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Principles of health surveillance of microwave workers are pre
sented. An analysis of the incidence of disorders considered con
traindications for occupational microwave exposure among 841 
males aged 20 to 45 years and exposed occupationally to micro
waves for various periods was made. The analysed population 
was subdivided into two groups differing only in respect to micro
wave exposure-low i.e. below 0.2 mW /cm2 and high i.e. be
tween 0.2 mW /cm2 and 6 mW /cm2. No dependence of the in
cidence if disorders considered contraindications for occupational 
microwave exposure on the exposure level or duration of oc
cupational exposure could be demonstrated. The authors feel 
that similar studies carried out on groups exposed at other power 
density levels are needed. 

A T THE PRESENT state of microwave (MW) 
dosimetry, the exposure dose· may be determined 

with any reasonable accuracy in rigidly controlled condi
tions (2,3,4,7,14), which practically may be realised in 
experimental situations only. Human occupational ex
posure, particularly in radar installations, factories, and 
repair-shops, can be, at best, evaluated approximately. 
The subjects move around, the sources may be also mov
able and/ or emit moving beams. The resulting field dis
tortions, reflection, and interference phenomena can be 
only guessed at. Improper care of the equipment, leak
age, personnel imprudence, occasional disregard for 
safety rules, and accidents are unpredictable complicating 
factors. In view of this, the introduction of radiation pro
tection guides (safety rules, safe exposure limits) and 
technical surveillance are· not sufficient, and should be 
supplemented with adequate systematic health surveil
lance of MW workers. 

The principal aims of such surveillance are to detect 
those conditions which may be affected unfavourably by 
MW exposure · and to detect early symptoms of MW 

· overexposure before any serious health damage occurs. 
This means that effective health surveillance is predicated 

on detailed knowledge of MW bio-effects. Unfortunate
ly, this knowledge is far from complete and any system of 
health surveillance should be considered as a preliminary 
solution. The aim of this paper is to present a. proposal 
for a system of health surveillance of MW workers and 
its rationale. 

MATERIALS AND METHODS 

Medical Examinations: Medical examinations may be 
divided into three types: an initial examination, periodic 
health checks, and special occasional examinations. The 
initial examination is mandatory under Polish law. A spe
cial Ordinance of the Council of Ministers ( 11) sets up 
safe exposure limits, distinguishing a safe zone and re
stricted zones according to power density levels ( see 5 
for details). A restricted zone may be entered in Poland 
only-by a healthy adult over 18 years of age who under
went a mydical examination and obtained a certificate 
stating that no contraindications for MW exposure were 
found. In another paragraph the same Ordinance states 
that such a certificate must be obtained by candidates for 
work in conditions of occupational MW exposure or for 
schooling in a profession which will, in the future, involve 
occupational MW exposure. After work is undertaken, 
yearly periodic examinations are obligatory and special 
examinations may be. made if needed (Table I). During 
the early period of organised health surveillance a se
lected group of individuals working under poorly con
trolled conditions of rather high-level MW exposure 
( estimated at about 10 mW/ cm2 ) was examined at 3-
month, later 6-month and, finally, yearly intervals· ( 1). 
The results obtained in this group as well as later experi
ences indicate that a yearly general health check up 
should· be sufficient. It is to be doubted if a detailed ex
amination is really needed more frequently than at 3-
year intervals. It should be, however, stressed that with 
passage of time working conditions are more and more 
rigidly controlled and occupational MW exposure levels 
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TABLE I. MEDICAL EXAMINATIONS, 

Aim Scope Type 
Initial To exclude contraindica

tions for MW exposure 
General medical, blood, urin
alysis, chest X-ray, ophthalmo
logic (slit-lamp) neurologic. 
Desirable: ECG and EEG for 
future reference 

Legal aspect 
Mandatory for candidates 
for work or schooling in a 
profession involving MW 
exposure 

Periodic Detection of conditions 
affected unfavorably by , 
MW exposure andior 
early signs of MW over
exposure 

General medical, blood, urin
alysis-each year; Detailed 
( as initial)-each · 3 years; 
ECG, EEG (light evoked re
sponse) if indicated 

Yearly check-up mandatory 

Special ( occa
sional) 

Assessment of health sta
tus in cases of accidental 
(suspected) MW overex
posure or of relationship 
to MW exposure in cases 
of unclear symptoms 

According to medical indica
tions 

On request of the inter
ested party, medical or 
technical officer responsi
ble for work and/or health 
safety 

systematically brought down. 
An Ordinance of the Minister of Health and Social 

Welfare (15) lists, in a general way, contraindications 
for MW exposure. These are presented in more detail 
in Table II and may be classified as absolute, relative, or 
temporal. Absolute contraindications make admission to 
work legally impossible. Relative contraindications may 
necessitate a certificate by a medical-expert board to be 
legally binding. The rationale quoted in Table II is based 
on a review of extensive literature and large reference 
lists may be found in the monographs quoted at the 
end of this paper (2,6,8,9,10). 

