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Summary .
The aim of this work was to study the antioxidant status of the participants of the Chernobyl accident liquidation (PAL). We studied the concentration of antioxidants (tocopherol, glu-tathione, ceruloplasmine, and transferrine), the activity of an​tioxidant enzymes, the malonic dialdehyde (MDA) concentra​tion, the number of double bonds in blood lipids, and viscous properties of various parts of the membrane (the spin probe method). The dependence of these properties on the number of chromosome aberrations in lymphocytes was studied in view of their linear correlation with the doses obtained. It was shown that the normal correlations between separate compo​nents of the antioxidant status were disturbed. On the basis of the previous experimental data, it was suggested that these disturbances may be responsible for the changes in the PAL health indices.
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Riassunto
Lo scopo di questo lavoro era di studiare lo stato degli antios-sidanti negli individui interessati al risarcimento dopo 1'inci-dente di Chernobyl (PAL). Abbiamo studiato la concentrazio-ne degli andossidanti (tocoferolo, glutatiune, ceruloplasmina e transferrina), 1'attivita degli enzimi antiossidanti, la concen-trazione di dialdeide malonica (MDA), il numero di doppi lu-gami nei lipidi ematici, e Ie proprieta viscose di varie parti del-la membrana (metodo spin probe), fe stata esaminata la di-pendenza di questi parametri dal numero di aberrazioni cro-mosomiche nei linfociti, data la correlazione lineare di queste con la dose ottenuta. E stato evidenziato che i rapporti nor-mali tra i singoli componenti dell'assetto degli antiossidanti risultano alterati. Sulla base dei precedenti dati sperimentali, e stato suggerito die queste alterazioni possono essere re-sponsabili delle variazioni dello stato della salute dei PAL.
Parole chiave: radiazioni, basse dosi, stato antiossidante, salu​te, PAL
Introduction
At present, the problem of low-dose irradiation on living objects is of both theoretical interest and practical significance. It be​comes increasingly acute not only for people working at nuclear plants and power stations or living nearby but also for millions of people who arc several thousand kilometers from the sites of nu​clear accidents. This is why the Chernobyl catastrophe has be​come a matter of great concern to scientists not only of die For​mer Soviet Union but also of Europe, Asia, America, and Aus​tralia.
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Radiobiologist have accumulated a bulk of knowledge on the ac​tion of high doses of ionizing radiation on biomacromolecules, cells and organisms but still there are insufficient data available nor are there theoretical concepts of the impact of a technogenic increase in background radiation (e.g., two- or four-fold) on the natural ecosystem. The investigation results show that the known laws of radiobiology and the previous experience in this field fail to furnish an adequate explanation of these effects and fundamen​tally new mechanisms of the phenomena should be suggested.

Over the period 1990-1998, we have carried out a combined pro​gramme of investigations into the action of low-dose irradiation on biochemical, biophysical, and functional parameters of cells of various organs of animals exposed to low-intensity y-irradiation (137Cs). We studied the rates of alkaline elution of DNA of lym-phocytes and liver, neutral elution and adsorption of spleen DNA on nitrocellulose (NC) filters, restriction of spleen DNA by EcoRI

endonuclease, structural characteristics (using the ESR spin probe technique) of nuclear, mitochondrial, synaptical, erythrocyte, and leucocyte membranes. To determine the functional activity of cells, we studied the activity and isoforms ofaldolasc and lactate-hydrogenase enzymes, the activity of acetylcholinestherase, su-peroxidedismutase, glutathioneperoxidase, the rate of formation of superoxide anion-radicals, the composition and antioxidizing activity (AOA) of lipids of the above-mentioned membranes, and the sensitivity of cells, membranes, DNA. and organisms to the action of additional damaging factors (Burlakova, 1994; Zhizhi-na, Skalatskaya and Burkalova, 1994; Molochkina et at., 1995;

Burlakova, 1995a, b; Burlakova el al., 1996; Smotryaeva et al., 1996; Treshchenkova and Burlakova, 1996). For most parameters, a bimodal dose-effect dependence was dis​covered, i.e., the effect increased at low doses, reached its (low dose) maximum, and then decreased (in some cases, the sign of the effect changed to the opposite) and increased again after the dose was increased.

