive, and other 

systems. In view of the bias of many of the studies, the reported results 

may be cautiously interpreted as an upper bound of acute adverse health effects, 

since more dramatic symptoms would give more credibility to the relatively 
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low Soviet exposure standard in comparison to the U.S. standard. A 

similar conclusion regarding chronic effects would be more hazardous due 

to the elusiveness of the chronic effects alleged, such as premature 

aging. The reported effects are of enough concern that consideration 

for enforcing some limit of .occupational exposure to RF/microwave must 

be considered. If the decision had to be made on the basis of the reviewed 

studies, mandatory enforcement of the U.S. standard by OSHA would have 

to be recommended due to the lack of contradicting U.S epidemiological 

studies, the relatively high levels of exposure allowed by the U.S. standard 

in comparison with the RF/microwave exposures reported in the studies, 

.and the necessity to error towards conservatism when dealing with the 

protection of public health. 
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Article 2: Change in Thyroid Function after Chronic Exposure to 
Microwave Irradiation by N.A.D'yachenko, Gigiyena Truda .f. Professional'nyye Zabolevaniya (Russian); No. 7, 1970. 

The objective of this study was to investigate the major changes and the 
mechanism responsible for changes in thyroid function following pro
longed exposure to microwaves. The author initiated his study with the 
assumption that changes in the endocrine system, and especially the 
thyroid glands, would occur as previously reported by three other Russian 
scientists. 

Study Design: The study population for this investigation consisted of 
38 males whose ages ranged from 24-39 years. These men were occupa
tionally exposed to microwave radiation (approximately 30 GHz) while 
handling equipment for 3½ hours a day for 3 to 15 years. The only 
indication of exposure level given in the report is a statement that 
"the magnetic field strength of the ultra-high frequency field at the 
work places during a shift exceeded the maximum permitted level." 

2 Therefore, it is assumed the exposures were in excess of .01 mW/c~ 
(Russian standard). To test the function of the thyroid gland, each· of 
the 38 subjects ingested two microcuries of Iodine 131 mixed in two 
milliliters of distilled water. The amount of absorbed Iodine 131 was 
then determined 2,4, and 24 hours after ingestion from the intensity of 
gamma radiation near the isthmus. In the absence of a control group the 
author used the results of three other clinical investigations of the 
absorption of Iodine 131 in "healthy" persons. In addition, basal 
metabolism was determined for all subjects, and a comprehensive clinical 
examination was performed on each subject. 

Study Results: In comparison to the other Soviet studies, the 24-hour 
absorption of Iodine 131 by the thyroid was normal in 31 of the subjects, 



but "somewhat high" in 7. · The rate of absorption as measured two hours 

after administration was accelerated in 18 of the subjects. None of the 

subjects exhibited symptoms of thyrotoxicosis (poisoning by an excess of 

thyroid secretion). Basal metabolism was within normal limits. The 

clinical examinations revealed the presence of .;iSthenic-neurotic syndrome 

(nervous exhaustion). With symptoms of autonomic-vascular dystonia 

(spontaneous abnormal elastic tension in the blood vessels) in 18 persons. 

The amount of Iodine 131 incorporated into the thyroid of patients with 

neuro-circulatory dystonia (a symptom complex of nervous and circulatory 

irregularities associated with increased vulnerability to fatigue) was 

statistically significantly higher than in healthy persons.· These find

ings are consistent with the results of V.N. Rusanov, who observed an 

increase in thyroid function in patients with neurocirculatory dystonia 

of the hypertonic (excessive elastic tension)type. The author hypothesizes 

that the increased activity of the thyroid is a result of microwave 

exposure affecting the higher autonomic divisions of the central nervous 

system situated ~n the hypothalamic region which controls the endocrine 

glands, including _the thyroid. The author concludes that this theory 

explains why the ;hyroid activity increased in those with asthenic

autonomic syndrome and neurocirculatory dystonia. 

