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Professional background

I received my Ph.D. in epidemiology from the University of North Carolina where I have joined the faculty in 1985.  In 1987 I became lead investigator of a study of radiation health effects among workers employed at Oak Ridge National Laboratory.  Since that time I have authored articles about health effects of low-level ionizing radiation in numerous peer-reviewed scientific and medical journals.  I have testified about health impacts of exposure to ionizing radiation before several committees of the US Congress and the National Academy of Sciences.  A list of my publications and testimony about health effects of ionizing radiation follows this declaration.

Basic concepts 

Among the biological impacts of radiation, cancer has received the most scientific attention.  It is well known that ionizing radiation can damage DNA, causing cancer and inherited mutations.  However, whether an individual experiences cancer following exposure to ionizing radiation depends on whether radiation damages the DNA, what part of the DNA is damaged, whether the cell line can reproduce, whether the damage is completely repaired, whether the cell completes transformations that lead to malignancy, how fast the latent cancer develops, and whether the person survives long enough for the cancer to be diagnosed.  Although it is clear that ionizing radiation plays a part in the causation of cancer, an individual cancer does not manifest unique characteristics that indicate whether radiation played a role in the development of the cancer.  Unlike infectious diseases, which are named for the pathogens that are present in every case of disease, cancers are named according to their tissues of origins and characteristics of the malignant cells rather than according to the presence of a specific causal agent.  Therefore, the most important evidence regarding risks from human exposure to radiation comes from epidemiologic studies that examine incidence of cancer in populations exposed to varying doses of radiation.  These include studies of cancer among children exposed to radiation in utero, people exposed to background radiation, nuclear workers, patients exposed to therapeutic or diagnostic radiation, and people exposed to radiation from nuclear weapons.  

International and national radiation commissions such as the International Commission on Radiation Protection and the Committee on Biological Effects of Ionizing Radiation of the US National Academy of Sciences have summarized research on health effects of exposure to ionizing radiation.  These organizations support a linear-no-threshold model of risk for mutation-related impact of low-level ionizing radiation.  This model presumes (1) risk of mutation-related damage (including cancer) is proportional to the radiation dose;  and, (2) there is no threshold below which ionizing radiation produces no damage.  Although risks of disease and death cannot be measured directly at lowest doses, physical and biological theory as well as observations from studies of cells in culture, animals, and humans, support these assumptions.  The linear no-threshold model means that background radiation from terrestrial, cosmic and anthropogenic sources causes cancer and genetic mutations, and that increases in background radiation lead to increases in cancer and genetic mutations among exposed human populations.

Low level exposure to ionizing radiation produces other biological damage in addition to cancer.  Since the 1920s it has been shown in experimental settings that ionizing radiation can cause heritable genetic mutations that can be expressed in the descendants of exposed organisms.  Genetic mutations that result in major abnormalities in the offspring of exposed plants and animals can be recognized fairly easily, whereas other inherited mutations may produce subtle effects on offspring or may have impacts that do not appear until later generations.  Ionizing radiation can cause birth defects among individuals exposed in utero.  In addition to its ability to cause mutations in exposed cells, it has recently been recognized that ionizing radiation can cause genomic instability, a condition in which genetic damage appears in the daughter cells rather than in the exposed cells, and that cells adjacent to an exposed cell can experience “by-stander effects.”  Other recent studies suggest that radiation exposures to the thyroid gland of pregnant women may affect gestational growth, possibly by affecting hormone production.  A recent report in the Journal of the American Medical Association concludes that the mothers of low-birth-weight babies received dental x-rays during pregnancy more often than mothers of normal weight babies;  a maternal thyroid dose of 0.4 mGy was associated with more than a doubling of the risk of low birth weight.  Low birth weight is an important risk factor for infant mortality.  Recent identification of previously unknown mechanisms of effect and biological damage shows that the spectrum of biological effects of low-level radiation is not yet fully understood.  

Significance of risks from deregulation of radioactive waste

The NRC and DOT have proposed to deregulate certain wastes that are currently regulated due to their radioactivity.  NRC and DOT have used models to estimate radiation exposures to human populations, and have projected that drivers of trucks transporting de-regulated waste would be the most exposed group.  The average (not the maximal) estimated annual exposure of this group is projected to be 23 mrem (0.23 mSv) whole-body exposure to penetrating ionizing radiation from gamma rays emitted by loads of waste during transit.  According to the linear-no-threshold model accepted by US and international government agencies, this exposure will lead to an increased risk of cancer in the exposed population.

