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ANS Sessions on Low Level Radiation Health Effects – 1994-1999

At the American Nuclear Society's November 1994 Winter Meeting in Washington DC, two special sessions were held on “Low-Level Radiation Health Effects: Current Data” and “Programs”  on actual dose-response data and applicable research programs with 10 papers and 2 panel presentations. 

Two sessions, one on the above topics plus one on "Policies and Cost/Benefits," were held at the June 1995 40th Annual ANS Meeting in Philadelphia PA, with 8 papers plus unpublished presentations by 2 NCRP members, with 2 panel discussions. The President-elect and Members representing the Health Physics Society (HPS), and the President and a Member of the National Council on Radiation Protection and Measurements (NCRP), made panel presentations at these sessions. 

At the October-November 1995 ANS Winter Meeting in San Francisco CA, four sessions with 14 papers were held on the above topics, plus "Biology Research and Beneficial Effects" and a very large Panel on "Needs for Research, Organization and Communication, and Corrective Actions".  The ANS "Wilhelm Roentgen Radiology Centennial Award and Lecture" was presented by Professor Emeritus Myron Pollycove, MD, U. Cal. San Francisco, Radiology and Clinical Medicine, retired Head of Nuclear Medicine at San Francisco Medical Center, and NRC Visiting Medical Fellow.

In conjunction with the November 1996 ANS Winter Meeting in Washington DC, an Embedded Topical Meeting on Low Level Radiation Health Effects, was held that included 6 sessions and 28 papers, on “Biological Research Confirming Beneficial Effects,” “Biological and Epidemiological Data and the LNT Model,” “Human Data from Radium and Radon Exposures,” “Applying Science and Data to Setting Standards” and “Costs versus Human Benefits of Radiation Protection,” plus a large Panel on “Research Work and Policy Initiatives Needed to Effect Change,” was held.

At the June 1997 ANS Annual Meeting in Orlando FL there was one Panel session on “Programs and Progress,” plus the President's Special Session on “Applying Science to Change the Rules”.

At the November 1997 ANS Winter Meeting in Albuquerque NM there was one “General” session. 

At the June 1999 ANS Annual Meeting in Boston MA there are 3 paper sessions and 2 Panel sessions, with 15 papers. Authors and Paper titles are listed. This summary will incorporate these papers later.
November 1994, Two Sessions in Washington DC:

Rosalyn Yalow, Ph.D., Nobel Laureate and Distinguished Professor-at-Large Mt. Sinai  School of Medicine, and Bronx VA Medical Center, reported on “Concerns with Low-Level Ionizing Radiation,” presenting examples of the many studies that directly contradict the LNT hypothesis: The lack of health effects in the wide variations in natural background exposures, including radon; Radiologists with lifetime doses of 100 to 500 rem, and 6500 US Army technicians who received doses of 50 rem in training; and 46,000 atomic bomb test participants, without adverse effects; The lack of excess leukemia from whole body doses of 10-15 rem from therapeutic 131I doses for hyperthyroidism vs. patients treated by surgery, contrary to LNT predictions; And no effects, with possible beneficial effects, from thyroid doses from 131I for medical diagnosis that were not for suspected thyroid cancer.
 She concludes that the LNT is unfounded and produces an unjustified excessive concern with radiation that may preclude beneficial uses in medicine, science and industry.

Constantine Maletskos, Ph.D., Consultant, MIT associate of Dr. Robley Evans, in “Radium in Man-20 Years Later,” reports on three early studies
,
,
 of the radium dial painters and other radium-burden subjects. Recent analyses:  First, scaling by dimensionless time (fraction of life span), different animal species and human beings show the same median risk, and the carcinogenic time-to-tumor is longer as the dose rate decreases, yielding a threshold of ~10 Gy;
 second, using the hazard function, cumulative hazard intercepts the abscissa at a threshold of ~11Gy;.
 third, the net incidence of cancers per unit dose interval above 10 Gy, below which no cancers are observed, plotted against cumulative dose, is at a projected threshold of ~4.7 Gy.
 In three different approaches, without significant restraints, the dose responses for exposure to internal radium do not pass through zero and, in fact, predict a threshold of cumulative dose below which cancers are not to be expected. 

Sohei Kondo, Ph.D., Professor Emeritus in Molecular Biology and Radiobiology at Kyoto University, and now researcher at Kinki University, presented “Atomic Bomb Survivors and the Sigmoidal Response Model”. The mortality data of the Japanese atomic bomb survivors show cancer mortality "troughs" at doses between 1 and 20 or 50 cGy with limited statistical significance, and a significant reduction in colon cancer at 10-19 cGy. There are slight but insignificant decreases in non-cancer mortality at doses below about 200 cGy; thresholds for birth defects at 10 and 50 cGy; and no genetic effects in children and grandchildren of parents exposed to 40-60 cGy. Tumorigenesis is suppressed at low doses by the radiation stimulation of apoptosis (cell self-killing) from evidence of the renewal of colon epithelial cells affecting reduced colon cancer, and affecting pre-leukemic cells producing reduced leukemia at low doses. The model indicates that tumors increase at higher dose due to the up-regulation of growth activities for healing chronic injury, with a plateau at sufficiently high doses which explain the dose response curves.

John Cameron, Ph.D., Professor Emeritus Medical Physics U. Wisconsin-Madison, a member of the Technical Advisory Panel of the Nuclear Shipyard Worker Study, presented “What Does the Nuclear Shipyard Worker Study Tell Us?” Statistically significant lower mortality was found in 39,000 workers exposed to radiation compared to 33,000 well-matched non-nuclear workers in the 1978-1987, $10M, DOE Nuclear Shipyard Worker Study representing 700,000 shipyard workers,
 the strongest occupational study ever performed. This study was not included in BEIR V even though the Chairman of both was the same person. Other subsequent worker studies used poor worker exposure data and confounding factors. 

Myron Pollycove, M.D., Professor Emeritus U.Cal. San Francisco, retired Head of Nuclear Medicine, San Francisco Medical Center, Visiting Medical Fellow at US NRC, reported on “Low-Level Radiation: Adaptive Responses and Decreased Carcinogenesis”. Dr. Bernard Cohen's radon studies find a consistent inverse correlation of lung cancer and radon by US county.
 The validity of the statistics and the results are confirmed. Also, a highly significant reduction of breast cancer exists (2.7 standard deviations) at 15 cGy in Canadian women tuberculosis patients exposed to fluoroscopies. Breast cancer is reduced at cumulative doses below about 30 cGy. The authors of the study ignore their own data to project a linear response from high dose data. The authors predict 900 excess cancers at 15 cGy rather than a reduction of 10,000 breast cancers predicted from the actual data.
 Confirmatory data are reported in UNSCEAR 1994 Appendix B, “Adaptive Responses to Radiation in Cells and Organisms”. 

Roger Berry, Ph.D., Biology Researcher and Director of the Westlakes Research Institute in the UK reports on hundreds of high-dose UK workers from Sellafield and the Windscale fire cleanup. With doses exceeding 50 cSv, up to 200 cSv, from the 1950s, they have evidence of chromosome aberrations but overall mortality is not significantly different from the U.K. national average, corrected for age, sex, and social class. A slight excess of observed over expected deaths is due to circulatory system disease, with a slight deficit overall of deaths from malignant disease and a non-significant increase in cancer deaths from haemopoietic and lymphatic tissues. In a population of workers “exposed over many years to radiation  doses that would be considered unacceptable today and studied as a ‘bellwether’ for predicting risks to current workers, there is evidence at a cellular level of their having received that exposure, but as yet no evidence of unpredicted harm.”

Victor Bond, MD, Medical Director Emeritus of Brookhaven National Laboratory presented “The Implausible Current Interpretations of Radiobiological Linear, Non-Threshold Functions” on microdosimetry that shows that an “LNT” response must be “implausible”.  In an irradiated population, the fraction responding vs. dose at the same level of biological organization as the response, results in the conventional, threshold, S-shaped function.
 However, current dose-response biological organization levels are misaligned. Responses are at the cell level vs. dose at the tissue (organ) system level. Cellular dose is the product of the mean energy of cell doses from single hits and the number of hits per cell. When both coordinates are at the same (cellular) level, as expected, the function has a threshold. This applies, e.g., to radiation-attributable cancers in the atomic bomb survivors. The LNT function, that shows 'any amount of radiation, however small, can be lethal,' has no physical quantity on either axis.  Dose, is energy per unit mass, i.e., energy concentration, and not the amount or quantity of imparted energy, so neither dose nor 'person • Gy' is additive. Therefore, neither can sum the increments of energy received by people. Thus dose is a proper independent variable for a medical-toxicologica1 type of sigmoidal threshold curve, but does not apply to a linear, non-threshold function. Radiation limits-setting bodies are called to abandon, overtly and completely, the linear, non-threshold hypothesis as a scientifically valid premise and the core of radiation protection philosophy, principles, policies, and practice. 

