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EFFECT OF RADIATION ON HUMAN EEG 
:By 

E. Klimkova-Deutschova 

Physical harm is cf great importance in modern industry anrl in livine 

conditions. The importance of the electroencephalographic method for the 
diagnosis and prognosis of laborsrs expo":!ed to radia~ion was brought to the 
attentio~ by one of us (K. D. 1957, 1958, 1959, 1962} in se·~ural reports, 
.Attention was calied. to the fact that some la.Corers are exposed to the ef.feCt 
of electromagneti~ radiation of centimenter wave magnitude, and this is inter-
estir.g as far as a clinical picture is concerned. Further, a detailed. 
analysis and certain metabolic factors, hemodynamic disttrrbances and a com­
parison of results of studying the higher nervous activity with clinical 
findiN!:s and EEG finding~. 

Hi6h fr~~uency electromagnetic is used in industry during the ~4nufacture 
and developita;;.t of telecommunication equipment during high frequency heating 
and '\'i'elding. 

Classification of the clinical picture (K. D. 1957) of laborers expo~~d 
to centimenter radiation is divided into the following stages, 1. Neuras­
thenic syndrome with functional changes and. symptoms from the vegetative 
sphere. 2. Pseudoneurasthenia, within its framework is includ~d a majority 
of our ca~es, Disturbances in th:s group ~ppeared· in the for~ of fatigue, 
somolence in day time, headaches together with voluminous or~anic deviations 
which allowed to made make mesodiencephalic diagnosis on bed patients • 

. 3. Quite frequently the organic disturbances were already in transient stade 
approaching eneephalopathia. This division was also used by-. other authors 

(Koelsch, F'ormanek·and ca,,,-workers et~.) 

By the EEO is quoted (k. D. 1957, 1958, 1962, partially the somnoelence 

activity in various stages according to Roth, partially the rough pathological 
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findings with generalized abnormally and the focal findings, and this is 
analogical as in case of toxic and extremely temporal incidences. 

The activity here had an episodic: expression. Fluctuation of the clin­
ical process was in conformity with EEO changes, it varied parallel in accor­
dance with the exposure stages and corresponded to reversible stages. After 
the employee took a rest, there was observed a clinical improvement as well 
as an improvement in encephalographic and higher nervous activity. 

Vegetativ~ and neu.rotic disturbances were diagnosed on persons exposed 
to electromagnetic centimeter radiation by such as Schlieph~cke, Osipev, 
Kevorkjan, Ulrich and Farin, also Jiranyi, Oraveez and Semogyi, who examined 
73 persons ex.posed to high frequency radiations of the ma.gni tude of centimeter 
waves of this group 15 people were ex~uinad encephalographically (1960). They 
were in partial agreement with us as to the affliction of the mesodiencephalic 
region. s~rcl and coworkera (1959) made patholotical findings on 23.3% of 
103 cases, and this included partially an epileptic activity of low amplitude 
and findings combined with damping somnolence activity; 13.5% yielded normal 
fi :i!r.gs, boundary findings were extabli ..,hed on 63 .05%. They included somno­
lence activity, disintegrated alpha-rhythms, rapid low amplitude activity, 
and sections of 5-6 c theta~waves of sharp peaks with the sign of synchroni­
zation. 

In today's report, we iµoe analyzing EEG of 46 persons, 41 of which were 
exposed on their jobs to centimeter wave radiation, and 4 were exposed to a 
wavelength of several meters and on one person was ~iagnosed the effect of 
x-ra.ys. There were a total of 42 men and 4 women. Forty-two persons were of 
the age between 20 to 40 y-esrs. Three workers were in the fif1.ies, and one 
person was 19 years old. In reviewing these data, attention is attracted by 
the age curve (graph 1) ~f males a.nd females in cur group of labore:re who 

.... 
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have been subjected to eleotroenoephalographic examination; they were selected 
from a ls.rge group of clinically investigated workers. Exposure time varied 
from one year to 17 yea.rs. 

.. 
.. 

G-:.-aph 1. Jiee curves cf laborers exposed to radiation. 

