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Background and Aim: The Central Paradox

The 1979 accident at the Three Mile Island nuclear power station in Pennsylvania was the ~ TABLE 1
Summary of the Resulis of the Chromosome Aberration Analyses Conducted and Reported by Shevchenko ef al. (17, 21,

Iargest nuclear reactor accident to occur in the Western hemisphere. While the exposure 29) for the Three Mile Island Exposed Group and Subgroup, and the Two Control Groups of Russian Men
to ionizing radiation suffered by any single individual is believed to have been low, the — e LHCOMTLES AOC CRIRTC Tings
. L . . . . e Frequency of Frequency of
radiation release was substantial. About 22,000,000 Curies of the radioactive noble gas (1) | Famed Frequency of  translocations No.of dicentrics and
: : .. : o] No. of translocations 10° No.of  dicentrics entric rings
xenon-133 escaped into the environment. The commission appointed to evaluate the event LR ] Novof  cells No. of per 10°cells | cquivalent cells  orcentic  per 10° cells
concluded that the only harm to the population was due to panic and stress. Anecdotal Groups of persons _ persons  scored  translocations (937 CI) 5% CH _ scored  rings 5% €D
, , , . Exposed 29 N/A N/A N/A N/A 14,854 30 2.0 (1.4, 2.9)
evidence of symptoms consistent with radiation exposure were reported, however, and a Exposed subgroup 6 3468 17 49(29,78) 155 (9.0, 24.8) 3024 14 4.6 (2.5, 7.8)
. . . . L . . . . Control 1 12 13,586 13 1.0 (0.5, 1.6) 3.2 (1.7, 5.5) N/A N/A N/A
limited biodosimetric investigation performed in 1994 produced evidence consistent with Control 2 - N/A N/A N/A N/A 26,849 5 0.2 (0.1, 0.4)
Signiﬂcant radiation exposure. Subsequent epidemiologica| investigations have produced Notes. The chromosome aberration analyses are for stable translocations denved from fluorescence in situ hybndizabon (FISH) and for unstable

: : : . _ o dicentrics and centnic nings derived from conventional scoring. N/A = not applicable.
equivocal findings. Could the 1994 finding of severe radiation exposure have been correct?

The (gamma ray) dose to any individual was not larger than about 2
mSy, on the order of annual exposure to background radiation.

Cytogenetic analysis performed in 1994-95 revealed frequencies of
chromosome aberrations from 5x (stable) to 10x (unstable) higher than
control levels.

Evidence from personal anecdote, materials analysis, effects on plant
life, and immunological examination were consistent with higher levels
of radiation exposure.
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Methods

We join, for the first time, the recently-proposed physics of Biodosimetry with Whole Genome dGH™
radiobiological shot noise with environmental epidemiology.

. . . . e . Blue = DAPI Staining of = Fluorescently Labeled L . e .
Using Whole Genome Directional Genomic Hybridization (dGH), we are Chromosome Structure Hybridization Probes Directional Genomic Hybridization(dGH) is

. . . . . . e 3 5 3 an extremely sensitive method for
testing participant blood samples and measuring inversions and measuring the mis-repair of radiation

translocations - stable biomarkers of radiation exposure detectable induced double strand breaks.

decades after the primary exposure. Daughter Strand

_ Stripping Mis-alignment of these double stranded
We have so far collected and analyzed eight blood samples, four from —p breaks during DNA repair leads to

I Single Stranded ot : :
persons in the path of the Xe-133 plume on 28-29 March 1979, and four Hybrigizaﬁon orobes E};ﬁé}gg'ti\é?gaatlr?dna Q\efsigsrlgns,
from age-matched individuals living nearby who were not. Four more f~ 4

samples will be collected soon. 1= Radiation induced DNA damage to the

Hemopoietic Stem Cells (HSCs) leaves
damage signatures in the circulating
blood that can be measured by dGH for

, > , ,
Double Stranded Analyte: Single Stranded  d€Cades after exposure.
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Case Study: Un-Sequenceable Rearrangements
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Interactions between matter and ionizing radiation are stochastic 3 10 1

(random). There are well-established rules describing stochastic
“ ’ . i iy - ' \ ’ Chromatid break
processes. Only when a “large” number of interactions happen within a : 7 1

short interval of time, is the behavior deterministic.
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The TMI exposures were of long duration (> 20 hours). Shot noise ' @
dominates in this case. 39

Results and Conclusions:
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Lioyd7s Shot Noise Examples of rearrangements detectable by dGH. Due to the small sample
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 Schmid 84(a) | size thus far, we cannot consider differences in chromosomal aberrations
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v Bauchinger 93 | between exposed and unexposed individuals. The feasibility of a larger
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Jang 19 a investigation with adequate statistical power, however, has been
demonstrated.

Linear-Quadratic Model
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If one understands the characteristics of the source of ionizing radiation,
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