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The goal of this study was to compare bioelectrical activity of the brain in remote period of
acute radiation sickness (ARS), chronic and prenatal irradiation as a result of the Chernobyl disaster.
Registration of computerized 19-channel EEG, visual and somato-sensory evoked potentials have
been carried out for 70 patients who had a verified ARS, 100 Chernobyl disaster survivors, who have
been working in the Chernobyl exclusion zone since 1986-87 during 5 and more years, 50 prenatally
irradiated children, and relevant controls. The relative risks of neurophysiological abnormalities are
4.5 for the ARS-patients, 3.6 for the chronically irradiated persons and 3.7 for the prenatally
irradiated children. The data obtained testify to possibility of radiation-induced neurophysiological
abnormalities in examined Chernobyl accident survivors which seems to be non-stochastic effects of
ionizing radiation. For all examined irradiated patients it was typically an increasing of 5- and ppowers of EEG, particularly, in the frontal lobe shifted to the left fronto-temporal region, but spectral
power of both 0- and a-range was significantly depressed. Aforesaid signs together with data of
evoked potentials reflect the structural and functional abnormalities of limbic system and the left
hemisphere as the first revealed neurophysiological appropriateness of ionizing radiation effects.
1. INTRODUCTION
H.Davis & P.Davis (1939) for the first time used EEG for ionizing radiation influence on the
brain and revealed the brain bioelectrical activity changes in irradiation monkeys [1]. In 30 A-bomb
survivors with ARS symptoms the EEG study was performed where an epileptic activity like bilateral
spikes and spike-and-slow wave complexes observed in 3 patients. According to the spectral EEG
analysis data in the ARS-patients in comparison with the non-exposed control there were a depression
of a-power, especially in the left posterior region together with an increase of 8 (2.5-3 Hz)- and P
(14-28 Hz)-power, predominantly in the left hemisphere [2,3]. Seizures are typical aftermath of brain
damage in utero, especially among those patients exposed to ionizing radiation with doses more than
0.1 Gy on 8-15th weeks after fertilization [4]. In the 60-s it was established an extreme
radiosensitivity of EEG-patterns [5-9]. Some later it was shown the direct radiation effect of 6-8 mGy
on the endogenous (pacemaker) mechanism of nervous impulse generation in hippocampus neurons
[10]. Chronic irradiation caused the clear changes of EEG-pattern: an increase of P-activity together
with abnormal slow activity in proportion to dose of irradiation [11]. Twenty years after radiotherapy
of tinea capitis (averaged dose on the brain -1.3 Gy) the delayed radiation brain damage was revealed,
where a significant increase of P-range power of EEG was estimated as the "trace" of radiation
exposure [12].
It has been also observed the EEG-abnormalities caused with general total irradiation as
follows: a slowing in the trace with occurrence of slow polymorphous patterns and/or sometimes
deformed spikes and spike-and-wave complexes; an increase in percentage energy of electrical
cerebral activity between 0 and 4 Hz, with maximum peak position of less than 2 Hz. The changes in
electrical activity of the brain are related to the degree of irradiation although the relationship is not a
straightforward linear one. they occur at thresholds of 0.3 to 1 Gy and increase with the dose
absorbed. Abnormalities in electrical activity of the brain can persist for 3-4 years after recovery of
ARS, subsequent to a dose of 4 Gy [13,14].
There are many publications with results of EEG-studies in different categories of the
Chernobyl accident survivors [15-25], describing structural and functional changes in the brain.
However, there is no one available work concerning a simultaneous neurophysiological investigation
of acute, chronic, and prenatal effects of ionizing radiation in human. That is why the goal of our
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study was to compare bioelectrical activity of the brain in remote period of ARS as well as after
chronic and prenatal irradiation as a result of the Chernobyl disaster.
2. OBJECTS AND METHODS
I group - 70 patients who had a verified ARS (absorbed doses - 0.7-6.6 Gy) as a result of the
Chernobyl disaster; all of them were right-handed men, age at the time of examination - 35-59 years.