Og;/ and long lasting examination, 

In conformity with previous investigations, 
the subjective complaints were in majority 
of neurotic nature in form of higher fati~e, 
somnolence, nervousness, head aches, and 
general illnesses in a majority manifesta­
tions of damped nature. There were also 
frequent complaints QBainst various vege­
tative disorders, as rise in perspiration, 
pounding of the heart etc. Some patients 
showed less of memory. Only four persons 
lodged no subjective complaint during EEG. 
examination. All those exposed to cm-waves 
were exe..!!lined in preventive scrutinies in 
ambulatory framework of industrial neuro~-

Graph 2. qomparing BEG activity- with certain eli-nioal symptoms. a- neuro-tic syndrome; b- sor:molence, c- fatigue, d- EEG activity, e- number of clinical syndrome, f- EEG somnolence activity, g- EEG pathological activity-. 
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In objective diagnosis, w~ found on our patients clinical Sj'lllptoms of 
vegetative disorders, and in some cases also extrapyra.midal symptoms, pyramidal 
signs, cerebellum and vestibular disorders ·analogous as in entire groups of 
workers from previous investigations. From the viewpoint of clinical complaints, 
the examined persons were divided in accordance with analogical criteria into 
three groups. Twenty-eeven cases pertained to light complaints. This group 
includes such laborers without. subjective complaints, but with slight subjec­
tive findings,-Nineteen laborers are classified as medium seriously afflicted; 
none of the examined had any serious complaints. 

ThE:1 electroencephalographic invest_igation was made with a 16-channel 
appartus produced by the Schwartz Cq. Some laborers w~re examined with a 
a~channel Grass device. Activation of each patient was examined by 3-milT~tes 
deep respiration. The symptoms were evaluated in accordance with ordinary 
criteria. Special attention wes devoted .to ~EG findings p~rteinin~ to reduced 
vigili ty. 

Abnor::ial EEG manifest.ations were found in 16 cases of ·54, i. e., in 30%' 
of all the cases. In- ten cases, there were symptoms of light anomaly. In 
six cases medium serious; in no case, have_ we found a real serious anomaly. 
Pathological EEG manifestations were found in six cases only in c:?.lm stages. 
In ten instances, they have been manifest.ed after activation by deep respiration. 

Table l 

uJ Kllnic.k, symptomy I (4, EEO n.&l•. 
~ . I j(c.1livita apa,w,va fttivit& paiologicka_ 

(~~pavoat JS· 11 T 
((t1aaYa . 

u 11 t 
, w )ieurvt.ick4 :st 28 1, 

' 
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Key to Table 1 

l) Clinical symptoms 

2) !!:BG find;ngs 

3) Somnolence 

4) Fatigue 

5) Neurotic 

6) Sleeping activity 

7) Pathological activity 

Since we deal in anomaly cases which are in conformity with disorders, we 
will describe same in the toxic grcup. Their intensity is lower. The 

anomalies of people exposed to high frequency electromagnetic radiation are 
mostly ana.oaHes,of theta activity o.r diffusion activity, or are exposed only 
in the for.vard part of the skull and forming episodes, particularly after 

deep respiration. Delta-hypersynch~onia episodes were also observed after 
deep breathing. In some instances, we find sharp wa7es and in some instances 
focal chan€?es in temporal activity., as c•ne of us described it already in 
larger groups of toxic and mixed laborers exposed to the effect ·(k. D. 1959, 
1962). A dominating rapid activity was also found in several cases. 

FAl.•FAR ___.,----,..__ 
TAl.-ct. ---------____ ,.. ........... -~ .... ___ ..... __ 
CL·CR 

CR·TAl1 

TPl ·Pl. . -------- _..,#,.., ...,,..., _______ ""'"' _ 

PR·TPR _, _..,..--------------. 
Ol. •OR 

Fig. 1. EEG recording of patient R. C. e:tposed to cm. waves. 1. calm recording-. sleeping rhythms, 2- after 3 minutes of deep breathir.g nor:nal alpha rhythms. · 
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. ~EG manifestations of sleep, resp. iiecrease in vi~ili ty 
m;p manifestations of reduced. vigili ty in this group were 1ia,enosed on 

32 persons, i. ~. 5% of all innstigated, oth~r pat.hological ~han~es were. 
dia~nosed simultaneously in six cases, in twenty cases somnolence acti·rit;:r 
waR thA _only deviation from standard. 

The :nature of BEG activgy in relation to clinical symptoms is_ e:(plained 
by a :,ur.1ericR.l cornpilat ion in table 1. 