Comments: The most obvious problem with this study is the lack of a 

control population. The comparison with the three Iodine 131 studies of 

"healthy" persons may still be useful if it can be demonstrated that the 

clinical tests were performed similarly (e.g., male subjects, comparable 

age, similar administration of Iodine 131, etc.) since the results of 

the three studies were amazingly similar for Iodine 131 absorption in 

the thyroid 24 hours after administration (15-25%, 15-33% and 15-33%). 

Unfortunately the author only documents that 7 subjects had absorption 

levels that were "somewhat high" and thus does not permit direct comparison 

with the three other studies. The statement that the association between 

increased thyroid activity and neurocirculatory dystonia was statistically 

significant is also not documentd with any test values. The lack of 

description of how the diagnoses for neurocirculatory dystonia was ob

tained also weakens the value of the study. Credibility for this study 



is enhanced by the fact that some of the results have been reported in 
other studies, but one must wonder whether the results of the subject 
study were strongly biased by the results expected based on previous 
studies. 

Article 3: "Investigation of the Behaviour of the Corpuscular Blood 
Constituents in Persons Exposed to Microwaves" by S. 
Baranski and P. Czerski; Lekarz Wojskowy (Poland), 4 
(10), pp. 903-909; 1966. 

A previous study with which the author was involved, noted that hema
tological modifications (i.e. changes in the blood) were observed in 
workers exposed to microwaves. This study was initiated to investigate 
in more detail the composition of the blood in persons exposed to micro
waves over a long period of time. 

Study Design: This study basically consisted of hematologic examina
tions of 120 workers who had been occupationally exposed to microwaves. 
The workers are categorized into "lowest", "somewhat higher", and 
"significant" exposure groups with the highest group being employed in 
the repair and production of microwave generators. No additional in- · 
formation is provided regarding the exposures to the other groups. The 
workers are further separated into four groups according to their work 
experience (i.e., less than one year, 1-3 years, 3-5 years, and 5-10 
years). Hemoglobin concentration, red blood counts (RBC) and white · 
blood counts (WBC) were determined for all workers. Reticulocyte and 
platelet counts were measured in selected cases (selection criteria not 
given) and bone marrow studies were done in 19 persons selected from the 
abnormal results of the other hematologic exams. 

Study Results: Bone marrow was found to be essentially normal in the 19 
subjects examined. The red blood counts and white blood counts were 
found to be within normal limits for all worker categories. The data do 
demonstrate different types of changes which are more dramatic with in
creased exposure. For example, persons with over 5 years work experience 
in the high category of microwave exposure showed a higher rate of 
lymphocytosis (either relative or absolute) and less frequently neutro
philic leukocytosis than the other exposure categories. A tendency 
towards lymhocytosis was also demonstrated in the two lower exposure 
categories with workers having more than five years experience. The 
white blood cells appear to go through various modifications through the 
first years of employment, and later become normalized during years 1-5 
of experience, before the tendency towards lymphocytosis is manifested 
in the later years of work experience. About 50% of the persons examined 
showed a moderate decrease in the platelet count. 

Comments: It is extremely difficult to correlate the authors reported 
findings with his tabulated data. At no point does he indicate how many 



people are in each exposure group or work-experience category, nor does 
he indicate what is meant by "increase in the percentage of lymphocytes" 
which leaves the reader wondering if the comparisons are made within 
exposure groups or against some "normal" values taken from other investi-
gations. The validity of comparing one exposure group to another is 
qu~stionable due to the lack of information about the actual levels of 
exposure. The ind.ication of an accumulative ef~ect (e.g., greater 
tendency for lymphycotosis with increased work experience) is most 
interesting. The author does document other hematologic studies which 
showed similar results. 

Article 4: Hemodynamic Changes in Individuals Working under Micro
wave Irradiation, by P.N. Fofanov; Kardiologiya; 
(Russian); Vol. 9, No. 4, pp124-126; 1969. 