Medical findings are evaluated differently in a candi
date for work or schooling and a microwave worker after 
many years of exposure. More rigid rules apply to a 
candidate, age being also taken into account. Moreover, 
the comparison of the results of initial examination with 
those of subsequent periodic ones should allow assess
ment of the real extent of MW occupational health haz
ards in contemporary, rigidly controlled working condi
tions in our country. A documented, unambigous picture 
of the health status during initial examination constitutes 
the necessary condition for valid epidemiologic studies 
on MW occupational health hazards as related to ex
posure levels. 

It should be stressed that early reports on the health · 
status of MW workers concern individuals with a longer 
or shorter history of exposure under uncontrolled or 
poorly controlled conditions before any safety rules were 
introduced or sufficiently enforced (see 2,6,9,10 for ref
erences). These reports are extremely valuable indicating 
possible dangers of MW overexposure and allowing de
termination of such contraindications as listed in Table 
II. Further studies are, however, necessary to evaluate 
the effectiveness of the introduced safety precautions and 
exposure limits. Functional disturbances and ophthal
mologic findings will be discussed in separate papers 
(12, 13). The present work will be restricted to the dis
cussion of the causes of inability to continue work under 
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MW exposure in a selected group of MW workers hos
pitalised and examined in clinical . conditions to deter
mine their health status during the period 1966 to 1972. 
The medical examinations comprised a detailed medical, 
ophthalmologic, and neurologic examination (Table I) 
carried out in each instance by the same respective spe-. 
cialist. Free use of the existing full laboratory facilities, 
ECG and EEG equipment was made for confirmation of 
diagnosis. If needed, the neurologic examination was sup
plemented by psychologic examinations and tests. 

Personnel Examined: The analysis of medical data 
was preceded by a detailed examination of working con
ditions of each individual separately. In each case, power 
density measurements were made using the ~ 
meter described by Presman (10). The exammed per
sons were exposed occupationally to pulsed MW in the 
whole range used in radiolocation. Safety rules were ob
served and typical protective devices used, Within the 
group, working conditions (working time, periods of 
rest and work, noise, temperature, humidity, etc.) and 
the social and economic position were comparable. No 
strictly comparable-in all these respects--control group 
unexposed to MW could be found. Comparisons to other 
professional groups were rejected because of differences 
in many environmental occupational factors and/or 
modes of life. Comparisons to standard mean or the 
mean values for the Polish general population were re
jected as meaningless, the analysed group being a highly 
preselected one. Statistical analysis within the group dem
onstrated that valid conclusions may be drawn if the 
whole analysed population is divided into two subpopula
tions, according to the exposure levels. The analysed 
population consisted of 841 men aged 20 to 45 years, 
divided into two groups. Group I consisted of 507 per
sons exposed to mean power densities above 2 W /m2, 

momentary maximal exposures not exceeding 60 W /m2, 

exposure times conforming to Polish safe exposure lim
its. Group II consisted of 334 persons exposed to low 
mean power densities-below 2 W /m2• Within each 
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TABLE II. CONTRAINDICATIONS FOR OCCUPATIONAL MW EXPOSURE. 

Contraindication 
Absolute 
1a. Organic lesions of the nervous 

system, or 
b. Impairing . functional disturb- , 

ances, particularly progressive 
(neurovegetative of psychoneu
rosis, mental diseases). 

2. Changes in . the translucent 
media of the eye. 

' 3. Primary disorders of the blood . 
and blood-forming system, par
ticularly proliferative · diseases 
(even in remission). 

4. Neoplastic diseases. 

5. Endocrine disorders. 
6. Tuberculosis. 

Absolute~temporary 
7. Pregnancy from earliest stages 

on. 

Relative 
8. Progressive or_ recurrent chronic 

disorders, particularly those, in 
which the course is markedly 
influenced by neuro-endocrine 
regulation mechanisms. 

9. Any functional disturbances in 
the nervous system (neurovege
tative, psychoneuroses), even
tually till recovery. 

,10. Transient, sec;ondary ( sympto
matic) disturbances in blood or 
the blood forming system, till 
recovery. 

