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Description


Linear No-Threshold Model Michela Paganini Physics H190 - Spring 2012



Definition The LINEAR NO-THRESHOLD MODEL (LNT) is a model used in radiation protection to estimate the long-term, biological damage caused by ionizing radiation It assumed that the damage is directly proportional (“linear”) to the dose of radiation, at all dose levels Radiation is always considered harmful with no safety threshold



Implications The sum of small of several very small exposures is considered to have the same effect as one larger exposure Even small doses of radiations can be dangerous, and they add up linearly



There is no lower bound, no tiny amount of radiation that is considered harmless



Competing Theories Threshold Model: very small exposures are harmless Radiation Hormesis Model: radiation at very small doses can be beneficial



Not enough data clearly in favor of any theory. No definitive answer. However, LNT model is used worldwide for radiation protection regulations



History First introduced by John Gofman (Berkeley)but rejected by the Department of Energy The National Academy of Sciences, in their Biological Effects of Ionizing Radiation report, concluded that “the preponderance of information indicated that there will be some risk, even at low doses”



Claims Any given quantity of radiation will produce the same number of cancers, no matter how thinly it is spread A quantity of radiation can be translated into a number of deaths without any adjustment for the distribution of exposure



Controversy U.S. regulatory standards to protect the public from the potential health risks of nuclear radiation lack a conclusively verified scientific basis, according to a consensus of recognized scientists. In the absence of more conclusive data, scientists have assumed that even the smallest radiation exposure carries a risk. This assumption (called the “linear, no-threshold hypothesis” or model) extrapolates better-verified high-level radiation effects to lower, less well-verified levels and is the preferred theoretical basis for the current U.S. radiation standards. However, this assumption is controversial among many scientists. (gao.gov)



At low doses, radiation risk is simply associated with somatic effects (cancer) At low doses, a positive response is generally assumed. This does not exclude a possible quadratic or higher-order behavior, instead of linear Conclusive evidence of radiation effects is lacking below a total of about 5,000 to 10,000 millirem Most population-based cancer risk estimates are based primarily on the Japanese atomic bomb survivor Life Span Study (LSS)



Evidence against linearity Possible variations of effectiveness as a result of dose fractionation and dose rate Splitting the dose into several fractions may allow the body to repair the initial damage, so that the total damage would be less



Significant exceptions to linearity are present in leukemia and nonmelanoma skin cancer data There are suggestions of modest upward curvature in the latest LSS mortality data



Doubts The ICRP has carefully reviewed all the studies and has noted a number of methodological problems, in particular possible selection biases The study of different kinds of cancer yield different results Not all the effects are statistically demonstrable, especially at low doses and rates Very low risk cannot usually be detected, but it is only inferred and extrapolated



LNT model, although usually considered “conservative”, could underestimate risks in fetuses and children



Main Attacks Doses from natural background radiation in the US average about 0.3 rem per year. A dose of 5 rem will be accumulated in the first 17 years of life and about 25 rem in a lifetime of 80 years. Estimation of health risk associated with radiation doses that are of similar magnitude as those received from natural sources should be strictly qualitative and encompass a range of hypothetical health outcomes, including the possibility of no adverse health effects at such low levels. (Health Physics Society - 2010)



The American Nuclear Society recommended further research on the Linear No Threshold Hypothesis before making adjustments to current radiation protection guidelines, concurring with the Health Physics Society's position that: “There is substantial and convincing scientific evidence for health risks at high dose. Below 10 rem (which includes occupational and environmental exposures) risks of health effects are either too small to be observed or are non-existent”.



Radiation from within one’s own body, largely from naturally present radioactive potassium, contributes almost 40 millirem a year, on average. Regulatory public exposure limits vary from a few millirem a year up to 100 millirem a year. At these levels, radiation is only one of many environmental and biological events (such as heat) that may alter (mutate) cell structure, and low-level radiation is commonly considered to be a relatively weak source of cancer risk.



To counter these cellular-level mutations, the human body has active repair processes, although these processes are not entirely error-free, and their relevance to human cancer risk remains unclear. Should a radiation-caused cancer develop in one or more cells, the process may take years, and the source of the cancer will be verifiable only in exceptional cases, given the current limited understanding of how cancer develops. Although nearly one in four persons in the United States dies of cancer from all causes, low-level radiation presumably accounts for a very small fraction of these cancers, if any. However, the fraction cannot be quantified.



The Linear No-Threshold Relationship Is Inconsistent with Radiation Biologic and Experimental Data Maurice Tubiana, MD, Ludwig E. Feinendegen, MD, Chichuan Yang, MD, and Joseph M. Kaminski, MD



Biologic data demonstrate that the defense mechanisms against radiation-induced carcinogenesis are powerful and diverse. This is not surprising, because organisms have been subjected to reactive oxygen species from physiologic processes and environmental insults during evolution. Life is characterized by the ability to build defenses against toxic agents, whether internal or environmental. The defenses are overwhelmed at high doses and are stimulated at low doses, which is incompatible with the LNT model.



Other Attacks There is evidence that any of several models may “fit” at lower doses. Some researchers also say low-level radiation effects are likely too complicated and variable to be expressed in a single model. There is evidence that the relationship may vary in individuals, and with the type of radiation, type of cancer, body organs exposed, sex, and/or age at exposure.



Possible Modifications These are justifications for using a dose and dose effectiveness factor (DDREF) other than 1 DDREF is a factor by which we can divide risks of high-dose and high-rate exposures to obtain risks at low doses and low rates International Commission on Radiological Protection (ICRP) recommended using a DDREF of 2 together with linear model, the Biological Effects of Ionizing radiation VII Committee estimated the value to be 1.5, the UN Scientific Committee on the Effects of Atomic Radiation suggested a DDREF of no more than 3



Why do we still use it? Despite the linear model’s unproven and controversial status, some scientists said the model is so well accepted that it could only be superseded on the basis of overwhelming contrary evidence There is considerable agreement among regulators and scientists that the linear model may be a conservative fit to the data, unlikely to underestimate risks. LNT is not inconsistent with the available data
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