Federal Guidance Report No. 13 from the US EPA provides estimates of cancer risks from exposure to ionizing radiation for a hypothetical stationary population based on the current US population.  FGR 13 figures can be used to evaluate the significance of an annual exposure from exposure to de-regulated nuclear waste.  Truck drivers who receive annual whole body exposure to gamma rays of approximately 0.25 mSv would, if they worked from age 20 to age 60, accrue a cumulative dose of 10 mSv.  FGR 13 provides an estimate of approximately 8 incident cancers and 5 fatal cancers for every 100 persons exposed to 1 Gy (for gamma rays, equivalent to 1 Sv).  According to these estimates, in a model US population, 10,000 persons exposed to 10 mSv would experience approximately 8 additional cancers and 5 cancer fatalities.  This is a substantial risk that is 100 times greater than the one-in-a-million risk used by the US EPA in some situations [need citation].

Female truck drivers and their offspring would experience risks not relevant to male truck drivers.  Standard medical practice restricts x-ray exposures of pregnant women because of the accepted increased risks of childhood cancer from in utero exposure to x-rays.  The biological impacts of x-rays are considered to be essentially the same as gamma rays.  Physicians delay x-ray procedures that result in lower doses than the average annual truck driver dose of 0.23 mSv for pregnant women until after their pregnancies due to risk of cancer in their offspring.  In a 1997 review published in The British Journal of Radiology, Doll and Wakeford estimate an excess absolute risk of six percent per Gy (Sv), or six additional childhood cancers for every 10,000 women exposed to 0.1 mSv.  Whole-body exposures of pregnant truck drivers would also expose the thyroid gland, potentially compromising intrauterine growth that is important to infant health and survival.  Impacts on birth defects from in utero exposure are less well quantified but should be considered in any assessment of consequences of these exposures.  

Male truck drivers would also experience non-cancer risks from exposure to ionizing radiation.  Studies of male nuclear workers have shown relationships between the pre-conception occupation radiation dose and (1) an elevated proportion of male offspring, (2) birth defects, and (3) leukemia and lymphoma in offspring.  Lack of evidence of these effects in studies of off-spring of A-bomb survivors has been cited as a reason to disregard evidence from worker studies, however, the A-bomb studies lack individual dose measurements available for workers, and are influenced to an unknown degree by selective survival.  

Uncertainties in dose-response relationships for radiation and cancer

Although much has been learned about health effects of radiation since Roentgen discovered x-rays at the end of the 19th century, improvements in understanding continue due to availability of better exposure measurements, longer follow-up of human populations, and advances in molecular radiobiology.  As more has been learned, the quantities of ionizing radiation recognized to be capable of producing harm has diminished.  One indication of this improved understanding is the long-term change in radiation safety standards for nuclear workers.  Annual dose limits declined from 150 mSv in the mid-20th century to 50 mSv in the USA and 20 mSv in most other countries by the end of the century.  

Estimates of the amount of cancer produced by a given amount of radiation have been derived primarily from studies of A-bomb survivors and, to a lesser extent, studies of patients irradiated for treatment or diagnosis.  These select populations, however, differ from the general public that would be affected by exposures from deregulation of radioactive waste.  Numerous recent studies of workers exposed to chronic low-level radiation suggest the number of cancers caused by radiation exposures may be as much a ten times larger than estimates used in reports such as FGR 13.  Releasing additional radioactivity into the environment in wastes, radioactivity that can never be retrieved and that will expose millions or billions of people over many generations, is an extremely serious decision.  Prudence and precaution mandate that uncertainties in radiation risk estimates be carefully considered before such a policy is enacted.

The population anomaly:  populations with the low average doses suffer the largest number of cancers

Truck drivers might be the most highly exposed persons in event of deregulation of radioactive wastes, however, they would not experience the largest numbers of radiation induced cancers, birth defects, and heritable mutations.  This is because the population of truck drivers is small, the population exposed to lower doses is large, and the mutation risks from ionizing radiation display a linear dose-response relationship with no threshold.  For example, assume that for each truck driver with an annual dose of 0.25 mSv, there are 100 people with an average annual dose of only 0.01 mSv.  In this scenario, 10,000 truck drivers working for 40 years would accrue 1 Sv of cumulative dose and attendant health effects.  There would be 100 x 10,000 or one million people exposed to 0.01 mSv annually.  If these exposures accrued over an average life span of 75 years, they would receive a total dose of 750 Sv and experience 750 times as many health events as the population of most exposed truck drivers.  

Conclusion 

Low level ionizing radiation, including background radiation, is a cause of cancer, heritable mutations, and probably other significant health effects.  Deregulation of radioactive wastes would lead to exposures of transport workers, environmental releases, and exposures to the general population to low level radiation in a highly complex and difficult to predict pattern.  The waste could not be recalled and much of it would continue to release radiation for many generations.  Despite uncertainties about the doses, types of health effects, and numbers of health effects, it is clear from current knowledge that there are risks that are relatively large, especially when exposures over many generations are considered.  These effects are significant enough to warrant extensive review prior to any final decision on deregulation.
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