// group - 100 Chernobyl disaster survivors, who have been working in the Chernobyl
exclusion zone since 1986-87 during 5 and more years. The patients (males) were 25-48 years old.
Fifty four from them (HA group) were chronically irradiated in doses below 0.30 Sv (averaged dose 0.16±0.05 Sv), and 46 (IIB group) - above 0.30 Sv (averaged dose - 0.69±0.15 Sv). The controls for
these two group were: 15 practically healthy men, 30 veterans of the Afghanistan war with PTSD, 50
veterans of the Afghanistan war with both PTSD and mild closed head injury consequences.
Ill group - 50 children born from April, 26th, 1986 to February, 26th, 1987 by pregnant women
evacuated from the 30-km exclusion zone of the Chernobyl NPP. These children have been prenatally
exposed to ionizing radiation. Their age at the time of examination was 8-9 years. External y-radiation
doses of whole fetus were until 13 mSv and thyroid gland doses - 100-1200 mSv. The control were 20
practically healthy non-exposed children of the same age.
Registration of computerized 19-channel EEG, visual (on chess-board) evoked potentials
(VEP), and somato-sensory evoked potentials (SSEP) have been carried out according to traditional
system. Statistical processing included summarizing data, Student's / test, the Chi-square test,
correlation and multifactorial analyses.
3. RESULTS
3.1. ARS remote consequences
The typical routine EEG-patterns in the remote period of ARS was a polymorphous "flat" (lowvoltage) EEG together with paroxysmal activity (spikes, polyspikes, acute and 8-waves, sometimes spike-wave) shifted to the left fronto-temporal region. According to spectral EEG-analysis, among all
patients of the I group it has been established in comparison with the control a significant
predominance of 5- and P (dominant frequency - 20 Hz)-powers of EEG, particularly, in the frontal
lobe also shifted to the left fronto-temporal or parieto-temporal regions, that correlated with severity
degree of ARS and, consequently, with absorbed doses of ionizing radiation. At the same time,
spectral power of both 6- and a-range (especially, in the left occipito-parietal region) was
significantly depressed in the ARS patients in comparison with the control. The visual evoked
potentials in the I group patients had a decreased latency and an increased amplitude for P10o (p<0.01)
or a total deformation of main components (Pioo, Nu 5 , and P2<x>)- The somato-sensory evoked
potentials in the ARS patients had an increased latencies and a decreased amplitude of late (P3Oo and
N400) components together with an increased contralateral latency of N20 for right medianus nerve
stimulation. Clinically and pathopsychologically in the ARS patients the schizoid-like brain organic
syndrome with apathy, abulia, autism, paranoia, and hypochondria symptoms prevalence has been
revealed. The organic nature of this syndrome was also verified by the MRJ-findings, testify to brain
atrophy with enlargement of sylvii fissure (S>D), IV ventricle, basal and brainstem cisterns. Mental
disorders in the remote period of ARS have been diagnosed as postradiation encephalopathy. The
pathophysiological basis of postradiation encephalopathy is the abnormalities of diencephalo-limbicreticular complex and associative cortex of frontal and parietal regions, predominantly of left dominating - hemisphere, together with central disorders of afferentation.
3.2. Chronic irradiation
It has been established that 39 (72.2 %) patients of the IIA group had a right hemisphere
diencephalic-limbic-reticular pattern of dysfunction: the disorganized a-activity was shifted to the
frontal regions together with bilateral paroxysmal activity and 8- and 0-activity lateralized to the right
hemisphere. A decrease in the amplitude of SSEP component with latency P3Oo was found when
compared with the normative groups (p>0.05). It was characteristically associated with affective
(dysthymia) and somatoform disorders in individuals irradiated less than 0.30 Sv.
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However, in 29 (63.0 %) patients of the IIB group the left hemisphere limbic-reticular pattern
was observed. The EEG was disorganized and flat with paroxysmal activity, slow activity, bilateral
bursts of polyspikes with no clear localization. Spectral 8- and Pi-powers dominated the EEG with
left frontal-temporal lateralization. Alpha and 9-power was reduced. SSEP were characterized by a
decrease in amplitude (p<0.05) and an increase (p<0.05) in latency both for the early (N2o and P2s)
and later (P30o and N4Oo) components. The middle latency components were of higher amplitude than
the later components when compared with the controls. On right median nerve stimulation, unlike the
controls, the contralateral latency (N2o) at (C3) was significantly increased (instead of being reduced).