A low dose maximum and the dose of its attaiment were depen​dent on the nature of the object under study and the dose rate. The investigation into the action of lower doses showed that

1) the dose-effect dependence is of a complex nonlinear charac​ter;

2) low dose irradiation causes changes in the sensitivity of bio-macromolecules, cells, organs and organisms to the action of oth​er damaging factors;

3) low dose irradiation causes serious long-term aftereffects;

4) an inverse irradiation power dependence was observed for some parameters;

5) the membrane is an important critical target for the action of low-intensity irradiation (Burlakova, 1995a). The experimental data show that the indices of the oxidation stress change considerably under the action of low-intensity irra​diation. The stress reactions occurring at low irradiation doses manifest the same activity as they do at the doses which are 20-30 times higher. Their dose-effect dependence is also of a non​monotonic, nonlinear character. We suppose that these changes may be considerable if they can cause various diseases in the or​ganism of people exposed to low-intensity irradiation. It is not the psycho-emotional stress but a stress component of low-intensity irradiation that may be responsible for the change in the health status of people exposed to low-dose irradiation.

Materials and methods
It was essential to find out whether the observer regularities are valid for people exposed to radiation. Unfortunately, epidemio-logical surveys are not always carried out at the appropriate level to make it possible to come to a definite qualitative conclusion. Therefore, we carried out our own studies of antioxidant proper​ties of blood plasma and cells of clean up workers in Chemobyl after the Chernobyl Nuclear Power Station (ChNPS) catastrophe. We considered the study necessary because the changes in the ac​tive forms of oxygen, in lipid peroxidation, in the antioxidant (Ao) status of cells and organs of the organism are the important characteristics of pathogenesis, its gravity, possibility of treat​ment, and a prognosis of such diseases as malignancies and radi​ation sickness, neuro-psychosomatic disorders, diabetes, cardio​vascular, respiratory, and diarrhoeal diseases, and many others.




To elucidate the influence of ionizing radiation of the system of regulation of peroxide oxidation of lipids (POL) of humans, we made a combined examination of 104 people who had participat​ed in the ChNPS accident liquidation (PAL) in the zone of the cat​astrophe in 1986-1987 and 34 people (control) who had never had a recorder radiation contact.

The examination at the ChNPS was carried out in 1992-1993 as a prophylactic measure and was not related to any revealed dis​eases. All the examined people were considered healthy, though many of them complained of various general disorders (easy tiredness, irritability, headache, susceptibility to catching colas, etc.).

It is noteworthy that people from both groups were approximate​ly of the same age. The average age of the PAL group was 43 years, that of the control group 45 years. The cubital vein blood taken early in the morning on an empty stomach was investigat​ed.

The measurements were made with the use of common biochem​ical and biophysical methods.

The content of natural antioxidants (vitamins E and A) and re​duced glutathione in blood plasma and the content of antioxidant enzymes (SOD, glutathioneperoxidase, and glutathionereductase) were measured with the spectrophotometry technique (Vartanyan and Gurevich 1982; Issledovanie, 1992); the content of cerulo-plasmine, transferrine, and free radicals with the ESR technique (Pulatova, Rikhireva and Kuropteva, 1989). The state of POL in cellular membranes was studied with the use of membrane erythrocytes. For that purpose, the content of malonic dialdehyde was evaluated by the reaction of thiobarbituric acid before and af​ter initiation of POL (Issledovanie, 1992). The result of POL of membranes was that the viscosity of the membrane lipids reached a certain level and was evaluated by using the ESR technique, tak​ing into account the time of rotary correlation, t of spin probes of 2.2.6.6.-tetramethyl-4-capryloxipiperidine-l-oxyl and 5.6-ben-zene-2.2.6.6-tetramethyl-1.2.3.4-tetrahydro-gamma-carbolene-3-oxyl (Goloshchapov and Burlakova, 1992),

A degree of nonsaturation of plasma and erythrocyte lipids was chosen as an integral index of the organism's antioxidant status. The index was determined from a number of doubel bonds in lipids by  the method of ozonization using the double-link analyz​er developed in the Institute of Biochemical Physics, Russian Academy of Science (Korman and Potapov, 1995).