Clinical Picture of CW SHF-UHF Electromagnetic Radiation 
on Man. by P.N. Fofanov, Sovetskaya Meditsina (Russian) 
31 (9): ppl07-110, 1969. 

These two Russian articles by Fofanov describe the results of a clinical 
examination of w.orkers exposed to non-ionizing radiation. The first 
article deals specifically with changes observed in the circulatory 
system, whereas the second article deals with the other clinical tests 
performed, and includes a less detailed discussion of the circulatory 
system tests. 

Study.Design: The basis for this study was a clinical examination of 30 
men aged 25 to 40. The men were occupationally exposed to RF radiation 
of the "centimeter range" (approximately 1,000210,000 MHz) at power den
sity levels

2
which varied from .01 to .17 mW/cm per working day and up 

to .5 mW/cm or higher six or seven times a month for 30-40 minutes. 
Eight of the men had been employed in this work for less than five 
years, ten for five to ten years, and 12 for more than ten years. Each 
of the subjects were admitted to the clinic for 14 to 20 days for an 
extensive examination. In absence of any control subjects, the results 
of the clinical tests were compared to "normal" values published in the 
literature for healthy persons. 

Study Results: "Most" of the workers complained of generalized weakness, 
nervousness, apathy, increased fatigue, irritability, sweating, and pain 
in the chest region. "Some" of the workers complained of a heavy head, 
headaches, most frequently after work, drowsiness and sleep disturbances. 
The following were the principle clinical findings: 1) A tendency to
ward bradycardia of up to 44 to 56 beats per minute in 47% of the subjects; 
2) A slight decrease in cardiac output as indicated by a tendency 
towards a decrease in systolic heart volume (63% of subjects) and a 
minute volume less than 3 liters in eight out of the 30 cases; 3) No 
appreciable change in mean hemodynamic pressure, however, unsteady 
arterial blood pressure was observed in 37% of the subjects; 4) Alterations 



in the endocrine system as ·shown by an increase in the level of 17-keto
steroids in the urine of eleven subjects (22 to 40.2 milligrams), in
creased activity of the thyroid gland as demonstrated through increased 
rate of absorption of radioactive iodine for two hours and four hours 
determinations (11.3% and 16.9% respectively) in half of the subjects 
even though the absorption after 24 hours was essentially the same as 
established norms; 5) Eight persons were found to have lymphocytosis 
or monocytosis and 18 workers had elevated globulin levels, especially 
in the alpha-I (average 5.2%) and gamma (average 18.2% with five persons 
ranging from 22 to 25% fractions; 6) A study of "most" cases for 
levels of potassium and sodium in the erythrocytes, plasma, and urine 
show lower limits of normal levels of potassium in the erythrocytes and 
upper limits of potassium in the urine; 9) Electrocardiographic changes 
observed in approximately 20% of the workers were indicative of slowed 
stimulation in the ·atrium, in the atrioventricular portion of the conducting 
system, and in the right branch of the bundle of HIS (these changes 
significantly improved and disappeared completely after treatment in 
individual cases). The author concluded that th_e different symptomology 
is the result of alterations in the condition of the central nervous 
system which in turn affected the endocrine system, which would finally 
have an effect on the circulatory system. The observed autonomic-
vascular disorders, with moderate disfunction of the endocrine system, 
could be classified as neurocirculatory dystonia. 

Comments: Again," the greatest deficiency in this study is the lack of a 
control group. The small population is also a major limitation to the 
study's credibility. The study does represent an attempt at providing 
a comprehensive medical examination of RF/microwave exposed workers. The 
lack of a control population and the author's expectation that altera
tions caused by radiation exposure would be found based on previous 
Russian studies, makes this study particularly vulnerable to researcher 
bias. Given this bias, one would expect the reporting of "false posi
tives" rather than "false negatives". Therefore the study may represent 
an "upper limit" of adverse effects from the occupational exposures re
ported. Unfortunately information on the extent of exposure is limited. 
The indication that the symptomology is reversible in most cases is 
encouraging. It would be interesting to know how the 30 men were se
lected for the study. The fact that many of the symptoms responded to 
treatment and rest while in the clinic brings up the question as to 
whether the subjects were in a high-stress job and just needed a rest. 



