
Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Disturbance of Hereditary Material Reserves Is the Main
Instrument of Stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.1 Preamble .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 Low-Dose-Radiation Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2.1 Some Regularities of Adaptation in Pre-molecular
Investigations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.2.2 Bystander Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.2.3 Genomic Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.4 Transgenerational Response. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.3 Modelling of the Radiation Effects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.3.1 Probability Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.3.2 Theoretical Models of Bystander Effects . . . . . . . . . . . . . . . . . . . . . . 13

2.4 Probability Approach to Risk Assessment
of the Chromosomal Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

3 Excursus on Statistical Modelling for Population Biology.
Statistical Solution of Some Radiobiological Tasks . . . . . . . . . . . . . . . . . . . . . . 23
3.1 Preliminaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.2 Geometric Model of Adaptation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
3.3 View on the Structure of Biological Communities . . . . . . . . . . . . . . . . . . . . 26

3.3.1 Model of the Geometric Series of Motomura . . . . . . . . . . . . . . . . . 26
3.3.2 Fisher’s Log-Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.3.3 Preston’s Lognormal Distribution of Species Abundances . . . 27
3.3.4 Studies of the Biological Communities That

Experienced the Totskij Nuclear Explosion . . . . . . . . . . . . . . . . . . . 28
3.3.5 Influence of the Mutagenic Factor on Cellular Population . . . 28

xiii



xiv Contents

3.4 Statistical View on the Cytogenetic Investigations of Instabilities . . . 30
3.4.1 Hypotheses and Models of Appearance of Cells

with Abnormalities in Seedlings Meristem
of Stress-Irradiated Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.4.2 Correlative Model of Multiplication of the DNA Damages . . 34
3.4.3 Hypothesis and Model of the Proliferated Cells Occurrence . 39
3.4.4 Some Features of Forming and Analysis

of Individuals’ Distributions on the Number
and Frequency of Cells with Abnormalities
in Blood Lymphocytes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3.5 Some Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4 Non-linearity Induced by Low-Dose Rates Irradiation. Lab
Experiments on Pea Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.1 The Seeds of a Plant Are an Important and Convenient

Object in Radiobiology and Radioecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.1.1 The First Investigations of Non-linearity

Were Performed on Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
4.1.2 Modification of Radioresistance of Plants . . . . . . . . . . . . . . . . . . . . . 59
4.1.3 Meristems Are Critical Tissues of Plants . . . . . . . . . . . . . . . . . . . . . . 60

4.2 Laboratory Experiments on Pea Seeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.2.1 On the Object and Methods Used in Lab Investigations .. . . . . 62
4.2.2 Occurrence of Cells with Abnormalities

at Different Dose-Rate Irradiation. Effects
of Aging and High Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

4.2.3 Non-linearity Induced by Low-Dose Rates
Irradiation. Effects of Aging and High Temperature .. . . . . . . . . 67

4.2.4 Adaptive Response of Meristem Cells
Induced by Low-Dose Rate Irradiation and Its
Combination with High Temperature .. . . . . . . . . . . . . . . . . . . . . . . . . 69

4.3 Modelling of Appearance of Cells with Abnormalities . . . . . . . . . . . . . . . 70
4.3.1 Appearance of Cells with Abnormalities

in Seedlings’ Meristem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.3.2 Chromosomal Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.3.3 Multiple Appearances of Abnormal

Chromosomes in Meristem Cells. Modelling
of Chromosomal Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

4.3.4 Modification Effects of High Temperature and Aging . . . . . . . . 77
4.3.5 Scheme of the Adaptation Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81



Contents xv

5 Adaptation and Genetic Instability in Ecology. Study
of the Influence of Nuclear Station Fallout on Plant Populations . . . . . . 83
5.1 A View on Natural Communities with Experience

in Radiation Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
5.1.1 Consequences of Radiation Accidents . . . . . . . . . . . . . . . . . . . . . . . . . 84
5.1.2 Radiation Sources Providing Low-Radiation

Stress Comparable with Background . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.2 Characteristics of Objects and Methods in the Ecological Studies . . . 85
5.3 Analysis of Averaged Biological Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
5.4 Scheme of Adaptation Processes in Meristem and Cells . . . . . . . . . . . . . . 93
5.5 Statistical Modelling of the Appearance of Cells

with Abnormalities, Abnormal Chromosomes
in Cells and Proliferated Cells (PCs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
5.5.1 Distributions of Seeds on the Number of Cells

with Abnormalities and Cells on the Number
of Chromosomes with Abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . 95

5.5.2 Distribution of Seeds on the Number of PCs
in Seedling Meristem .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5.5.3 Regularities of the Adaptation-Processes Induced
by Nuclear Station Fallout in Plantain Populations . . . . . . . . . . . 97

5.6 Two Evolution Strategies of Survival . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
5.7 Risk of Chromosomal Instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
5.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