The statistical analysis of the results obtained was performed ac​cording to a series of methods: the criteria of Student, Wilcoxon, Mann-Whitney, Kolmogorov; the sign criterion; the Mahalano-bis' criterion of the multi-dimensional distance between groups (Hotelling's T-statistics); and the correlation analysis of the in​dices within the groups was made.

Results
Table 1 shows the average values and the level of significant dif​ferences between the indices of both groups: control and PAL.

It is evident that the PAL group differs considerably from the con​trol group in most parameters, for example, in the content of the most active natural antioxidant, vitamin E (tocopherol), and in the amount of reduced glutathione in blood plasma. There were con​siderable differences in the contents of antioxidant proteins-glu-tathioneperoxidase and ceruloplasmine and in a degree of non sat-

	Table 1 • Parameters of the antioxidant status of the organism in control and PAL group;

	
	
	

	Index

	Control (average)

	PAL (average)

	Verifiability by Wilcuxon


	DBpl (double bonds in plasma lipids), number of DB/mg of lipids, 10"

	0.32

	0.33

	0.017(1)


	DBer (double bonds in erythrocyte lipids), number of DB/mg of lipids, 10"

	0.303

	0.30

	0.000(1)


	Vitamin E (conventional units)

	20.9

	19.05

	0.034(1)


	Vitamin A (conventional units)

	2.99

	2.85

	0.056


	Recovered glutathione

	19.53

	22.19

	0.001 (1)


	SOD (superoxide dismutase)

	125.41

	115.11

	0.682


	GP (glutathione peroxidase)

	7.20

	8.87

	0.001 (1)


	CR (glutathione reductase)

	5.12

	4.86

	0.760


	Hem) (hemolysis of erythrocytes)

	7.23

	7.19

	0.784


	Hein2 (hemolysis of erythrocytes after LP initiation)

	7.62

	7.81

	0.830


	MDA1 (malonic dialdehyde in erythrocytes after LP initiation)

	1.95

	2.24

	0.003(1)


	(c1(time of rotation correlation of spin probe 1 in erythrocyte membranes)

	1.08

	1.29

	0.000(1)


	 (c11(time of rotation correlation of spin probe U in erythrocyte membranes)

	1.94

	1.77

	0.022(1)


	CP (ceruloplasmin)

	1.23

	1.1

	0.046(1)


	TF (transferrin)

	0.78

	0.80

	0.084


	Free radicals with g-factor 2.0

	0.69

	1.08

	0.362


	Chromosomal aberrations in lymphocytes

	0.81

	1.15

	0.605



(1) Indices with differ from control by Wilcoxon's criterion with significance level (p<0.05)
uration of plasma lipids. Also, the blood erythrocyte membranes of the PAL group differ in most parameters: in the amount of POL secondary products (the content of malonic dialdehyde), in mem​brane viscosity, and in the degree of nonsaturation of lipids.

Thus, it is seem from Table I that people subjected to various de​grees of ionizing radiation have acquired changes in the system of POL regulation over a long period of time (5 to 6 years) since ir​radiation.

The existence of the physico-chemical system of regulation of cell metabolism by membranes in the organism is well-known. Generation of lipid peroxidation radicals, antioxidants, the com​position of lipids, fluidity (microviscosity) of the lipid content of membranes, membrane-bound protein-receptors, enzymes, and channel-forming proteins are Hie principal constituents of this system. Under normal conditions, all these parameters are linked structurally and functionally and a change in one of them pro​vokes changes in the others. The existence of a link with a nega​tive inverse relation (an increase in the lipid peroxidation rate causes the enrichment of lipids with the fractions resistant to oxi​dation and vice versa) allows the system to fulfil the function of adaptation of cells, organs, and the organism to environmental changes, injuring factors, and cell metabolism transition to anoth​er regulation level. The time of relaxation of the regulation sys​tem depends on the nature of an object (organism, organ, or mem​brane) and changes within the limits from 102 to 104 seconds. In case of a break of the functional link between the indices, of a change in me link nature, or of a long-term action of an injuring factor, the system does not return to its normal state. The system of regulation of membrane lipid peroxidation (LP) is correlated with other cell regulation systems; it is responsible for cell resis​tance to damaging factors and is linked with the immune system, ageing processes, carcinogenesis, tumour growth, cardiovascular diseases progress, neuropsychosomatic disorders, etc. (Pobedimskii and Burlakova, 1993).