On the otherhand the situation was reversed on when considering the amplitude which instead of
being increased contralaterally was decreased. It was characteristically associated with both schizoidlike organic and schizotypical disorders in individuals irradiated by doses above 0.30 Sv with a nonlinear relationship "dose-effect".
The basis of psychophysiological changes in the chronically irradiated persons as a result of the
Chernobyl disaster is microcirculatoric-dysmetabolic disorders of cortex neurons functioning and
dysfunction of diencephalic-limbic-reticular complex together with the brainstem reticular formation
inhibition and the thalamic structures hyperactivation. It is significant to note that the left frontotemporal dysfunction and the left hemisphere hyperactivation are the most characteristic
psychophysiological consequences of chronic irradiation. According to multifactorial analysis the
influence rf of the chronic irradiation doses in the psychophysiological changes reaches 0.84 and the
duration of working in the Chernobyl exclusion zone - 0.60 that, possible, reflects the cumulative
effect of chronic irradiation. The psychophysiological effects seem to be possible after 0.15 Sv of
general chronic irradiation but their specific peculiarities can be revealed after 0.30 Sv only. It is
possible to suppose the threshold of psychophysiological disorders in consequence of general chronic
irradiation is 0.30 Sv.

3.3. Prenatal irradiation
The typical routine EEG-patterns among the in utero irradiated children was a disorganized
EEG with a lot of slow and paroxysmal activity (acute and high voltage 8-waves, sometimes - spikewave) shifted to the left fronto-temporal region. According to spectral EEG-analysis and Berg-Fourier
EEG-analysis, among all children of the III group it has been established in comparison with the
control children a significant predominance of 5- and P (dominant frequency - 20 Hz)-powers of
EEG, particularly, in the frontal lobe also shifted to the left fronto-temporal region. At the same time,
spectral power of both 9- and a-range (especially, in the left occipito-parietal region) was
significantly depressed in the children irradiated in utero in comparison with the control children. The
more disorganized EEG-patterns have been observed in the children exposed at 8-15th weeks of
prenatal development, but the left-hemisphere abnormalities were more typical for those, exposed at
16-25th weeks after fertilization. No one case of mental retardation among examined children has
been revealed. At the same time, the children irradiated in utero in comparison with the control had
significantly more emotional and behavioral disorders like social estrangement, exhaustion, emotional
lability, tearfulness, apathy. We suggested that data obtained testify to the structural and functional
abnormalities of the developing brain, particularly limbic system and left hemisphere, in prenatally
irradiated children as a result of the Chernobyl disaster.
4. CONCLUSION
The relative risks of neurophysiological abnormalities are 4.5 for the ARS-patients, 3.6 for the
chronically irradiated persons and 3.7 for the prenatally irradiated children indicate that all these
Chernobyl accident survivors are associated with more than triple increase in the risk of brain
pathology. At the same time this relative risks are 1.3 only for PTSD and 2.0 for both PTSD and mild
closed head injury consequences. Thus, it is clear, that all examined irradiated patients have
significantly higher risk of brain damage than those, suffering from stress and both stress and mild
closed head injury consequences. The data obtained testify to possibility of radiation-induced
neurophysiological abnormalities in examined Chernobyl accident survivors which seems to be nonstochastic effects of ionizing radiation, that is closely corresponding to literature data.
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For all three groups of examined irradiated patients it was as a rule typically an increasing of 5and (3 (dominant frequency - 20 Hz)-powers of EEG, particularly, in the frontal lobe shifted to the left
fronto-temporal region. At the same time, spectral power of both 0- and a-range (especially, in the
left occipito-parietal region) was significantly depressed. Aforesaid signs together with data of evoked
potentials reflect the structural and functional abnormalities of limbic system and the left hemisphere
as the first revealed neurophysiological appropriateness of ionizing radiation effects.
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