Leonard Sagan, M.D., retired Director of the Medical Division of EPRI, reported in “Current Research on Biological Effects of Low-Level Exposures” on evidence of hormetic effects in low-dose chemical and radiation studies. The BELLE (Biological Effects of Low Level Exposures) Group is documenting low-dose effects. Industrial chemicals, pharmaceuticals, and radiation, display U-shaped or seemingly paradoxical dose-response relationships.
 They are broadly generalizable and significant in toxicology and public health. In 1992 and 1993, three conferences exclusively addressed the subject. Substantial efforts are currently exploring the highly diversified defense mechanisms normally active and or inducible at low doses, but probably overwhelmed at high doses. A large literature exists on inducible adaptive responses to radiation. Cellular adaptive responses involve the synthesis of proteins such as metallothionein that have antioxidant properties.
 When high doses (approaching or exceeding mean therapeutic dose) cause tissue damage, the subsequent cellular repair may provide a promotional response resulting in enhanced tumor incidence.
,
 Extrapolation to lower doses is less reliable, most likely providing unrealistically high risk estimates. Saturation of detoxification pathways at high doses may activate normally unused alternative metabolic pathways, producing "novel" metabolites. If these novel metabolites have carcinogenic potential, then animal bioassay may show adverse effects that would not be expected at lower doses. Implications for risk assessment are likely to be significant, and argue that present adherence to the linear paradigm be reconsidered.
,

Richard Wilson, Ph.D., Lyman Professor of Physics, Harvard University, with Alexander Shlyakhter, Ph.D., reported in “Health Effects of Russian Nuclear Accidents: What Can We Learn?” on preliminary results of Russian high-dose workers and highly exposed public.  The Soviet Union report to an IAEA experts' meeting (Vienna August 25 to 29, 1986) was impressive in the amount of detailed work. Several data sets compare to the Hiroshima/Nagasaki cohort: 1. 300 Chernobyl workers and firemen with acute radiation sickness and 200-rem dose: up to 50 expected to develop related cancers. 2. 25,000 people evacuated late from the Chernobyl area with an average of ~40-rem dose: perhaps 500 cancers expected.  3. Other Chernobyl population.  4. 600,000 clean-up workers with an average of 25 rem (first year) and 10 rem (later years).  5. 3,000 early workers at the MAYAK plutonium production plant: up to 400 rem for 1 yr.  6. 30,000 villagers who used Techa River water contaminated with 90Sr with an average of 50 rem: the cancer rate appears to be increased about 15%.  7. 11,000 residents exposed by the September 1957 Kyshtym nuclear waste holding tank explosion; 1,150 received an average of 52 rem.
  8. The Semipalatinsk test site fallout population. Cohorts 5, 6, and 7 have been studied for 30 yr, with an increase of leukemia in cohorts 5 and 6, but the number is less than the Hiroshima/Nagasaki results without a dose-rate reduction.
 For Chernobyl, there is little coordination among Belarus, Russia, and Ukraine. In Belarus, no increase in leukemia has been found 7 yr after the accident, with none in Russia or Ukraine either. In Belarus, thyroid cancers began to appear among children in 1991. These have now appeared in Russia and the Ukraine also. 

John Neuberger, Ph.D., of the U. Kansas Medical Center, reported in “Residential Radon Exposure and Lung Cancer” on ongoing radon case-control studies. While residential radon (progeny) exposure might be expected to be linked to an increase in lung cancer rates, evidence from residential studies is not definitive enough, with differences in age, sex, dust exposure, and smoking between groups exposed in mines and in homes. In ten published studies, six showed some evidence of a statistically significant increase in risk with radon. For females the odds ratio could be in the range of 1.0 to 1.6. Problems include the use of 90% confidence intervals (instead of 95%), the large number of radon estimates, the lack of in-home mobility information, the lack of annual averages for radon readings, and the paucity of field quality assurance and quality control procedures for radon.
Sadao Hattori, Ph.D., Vice President and Director of Research at the Central Research Institute of the Electric Power Industry in Japan, presented results in the Panel session on hormesis research being conducted in Japan at 14 universities and research institutes. (See his papers in the November 1995 and November 1996 meetings.)

June 1995, two sessions at the 40th Annual Meeting in Philadelphia PA:

Robert Thomas, Ph.D., former researcher at LANL, Program Manager at DOE, and Director of the Argonne Center for Human Radiobiology, presented in “Radiation is Not Always Harmful to Human Health” that extensive epidemiological studies of ionizing radiation in humans have failed to show health effects below whole-body equivalent radiation doses of 0.2 Gy (20 rads), i.e., in the Japanese atomic bomb survivors study. However, in the U.S. radium dial painters (luminizers), this value is 10 Gy (1000 rads). There are no adverse effects in 1391 US radium dial painters with radium burden doses below 10 Gy (1000 rad). Dose-response data from the 1515 U.S. female workers who were exposed to radium through the painting of luminous dials and who subsequently had their skeletal burdens measured by whole-body counting and radon breath analyses are log-normally distributed. A lognormal analysis for the 65 cases of radium-induced bone sarcomas and head carcinomas indicates an extrapolated dose to a threshold of at least 4 Gy below which no skeletal tumors could be  expected in a lifetime.

Ralph Cook, M.D. Medical Director of Dow Corning, presented in “An Alternative Viewpoint to the Biological Effects of Low-Level Exposures,” addresses the process of paradigm shifts and used substantial data that challenge the assumptions of current toxics models with three alternatives: nonlinear dose-response, in which effects seen at low levels are paradoxical or even beneficial; a holistic model in which the outcome of interest is the whole animal and not a specific organ or biological process; and a trade-off model in which the unit of study is the population and not the individual. Epidemiology and clinical studies, and in vitro and in vivo experiments support observational research, in particular to understand possible underlying mechanisms. Examples include vitamins and essential elements, medications such as aspirin and thalidomide, alcohol, toxic chemicals such as 2,3,7,8-tetrachloro-dibenzo-p-dioxin (so-called "deadly dioxin"), and radiation.
,
,
,
 Current data are constrained to data collected,  evaluated, and presented in the traditional mode. More research directed to the alternatives is needed. The current approach to toxics is often presented as conservative, as an error on the side of safety. It is nonetheless an error, and it is likely to be associated with adverse results.

Shirley Fry, M.D., M.P.H., of ORISE, in “Follow-up Study of Workers Exposed to (50 mSv/y Radiation” presented the ‘high-dose’ civilian workers in DOE and predecessor agencies, as defined by Congress as those workers exposed to more than the 5 cGy occupational dose limit in any one year. There were 3,145 workers so exposed from 1943 to 1978. In 2,392 white males, all-cause mortality through 1984 was significantly lower than the general population, along with lower digestive and circulatory system death rates, and reduced cancer rate. This is attributed to an unsubstantiated “healthy worker effect”. Continuation of the study for cancer incidence, or to update the follow-up beyond 1984, was not supported. [The lack of adverse effects to the relatively "high-dose" nuclear workers, the DOE and  the UK workers in Berry, Nov 1994 above, indicate that claims supporting radiation-related adverse effects in low-dose workers, with their relatively poor dosimetry and confounding effects is unfounded.)

James Muckerheide, Mass. State Nuclear Engineer, in “Radiation Protection Policies to Protect Public Health” reported on Eben Byers death in 1932 from 3 years of ingesting several vials per day of Radithor, with 1 (Ci each of 228Ra and 226Ra in 1/2 oz of distilled water in each vial.
 This ‘overdose’ caused bone deterioration, removal of his jaw with other disfigurement, which was widely publicized. Congress gave FDA control of radiation, which did not assess health effects, or safe levels, though 400,000-500,000 vials were sold, plus other radium sources. As of 1979, in the U.S. radium-burden females, there were 60 cancers in 1,953 cases with measured-doses, with 42 cancers in 1,468 dial painters, none at <2,000 rads; and 1 cancer in 8 non-dial-painter cases at 1,000 to 2,000 rads. In 347 males, there were 3 cancers in 16 cases at 10,000 to 40,000 rads, none in 319 cases at <10,000 rads, and none in 12 cases at >40,000 rads.
 DOE terminated the CHR, established for the lifetimes of the radium-burden cases, with thousands of living cases being continuously exposed. EPA drinking water limits are 5 pCi/l of 226Ra (~2000 pCi/yr), at significant public cost, vs. zero health effects at <250,000,000 pCi of 226Ra equivalent ingestion in CHR studies over 50 years. High radium in water level studies show no effects, but also losing Federal support. EPA proposes even lower standards. Federal radwaste and cleanup standards are orders-of-magnitude more stringent than radium in drinking water, at high public cost. Compared to Byers: 1. ~5 pCi/l vs. ~3,500,000 pCi of 226Ra equivalent in one Radithor vial; 2. ~2000 pCi/yr vs. ~10,000,000,000 pCi in 3 years ingested by Byers; 3. hundreds of people ingested >400,000 vials (>1,400,000,000,000 pCi). Similar results (at fewer orders of magnitude) apply to health-effects data from the other exposed population sources and doses. 