As was shown in the previous experimental studies, in the process of the radiation effect, the concentration of free radicals increas​es, the number of antioxidants decreases, the lipids arc enriched


with phosphatidylcholine and sphingomyelin, the lipid phase be​comes harder ((1 increases), the microviscosity of more hydrophilic areas of membrane ((2), on the contrary, decreases. The activity of superoxide dismutase, glutathione peroxidase, glu​tathione reductase changes by stages. A break of connections in the system takes place in remote terms of radiation injury and af​fects links: AOA-oxidation (changes in contrary directions) (1 - (2;

(changes in parallel). In normal conditions, AOA-oxidation changes in parallel, and (1 - (2 in contrary directions (Goloshchapov and Burlakova, 1992).

It was important to establish the changes in the LP regulation sys​tem of erythrocytes lipids of the PAL group who had received doses lens of times lower than those which cause a radiation in​jury. From the experimental data on the existence of close corre​lation in the change of the regulation system parameters, it was possible to expect a rise in the concentration of free radicals, a strengthening of haemolysis, a lowering of the concentration of antioxidants, an increase in hardness (microviscosity) of mem​brane lipids.

As seen in Table 1, and as was expected, in the studied samples of PAL blood, the concentrations of the natural antioxidant (vitamin E) and blood antioxidant (ceruloplasmine) decreased, and the concentrations of free radicals and malonic dialdehyde (MDA) increased. With the same regularity, the fluidity of different mem​brane areas changed: (1 increased and (2 decreased. All this points to lie alteration of the antioxidant status of the organism of the ir-radiated PAL people.

As for the alterations caused by ionizing radiation, it is important to elucidate the relation of these alterations to irradiation doses. Re​gretfully, we could not obtain reliable information on the real dos​es of irradiation received by the examined PAL people during their stay in die zone of the ChNPS accident. Therefore, we could not carry out such an analysis on the results of the direct dosimetry.

Simultaneously with the study of the antioxidant status of llie ex​amined people, the level of chromosomal aberrations in blood lymphocytes was determined (by the standard method of studying the metaphases of cultivated in vitro lymphocytes). The work was

carried out by the scientists of the General Genetics Institute. Three hundred metaphases were studied for the majority of the examined people; the number of chromosomal aberrations, the number of dicentrics and centric rings were determined among them by the method described by Shevchenko et at. (1995).

It is known that in a certain range of exposure doses, there was ob​served a monotonic, nearly linearly increasing dependence be​tween the exposure dose and the total number of chromosomal aberrations as well. as the summed-up number of dicentrics and centric rings in lymphocyles (Sevan'kaev el al., 1995; Shev​chenko et al., 1995). This permits using the cytogenetical analy​sis for biodosimelry. We divided the examined PAL people into several groups according to the level of chromosomal aberrations and the number of dicenirics and centric rings in lymphocyles. Thus we supposed that we divided them in accordance with their real exposure doses.

As a result, five groups were composed of PAL people; the con​trol group and first PAL group (group A) were composed for that period of investigation in such a way that the percentage of chro​mosomal aberrations in each group was not higher than 0.5%. The intervals of chromosomal aberrations for the other four group constituted respectively 0.5-1% (group B), 1 -1.5% (group C), 1.5-2% (group D), and >2% (group E) (fig. 1).

Taking into consideration the average level of chromosomal aber​rations in lymphocyles of the examined PAL people, we may sup​pose that their average exposure dose was 15 cGy (judging by the number of dicentric and centric rings - 15.9 cGy). These calcula​tions confirm the data of the Russian Register indicating 15.9 cGy as the average value of the PAL exposure dose in 19S6 (Radiat-siya i risk, 1995a).

These data allow us to consider that an increase in the number of chromosomal aberrations for groups A-E reflects an increase in the dose received by people from these groups.

The data listed in Table 2 show the dynamics of alteration of cer​tain indices of lh& antioxidant status depending on the level of chromosomal aberrations in lympliocytus. The change in the char​acteristics is not of a monotonic character in all the cases. This
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Fig. 1 - Significance of integral difference (logarithm of significance level) between the control and PAL groups with different numbers of chromosome aberrations in a complex of indices of the antioxidant status (Mahalanobis* distance).
may be interpreted as an indication of a complicated dependence of the change in the antioxidant status parameters on the irradia​tion dose, similar to that found experimentally.