11. Chronic rheumatoid disease. 

12. Heart diseases. 

Rationale 

1. MW bioeffects demonstrated ex
perimentally, disturbing ·clinical 
reports. 

· 2. Experimental lens opacities and 
cataracts, controversial clinical 
reports. 

3,4,5,6. Experimenta( results indi
cate that MW may interfere 
with: 
cellular division (MW-induced 
chromosomal aberrations) 
neuroendocrine regulation, par- . 
ticularly at the hypothalamic
hypophyseal level 
immune defences of the organ
ism. 

7. Experimental ' proofs of terato
genic effects. 

8. See above points 1 and 3 and 6. 

9. As above. 

Remarks 

b. Depends on subjective evalua
tion of the examining physi
cian. 

2. Possibly more. attention should 
be paid to the examination of 
the retina. 

· 3,4,5,6. MW exposure may con-
. stitute an additional stress; 

doubts about MW bioeffects 
necessitate extreme caution in 
these conditions. 

7. Even suspicion of pregnancy is 
sufficient, accidental overex
posure cannot be excluded even 
in strictly controlled conditions. 

8. Dependent on the evaluation of 
the examining physician, neces
sitates long occupation and re
examination efc. 

9. May be an absolute contrain
dication in a candidate for work 
or schooling. 

11. As above. 11 and 12. To be evaluated indi-
vidually by the examining physi-

12. Disturbing clinical reports, in- cian. 
conclusive experimental data. 

group additional analyses were made according to age 
and the duration of occupational exposure years of work. 
The structure of both groups in these respects is shown 
in Table III. 

The small number of individuals with such contraindica
tions did not _allow analysis of the incidence of each 
separately. 

The first step in the statistical analysis consisted in de
termination of the regression of the duration of work in 
d_ependence on age. Following this, the incidence (mean , 
percent values) of each analysed trait in each group was 
subdivided· according to age or duration of work. Stu
dent's test was used and standard deviations were com
pared according to Fisher's test. The dependence of in
cidence of the analysed trait on age or duration of work 
was examined within each group separately using the 
chi-square test for multifactorial analysis (independence 

RESULTS 

Causes of Inability to Continue Work a,;d the Analysis 
of Their Incidence: Causes of inability to continue work 
were classified as ophthalmologic contraindications, se"" 
vere functional disturbances, and other contraindications. 
These comprised endocrinologic disorders, blood and 
blood-forming system disorders, traumas, disorders of 
the digestive tract ( organic changes) and similar items. 
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TABLE III. THE STRUCTURE OF THE EXAMINED GROUPS 
ACCORDING TO AGE AND DURATION OF WORK. 

Group 

II 

Duration of work yrs 

1-5 

193 
134 

6-10 

207 
114 

10 

107 
86 

test). Tchupurov's coefficient was used for the determi
nation of the interdependence between the analysed 
traits, regression lines were· drawn, and the correlation 
coefficient calculated. The significance ( confidence 
level) of the correlation coefficient was determined using 
Fisher's formula. The results were considered significant 
at the 0.05 confidence level. A programmed calculator 
Hewlett-Packard 9100 B was used for computation. 

Fig. 1 presents linear regression of duration of work as 
a function of age. Th~ correlation between these traits 
is highly significant in both groups. 

The comparison of the incidence of causes of inability 
to continue work in both ,groups, subdivided according to 
age or duration of work is presented in Tables IV and V, 
respectively. No significant differences were found. 

The analysis of inability to continue work in depend
ence on age and duration of work within group; I and 
within group II is presented in _Tables VI and ~II, re
spectively. No statistically significant correlation between 
causes of inability to continue work and duration of 

Fig. 1. Correlaition between the 
duration of occupational exposure 
and age In group I and II. 
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Total Age yrs 
20-25 26-30 31-35 _ 36-45 

507 
334 

125 
73 

158 
67 

109 
65 

115 
129 

TABLE IV. COMPARISON OF MEAN PERCENT 
CORRESPONDING VALUES IN GROUP I AND II SUBDIVIDED 

ACCORDING TO AGE-CAUSES OF INABILITY TO . 
CONTINUE OCCUPATIONAL MW EXPOSURE. 