Additional papers addressed general scientific issues and policy implications of changing the LNT model:

Peter Groer, Ph.D. , U. Tennessee, “Lung Cancer and 222Rn-Progeny-Some Methodological Issues,” with Shili Xiao
Richard Wilson, Ph.D., Lyman Professor of Physics, Harvard University, “Low Exposures to Radiation: Using the Data for Public Policy” 
Jack Ransohoff, Neutron Products, “Experiences with the Reckless Nature of Linear No-Threshold Regulation”.

Robert Thomas, Ph.D., “Radiation Exposure Guidelines for Cleanup: Sickness in Mudville”. 

Panel sessions with the speakers included commentary and were chaired by NCRP President Dr. Charles Meinhold and member Dr. Roy Shore.  Drs. Meinhold and Shore did not submit papers or provide handouts. Their references to support the LNT were questioned by BEIR V evidence and the original papers, e.g., the Canadian fluoroscopy study, the IARC study, etc. Linear biological response data from laboratory artifacts without immune functions for effective repair were presented that are not relevant to assessing low-dose radiation health effects. 

October-November 1995, four sessions at the Winter Meeting in San Francisco:

Sohei Kondo, Ph.D., presented the biological basis of the “Wound-Healing Error Model for Radon Carcinogenesis”. Chronic, long-term wounding after irradiation is more oncogenic than a high cumulative exposure to radon over a short time, explaining the observation that workers with radon exposure over more years had more lung cancers.
,
 When tissue is heavily irradiated, pre-neoplastic cells have no selective advantage because cell growth may not be activated due to impairment of the tissue repair capacity. Excess mutation frequency increases almost linearly with increasing dose and its value at equal total exposures remains the same or decreases if exposure rates are decreased. However, uranium miners had increased lung cancer at decreased exposure rates. Therefore, radon is not an oncomutagen. Mutations are the only known radiation effects that increase approximately linearly with the dose of radiation, without a threshold. Thus, no scientific evidence is available to support a linear no-threshold risk of cancer after exposure to radon. Cancer is not a problem of single cells but of cell society.

Bernard Cohen, Ph.D. Professor Emeritus at U. Pittsburgh, presented “Test of the Linear No-Threshold Theory of Radiation-Induced Cancer” on the inverse correlation of radon vs. lung cancer by US counties, and the rigorous treatment of the unfounded criticisms that have been claimed to question the results. “There is no experimental evidence supporting the linear no-threshold (LNT) dose-response relationship for radiation-induced cancer in the low-dose, low-dose-rate region... The only basis for LNT is in a very simple theory: a cancer can be initiated by a single particle of radiation, so the cancer risk is proportional to the number of these particles, which is proportional to the dose. However, this ignores the effects of radiation on repair processes, stimulation of the immune response, and timing in the cell cycle. All of these are now known to be important, and they tend to reduce the effectiveness of subsequent radiation exposure.
” To test the LNT, we compare age-adjusted lung cancer mortality rates with mean radon exposure in 1729 U.S. counties, constituting 90% of the U.S. population. After correcting for smoking, mortality decreases by ~8% per pCi/l, in sharp contrast to the theory prediction of an increase of ~7% per pCi/l, a discrepancy of >20 SD. The "ecological fallacy,” that the average dose to a group of people does not determine their average risk, is obvious where a threshold is involved. However, it is easy to show that the "ecological fallacy" does not apply in testing an LNT theory - the average dose does determine the average risk in LNT. Other problems ascribed to ecological studies also do not apply.

Joseph L. Alvarez, Ph.D., IT Corp, presents in “Why We Need New Approaches to Low-Dose Risk Modeling” with Fritz A. Seiler, Ph.D., IT Corp, that the LNT adopted for radiation  protection is confused with Scientific fact. The LNT has extended calculations to doses that cannot be measured with risks smaller than the calculation uncertainty, requiring consideration of a minimum significant risk.
 Serious problems invalidate the LNT. Relative risk does not approach one as dose approaches zero. Using mortality ratios, the data below 0.3 Sv are systematically below BEIR V predictions. Data above 0.3 Sv can not produce a model at low doses. Data are valid only for high dose rates. The model is not scientifically justified in low-dose, low-dose-rates. Copious epidemiological databases at low doses and dose rates are ignored, which are at odds with the LNT hypothesis. Despite obvious errors, model fits to the Japanese survivor data: an unconstrained linear, linear-square root, and Weibull, all of which fit the data better than the relative-risk, linear no-threshold model, show the BEIR V model systematically overestimates risk at low doses, which hardly invites extension to low rates. An unbiased reanalysis is needed to construct a new model, based on all pertinent data, to form the basis to manage radiation risks for appropriate dose and dose rate. 

Allen Brodsky, Ph.D., Georgetown Univ presents “Limitations on Cost-Benefit Analyses Involving Low Radiation Exposures” for activities with individual exposures below ~0.1 to 1 Sv. A purely linear dose-response component at low radiation levels is unlikely - most dose-response for induction of an initial cancer cell are likely to be curvilinear (concave) upward at low levels.
,
  Hormetic effects that exist in this dose region, including those that can repair or kill initiated cancer cells as well as those that might provide beneficial health effects, are likely to be superimposed on the carcinogenic process alone.
,
 The large uncertainties show that risk factors from extrapolation of linear-quadratic models fitted to human cancer data at high dose levels are inapplicable for use in low-dose cost-benefic analyses; and such analyses cannot in themselves result in optimum choices between alternatives. These uncertainties are examined according to ICRP-37.
 ICRP-37 limitations are examined in the usual context of a specific project. True cost-benefit analysis for societal benefits through a quantized framework for all human activities involving environmental exposure is needed.
 Variables for alternatives for a specific project include gross benefit, production costs, radiation protection costs, and costs of detriments that include radiation health effects as well as other detriments to human life-as related only to alternatives for the specific project. This analysis finds: “(a) conventional cost-benefit analysis can help choose between alternative actions only when regulatory constraints demand specific limitations on population dose and when budget constraints have been already imposed on a project, and (b) these conventional methods do not achieve true optimization of benefit/cost for society as a whole, nor even for the exposed group.” 

Fritz A. Seiler, Ph.D., IT Corp presents in “Cancer Risks, Risk-Cost-Benefit Analysis, and the Scientific Method,” with Joseph L. Alvarez, Ph.D., IT Corp, that modeling radiation risks is done as science, but is not by the scientific method.
 Risk-cost-benefit analysis need to show a clear-cut net benefit to take an action. Methods, such as the Multi-Attribute-Utility Theory, compare cost in human lives to cost in dollars.
2 However, risk reduction and cost increase models assume that numerical uncertainty analysis can account for differences in the reliability of these results. Risk reduction benefits are overestimated, which is considered ‘conservative’. But this is biased and useless for risk-cost-benefit analyses. The scientific method requires that risk be calculated using the best model and values for parameters to yield the best risk value. Error propagation is applied. Then upper limits can be calculated and the low-dose risk stated. In risk assessment, conservatism is not a virtue but a sin, as in the definition of a minimum significant risk.29 As dose decreases, risk decreases also but not all components of its error, so there is a dose for which the risk is comparable to its error, and simple statistical test shows that the risk is not different from zero. There is a minimum scientifically meaningful risk. The BEIR V model and its uncertainties shows that the minimum significant risk is in the range of a few percent for a 90 to 95% confidence level. In an improved error analysis of the BEIR V data, minimum significant risks of a few times 10-3 might be obtained, but values near or below 1 x 10-3 are probably out of the reach of these studies. Any risk smaller than the minimum significant risk is meaningless.

James Trosko, Ph.D., Michigan State University, molecular biology, and former Director of Research at the Radiation Effects Research Foundation in Japan, presented "Can Low-Level Radiation Cause Cancer?" Data on cellular communications, and DNA and cellular damage/response, and the multi-step, multi-mechanism process of carcinogenesis, question whether low level radiation can cause cancer.
,
 Cancer initiation and progression steps seem facilitated by mutagenesis, whereas promotion is associated with agents that cause mitogenesis (e.g., cell killing, growth regulators, chemical mitogens). Cancer cells are phenotypically characterized as being non-contact inhibited, blocked in their ability to terminally differentiate and having no growth control. In effect, cancer is a problem of homeostatic control within and between cells. Cancer is more than a cell problem; it is a cell-society problem. It is proposed that cancer cells result from a dysfunction in gap junction intercellular communication (GJIC). Cell-to-cell communication, mediated by extra-cellular factors (growth regulators, hormones, neurotransmitters, etc.), which trigger intracellular signals (e.g., Ca++, pH, phosphorylation changes), could modulate (up or down) GJIC. This integrated hypothesis postulates that chemical promoters, oncogenes coding for growth factors, receptors or transmembrane signaling elements, and transcription factors can isolate an initiated cell from the suppressing influence of surrounding normal cells by down-regulating the transfer of ions and small molecules through gap junctions. Tumor-suppressor genes would be predicted to up-regulate GJIC or to prevent the down-regulation of GJIC by oncogenes. At low-level exposure, detecting biomarkers for ionizing radiation's effects on signal transduction, an epigenetic effect, will be difficult to assess.