Table 2 shows that there are differences between these groups in many indices. However, the most interesting is the integral com​parison of the groups taking into account the whole set of indices. Such an assessment was made by using the statistical parameter Mahalanobis's distance (Hotelling's T-statistics). This method has been used many times in the statistical analysis of both experi​mental and populalional multi-variable arrays and has been proved valid in situation when the small alteration of a great num​ber of indices in the sampling sequence is needed to be brought into the dynamics of the reviewable integral index, reflecting the behaviour of the whole system. The control group was compared in succession with all the PAL groups in 15 indices for a given case. The most interesting analysis was the comparison of the PAL group with a low level (up to 0.5%) of chromosomal aberra-

	Table 2 • Average values of AO indices in control and PAL groups tbnned with respect to the number of chromosomal aberrations


	
	Control

	A

	B

	C

	D

	E


	DBpl (double bonds in plasma lipids) number of DB/mg of lipids, 10"

	0.34

	0.29

	0.31

	0.31

	0.27

	0.34


	DBer (double bonds in erythrocyte lipids), number of DB/mg of lipids, 10"

	0.33

	0.25

	0.26

	0.31

	0.29

	0.30


	Vitamin E

	23.07

	19.80

	17.95

	20.54

	16.13

	21.24


	Vitamin A

	2.99

	2.65

	2.50

	3.20

	3.05

	3.22


	RG (recovered glutathione)

	16.70

	23.82(1)

	17.57

	24.50(1)

	21.98(1)

	25.66(1)


	SOD (superoxide dismutase)

	113.12

	115.23

	120.09

	101.08(1)

	136.5

	106.76


	GP (gluiathionc peroxidu.se)

	6.91

	10.02

	9.82

	9.26

	12.2

	7.648


	OR (glulaihione reduclase)

	5.61

	4.57

	5.87

	4.66

	4.93

	4.5


	GP-GR (glulalliionc pcroxidase - glulalhione ruducluse)

	1.34

	2.28

	1.91

	1.88

	2.05

	1.97


	Heml (licmolysis of erythrocylcs)

	6.78

	7.86

	11.14(1)

	5.59

	7.74

	6.7U


	Hein2 (hemolysis of erythrocytes after LP initiation)

	7.27

	9.22

	lu.yy(i)

	5.88

	6.86

	8,17


	MDAI (malonie dialdehyde in erythrocytes)

	2.08

	2.41

	2.74(1)

	1.88

	2.67(1)

	1,83


	MDA2 (malonic dialdehydc in erythrocylcs al'ler LP initialion)

	2.07

	2.58(1)

	2.58(1)

	2.10

	2.88(1)

	1.85


	tti (lime of rotation vorrdalion of spill probe 1 in eryllirocyle membranes)

	1.01

	1.37(1)

	1.24 (t)

	1.39(1)

	1.15

	1.50(1)


	1,11 (lime ol rolulion correlation of spin probe 11 in crylhrocylc nicnibrmics)

	2.20

	1.51

	1.66

	1.99

	1.48

	2.08


	CP (ccruloplasiniii)

	1.16

	1.01(1)

	0.92(1)

	1.15

	1.18

	1.20


	TP (li'uiisfcrrin)

	0.77

	0.82

	0.82

	0.85

	0.72

	0.65


	itcc radical willi g-1'aclor 2.0

	0.69

	1.20(1)

	1.05

	1.02

	0.92

	1.04


	Chromosomal aberrations

	0.11

	0.18

	0.68

	1.15

	1.66

	2.04


	(1) Indices which differ from control by Student's criterion with significance level (p<0.05)



tions in lymphocytes with those from the control group that con​sisted of people with a similarly low level of chromosomal aber​rations (up to 0.5%).

It appeared that just the first group of irradiated people, i.e., those who had the minimum number of chromosomal aberrations (<0.5%) differed verifiably by a set of indices (p<0.05) from the corresponding control group.

If we take into account the above-mentioned dependence of a number of chromosomal aberrations in lymphocytes on the irra​diation dose, we may suppose that the group of PAL with an in​significant level of chromosomal aberrations had obtained a low irradiation dose. However, the changes in the parameters of their antioxidant status were substantial; this indicates the probability of grave and stable disturbances in the LP regulation system even at a low irradiation dose.