Group I Group II 
X1 ± S1 X2 ± S2 TI F 

Fit 49.7 ± 12.1 47.3 ± 16.0 0.109 1.741 
Declared unfit 
because of: 

ophthalmologic 8.2 ± 4.3 10.l ± 5.2 1.006 1.475 
findings 

functional 29.3 ± 7.7 28.7 ± 13.1 0.137 2.849 
disturbances 

other causes 14.6 ± 8.4 13.9 ± 5.5 0.263 2.327 

n,n2 = 13 k = 24 f1f2 = 12 Verified: I T I with to.oa,,. = 2.064 
·F with F0.05 ,12,12 = 2.690 

x = mean; s = standard deviation; n = number of results; k = 
degrees of freedom; I T I = t test (Student's) module; F = number 
F (Fisher's test); f = degrees of freedom. 
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TABLE V. COMPARISON OF MEAN PERCENT CORRESPOND
ING VALUES IN GROUP I AND II SUBDIVIDED ACCORDING 
TO DURATION OF OCCUPATIONAL EXPOSURE-CAUSES 
OF INABILITY TO CONTINUE OCCUPATIONAL EXPOSURE. 

Declared unfit 
because of: 

ophthalmologic 
findings 

functional 
disturbances 

other causes 

Group I 
X1 ± S1 

51.5 ± 18.7 

8.0 ± 5.2 

28.l ± 10.5 

12.7 ± 7.4 

Group II 
X2 ± S2 

43.7 ± 15.1 

10.3 ± 6.2 

30.4 ± 8.8 

15.2 ± 8.1 

1.332 1.523 

1.144 1.427 

0.684 1.429 

0.931 1.208 

n1n2 = 17; k = 32; f,f2 = 16 Verified IT I with t0•05 ;32 = 2.042 
• F with Fo.05:ia;16 == 2.350 

Explanations see table IV. · 

work could be demonstrated within both groups. In group 
II a significant co~relation with age exists, nevertheless 
the low value of Tchupurov's interdependence coef- · 
ficient does qot allow any conclusions to be drawn. 

DISCUSSION AND CONCLUSIONS 
It should be stressed that the material presented here 

is highly preselected ·and cannot be compared to the gen
eral population or other occupational groups. Moreover, 
the individuals examined were directed for hospitaliza
tion because of doubts as to their fitness for further 
work in MW exposure conditions. by industrial physi
cians. A certain number of the persons examined had a 
longer or shorter period of MW occupational exposure 
before the first medical examination with contraindica-

. tions _ for MW exposure being properly taken into ac
count. In view of the criteria: in use at present, some of 
the disqualified individuals would probably never be al-

TABLE VI. ANALYSIS OF THE DEPENDENCE OF FITNESS FOR WORK 
ON DURATION OF OCCUPATIONAL EXPOSURE AND AGE WITHIN 

GROUP I. 

Duration of occupational 
exposure, yrs Age, yrs 

1-2 6-10 10 or 20-25 26-30 31°35 36-45 
more Total 

Fit 107 102 59 268 69 80 53 66 

Declared unfit 
because of: 

ophthalmologic 16 20 13 49 14 11 12 12 
findings 

functional 42 53 15 110 25 41 27 17 
disturbances 

other causes 28 32 20 80 . 17 26 17 20 

p = 0.31506; )(2 = 7.06300; k = 6; p = 0.53686; )(2 = 7.97312; k = 9 
rp2 = 0.01393; k = 0.00569 rp2 = 0.01573; k = 0.00524 

TABLE VII. ANALYSIS OF THE DEPENDENCE OF FITNESS FOR WORK ON 
DURATION OF OCCUPATIONAL EXPOSURE AND AGE WITHIN GROUP II. 

Duration of occupational 
exposure, yrs Age, yrs 

1-5 6-10 10 or 20-25 26-30 31-35 36-45 
more Total 

Fit 74 51 42 167 52 30 35 50 

Declared unfit 
because of: 

ophthalmologic 14 17 9 40 5 7 10 18 
findings 

functional 34 23 23 80 10 19 10 41 
disturbances 

other causes 12 23 12 47 6 11 10 20 

p = 0.16180; 2 = 9.21574; k = 6; p = 0.00353; 2 = 24.53290; k = 9; 
rp2 = 0.07345; k = 0.02448 rp2 = 0.02759; k = 0.01126 
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lowed to start work in MW irradiated environment. This 
influences the percent of rejections, making it higher. 