Graphic representation of this relation is indicated in (graph 2) which 
shows thR.t a majority of cases in our group have dampened ~anifestations_ an1 

. this is not evidAnt clinically nor in th~ EEG records. This findine confirms 
ou:- experiment that workers exposed to centimeter radiation have predominantly 
dampened manifestations. It is also evident from this graph that .,,e found a 
pathological EEG record among a quite· tigh perc~ntage of ::;,erscns, who clin­
ically showed only neurotic snydrome. 

--~-L-·C_l _______ ~ 

~ v'\/V\flJ,f\rV'ty 
. ~ vf!'f\;Wv-JV 

TPl • Pl .J\..•J\ryl .. [\f.v...., 

~ ~--"'- . 
Pfl•TPII 

~-..;I-J~A OL·a. __ I 

~r-- ~~M 
Pig. 2. Patient A.H. i~jured by ionizing radiation. 1- calm sym?tom, intermittent alpha rhythms, 2-3 minutes c.eep breathing diffusion occurrence of hypersynchronous delta waves with frontocentral maximum. 
In these cases, the EEO findings are an -,bjectivization of important 

. -disturbances which could otherwise not be determin~d by the olinical ,1ct~~a. 
Examples of· EEG rec..,ns of our workers exposed to radiation are illustrated by· 
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the curves in fig. 1, 2, and 3 • . 
Table 2. 

I I,) , _____ lJi) l::XO a.ktivita 
\ I ./Xlmickt DlJac f oV!IUrmlai I ·l.y) abaormaJlta ~ - f ~~llo-¥• 

I ~ka I c ~ .1.u..d.ai a.ktivita 

t.hkt %1 • 5 2 

[ 
20 St.fodzu 19 I 5 ' 12 T6lkt 0 0 0 0 0 

•· 

Ke:, to Table 2. 

1) Clinical finding 

2) Normal 

3) E::G activity 

4) Abnormality 

5) Light 

6) Medium 

7) Somnolence Activi t:, 

Normal entries 

The entire normal entry w/o pathol-::igical and w/o somnolence rhythm was 
oade in 12 cases, i. c. in 22 per cent of all entries. 

Interesting is such a comparison of the intensity of clinical complaint 
with the degree· of E::G changes. We see a convincing :relationship in the group 
of persor.s with slight complaints, we had 21 per cent of abnormal cases, the 
group of laborers with real!:,· serious complaints had three per cent of abnormal 
cases. Similarly-, also the serious. EEG changes among other gro1.1ps of workeZ"S 
w,re ~ore frequent than in the first. 

~8 
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Fig. 3. Patient P. L. exposed to cm waves. 1-somnolence activity, 2-10 seconds later alpha rhythr:l'~s. 

A comparison of the degree of clinical complaint with the degree of 
weightiness of EEO findings is given in table 2. 

The table shows that in the group of normal findir..gs there are more 
instances of light clinical symptoms which have been alrea~ compared with 
toxic groups, and it was found then that laborers exposed to crn--RaYes do not 
as a rule suffer an;; important organic injuries. In conformity with this such 
EEG entries pertain to light nature. Most frequent is the diagnosis of somno-
lent activity which we considered finally as more frequent than normal diag­
nosis. 

Concerning the occurrence of somnolent rhythm, it is somehovr more frequent 
in the less afflicted group, but the ·differen.:e is not great 60 % against 52% 
of all entries. The occurrence -of pat~ological findings in the group of workers 
exposed to radiation differs from the.norm. Thirty per cent of abnormal cases, 
59% with somnolence rhythms. 

During careful analysis of pathological finding in professional etiology, 
we discover further possible noprofessionally applicable factors in 22 cases, 
24 laborers showed no other etiological possibilities than radiation. Prom the 
subo:rdina·ia factors, we found in 13 cases, a. suitable !actor in the develop­
ment of a. neurotic syndrome, a. component conetitu·ticnall;y of exogeneousl;r 
reactive. ?oat ir.:f'ectious asthenia came into attention three times. These 

29 
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were espeoial17 conditions after infectious hepatitis, which terminated before 
long. Cranial trauma in anamnesia was found in one case only. It is inter­
est ing that these subgroups of laborers in ·.vhich the !actors could be consid­
ered as suitable. The abnormnlcy findings were less than among the group 
of persons in which no further possible etiological moments could be determined. 
The first sub-group had 27~ abnormaloy, 50 % somnolent rhythm. In the other 
subgroups, e. e. laborers exposed to electromagnetic waves only, we had 31% 
~f pathological symptoms end 66% of somnolent. Sir.ca there are no important 
differences, it can be explained not only by the small number of cases in 
both groups, but also by a similar pathopb_,vsiolcgica.l effect in both ·etiolog-
ical groups. 