Takeo Ohnishi, M.D., of Nara Medical University in Japan, presented in “Signal Transduction Through p53-Dependent Pathway After Low-Dose Ionizing Radiation,” with Hideki Marsumoto, Xinjiang Wang, on molecular biology data that show the radiation stimulation of the tumor-suppressor p53 protein by as much as 2 to 3 fold in some organs, producing a beneficial effect with a non-linear response. In cell-cycle events, the signal transduction pathway indicates that the p53 tumor-suppressor protein is key in the G1 cell-cycle-arrest mechanism to enable greater time for repair. After (-irradiation, p53 is shown to induce the expression of communication factors. Also, p53 protein accumulates within 12 hours in various organs of rats exposed to X-ray irradiation at low dose. The p53 protein in some organs of irradiated rats was increased about two- to three-fold vs. p53 levels in non-irradiated rats. Cell type and interactions with other signal transduction pathways of the hormone system, immune system, and nervous system may contribute to the variable induction of p53 by low-dose X-ray irradiation. Thus, p53-dependent signal transduction pathway, stimulated by low-dose radiation, may be important for cell-cycle progression, DNA replication, chromosome segregation, and DNA repair.

Takashi Makinodan, Ph.D.,  at UCLA and VA Medical Center reported in “Low-Level Radiation Effects on Immune Cells” that LDR enhances the proliferative activity of T-cells in vitro and delays the growth of transplantable immunogenic tumors in vivo, indicating that LDR eliminates immune suppressor cells, which down-regulates immune response and/or adaptively up-regulates immune effector cells. Lymphocytes have been protected from high-dose radiation-induced chromosomal aberrations by pretreating mitotically active lymphocytes with very low LDR, and the adaptive effect can be abrogated by cycloheximide, indicating that protein synthesis is required for lymphocytes to respond adaptively to LDR. Twelve-week-old mice exposed to ionizing radiation (60Co from 0.01-0.10 Gy/exposure, 3-5 times per week, for 1-4 weeks) had their spleens analyzed three days after the last exposure, showing: 1. The proliferation-enhancing effect of LDR is dose-dependent, the effective dosage of LDR is extremely low, and the effective dose range is very limited. 2. T-cells, and not B-cells, are the primary cells in the spleen responsive to LDR, and thymectomy abrogates the proliferation-enhancing effect of LDR, suggesting that the thymus, which generates new T cells and modulates the maturation of immature T cells extrathymically, is a primary LDR target organ. 
3. Constitutive levels of DNA strand breaks and repair enzymes in splenocytes of mice exposed to LDR are lower than those of sham-irradiated control mice, indicating that LDR promotes the repair of DNA strand breaks and/or eliminates cells with DNA damage. 4. Splenocytes, whose proliferative activity had been enhanced by LDR, possess elevated constitutive levels of heat shock protein and mRNA, the splenocytes proliferate more extensively in response to mitogenic stimulation than splenocytes of sham-irradiated control mice, indicating that LDR is modulating the expression of heat shock protein genes, which, in turn, indicates that the signal transduction process of T-cells could be adaptively up-regulated by LDR.


In autoimmune-susceptible mice, chronic LDR eliminates abnormal double-negative T-cells. These are responsible for the characteristically enlarged lymph nodes and spleens, and delays the onset of autoimmune disease. In mammary tumor-susceptible mice, LDR did not down-regulate the growth of spontaneous mammary tumors in ad libitum-fed mice. Caloric restriction retarded tumor appearance. However, tumors grew as rapidly as those in ad libitum- fed mice. When chronic LDR was combined with caloric restriction, the appearance of tumors was not only retarded, the growth rate approached 0, the incidence of tumors was drastically reduced, and the frequency of tumors undergoing regression was very high, with large clusters of T-cells found infiltrating the regressing tumors but not in tumors of calorically restricted or ad libitum-fed mice. This showed that chronic LDR is effective in enhancing the immune responsiveness of T-cells, and is associated with elevated constitutive levels of heat shock proteins and mRNA and reduced constitutive levels of DNA strand breaks. The biologic significance of chronic LDR is shown by the retardation of disease in autoimmune-susceptible mice and by the down-regulation of spontaneous mammary tumors combined with calorie restriction.

T.D. Luckey, Ph.D., Professor and Chairman Emeritus, Department of Biochemistry, U. Missouri-Columbia Medical School, presented “Radiation Hormesis: Radioactive Waste for Health.” Hormesis is the stimulation of any system by low doses of any agent. Radiation hormesis encompasses the beneficial effects of low-dose irradiation in plants, animals and humans, demonstrated in population studies and biological responses at the cellular and molecular level.
 Radiation hormesis for populations comprises statistically significant reductions in total death rates and cancer death rates in exposed vs. unexposed radiation workers.
 No "healthy worker effect" exists because both groups work in the same plants. Total deaths are 24% lower in 28,542 nuclear shipyard workers exposed to >5 mSv (lifetime dose) than in 33,352 non-nuclear workers in the nuclear shipyards.
 Cancer mortality in exposed (lifetime dose >7cSv) vs. unexposed workers in almost 8 million person-yr show that low-dose irradiation decreases cancer mortality.
,
,
,
 [Table]  Decreased cancer mortality is attributed to increased immune competence.
  Several populations live for many generations in areas with high natural background radiation, with no health problems.41 This is validated by the inverse correlation between radon in homes and lung cancer mortality for 1600 of the most populous U.S. counties.
 Use of the hormesis model would greatly reduce radioactive waste cleanup costs.
 Savings would accrue to radioactive waste management, industry sick leaves, premature deaths, and national health care. Industrial workers should be allowed at least 26 mGy/yr, equivalent to that of healthy populations in other parts of the world, and considerably less than the indicated optimum.

Sadao Hattori, Ph.D., Vice President and Director of Research at the Central Research Institute of the Electric Power Industry in Japan presented “State of Research on Radiation Hormesis by CRIEPI”. Dr. Luckey’s 1982 Health Physics Journal paper described radiation hormesis with many references, finding beneficial effects of low-dose radiation on the human body, contributing to a healthy body, longer life, and vitalization.
 CRIEPI radiation hormesis research was to find the truth. Initial human data
, and others from animal experiments, support radiation hormesis . 
 Research collaboration with more than ten universities on more than ten subjects includes:  1. effects of free radicals produced by low-dose radiation;  2. molecular biological response to low-dose radiation;  3. radiation effects on neurotransmitting systems;  4. stimulative effects of low-dose radiation on immune systems;  5. expansion of the vivid life span.  Physiological effects related to life span include cell rejuvenation, radiation adaptation, stimulation of the tumor suppressor genes, and the recovery of diabetics.
  Professor Sakamoto of Tohoku University Hospital has succeeded with low-dose therapy for non-Hodgkins lymphoma, using 10 cGy of X rays three times per week for 5 weeks, for a whole-body irradiation of 150 cGy.  Intermediate-stage patients have a 36% survival at 5 yr after treatment (from normal local high dose therapy), vs. 90% after 5 yr (from local high-dose therapy enhanced by whole-body low-dose irradiation).  A patient with terminal liver cancer also recovered.  Professor Ohnishi of Nara Medical University showed that the response of the tumor-suppressor gene p53 was stimulated by a 10- to 25-cGy dose to rats.
 Many low-dose stimulative responses are shown at molecular levels in organisms , as well as other biophysical responses.
,
 This is a meaningful field of research and possible human health benefit.

Michael Fox, Ph.D., Westinghouse Hanford "Returning Commonsense to Regulations" Public perceptions of harm are almost inversely related to actual public harm, according to risk data (e.g., mortality and morbidity tables).
 Costly regulations do little to reduce public health risk.
 The LNT, a major factor in these costs, has been transformed from an administrative guideline to a scientific fact. (It is one thing to warn a child avoid a hot stove, instilling fear, but another to tell society to forego the use of heat.) Observable reductions of harm can not be achieved by regulating agents at doses not observably harmful. Cohen,9 Kondo,56 the June 1995 Health Physics Newsletter,
 and the Biology and Medicine Division of the ANS challenge (if not overthrow) the questionable underpinning of the dubious LNT theory. An average resident of Spokane County Washington receives >1600 mrem/yr from natural sources (largely indoor radon).
 Higher individual exposures are common. There is no excess cancer mortality in Spokane County. Radiation limits down to 1% of these natural levels do not make sense. (Washington is considering limits of 15 mrem/yr above natural levels for Hanford cleanup.) Scientific societies must act in these scientific debates to stop squandering resources pursuing small, often immeasurable risks. 