The analysis presented here is a retrospective one. Its 
results indicate that the difference in MW exposure levels 
between both groups did not influence the incidence of 
disturbances or disorders considered contraindications for 
MW occupational exposure. It should be remembered 
that, in all cases, Polish safe exposure limits restricting 
exposure above 1 mW/ cm2 and prohibiting any expos
ure above 10 mW /cm2 were observed. As both groups 
differed only in respect to MW exposure levels it may 
be concluded that the imposed restrictions rendered ex
posures above 2 W /m2 (0.2 mW /cm2 ) as safe as ex
posures below this value. The other possible conclusion 
is that the contraindications enumerated above should be 
reexamined. This is difficult to decide, .particularly when 
one does not analyse a group, but is.obliged to decide 
the further fate of an individual examined patient. Any 
doubts concerning the health status must be taken into 
account. One possible solution is to observe the individ
ual during longer periods, during part of which the per
son concerned works in conditions of MW exposure •and. 
part of which in comparable conditions without MW ex
posure. Comparison of results of successive detailed ex
aminations may help to make the correct decision. This 
was possible in many instances thanks to the excellent 
cooperation of the management of the institutions in 
question and of .the MW workers themselves. Further 
analysis of such type of decisions and follow-up studies 
are in progress with the aim to ascertain the absolute or 
relative value of the contraindications for occupational 
MW exposure. 

The authors' feeling is that such type of epidemiologic 
studies, based on a comparison of low-and high-level 
exposure groups, may be helpful in perfecting the meth
ods of health surveillance of MW workers. Such studies 
carried out in countries where the safe exposure limits 
differ from the Polish ones, could contribute to the 
much-discussed question of the permissible exposure 
dose, at least in respect to healthy adults. 
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The incidence of functional disturbances (neurotic syndrome, 
gastro-intestinal tract disturbances, cardio-circulatory disturb· 
ances with abnormal ECG) was analysed in 841 males aged 20 
to 45 years, occupationally exposed to microwaves for various 
periods of time. The whole population was subdivided into two 
groups differing only in respect to microwave exposure-low i.e. 
below o.2 mW/cm2 and high i.e. between o.2 mW/cm2 and 
6 mW /cm2. No dependence of the incidence of functional dis
turbances on the exposure level or duration of occupational ex
posure (years) could be demonstrated. 

V ARIOUS FUNCTIONAL disturbances in the nerv
ous and cardiocirculatory systems were described 

in persons occupationally exposed to microwaves (MW) 
by numerous authors ( see 1 and 3 for references). The 
opinions about the causal relationship of such disturb
ances to MW exposure, as well as to their significance 
for determination of the fitness for work in MW expos
ure conditions, differ. In view of this it seemed interest
ing to make an attempt at a statistical analysis of the 
incidence of such disturbances in a selected group of 
MWworkers .. 

MATERIALS AND METHODS 
A selected group of 841 males aged 20 to 45 years 

occupationally exposed to MW during various periods of 
time was examined. The whole population worked in 
identical conditions, differing only in MW exposure lev
els. Accordnig to these, the examined population was 
subdivided into two groups: group I numbering 507 in
dividuals exposed to mean power densities above 2 
W/m2 (0.2 mW/cm2 ) reaching up to 60 W/m2 

(6 mW /cm2) during short periods of time, according to 
Polish rules about safe. exposure limits; and group II 
numbering 334 individuals exposed to mean power den-

/ 

sities below 2 w/m2• The results of medical examina
tions were conpared between both groups and within 
each group, subdivided according to age or the duration 
of occupational exposure. The rationale of such an ap
proach is that no adequate control group identical in 
working c_onditions and socio-economic status could be 
found for the whole population of MW workers. Group 
I and II are comparable in all respects, save the level of 
MW exposure; this may be considered relatively insig
nificant in group II, which serves as control for group 
I. Details on health surveillance, working conditions, 
structure of both groups in respect to age and duration 
of occupational exposure as well as methods of statistical 
analysis were described in a previous paper (2). 

RESULTS 

The incidence of functional disturbances and the cri
teria for their recognition: The health status of the exam
ined individuals was: 1) -showing no functional disturb
ances, 2) neurotic syndrome, 3) digestive tract function
al disturbances and 4) cardio-circulatory disturbances 
with abnormal ECG findings. The incidenc;e of each of 
these four health status categories was examined in each 
group, compared between groups, and analysed within 
each group, according to age and duration of occupation
al exposure. The results are shown in Tables I to IV. 
The comparison between groups demonstrates that the 
difference in exposure levels did not influence the inci
dence of functional disturbances, nor does it depend on 
duration of occupational exposure. The incidence of 
functional disturbances depends in group I on age; this 
relationship was shown to be non-linear. 