A comparison of·groups with suitable factors and w/o same is given in 
table 3. 

--The occurrence of somnolent rhythms. was recorded by us in the sense of 
communal pathophysiological mechanisms such as neurosis of psychogenic origin 
and pseudoneurosis of various origin as well. It corresponds here mostly to 
the d~~ping phenomenon among our laborers exposed to cm-radiation. 

We will su.zn up the findings in the entire group of people' exposed to 
radiation. We find 22% of strictly no:rmal ca..ses, 30 ~ of abno~mal E::5.:G man­
ifestations and 5~ of somnolent rhythms among the laborers. 

If we have to compare our groups of laborers in accordance with the labor 
difficulties, we mentioned about it in a different place (K. D. 1958)., that 
there was no difference in the seriousness of the clinical complaint in three 
groups formulated in a.coordance with data of ezposure of our laborers, which 
we had to our ~isposal according to data furnished by the laborers. \ 

It should be underlined that also in the EEG deviations, we had in a 
great maj ori t;r of oases only slightly- has anomaly, which was ::S."lifestad most 

· frequently after deep breathing activation. 
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Frequent occurrence of somnolent rhythms is in conformity with our own 
findings and with those of· other authors (Fischgold and co-workers) and is 
c_onnected with organic or functional changes c,f the mesodiencephalic re~ion, 
as we have re.peatedly called attention to such changes a.s nAurnAiR and ;~uedo:­
neurosis of infectional, toxic, or physical origin. 

'Examination of EEO alone does not furnish us with information about the 
weightiness of the working medium; according to the EEG rhythm we cannot eval-
1:ate the extent of h~rm to the nervous system. E~G examination is an_important objectication, especially in ana1ogy with small clinical· symptoms, especially 
neurotic.· EEO is often more important than clinical findir.g. The method 
enables to evaluate the prognosis and suitable effective countermeasure. 

Russian language summary 
This report appears to be a continuation of previous announcements, in 

which one of the authors (X-D) analyzed a clinical chart, of change metabolism .. 
and also hemodyna!'llic and physio-logical changes in humans, working under radia-
tton condition::. 

An evaluation is made of EEO· data from 46 p~rsons, working conditions of electromagnetic radiation. Involved here are 41 persons subjected to the effect of high frP.quency centimeter radiation. Four laborers were under the effect of meter waves, and one worked under the influence of :x-rays. 
Subjective disorders were predom~nantly of neurotic nature;. in a majority of instances, they- appeared in fatigue and sleepiness during the day time. In the objective clinical cha.rt, they corresponded with disturbances of vegetative regulations, rarely e:c;rrapyramidal, pyra.':lidal, cerebral and vestibular disorders. They were all of light anomalies. In six cases were established changes in 

·medium seriousness. Symptoms of reduced cheerfulness were four,ci in 5%:. six 
times in combination w-ith other pathological changes. A comparison o~ clinical 
symptoms and EEG investigation results showed the pro,\ominance of slowing dmm 

FTD-TT-64-267/1+2 31 · 
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phenomena. in the clinical chart and in BSG findi~s. The intensity of ~EG 
changes corresponded to light clinical occurrence and was of medium serious­
ness. Symptoma.tologica.lly there was no difference be-tween the group of cases 

na.s dt=vo~ed only t_o radiation, and 
the group of people, on which in anamesis was p~ssible to establish certain 

diseases or trauma. 

Tha advanta.ge of somnolent activity in our recordings allows, to~ether 
with data of clinical in.,estigations, to judge about m-eiiodiencephalic injuries. 

The EEC method represents the possibility of objectiva.ting subjective 
disorders, and on persons, working unde_r conditions of radiation, often i:>oint. 
toward more serious disorders than it could be extimated on the basis of clin­
ical data only. It also allo;vs to make a prognosticating cor.clus_ion and helps 
in e·,aluating ability to work. 

FrD-TT-64-267/1+2 32 
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