Sohei Kondo, Ph.D., Professor Emeritus Osaka University, Researcher, Kinki University, presented "Programmed Cell Death for Defense Against Anomaly and Tumor Formation," with Toshiyuki Norimura Univ of OEH-Japan, Taisei Nomura Osaka Univ-Japan. Cell death after low-level radiation is often considered evidence that radiation is poisonous, however small the dose. However, cell death after low-level exposure to radiation results from activation of suicidal genes - ‘programmed cell death’ or ‘apoptosis’ - for the health of the whole body. Experimental evidence exists that fruit fly embryos and mouse fetuses have potent defense mechanisms against teratogenic or tumorigenic injury caused by radiation and carcinogens, which function through programmed cell death. When male genital disks of Drosophila melanogaster larvae at the third instar were exposed to 50 Gy, all of them developed into abnormal adult genitalia, whereas when they were transplanted into 2-day younger larvae, all of them developed into normal genitalia.56 These results fit the model of cell replacement repair, in which cells with teratogenic injury are replaced by healthy ones within the cellular society of a target organ and in which this presumed cell replacement results in complete elimination of injured cells by programmed cell death, since otherwise the residual injured cells would give rise to abnormal portions in the adult organ. Fetuses homozygous for null mutation of gene p53, (p53-/-), showed anomaly incidence three times higher than that induced in wild type (p53+/+) fetuses; fetal cells were sensitive to radiation-induced apoptosis but fetal p53-/- cells were not sensitive.
 These results support the notion that in wild-type mice exposed to below-threshold doses of radiation, cells having induced teratogenic injury commit apoptosis, and dying cells are replaced by healthy ones. CONCLUSION: The fact that the animal body contains cells that are highly sensitive to death by radiation indicate that animals have highly sensitive defenses against risk of low-level radiation rather than that low-level radiation is hazardous to animals, including humans.

Additional Papers were presented on public policy basis to abandon the LNT:

Jerry Cohen, Ph.D.

Alden Tschaeche, CHP

A Panel session with the speakers included invited commentary by:

John Cameron, Ph.D. Prof Emeritus, U. Wisc Medical School

Jerry Cuttler, Ph.D., AECL, Canada

Marvin Goldman, Ph.D. UC-Davis 

Carol Marcus, Ph.D., M.D., Harbor Medical Center, UCLA 

Sheldon Wolff, Ph.D., UC San Francisco.

November 1996 Embedded Topical Meeting,

6 sessions in the Winter Meeting in Washington, DC:

Kiyohiko Sakamoto, M.D., of Tohoku University Hospital and Miyako Myojin, M.D., of Sapporo National Hospital in Japan presented “Fundamental and Clinical Studies on Tumor Control by TBI.” Total body irradiation (TBI) causes immunosuppressive effects from sublethal doses. However, low doses of TBI reduce some malignant lymphoma or chronic myelogenous leukemia. For 15 years, low doses of TBI on normal or tumor-bearing mice and its immunology shows positive effects in fundamental and clinical studies on tumor control. In the fundamental studies, mice received TBI and showed positive effects at 12h after 10 rads. The cell survival curve shows cell killing effects with a combined exposure of 10 rads of TBI and local irradiation delivered 12h after TBI, in spite of no cell killing effect by only 10 rads of TBI. In other experiments, TBI of 10 rads demonstrates longer tumor regrowth (delay) and higher local control rate of tumors than with local irradiation only on tumors without TBI
,
. The TBI of 10 or 15 rads demonstrates suppressive effects on distant metastasis in a murine tumor system of these mice. These effects are seen also by irradiation to the spleen only: therefore, these effects are related to immunological effects.
 In human clinical studies, non-Hodgkins lymphoma was treated first by TBI and then local irradiation. More than 100 patients have been treated, and 24 patients have passed the 5-yr point. Their overall survival rate, cause-specific survival rate, and disease-free survival rate are higher than for patients treated conventionally. The immunological examination of the patients showed increased helper T cells, helper-inducer T cells, the ratio of active helper and inducer T cells, and the ratio of active suppressor and cytotoxic T cells.
 TBI is usually given to patients three times a week, with 150 rads in 5 weeks. Hematological changes in patients treated by TBI are negligible. The fundamental and clinical results seem to be useful for treating malignant lymphoma by low-dose TBI.

Takeshi Yamada, Ph.D.,  of Toho University School of Medicine in Japan presented the “Anti-Stress Effect of Low-Level Radiation” with Yukihisa Miyachi, Toho University School of Medicine, and Harumi Ohyama, NIRS-Japan. An effect of radiation hormesis is adaptive response. Low-dose irradiation induces resistance against detrimental effects of later higher radiation dose. Adaptive response can be explained as "stress responses" made by the cell or the organism. Various physical and chemical agents, in contact with mammalian cells at low levels or doses, induce a wide variety of specific biochemical and physiological changes, including resistance to higher doses of the same agents as well as other agents, increased rates of DNA replication, up-regulation of various proteins including some involved in cell signaling mechanisms with increased expression of some genes involved in cell growth, proliferation, and apoptosis. Stress agents include physical agents such as heat, ultraviolet light, and ionizing radiation. Our data prove that low-dose pre-irradiation induces the resistance of mice against higher dose radiation. There are also "relaxing" effects of low-dose X rays on the stress-conditioned mouse. Mice kept in an isolated cage become stressed and aggressive enough to fight against an intruder mouse. Low-dose X-irradiation of the isolated mouse exerted a calm-down effect on the stressed mouse, and the fighting behavior decreased significantly for 7 days after irradiation. The variability of the stress phenomenon in terms of the widely different types of agents that elicit it and the existence of some hormology in the nature of the responses indicate that the stress response may be part of an evolutionary cellular defense mechanism. 

Tsutomu Sugahara, Ph.D., world-renowned researcher of the Health Research Foundation in Japan presented an "Alternative Model to the Current DNA-Damage-Mutation Model in Radiation Carcinogenesis" The LNT model assumes DNA damage by radiation is a primary event resulting in cancer-related mutations. An alternative model is that radiation-induced stress response is a primary event for carcinogenesis. Low dose radiation induces stress response, such as, adaptive response, signal transduction, and genetic instability, rather than DNA damage, with a threshold in cancer intermingling with complex spontaneous carcinogenic processes. .Adaptive response may reduce DNA damage, resulting in reduced cancer. But, this is based on the old model. The target in stress responses is a whole cell, but in the old model it is DNA. The LNT model now has many controversial issues, pointed out by many scientists. Circumstantial evidence for the alternative model: 1. In high background radiation areas, increased chromosome aberrations in peripheral lymphocytes, but no increase in cancer, confirmed in 5-year Japan-China study.
 2. The radiosensitivity of cells, closely related to DNA damage, is not related to cancer susceptibility by radiation.
 3. The age distribution of radiation-induced cancers resembles that of' "naturally"-occurring cancers, but chemical carcinogenesis shows a shortening of latency, which needs confirmation.
 4. In cell cultures, radiation-induced mutation and transformation show different dose response, which indicates that they have different mechanisms.
 5. Radiation induces epigenetic changes including stress response. Some biological features in carcinogenesis seem to be epigenetic.
 Some radiation-induced epigenetic changes are assumed to be related to carcinogenesis. Item 3 is most important if mutagenic chemicals shorten the latent periods while radiation does not. 

T.D. Luckey, Ph.D., presented in "Health Benefits from Low-Dose Irradiation" that whole-body exposures of mice and humans show no harm from low radiation doses.41 Forty reports show statistically significant beneficial effects for cancer and total mortality rates in mice. In vitro experiments indicate that radiogenic metabolism, adaptive repair, e.g., DNA repair enzymes, and the essential nature of radiation, are partly responsible. Low-dose irradiation is shown to increase immune competence. Such data negate the LNT, which has no reliable whole-animal data to support it. Cell culture data without a complete immune system are not pertinent. Nuclear vs. non-nuclear worker studies were previously presented.
 Recently, Wing et al. found that in 40 years at ORNL, the cancer mortality rate in 5,868 workers exposed to <100 mSv was 3.6%; and in 2,129 unexposed workers was 7.6%.
 A 50% reduction in premature cancer mortality would save 660 lives per million people each year. The "aradiation syndrome" deprives people of the ability to resist those stages of cancer that are susceptible to immune suppression. Safe supplementation with low-dose irradiation should be available as a public health service. Regulations that prevent the use of a natural resource to decrease cancer are hazardous to our health. Withholding this benefit by government is unjustifiable. The regulations and policies are carcinogenic.