6 Instability Process Across Generations. Consequences
of Nuclear Test Fallout for Inhabitants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.1 General Genetic Consequences of Radiation Impacts. . . . . . . . . . . . . . . . . 108

6.1.1 Consequences of Dramatic Nuclear Impacts . . . . . . . . . . . . . . . . . . 108
6.1.2 Population of the Tundra Nenets Living in the

Purov Region of the Yamalo-Nenets Nenets
Autonomous Area as a Model to Investigate
Consequences of Nuclear Test Fallout Impacts . . . . . . . . . . . . . . . 110

6.1.3 Radiation Effects of the Semipalatinsk Nuclear
Test Fallout in the South Baikal Zone (Pribaikal’e) .. . . . . . . . . . 113

6.2 Objects and Methods of Radiation Epidemiology Investigations .. . . . 115
6.2.1 Description of the Tested Sites and Populations

in the Yamalo Nenets Autonomous Area . . . . . . . . . . . . . . . . . . . . . . 115
6.2.2 Description of the Tested Sites and Populations

in the Pribaikal’e Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
6.2.3 Cytogenetic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

6.3 Statistical Modelling for Persons Living
in the Radiation – Polluted Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
6.3.1 Methods of the Statistical Modelling . . . . . . . . . . . . . . . . . . . . . . . . . . 122



xvi Contents

6.3.2 Examination of the Distributions of the Control
Group of Individuals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

6.3.3 Comparison of the Distributions of Individuals
with Normal and Low Activated Cells
on the Frequency of Cells with Abnormalities
in Blood Lymphocytes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

6.3.4 Comparison of the Distribution Structures
of Individuals Under 18 and Those Older Living
in the Pribaikal’e Region on the Frequency
of Cells with Abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

6.3.5 Analysis of Distributions of the Individuals Living
in the Siberian Utmost Northern and Pribaikal’e Regions .. . . 128

6.3.6 Risk of Chromosomal Instability for Individuals . . . . . . . . . . . . . 131
6.3.7 Mechanisms of Genetic Adaptation for Humans .. . . . . . . . . . . . . 132

6.4 The Appearance of Multi-aberrant Cells Induced
by the Radiochemical Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
7.1 Adaptation, Genetic Instability, and Selection Processes . . . . . . . . . . . . . 141
7.2 Regularities of the Adaptation Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
7.3 Instabilities Induced by Low-Radiation Fallout . . . . . . . . . . . . . . . . . . . . . . . 145
7.4 How the Adaptation Process Can Be Presented Statistically . . . . . . . . . 147
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148

8 Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
8.1 Methods of Approximation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
8.2 Approximations of Pea Seeds Distributions

on the Number of Cells with Chromosomal
Abnormalities Irradiated in the Laboratory .. . . . . . . . . . . . . . . . . . . . . . . . . . . 154
8.2.1 Experimental Data on the Pea Seeds Used for

Approximations .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
8.2.2 Approximation Efficiency of Seed Distributions

on the Number of Abnormal Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
8.2.3 Approximations of Distributions of Pea Cells

on the Number of Chromosomal Abnormalities . . . . . . . . . . . . . . 156
8.3 Sample of the Calculation of the Synergic Coefficient . . . . . . . . . . . . . . . . 156
8.4 Approximation of Distributions for Plantain Seeds

Growing near the Nuclear Power Plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
8.4.1 Approximations of the Appearance of Cells

with Abnormalities in Meristem of Plantain Seedlings .. . . . . . 158
8.4.2 Approximations of the Appearance of Proliferated

Cells in Meristem of Plantain Seedlings . . . . . . . . . . . . . . . . . . . . . . . 159



Contents xvii

8.5 Analysis of the Correlations of Seed Mortality (1 � S)
and Parameters of the Plantain Seed Distributions
on the Numbers of Proliferated and Abnormal Cells
with the Contamination of Chemical Pollutions in Soil
(1998, 1999) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

8.6 Statistical Modelling of the Occurrence Frequency
of Cells with Abnormalities in Blood Lymphocytes of Individuals . . 166
8.6.1 Experimental Data on Number of Cells

with Abnormalities in Blood Lymphocytes
of Samples of Individuals Living in Different
Regions of Siberia (Table 8.13) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

8.6.2 Examination of the Control Samples of Individuals . . . . . . . . . . 166
8.6.3 Examination of the Experimental Data

of Individuals Living in the Maloe Goloustnoe
and Listvyanka Settlements (Indistinguishability
of Distributions for Men and Women) . . . . . . . . . . . . . . . . . . . . . . . . . 169

8.6.4 Approximations of the Experimental
Distributions for Samples of Individuals Living
in the Settlements of Maloe Goloustnoe and Listvyanka . . . . . 169

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Name Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181



http://www.springer.com/978-94-007-6630-3


	Contents