;-

Article 5: 

Section 2: Review of Epidemiological Studies 

Hemodynamic Indicies During the Action of Super High 
Frequency Electromagnetic Fields by A.M. Monayenkova, 
and N.M. Sadchikova; Gig Tr Prof Zabol (Russian); 
7:18-21, 1966. 

Other Russian studies previous to this article indicated that chronic 

exposure to RF radiation caused alterations in the nervous and cardio

vascular systems. The effects on the cardiovascular system were typi

cally based only on EKG data and arterial pressure measurements. The 

purpose of this study was to conduct a more detailed investigation of 

the effects of microwave exposure on the circulatory system. 

Study Design: This study consisted of a clinical evaluation of 30 men 

and 4 women, aged 30-49 years, who were occupationally exposed to "in-

. tense (up to several mW/cm2)" SHF microwave radiation for 5 to 15 years 

or more. A machanocardiograph was used to measure the following hemo

dynamic indicies: minute blood volume, peripheral resistence, average 

and actual arterial pressure, and degree of tonic strain in the smooth 

muscles of various vessels. In addition, the clinical evaluation took 

into account the subjects' medical history and "any other factor" which 

might affect the circulatory system. A control group is referenced in 

the article, but no indication is given as to how it is matched w,ith the 

study population. 

Study Results: All 30 of the subjects were diagnosed as having symptoms 

of "chronic microwave exposure"; 8 had mild asthenic symptoms and auto

nomic shifts, 17 had moderately severe symptoms and 9 had "pronounced 

autonomic vascular disruption accompanied by occasional diencephalic 

disorders". Twenty-five subjects, principally from the latter two cate

gories, complained of unpleasant prickling sensations in the cardiac 

region, stabbing and constriction pain and tachycardia (rapid heart beat). 

Physical and x-ray examinations showed no pathalogical deviations. 

Arterial pressure measured above normal for 5 subj.ects. An increase in 

the vascular tonus was indicated by the instability of maximum and mini

mum arterial pressures; pressures decreased in 5 subjects, and increased 



I • 

in 17 subjects. 

of the subjects. 

Constriction of the retinal arteries was observed in 22 

The following indicated that the elasticity of the 

walls of myogenic type vessels increased from the microwave exposure: 

19 subjects had accelerated pulse-wave velocities in myogenic vessels; 

twenty-one subjects had an elasticity modulus (pressure needed to de

form) of myogenic-type artery walls which was higher than normal (study 

population averaged 9950 dyne/cm2 versus a range for the controls of 

4300 to 9000 dynes/cm2); and an increase (above 1.3) in the ratio be

tween the elastic moduli of the walls of myogenic and elastic-type 

vessels. Minute blood volume was shown to be greater than predicted in 

ten subjects and less than predicted in 13 subjects.· The degree of 

deviation from predicted ranged from 12 to 40%. Data on peripheral 

resistence shows an increase resistence in the precapillary system (19 

subjects). EKG analysis showed sinus bradycardia; 13 of the subjects 

showed 60 or more systoles per minute. Delays in intraventrical and 

intra-aurical conductivity were noted in ten cases. 