Ludwig Feinendegen, M.D., world renown researcher of the Julich Research Center in Germany, now at DOE, presented "The Linear, No-Threshold Hypothesis Linking Health Effects to Tissue Absorbed Dose Appears Principally Inapplicable at Low Doses" with Victor Bond, M.D., Brookhaven National Laboratory and Charles Sondhaus, Ph.D., University of Arizona. The LNT is challenged by tissue responses as a consequence of cell responses at low doses. Tissue absorbed dose is the product of energy deposited in a cell, and the number of hits within the exposed cells of that mass. Within complex multi-cellular tissue, hit cells respond acutely and temporarily by a variety of biochemical reactions that potentially confer protection against the accumulation of DNA damage in tissue, unrelated to the cause of that damage. (Cellular effects documented in 33 refs.) Since DNA damage is related to developing cancer, protection against DNA damage is assumed to also operate against developing cancer. Responses occur from hours to days:  1. stimulation of radical detoxification with prevention of attacks by radicals on cellular constituent molecules; 2. stimulation of cellular mechanisms that reduce DNA damage;  3. induction of programmed cell death, called apoptosis;  4. induction of the immune system eliminating cells that carry malignant transformation.  Each of these adaptive responses appears to have its own probability. A threshold for risk develops with increasing dose. Protection against action of radicals and of reduction of DNA damage per hit is shown in various cell systems to decrease with tissue doses above 0.1 Gy. In one system (mouse bone marrow) it has a maximum at a tissue dose of between 0.1 and 0.2 Gy of low LET radiation. Epidemiological and experimental data support the existence of a threshold or even beneficial, hormetic effects at low doses from low-LET radiation.

John Cameron, Ph.D., presented "The Nuclear Shipyard Worker Study Eight Years Later," (see also Cameron Nov 1994 above). The $10 million DOE study of health effects in nuclear shipyard workers was completed in 1987. The contractor report was released in 1991, has yet to appear in the scientific literature. The worker groups were carefully balanced initially, so there is no "healthy worker effect." Higher mesothelioma for all groups is related to asbestos exposure. Slightly increased lung cancer for all groups was probably also from asbestos. But, the nuclear workers had a lower death rate from leukemia and lymphatic and hematopoietic cancers than the non-nuclear group. Most significant is the much lower all-cause death rate, SMR=0.76, while the control group SMR=1.0. The DOE news release did not report the much better health of the nuclear workers. If the nuclear workers SMR had been 1.24 instead of 0.76, it would have been on TV in 1987 when the final results were first known! Note that the >5 mSv group occupational dose was ~1,450 person-Sv vs. ~1,000 person-Sv from background. The <5 mSv group was ~26 person-Sv vs. >400 person-Sv from background. This study casts serious doubts on the LNT model and the as-low-as-reasonably-achievable policy. It is incomprehensible that DOE would spend $10 million of taxpayer money and not require the results be published in the scientific literature. 

Mario Schillacci, Ph.D. of LANL presented "Radiation and Risk - A Look at the Data," data on risks of human radiation exposure from very high (atomic bomb survivors) to very low (background). Cancer is the only clinical manifestation of radiation-induced stochastic effects. Radiation can damage germ cells (ova and sperm) to produce hereditary effects, which are also stochastic, but, are not observed. Perhaps the best data are from the Hiroshima and Nagasaki survivors, with a linear dose effect for acute exposures >0.2-0.5 Gy. Below ~0.2 Gy, no significant data support an association. Of >86,000 survivors, only 305, or 0.35%, are estimated to have died from radiation-induced solid cancers in 1950-1987. But, the first significant (90% confidence) effect is 0.20-0.50 Gy, a mean weighted dose of 0.33 Sv. The IARC study on cancer for nuclear workers combined UK, US and Canada data.
 It claimed a significant association between dose and mortality only for leukemia. However, the data reveals that only for doses >0.40 Sv is this risk significantly different from zero. A Chinese study
 for 1970-1985 is the most extensive detailed study on health effects of high natural radiation. Based on the LNT from the Japanese survivors (omitting the DDREF), an excess risk for leukemia of 27% by age 50 is expected for the high dose group. However, leukemia mortality in this group was below the control group, although not statistically significant. 

Lucien Wielopolski, Ph.D., of Brookhaven National Laboratory presented "Complementary Sigmoid and Linear Functions and Their Impact on the Radiation LNH" with Victor Bond, M.D. In the LNT hypothesis, claiming that any amount of radiation however small may be harmful or even lethal, the units on the abscissa of the linear functions are inappropriate. Several critical concepts are ignored: a) intensive versus extensive quantities; b) the levels of biological organization; c) the medical-toxicological concern for the individual vs. the public health concern for the population. Fundamental differences are: absorbed-dose is in joules per kilogram (Gy), i.e., energy concentration (density), an intensive quantity, which is not additive. The mean value depends on the mass exposed and radiation homogeneity within that mass. In contrast, imparted-energy is in joules, an extensive quantity and thus additive. It is the amount of radiation energy introduced into a system, e.g., cell, organ, person, or population. A serious misconception is that dose is administered when, instead, it is the amount of energy that is actually delivered, to a system. This is the definition of "dose" recognized by pharmacologists and toxicologists.
 The relationship of the threshold-sigmoid and linear functions is: If the mass of a system, or its equivalent as number-dosed, is constant and only the concentration varies, the fraction of either-or responding subjects is always a threshold, sigmoid-shaped function. However, the same data, with absorbed-dose constant at any point on the sigmoid function, varying the mass, results in the linear function. Varying mass, or number-dosed, is tantamount to changing the amount of energy imparted to the system. The number of solid tumors observed vs. imparted energy in the Hiroshima and Nagasaki survivors shows a threshold. It is nonsensical to claim that a response to an agent has a threshold and is so potent that any amount, however small, may be harmful. In fact, the Japanese survivor data show that ~3 kJ of photons were required for each observable solid cancer. The conclusions are:  1. Imparted energy or its equivalent number-dosed is the only correct variable to be used on the abscissa of the linear function observed in radiobiology, including radio-epidemiology.  2. Neither absorbed dose nor person*Gray is acceptable.  3. Because of the severe internal inconsistencies, the linear no-threshold hypothesis should be abandoned. 

Fritz Seiler, Ph.D. and Joe Alvarez, Ph.D. presented "Use of Nonlinear Dose-Effect Models to Predict Consequences" In part, LNT resilience is due to two convenient properties: First, risk of an event is determined solely by the event dose; second, the risk of a population group depends only on the total population dose. The linear model has been conclusively falsified,

 i.e., it is proven to make wrong predictions, therefore, the Scientific Method requires a new model. Alternatives are nonlinear. Convenient linear model properties are therefore invalid. Two quantities are loosely called risk: First, one individual in one scenario, suffering one consequence with a certain probability, this is risk. Second, the sum of all risk components for an event, often for a population, which is not a probability but an expectation value for the consequences, this is the expected-consequence. The most obvious change is the need to rely on the event dose, including previous exposure, for nonlinear relationships.
 Data is available, but it is not properly evaluated. Another is to consider doses accumulated at different dose rates. Some data exist, but it is poorly evaluated, and one DREF

 is not reliable.78 Person-dose or collective dose, and mean-dose for a population, are not meaningful. However, nonlinear algebra applies.
 For individuals, risk can be calculated directly only for total dose; event risk only as a difference of consequences, which is not a simple function of the event dose. Uncertainty analysis must be revised, particularly for differences. Care is needed for nonlinear functions with strong curvatures or discontinuities in the first derivative, usually at a real or practical threshold. Mistakes by prestigious committees80,81 show that algebraic requirements and calculation methodologies for nonlinear relationships are not well understood, though the mathematics is straightforward. While these activities are in progress, it is prudent to abandon the linear model paradigm and use the "truncated" linear model proposed in the Health Physics Society Position Statement instead:
 do not calculate risks for lifetime doses below 10 rem or annual (event) doses below 5 rem. 
Bobby Leonard, Ph.D., formerly of the Air Force Radiobiology Research Institute and International Academy of Hi-Tech Services, presented “Nonlinear Dose Response Model with Repair and Repair Suppression”. Cellular and tissue systems evolved when natural radiation was at least 2 times greater, developing repair, resistance, and immune defense mechanisms. Enormous research, primarily for tissue recovery of fractionated tumor irradiations for cancer therapy, primarily in the 1960’s, shows cell repair from sublethal radiation damage, and recent work shows that small doses produce a radio-resistance effect. Some biological systems, e.g., the hemopoietic system, intestinal tissue, and lung tissue,
 over-recover and produce a temporary productive access repopulation of cells or tissue after a radiation dose. Finite repair defense mechanisms in all biological systems are activated by radiation damage, and this repair rate is proportional, but not necessarily equal, to the damage rate at very low-dose/low-dose-rate (LD/LDR). Activated repair mechanisms are proposed to consist of finite-sized loci, primarily enzymatic, in the cell media. At higher LD/LDR doses, radiation is proposed to disrupt and suppress recovery by “hits” on the repair loci, a recovery suppression factor (RSF). The cell survival dose response model is applied to data from Han et al
  at both 0.5 and 100 rad/min. Recovery factors RF as a function of dose for 100 rad/min shows recovery only significant up to ~1500 rad, whereas for the 0.5 rad/min data, recovery is very large to 2500 rad. At near-zero dose, there is 41% and 84% recovery of the single-hit (double strand) DNA breaks. Repair of double strand breakage is significant even at 100 rad/min, and increases with reduced dose rate, implying that at much lower dose rates, nearly 100% repair is possible in both modes of damage. Recovery suppression by radiation hits on the repair mechanisms, i.e., target cross sections of the repair loci, is equal but a factor of ~25 greater for the high dose rate, although the dose rate ratio is 200. At the low dose rate, many repair loci may have time to finish the repair. Comparing damage at high doses and dose rates for the low-LET 60Co (and the LNT model) with observed damage at LD/LDR with repair, at doses <200 rad, the dose effectiveness, QF is ~0.6 and 0.16, respectively. The curves are asymptotically flat at low doses as D(0, an empirical relation between QF and dose rate is applied near the ordinate, say, D <100 rads. Applying the nonlinear reduction between 100 and 0.5 rad/min to lower doses, (QF = 0.19 [DR]0.25), DR=dose rate in rad/min, QF is 0.005 and 0.009, respectively. Converting dose in rads to dose-equivalent in rem, in the human annual exposure range of background  at 360 mrem/yr to dose limits of 5 rem/yr plus background, the dose-equivalent is 1.8 and 4.5 mrem/yr, respectively, if the radiosensitivity and repair of these 10T1/2 cells are comparable to human cells. The QF for these dose rates of 0.005 and 0.009 may be conservative since other biological dose savings such as radioresistence and immunity effects are not considered. This dose-response theory provides a finite slope as D(0 (thus no threshold), but it supports a “threshold of concern” hypothesis.
 All mammalian cells are structurally identical, even though radiosensitivity varies greatly with species and mitotic phase, radiation recovery and suppression may be relatively constant and offer a key to LNT. Hormesis may occur from radiation levels slightly above background due to the presence of the increased repair loci in the cell to combat other carcinogens such as toxic chemicals. 