Similar results were obtained in the correlation analysis of the in​dices of the antioxidant status of the organism for each examined group.

It should be noted that the observed alterations are not to be con​sidered as some determinate pathology. Probably, such alterations in the PAL regulation system and, consequently, in homeostasis regulation represent a so-called prenosological pathology, i.e., that can remain compensated without manifesting itself clinically and can become manifest various diseases in certain conditions. Thus the risk of the progression of diverse diseases is much high​er for people irradiated even with low doses. Similar regularities were found also in the study of immunologi-cal characteristics of the same PAL groups (Burlakova et ai, 1996).

It should be emphasized that similar dose-dependences were ob​tained for both immunological index and complex antioxidant sta​tus assessment. It is very important that the highest deviations were observed in the dose range up to 15 cGy, while these indices were closer to the control ones for the irradiation doses of 20-25 cGy. These data confirm our concept that the dose-dependences for low-intensity irradiation are of a complicated character. It should be noted that the status of the antioxidant and immune systems of the organism is responsible for its resistance to the ac​tion of various harmful factors. The experiments showed that im​munological characteristics can he influenced by means ofchang-ing the antioxidaul status in a certain direclion and vice versa. Therefore, llic deficit of llie aniioxidaiil and immune systems is a reliable diagnostic marker for persons iri'.iili.ilct) wilh low doses. Thus. we may suppose that a complex evaluation of such alter-arion' by a set of parameter' thai ch^iroctenze the anno.xiijam .sta​tus of the organism can help to reveal (lie groups of people with an increased risk of various pathologies.

Conclusion
We compared the alterations of biochemical and biophysical in​dices of PAL blood with the regularities of changes in their health status.

Previously, we registered that an increase in the incidence of dis​eases characteristic of the PAL group, such ;is vegetov;iscul;irdys-lonia, neurological and psychosomatic disorders, gasiroinleslinal and other diseases, have llie same tendency (iioiiinonolonic and nonlinear dose-dependece) as those obtained experimentally (Chernobyl'.skaya katastrofa, 1992). A number of biochemical


and haematological characteristics of people irradiated after acci​dents at atomic power stations also manifest a complicated dose-dependence (Szepeshi and Fieldner, 1989; Chemobyl'skaya katastrofa, 1992).

Considering that the degree of disability of an irradiated contin​gent is the integral index of a health loss. it is important to com​pare the growth rate of a number of disabled people (for 1,000 PAL) depending on the obtained dose or period of work at ChNPS. In fact, among the liquidators, those who worked there in 1986 received, on average, the highest irradiation dose (15.9 cGy) those who worked there, in 1987, 7.9 cGy, and in 1988 and later, 3-4 cGy (Radiatsiya i risk 1995a).

Fig. 2 shows the dependence of a number of disabled people in PAL groups (for 1,000) on the obtained doses after 5 years since they worked at ChNPS. As is seen from fig. 2, the dependence is extreme in character with a maximum corresponding to the dose 7.9 cGy.
From the data of the National (Russian) Radiation-Epidemiolog-ical Register, the growth of morbidity indices has been registered for many classes of diseases both among the PAL group and all ir​radiate population. First of all, we note a continuous growth of in​cidence of malignant neoplasms: 1990 - 151, 1991 - 175. 1992 -212 (128 is the index of morbidity considered as normal for the age distribution of the PAL groups in male population of Russia in the given year), and 1993 - 233 (140). The morbidity indices for malignant neoplasms among the PAL group were higher than the respective ones revealed by the general statistics for the pop​ulation of Russia: by 50% in 1992 and by 65% in 1993.

The indices of morbidity of PAL for endocrine system diseases are 18.4 times higher than the control ones, for physical disorders - 9.6 times higher, for blood circulation disease - 4.3 times high​er, and all classes of diseases - 1.5 times higher. The dynamics of morbidity indices for all these classes of diseases for PAL have the tendency to increase (Radiatsiya i risk, 1995b).