It should be, however, stressed that in about 60% of 
all examined individuals functional disturbances were 
found and in about 30% of cases the severity of symp
toms was thought sufficient to declare the . persons con
cerned unfit for further work in conditions of MW ex
posure. 
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TABLE I. COMPARISON OF CORRESPONDING VALUES IN GROUP I AND II SUBDIVIDED 
ACCORDING TO AGE (MEAN PERCENT ± STANDARD DEVIATION). 

Functional disturbances Group I Group II 

none 37.2 ± 11.7 34.3 ± 11.8 
neurosis 34.2 ± 9.6 31.8 ± 6.0 
digestive tract 19.7 ± 6.5 23.5 ± 8.5 
abnormal ECG 8.8 ± 3.4 10.4 ± 3.3 

n1n2 = 12 k = 22 f1f2 = 11 Verified I 'T I with to.011,~2 = 2.074 
F with F0•011,11,11 = 2.850 

Explanation: n = number of results; I 'T I = t test (Student's test) module; 
k = degrees of freedom; F = F number (Fisher's test); f = degrees of fredom. 

I 'T I F 

0.605 1.015 
0.738 2.549 
1.236 1.721 
1.154 1.018 

TABLE II. COMPARISON OF CORRESPONDING VALUES IN GROUP I AND II SUBDIVIDED 
ACCORDING TO DURATION OF OCCUPATIONAL EXPOSURE (MEAN PERCENT ± .. STANDARD DEVIATION) . 

Functional disturbances Group I Group II 

none 38.4 ± 17.8 30.4 ± 9.5 
neurosis 35.1 ± 9.7 34.2 ± 8.4 
digestive tract 21.6 ± 9.3 22.9 ± 8.4 
abnormal ECG 8.2 ± 4.5 11.4 ± 5.5 

n1n2 = 17 k = 32 f1f2 = 16 Verified I 'T I with t0_06,82 = 2.042 
F with F0•06,1o:16 = 2.350 

Explanations see table I. 

I 'T I F 

1.635 3.546 
0.288 1.334 
0.429 1.222 
1.272 1.478 

TABLE III. ANALYSIS OF THE DEPENDENCE OF THE INCIDENCE OF FUNCTIONAL 
DISTURBANCES ON AGE AND DURATION OF OCCUPATIONAL EXPOSURE IN GROUP I. 

Duration of 
occupational Age, yrs 
exposure, yrs 

Functional 1-5 6-10 10 or 
disturbances more Total 20-25 26-30 31-35 36-45 
none 83 68 39 190 63 58 26 43 
neurosis 64 78 38 180 38 64 49 29 
digestive tract 26 38 23 87 10 23 24 30 
abnormal ECG 20 23 7 50 14 13 10 13 
p2 = 0.25243 p2 = 0.00010 

X = 7.80899 X =33.71979 
k2 = 6 k2 = 9 
cp = 0.01540 cp = 0.06651 
K = 0.00629 K ,,;, 0.02217 

TABLE IV. ANALYSIS OF THE DEPENDENCE OF INCIDENCE OF FUNCTIONAL DISTUR
BANCES ON AGE AND DURATION OF OCCUPATIONAL EXPOSURE IN GROUP II. 

Functional 
disturbance 

none 
neurosis 
digestive tract 
abnormal ECG 

p2 = 0.31456 
X = 7.06852 
k2 = 6 
K = 0.00864 
cp = 0.02116 

1-5 

50 
40 
29 
15 

Duration of 
occupational 
exposure, yrs 

6-10 

31 
41 
33 
9 
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10 or 
more Total 

27 108 
35 116 
16 78 
8 32 

Age, yrs 
20-25 26-30 31-35 36-45 

32 22 21 33 
23 25 20 48 
10 14 19 35 
8 6 5 13 

p2 = 0.27817 

X =10.96428 
k2 = 9 
K = 0.01094 
cp = 0.03283 
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The criteria of recognition of what is called here a 
neurotic syndrome were as follows: fatigue unpropor
tioal to . effort, frequent headaches, sleep disturbances, 
emotional instability, inability to concentrate; difficulties 
in memorizing, and iri certain instances decrease of sexual 
potency. These complaints and psychologic examination 
findings were accompanied by synptoms of regetative 
system overexcitability, red dermographism, tremor of 
hands, sweating and hyperreflexes on neurologic exami
nation. Digestive tract complaints were P!esent in about 
20% of examined cases. These complaints seemed to be 
related to emotional disturbances, all cases with organic 
companied by chest pain and bradycardia. Cases of 
this analysis. ECG abnormalities consisted in signs of an 
changes (liver diseases, ulcers, etc.) were excluded frofl" 
incomplete block of the right His bundle and wee ac
organic heart lesions were excluded from this analysis. 