Bernard Cohen, Ph.D., Professor Emeritus, U. Pittsburgh presented "Problems in the Radon Versus Lung Cancer Test of the Linear No-Threshold Theory and a Procedure for Resolving Them". Lung cancer rates in U.S. counties, with or without correction for smoking, decrease with increasing radon exposure, in sharp contrast to the increase predicted by the LNT, by 20 standard deviations.
 Very extensive efforts were unable to explain this discrepancy. Without explaining this discrepancy, support for the LNT theory violates “the Scientific Method”. Nevertheless, the LNT continues to be accepted by all official and governmental organizations. If they rely on the scientific method, this implies that they have a plausible explanation for this discrepancy. Great efforts were made to discover these “plausible explanations”. First, ecological studies are said to be subject to the "ecological fallacy,” i.e., average dose does not necessarily reflect the average risk, so the dose-response is not valid. But, this does apply, since, as a test of the LNT model, we do not produce a dose-response model, and the LNT assumes that an average dose reflects the average risk. The results also do not contradict case-control studies of radon and lung cancer since those studies do not address the low dose range and they have large errors that include our more definitive results. A simple resolution of our discrepancy, to show our results are not valid, is to identify a not-implausible explanation. This has not been done. The simplest explanation is that the LNT theory fails in the low dose region.

Professor Klaus Becker, Ph.D., German National Standards Institute, International Standards Organization, presents in "Collective Dose: Dogma, Tool or Trauma?" that “pragmatists” have serious doubts about the LNT as reflected in compilations in the scientific literature,
,
,
,
 and in books by Drs. Gunnar Walinder
and Sohei Kondo
. The fundamentalists have responded.
,
. The "good old boys’ network" threatens nonbelievers with excommunication: Dr. Dan Beninson described doubts about the LNT hypothesis as “arrogant ignorance”; Dr. Abel Gonzales, described them as having “intellectual laziness”; and Dr. Roger Clarke, ICRP Chairman, described them as “seriously misguided”. Evidence is accumulating that it makes no sense to distinguish between stochastic and non-stochastic effects since Hiroshima/Nagasaki as well as the Chernobyl studies show no detectable genetic effects and a threshold of >100 mSv for solid cancers as well as leukemia. Among the Chernobyl “liquidators,” 150 of a total of 200 excess leukemias were expected within the last 10 yr., but none are observed.
  Dr. Walinder stated, "There is something ridiculous about the idea that such extremely complex phenomena as…the dose response relationship of radiogenic cancer can be expressed in an equation of the first degree.”
 The LNT has very high economic and social costs: acceptance of nuclear energy, decommissioning, radon, waste management, and destroying food after accidents ($300 million in West Germany in 1986). At the conference, officials, using ICRP risk factors, claimed additional cancer deaths of ~300 in Sweden, ~400 in Finland, and precisely 363 in Bulgaria – meaningless calculations multiplying almost zero with almost infinity. Simple answers are needed:  1. Do we really care about a potential risk that, if it exists at all, is so small that it cannot be detected? How much of our limited funds should be devoted to further reducing hypothetical micro-risks, considering that these funds are not available then for real public and individual health hazards, especially in less affluent (developing) countries?  2. How does the “official” approach to risks of small radiation doses compare with other carcinogens?  3. How could it happen that an over-conservative administrative concept such as LNT and collective dose, originally created to simplify bookkeeping within limited circumstances, become such an expensive problem? Correcting the current dogmas is needed soon by those members of the radiation community who are not interested only to “keep the hazard alive” for publicity, research funding, and sales of instruments and services. 
Constantine Maletskos, Ph.D.,  reported in "Some Scientific Landmarks of the MIT Radium Toxicity Studies,” that until the forced termination of radium toxicity studies, more than 6 decades of research on 2400 subjects exposed to long-term internally deposited radium, whose health status was evaluated in great detail and whose radiation dosimetry was measured actual radium body burdens. The quality and usefulness of these studies sharply contrast to other human radiation-exposure studies of instantaneous exposures, as in the atomic-bomb survivor studies, or somewhat protracted external low LET exposures and inferred radiation dose. In response to national news in 1932 on the gruesome death of Eben Byers, a prominent Pittsburgh businessman and sportsman, Robley Evans, became involved with radium toxicity. It was an important project at MIT, at the interdisciplinary Radioactivity Center. The health effects of radium were summarized by Robley Evans, and in the final and classic paper, “Radium in Man” (1974). Evans introduced the concept of a “practical threshold” for radium at ~10 Gy (1000 rads). After several years of review of the results on the subjects of the MIT cohort, a new approach in the calculation of the dose-response indicates that there is a real threshold at ~11 Gy (1100 rads) (1992). 

Theodore Rockwell, Sc.D., former Technical Director, US Navy Nuclear Program, founder and Director, MPR Associates,  presents "Has Radiation Protection Become a Health Hazard?" with credit to Dr. Gunnar Walinder. Fear of radiation is far more detrimental to health than radiation itself. There are no deaths from accidental release of radiation, but fear is deadly:  1. >100,000 women chose abortions after Chernobyl.  2. ~1/3 of medical procedures involve radiation, yet people refuse procedures such as mammograms or radiotherapy.  3. Fear of irradiated foods permits thousands of real deaths each year. In addition, $100s billions 'reduce' trivial or nonexistent hazards: 
1. Uninhabited “contaminated” desert soil is “dangerous” with much less radiation than natural radiation levels. 
2. Fantastic scenarios are hypothesized of atoms migrating through miles of desert soil to contaminate a water source in the distant future, to justify waste facilities more extravagant than Fort Knox.  NCRP-121 states 1 mrem (0.01mSv)/yr as the dose that can be dismissed as trivial. This is the official scientific word to regulators and the public on radiation hazard. Americans average ~300 mrem from natural sources and ~50 or so from medicine, flying, etc. Many people live and work in locations with several times this amount, with no health effects. If we are serious about controlling such low doses, we should:  1. control or prohibit flying, mountain climbing and skiing; 
2. “remediate” millions of high-radon homes;  3. prohibit masonry building materials;  4. curtail travel to high natural radiation areas. It is not good sense to support a theoretical model that leads to such silly conclusions. NCRP 121 says that the concept of a negligible individual dose is “necessary to avoid wasteful expenditures of health protection resources”. But it then says, "it is generally accepted that a dose of ionizing radiation, however small, has associated with it a risk of eliciting a deleterious biological response, there is no conceptual basis to exclude even the individuals receiving the lowest dose from a calculation of collective dose.” People then multiply a tiny radiation dose by 100 million people downwind of Chernobyl to hypothesize that 30,000 will die of cancer. Regulatory scientists defend this by saying, “There’s no way you can see it. About 25 million of these people, plus or minus a million so, will get cancer from other causes”. There is no validity in such numbers, and it is important to our technical integrity and credibility to fix this matter. We cannot blame media and politicians for conclusions that follow from numbers and statements we ourselves created.