Thus, the above study revealed serious changes in the system of AO protection of the PAL group. These changes can be essential for the resistance of the organism to the action of damaging fac​tors of endogenic and exogenetic nature and, as a result,' the de​velopment of a wide range of diseases such as cardiovascular, neuro-psychosomalic disorders, diabetes, malignant tumours, and olhers.
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Fig.. 2 - Dependence of the index of total invalidity (for 1.000 persons) of PAL (in a Jose of irr.iili.ition after 5 years since they worked in the zone of the Cheniohyl iicciilcni.
	Table 3 • Indices of morbidity and mortality (for 100,000 man/year) from malignant neoplasms among PAL according to the dose


	
	0-5 cGy

	5-10 cGy

	10-15 cGy

	15-20 cGy

	20-25 cGy

	25c0y and higher


	Morbidity index Leukaemia All malignant neoplasms Malignant neoplasms ofdigcsiive organs and peritoneum

	7.6» 117.5 21.94

	6.18 122.30 32.26

	8.03 157.51 49.79

	S.48 142.94 38.16

	6.23 1X54 35.60

	3.04 180.56 37.43


	Mortality index From all malignant neoplasms From malignant neoplasms of digestive organs and peritoneum

	36.20 9.32

	39.12 15.10

	44.96 20.87

	57.95 21.20

	56.07 24.92

	40.82 17.0



However, it is of utmost interest to study this dependence for re​mote consequences of irradiation, namely, for the rise of malig​nant neoplasms. The question of the effect of low-dose irradiation on malignant tumours and leukoses incidence is widely discussed in the literature. It is known that ionizing radiation can promote or induce malignant neoplasms. An increase in power and dose of ir​radiation (up to certain limits) causes a decrease in promoting and an increase in inducing functions of irradiation.

From this viewpoint, we consider the situation with malignant neoplasms in Chemobyl.

The data on oncological diseases and the death rate among the liq​uidators are adduced in an in-depth study implemented under the guidance of Academician A.F. Tsyb and published in the Bulletin of National Radiation-Epidcmiological Register.

Table 3 containts the data on the indices of the morbidity and mor​tality from malignant neoplasms among the PAL group. It is evi​dent that the dose-dependence is not monotonic; for all the stud​ied cases, the minimum indices of morbidity and mortality corre​spond to a dose of about 25 cGy, while the maximum values cor​respond to 10-15 cGy.

Similar dependences are not the unique type of dose-effect rela​tion, though they are registered quite frequently. In a number of cases, these are regular linear or linear-square dependences. A dose range, in which a decrease is registered in a number of ma​lignant neoplasms or in a rate of death from them, is different for different diseases and depends, apart from the nature of the dis​ease. on the dose. For example, there is information available on the dependence of mortality from lung cancer of people irradiat​ed with radon in houses; for miners irradiated with radon doses of higher intensity, a linear dose-dependence of mortality from lung cancer is observed (Darby, Radfort and Whitley, 1995; Kiirim-Marcus 1995).

While reviewing data available in the literature, we traced similar regularities regarding the dose dependence of leukoses (Burlako-va, 1995b). Again, we emphasize that the mechanisms of malig​nant growth induced by low doses can be different.

Many authors suppose that the reference of discovered malignant neoplasms to radiation-induced cancers is correct only in the case when the cancer incidence increases with the radiation dose. Nev​ertheless, as was said above, taking into account all conducted ex​periments and studies of irradiated populations, as well as data in the literature, the presence of linear or linear-square dependence for the cases of diseases and deaths from malignant neoplasms for low doses and low-intensity irradiation is not obligatory. The ab​sence of a monotonic dependence on the irradiation dose and the


appearance of maxima at a lower dose confirm the radiational na​ture of cancers induced by low doses of radiation rather than re​futing it.

In conclusion, it may be stated that the regularities of low-inten​sity irradiation and its low dose effects are the principal new modes of radiation effect on living objects, the new mechanisms of cellular metabolism change. Most effects are induced by irra​diation not directly but intermediately through the regulation sys​tem, through the alteration of the immune and antioxidant status of the organism and its sensitivity to the action of environmental factors.

It is noteworthy that the regularities of changes in the studied pa​rameters were the same in blood of the PAL group and the animal under the experiment. We discovered not only the close character of dose dependence but also the analogous systemic multifactor response to the action of low-intensity irradiation.
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