DISCUSSION AND CONCLUSIONS 

The incidence of functional disturbances in both ex
amined groups is unusually high. It was demonstrated 
experimentally that MW exposure may induce various 
functional, metabolic, and even structural changes in the 
nervous system ( see 7 and 4 for references). If MW 
exposure would be responsibile for the functional dis
turbances observed in both groups, a relationship be
tween the incidence of disturbances and exposure dose 

(i.e. exposure levels) and/or duration of occupational 
exposure would be expected. The comparison between 
both groups, as well as the analysis of subgroups of vari
ous occupational exposure duration within groups, did 
not demonstrate any such relationship. It should be added 
that no such relationship was demonstrated, also, for the 
incidence of severe disturbances, considered contraindi"' 
cation for further occupational exposure ( 2) . In view of 
this the question of the causal relationship between MW 
exposure and the functional disturbances observed should 
be left open. Further experimental and epidemiologic 
'studies, particularly of MW workers exposed to other 
power density levels than those to which the personnel 
examined in this study was subjected, are needed. 
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The incidence of lenticular opacities was examined in 841 
microwave workers with history of various periods of occupa
tional exposure at 2 W /m2 to 60 W /m2 (507 individuals) or at 
below 2 W /m2 (334 individuals). The incidence of lenticular 
opacities was compared between both these groups, as well as 
analysed within each group, subdivided according to age or 
duration of occupational exposure, No dependence of the inci
dence of lenticular opacities on the exposure level, nor on dura
tion of it was found, on the other hand, to have a statistically 
significant correlation with age. 

C ATARACTOGENIC effects of high-power density 
microwave (MW) exposures of the eye are well 

documented in animal experiments (2,3). MW were also 
implicated as the pathogenic factor in cases of cataracts 
in individuals with a occupational exposure hisotry (7). 
In view of this, possible early signs in the form of any 
impairment of lens translucency must be looked for in 
MW workers. The results of such examinations may be 
used also for resolving the controversial question of in
duction of lens opacities by long-term, low-level expo
sures. Lens opacities occur as an inborn defect and may 
be induced by many factors but the incidence of such 
changes increases with age. Therefore the incidence of 
lens opacities in MW workers should ·be compared to 
the incidence of these changes in an adequate control 
group. This is, however, difficult to select. Another pos
sible solution is to compare the incidence of lens opaci
ties in two strictly comparable groups of MW workers, 
whose working and living conditions differ only in respect 
to the level of MW exposure. The aim of this paper is 
to present the results of such an analysis. 

MATERIALS AND METHODS 

There were 841 males, aged 20 to 45 years, examined 
to ascertain their health status. Details concerning their 
working conditions, methods of health surveillance, and 
the medical findings were presented in previous pa-
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pers ( 4,5). The whole population was subdivided into 
two groups-the first comprising 507 individuals exposed 
occupationally to MW mean power densities above 2 
W/m2 and not over 60 W/m2 (0.2 and 6"mW/cm2 

respectively) the second group comprising 334 indi
viduals exposed occupationally to mean power densities 
below 2 W /m2• Polish safe exposure limits and work 
safety rules were strictly observed (see 2 for details). 

Detailed ophthalmologic examinations, including eval
uation of lens translucency using a slit lamp after dilata
tion of the pupils, were made. One of the co-authors 
carried out or supervised all examinations personally in 
order to ensure uniformity of evaluation of the state of 
lens translucency. This was classified as Grade 1, 2, 3, 
4, or 5 according to the following criteria (8): 

1.-complete transparency, no opacities are demon
strable 

2.-single small opacities, dust-like or point-like, ra
dial striations, which may be counted and do not in
fluence visual acuity 

3.-similar to above, but numerous, no tendency to 
increase in number or size, no visual acuity impairment 

4.-similar to above, but with a tendency to increase 
in number or size on successive examinations 

5.-any lenticular imperfection causing impairment of 
visual acuity · 

RESULTS 

The results are presented in Tables I-IV. It should be 
pointed out that Grades 3 to 5 were found only in 19 % 
of examined cases. All these cases are considered jointly 
(grades 3-5) because no statistically valid data may be 
obtained, if each of these grades is considered separately. 
The incidence of each of the considered ,grades of lens 
translucency (grade 1, 2, 3-5) was compared between 
groups and within each group subdivided according to 
age or duration of occupational exposure. The depend
ence between these variables was analysed by determin
ing the correlation coefficient and verifying its signifi
cance using Fisker's formula. Regression curves were 

.., 
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TABLE I. COMPARISON OF CORRESPONDING VALUES 
(MEAN PERCENT ± STANDARD DEVIATION) OF INCI
DENCE OF VARIO US LENS TRANSLUCENCY GRADES IN 

GROUPS I AND II SUBSDIVIDED ACCORDING TO AGE. 