John Cameron, Ph.D. presents in "Equivalent Dose and Effective Dose are Scientifically Unsatisfactory Quantities,” that the lack of scientific validity of equivalent dose was documented in “The Relative Biological Effectiveness of Radiations of Different Quality,” NCRP-104. It concluded: “Because of the large range of RBE values for all endpoints reviewed, it must be a matter of judgement as to which values are to be used for selecting Q values for use in radiation protection”. Tissue weighting factors, like radiation weighting factors, are likely to be scientifically invalid. E.g., WT  for bone has a relatively high value of 0.12 because of leukemias in the atomic bomb survivors. However, radium dial painters had very high doses to the skeleton showed no radiation-induced leukemias, and the Chernobyl accident shows no increases in leukemia. Uranium miners and lung cancer in countries with high radon levels also cast strong doubt on the WT  value for the lung. Radiation is a public health problem. It is well demonstrated that there is no detectable risk below acute doses of ~0.3 Gy from the atomic bomb survivors. With low dose rates, the threshold is much higher. Radium ingestion has a threshold of ~10 Gy to the skeleton. Imparted energy should be the “official” quantity for radiation protection purposes. For high-LET radiation, the imparted energy should be supplemented by specific additional relevant information. Imparted energy is given in joules and is not dependent on arbitrary biological constants.

Alden Tschaeche, CHP, retired INEEL and Nuclear Standards Unlimited, on “The Effects of Low Doses of Ionizing Radiation – A Question of Ethics” states that radiation protection standards are based only on data about deleterious effects of radiation.
,
 without considering that low-dose radiation may have no effect or beneficial effects. Considerable data demonstrate that low doses are not harmful.
 UNSCEAR states, “…there is substantial evidence of an adaptive response in selected cellular systems following acute exposure to conditioning doses of low-LET [linear energy transfer] radiation.”88 It is unethical to tell people that low doses are harmful when we do not know that they are and when they may actually be beneficial. It is unethical for government agencies to waste public resources to keep doses very low when we do not know that low doses are a problem.
John Neuberger, Ph.D., Univ of Kansas Medical School, presents “Indoor Radon and Lung Cancer in Radium-Dial Workers,” with John Rundo, Ph.D., retired, Center for Human Radiobiology, Argonne The radium burden of 749 white female dial painters first employed prior to 1930, followed from 1957 to closing the CHR study (1985), was determined by whole-body measurement, by radon being exhaled, or both.  Surveys
 
 found they were also occupationally exposed to an average radon level of 1850 Bq/m3. There were twelve lung cancer deaths vs. eight expected, (0.76-2.56), not statistically significant. The only statistically significant result observed for the group employed 100 weeks or more, with a dose-response trend, the SMR increases with radium intake, but in no case is significantly different from one. Among smokers, the observed number of lung cancer deaths was 6; the expected number was 2.48 (SMR = 2.42, 95% CI = 0.88 to 5.27). Among non-smokers the SMR was 0.78 (3 observed, 3.87 expected).

Additional Papers were Presented on Public Policy and the LNT:

Jerry Cohen, Ph.D., retired LLNL, Cohen Consulting, “Comparative Assessment of Standards Development for Radiation and Other Hazardous Exposures,” with Ronald Kathren, Ph.D., Washington State University Tri-Cities, and Craig Smith, Ph.D., Booz Allen & Hamilton
Stanley Logan, Ph.D., Logan & Assoc., “Potential Benefits from Replacing LNT Model with Threshold Model”

Peter Williams, retired Program Manager, US NRC, US,DOE, Williams Consulting, “Theories of Radiation Effects and Reactor Accident Analysis” with Sydney Ball, ORNL
Ulf Tveten, Ph.D., INET - Norway “Impact on Agriculture in Norway from the Chernobyl Accicent 1986 to 1995,” with Lisbeth Brynildsen, Ministry of Agriculture – Norway, Ingar Amundsen, Norway Radiation Protection Agency, Tone Bergan, INET - Norway
David Chanin, Techadyne, “Site Restoration: Estimation of Attributable Costs from Plutonium-Dispersal Accidents” with Walter Murfin, Techadyne
A panel session with the speakers included invited commentary by:

Jerry Cuttler, Ph.D., AECL, Canada
Mona Grimsley, Wolf Creek Nuclear Power Plant
November 1997, one session at the Winter Meeting in Albuquerque NM

Gary Sandquist, Ph.D., Professor of Nuclear Engineering, University of Utah, presented "Assessing Latent Health Effects from U.S.  Background Radiation" with Jay Kunze, Ph.D. Dean of Engineering, Idaho State University, Vern Rogers and Kirk Nielson of Rogers & Associates. More than half (~2 mSv/yr) of U.S. natural background radiation is from environmental radon with significant variability.
,
,
 From the population frequency distribution (figure), >250,000 U.S. residents receive doses ~4 mSv/yr or greater, ~11 times the mean of 3.6 mSv/yr, approaching worker limits (5 mSv/yr). Predicting radiation-related latent health effects (LHEs) by the LNT model, using 8x10-2 LHE/person-Sv for high LET radon daughters,
 LHEs per year range from 32,180 for the 2.36 mSv/yr population group to 848 for the group receiving 39.54 mSv/yr. The variation in LHE per year per person ranges from 1.9x10-4 to 3.2x10-3, a ratio of 17. American Cancer Society (ACS) actual cancer incidence data,
 reports that the highest background radiation EPA Region (Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming) has a mean lung cancer incidence rate of 4.4x10-4. This is only 14% of the rate from the LNT model. The lowest background radiation Region (Idaho, Oregon, Washington) has a mean lung cancer incidence rate of 7.3x10-4, which is 390% of the LNT rate. Not only are the LNT-projected LHEs at considerable variance with actual ACS cancer data, but the LNT projections scale inversely, and consistently for all EPA regions, with the actual ACS cancer data. It is found that LHE projections obtained from the LNT model result in estimates that are in significant conflict with observed ACS cancer incidence data. Possible explanations for these differences are inaccurate cancer risk coefficients, faulty environmental radiation data, statistical anomalies, or that perhaps radiation hormesis32 is simply being manifested.

Additional Papers were Presented on Public Policy and the LNT:

Stanley Logan, Ph.D., “Threshold Dose Model: It’s Time to Line Up Our Ducks”

Vern Rogers, Ph.D., Rogers & Associates, "Quantitative Assessment of Radiation Hormesis" with Taunia Wilde, Rogers & Associates, and Gary Sandquist

Gary Sandquist, "Mathematical Model for Assessing Radiation Hormesis," with Vern Rogers, 
June 1999, 3 Paper Sessions and 2 Panels at the Annual Meeting in Boston MA

John Graham, ETCetera LLP, Bringing the Message to the Regulators’ Constituency: The Public”

Sadao Hattori, Ph.D., retired Vice President and Research Director, Central Research Institute of the Electric Power Industry, “Research Findings on Radiation Hormesis and Radon Therapy”

Masahito Kaneko, General Manager, Radiation Safety, TEPCO, "Research Programs on Low Level Radiation Health Effects Supported by the Federated Electric Power Companies of Japan"

Shu-Zheng Liu, M.D., Professor & Director, Radiobiology Research Unit, Ministry of Health, P.R. China, at Norman Bethune University of Medical Sciences, former President, Norman Bethune University, “Low Dose Radiation Induces Genes Promoting Cell Survival”

Stanley Logan, Ph.D., Logan Associates, “Recognition of Threshold Dose Model: Avoiding Excessive Regulation”

Y.C. Luan, Ph.D., retired Senior Scientist, Institute of Nuclear Energy Research, Consultant of Nuclear, Biological, and Chemical Pollution Prevention (NBC) Society, "Chronic Radiation Could be an Effective Immunity from Cancers" with C.C. Chou, Ph.D., Director Nuclear Radiological Contamination Section, NBC Society, W. L. Chen, Ph.D. Former Head Radiation Protection Div, AEC, R.O.C., Professor, National Yang-Ming University, Consultant NBC Society
T.D. Luckey, Ph.D., "Health and Environmental Radiation"

Ron Mitchel, Ph.D., Chalk River Laboratory , AECL, "Low Dose Effects: Testing the Assumptions"

James Muckerheide, BSNE, Mass. State Nuclear Engineer, President, Radiation, Science, and Health, Director, Center for Nuclear Technology and Society at WPI, "Organizing to Apply the Extensive Data that Contradict the LNT"

Theodore Rockwell, Sc.D., Former Technical Director, Naval Reactors, Founding Officer, MPR Associates, Inc., Founding Officer, Radiation, Science & Health, Inc., "Paradoxical Perils of the Precautionary Principle" and “Forcing the Issue on Radiation Policy”

Fritz Seiler, Ph.D., Sigma Five Associates, “Is the Ecological Fallacy a Fallacy?”

Brian Thomas, SENES Oak Ridge, “Health Risks from Radionuclides Released into the Clinch River,” with F.O. Hoffman, SENES Oak Ridge, and L.F. Miller, Professor, U. of Tennessee
Robert Thomas, Ph.D., Consultant, Former Senior Researcher Los Alamos National Laboratory, Program Manager, US DOE, and Program Director Center for Human Radiobiology, Argonne National Laboratory, “A Practical Threshold Dose for Bone Tumors in the Classic Study of Radium Dial Painters” and “Why is Radiation Treated as being so Hazardous by Advisory and Regulatory Groups?”
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