Comments: The objective of this study was not to prove an association 

between microwave exposure and health affects. The author not only 

assumed that such an association exists, they grouped their subjects 

according to the severity of "symptoms from chronic exposure to SHF 

electromagnetic fields". He then proceeds to demonstrate that those 

with more severe microwave induced symptoms have a greater tendency 

towards abnormalities in the hemodynamic indicies measured. This bias, 

accompanied with the lack of information regarding the control popu

lation and selection criteria for the subjects, seriously limits the 

usefulness of the information reported. It would have been of interest 

to learn the results of ,the tests which allowed the author to categorize 

his subjects into the various severity levels of microwave induced 

symptoms. It is not apparent that the controls were also subjected to 

these preliminary tests; rather they may have just been used as controls 

for the hemodynamic indicies. Therefore, the author may have identified 

hemodynamic changes in a population of diseased workers, but fails to 

associate these changes with RF/microwave exposures. 
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Article 6: 

Section 2: Review of Epidemiological Studies 

Critical Aspects of the Effect of Metric Range Electro 

magnetic Fields by A.I. Kleyner et. al., Kiev Vrachebnoye 

Delo (Russian); September 1975, pp. 133-137. 

This article is of particular interest since it addresses the health 

experience of women working with RF Heat Sealers or plastic welders. 

Operators of RF heat sealers in the United States are exposed to higher 

fields of RF radiation than any other population, and due to the use of 

unshielded RF sealing machines, are often exposed to levels of RF 

radiation which are orders of magnitude greater than those reported in 

this study. 

Study Design: The study population for this clinical investigation 

consisted of 50 women operators of RF heat sealing machines used to make 

plastic items. The control population consisted of 50 aged-matched 

women from the same plant who worked in an area without RF radiation. 

The operators were exposed to "metric" frequency (10 to 100 MHz) radia

tion at a level of electric fields ranging from 45 to 160 volts per 

meter (far-field equivalent= .5-7 mW/cm2). The work force was rela

tively young (82% under the age of 40). Twenty of the operators had 

worked with the RF heat sealing machines for less than 3 years; the 

remaining 30 had from 3 to 5 years of work experience •. 

Study Results: Subjective complaints which were found in a significantly 

higher number of the study population compared to the control population 

include the following: Increased irritability (44%); depression; fre

quent headaches (22%); reduction in memory (28%); insomnia (22%); 

constant feeling of general weakness (14%); numbness in parts of the 

arms (20%); and general weakness, sleepiness, and pressure headaches 

during the second half of the workday (69%). Neurological examinations 

demonstrated that the following also occurred significantly more often 

in the study population: Emotionally lability (20%); unequal pupil 

size (10%); a reduction in tendon (16%) and sole (44%) reflexes; general 

excessive sweating (24%); intensive falling out of the hair during worktime 

(46%); and rapid weight gain (10%) or noticeable loss of weight (10%). 

Complaints of increased nervousness, tiredness and depression correlated 
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with increased work experience, as did the changes in emotional !ability, 

tendon and sole reflexes, and body weight. Based on the above results, 

42% of the study group compared to 21% of the control group were diagnosed 

as having functional disorders of the nervous system. In the study 

group, 32% were diagnosed as having neurastheni~ syndrome, and 10% were 

diagnosed as having autonomic vascular dysfunction for the total of 42%. 

Clinical/physiological indicators for those workers with over 3 years 

experience indicated the presence of general vascular-vegetative dystonia. 

Effects to the cardio-vascular system were demonstrated in the study 

population with reference to the control population according to the 

following: Pain in the heart area (38%); Tachycardia (20%); reduction in 

the voltage of the T-wave (27%); reduced intraventricular conductivity 

(23%); increased resistance in the precapilliary system (60%); and 

changes in the elastic properties in the walls of muscular type vessels 

(80%). These effects were assumed to be caused by disturbances to the 

extracardial regulation of the cardiavascular system. Tests for gastric 

secretion demonstrated hypo-secretion among 41%. Hypoacidity was demon

strated in 20% of the study population with less than 3 years work 

experience, and among 42% with greater than 3 years experience. A 

reduction in the albumino-globulin co-efficient was demonstrated in 44% 

of the study population, and changes in the hyperglycemic and postglycemic 

co-efficients were observed in 60% of the subjects. The daily excretion 

of total 17-oxycorticosteroids (17 OKS) was statistically significantly 

reduced as was the catecholamine content in the urine. Although there 

was no reduction in the sharpness of vision, eight workers revealed 

pulverulent cloudiness of the crystalline lens. Finally, moderate 

disturbances in the functonal state of the pancreas was also discovered 

among the study population. In general the clinical manifestations of 

disorders observed were not sharply marked, were of a reversible nature, 

and did not result in loss of working capacity as judged by the authors. 