Lens translucency 
grade 

1 
2 

3-5 

n1n2 = 13 
k = 24 
f1f2 = 12 

Group I 

28.1 ± 11.7 
53.4 ± 13.5 
18.3 ± 14.8 

Verified I 'T I with o.06 :2• = 2.064 
F with F o.oo:12:12 = 2.690 
Explanations: 

Group II I 'TI F 

22.0 ± 15.3 1.141 1.714 
58.8 ± 15.5 0.940 l.309 
19.1 ± 8.9 0.157 2.766 

n = number of results; I -7 I = module t of Student's test; k = 

degrees of freedom, F = number of F of Fisher's test; f1f, = 
degrees of freedom. 

TABLE II. COMPARISON OF CORRESPONDING VALUES 
(MEAN PERCENT ± STANDARD DEVIATION) OF INCI
DENCES OF VARIOUS LENS TRANSLUCENCY GRADES IN 
GROUPS I AND II SUBDIVIDED ACCORDING TO DURATION 

OF OCCUPATIONAL EXPOSURE 

Lens translucency. 
~ grade 

1 
2 

3-5 

n1n2 = 17 
k = 32 
f1f2 = 16 

Group I 

27.5 ± 13.1 
53.3 ± 9.8 
22.4 ± 18.2 

Verified I 'T I with to.06 :112 = 2.042 
F with F 0•06 :11,10 = 2.350 

Group II 

23.6 ± 12.5 
56.8 ± 13.5 
19.4 ± 8.3 

0.885 
0.860 
0.610 

F 
1.103 
1.872 
4.754 

TABLE III. THE DEPENDENCE OF LENS TRANSLUCENCY ON AGE OR DURATION 
OF OCCUPATIONAL EXPOSURE IN GROUP I. 

Lens translucency Duration of occupational Total Age, yrs 

grade 1-5 6-10 10 20-25 26-30 31-35 36-45 

1 71 54 16 141 55 45 26 15 

2 95 108 67 270 54 89 60 67 
3-5 27 45 24 96 16 24 23 33 

p = 0.00094 p = 0.00001 
x2=18.61215 x2 = 34.40868 

k = 4 k = 6 
cf,2 = 0.03671 cf,2 = 0.06787 
K = 0.01836 K = 0.02771 

TABLE IV. THE DEPENDENCE OF LENS TRANSLUCENCY ON AGE OR DURATION 
OF OCCUPATIONAL EXPOSURE IN GROUP II. 

Duration of occupational 

Lens translucency exposure, yrs 
grade 1-5 6-10 10 

1 50 30 19 
2 65. 61 49 

3-5 19 23 18 

p =0.12097 
x2= 1.29769 
k = 4 
cf,2 = o_.021s5 
K = 0.01092 

drawn, linear regression only, for the dependence of 
lens translucency or age (Fig. 1). 

DISCUSSION AND CONCLUSIONS 

A review of the controversial findings (1,7) concern
ing the incidence of lenticular opacities and imperf~ 
tions in MW workers lies outside the scope of this work. 
Large reference lists may be found in the monographs 
quoted at the end of this paper. The statistical analysis 

Total Age, yrs 

20-25 26-30 31-35 36-45 

99 32 24 18 25 
175 32 40 40 63 
60 9 3 7 41 

p = 0.00000 
x2=31.20359 
k = 6 
cf,2= 0.11139 
K = 0.04547 

did not allow demonstration of any dependence of the 
incidence of various grades of lens translucency on the 
two compared MW exposure levels ( comparison be
tween groups), nor on the duration of occupational ex
posure ( analysis within groups). A clear-cut dependence 
on age was demonstrated. It is to be regretted that at the 
time the examinations were made no sufficient attention 
was paid to the retina. The incidence of retinal lesions in 
MW workers merits further study ( 6). 
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Fig. 1. The linear regression 
curve demonstrating the depend
ence of ithe grades of lenticular 
tiranslucency on age. 
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