Comments: The authors made a concertive attempt to increase the validity 

of the study through statistics as evidenced by the reported confidence 

limits and significance values. The use of a matched control population 

from the same plant also increases the validity of the study, but the size 

of the study population is relatively small. The author's conclusions 
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describe the hazards from the occupational exposures to RF radiation 

experienced by these operators as being less than dramatic. Although 

not substantiated, the conclusion that the observed effects were pri

marily "reversible in nature" would, if subsequently proven, signifi

cantly influence the importance assigned to RF radiation hazards. The 

conclusion that the affect did not result as a rule in loss of working 

capacity indicates that workers may have the reported effects and not 

be aware of them. 
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Section 2: Review of Epidemiological Studies 

Article 7: Assessment of Lens Translucency in Juveniles, Microwave 
Workers and Age-matched Groups by S. Zydecki; Biological 
and Health Hazards of Microwave Radiation; Polish Medical 
Publishers, Warsaw, 1973. 

Since the development of microwave generating equipment it has been 
thought that the eyes would be particularly vulnerable to microwave 
radiation damage. The objectives of this study were to develop a set 
of criteria for evaluating eye lens translucency and then to use this 
criteria in a comparison of the eyes of people exposed to microwave 
radiation to different control groups. 

Study Design: This research was conducted as a retrospective cohort 
study. The study population was comprised of two sub-groups. The 
"highly" exposed group were occupationally exposed to microwave radi
ation at power density levels ranging from .1 to lmW/cm2, with short 
periods of exposure of up to 6mW/cm2• The low exposed group consisted 

2 of 458 workers exposed to levels less than or equal to .01 mW/cm. The 
duration of exposure for both groups ranged from 1 to 15 years and 
averaged four hours per day. One control group consisted of 1,000 age
matched people not exposed to microwaves, while another group consisted 
of 1,000 children aged 5 to 17 years. The examination of the lens was 
made using a slit lamp after dilation of the pupil. Lens translucency 
was assessed using a five grade scale based on the number and size of 
opacities observed. 

Study Results: A table summarizing the study results is presented 
below: 

Table I 

Percentage Incidence in Various Lens Translucency Grades 
Highly Low All Non-Exposed Non-Exposed 

Grade Exposed Exposed Exposed Age-matched Children 

1 13.0 31.1 21. 7 29.7 68.8 
2 62.0 52.6 57.7 50.3 26.9 
3 19.7 12.2 16.2 16.6 3.6 
4 4.8 3.5 4.1 2.6 0.3 
5 0.5 0.3 0.8 0.4 
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Comments: This study is particularly interesting in view of the U.S. 

controversy on microwave-induced vision impairment. The U.S. debate is 
characterized by the U.S. Department of Defense stand that no low-level 

effects exist, and Dr. Milton M. Zaret's position that a unique type of 

cataract can be formed by chronic, low-level exposure to microwaves. 

The results of this study places the author between these two positions; 
increased numbers of lens opacities (but not cataracts) were observed in 

the microwave workers, but the types of opacities were similar to those 

found in the non-exposed individuals. The author's hypothesis that 

microwave exposures may cause premature aging of the lens coincides with 
an article published by Dr. Zaret, who expands the theory to encompass 
the possibility that cardiovascular system abnormalities observed in 

microwave workers may be symptoms of premature aging of this system. 

One major deficiency with the subject study is that the control popula

tion was not sex-matched to the exposed populations. 
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