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Task Description:

The Risk Assessment Project at Johnson Space Center is responsible for the integration of results from NASA space
radiobiology research into computational models used for astronaut radiation risk assessments. The purpose of the
Project is fourfold: (1) evaluate the extent to which ongoing research leads to reduction in the uncertainty of risk
assessments and provide, as a metric of program progress, the number of days in space during which the radiation
exposure of astronauts remains below NASA limits within a 95% confidence interval (“safe days in space”); (2) perform
mission planning studies to predict the number of safe days for any mission; (3) assess the radiation risk to astronauts for
ongoing missions in real time; and, (4) provide recommendations for research directions most likely to reduce risk or
improve the accuracy of risk predictions. 
The four categories of risks from radiation in space are defined by the NASA Bioastronautics Roadmap (BR). They are:
1) Carcinogenesis, 2) Acute and late effects to the Central Nervous System (CNS), 3) Degenerative Tissue Effects such
as heart disease and cataracts, and 4) Acute Radiation risks. The number of safe days currently predicted for an
astronaut’s career is less than required by mission planning, due to the large uncertainties in risk prediction. In
particular, a projection uncertainty below + or - 50% is the goal for the 1000-day Mars mission because the high level of
risk will require high precision risk evaluations. The current approach used to project risk is based on epidemiology data
and on phenomenological models used to derive risk prediction from them. This approach cannot lead to improvements
in the accuracy of risk prediction beyond a factor of approximately 2. New approaches using molecular biology and
genetics are the only viable ones for achieving the level of accuracy required by space exploration and a robust program
to obtain the required data is supported by the Space Radiation Program. However, how to incorporate these data into
risk prediction and assessment models is not well understood. This Project Plan describes the approaches that will be
used to develop models of risk assessment based on mechanistic space radiobiology research funded by the Space
Radiation Program, leading to incremental uncertainty reduction based on new experimental data, and to the
development of application software to be used in the NASA operational radiation protection program. To accomplish
these goals, we will establish new molecular based models of risk. The molecular pathways that are the hallmarks of
genomic instability and cancer, and the perturbation of these pathways by radiation will be described using systems
biology approaches and Monte-Carlo simulation. We will develop descriptive models of such pathways utilizing track
structure models of biomolecular damage, and deterministic and stochastic kinetic models of dominant molecular
pathways causative of BR radiation risks. These simulations will make maximum use of results from mechanistic space
radiobiology, and will replace traditional hazard functions and their inherent uncertainties due to reliance on
epidemiological or phenomenological approaches. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Radiobiology research provides many important qualitative descriptions of biological effects of radiation on
biomolecules, cells, and tissues. The Space Radiation Risk Assessment Project provides an important link that integrates
qualitative experimental observations into detailed quantitative biophysical models of radiations risks. This research
benefits all humans that will be exposed to ionizing radiation and supports the development of disease models in general. 
Models of cancer, CNS, heart disease, acute and other risks developed by the Space Radiation Risk Assessment Project
provide NASA with the ability to project risks and develop cost-effective mitigation approaches for future exploration
missions. 

  

Task Progress:

The translation of research findings into models of risks and their application to the discovery of new biological
knowledge, space mission risk estimates, and exploration mission planning was achieved in several areas. In the period
of performance a Graphical User Interface (GUI) for the Acute Radiation Risk Body Organ Dose (ARRBOD) model was
developed and released as a Beta version. ARRBOD uses the BRYNTRN code to calculate organ doses from solar
particle events (SPE) and to evaluate risk of prodromal effects. Efforts to integrate physics and biophysics models of
space radiation into a collaborative modeling framework made great progress in the 3rd Year of performance. A
stochastic physics model was developed to characterize particle beams and secondaries for experiments at the NASA
Space Radiation Laboratory (NSRL). The resulting model called the GCR Event-Based Risk Model (GERMcode) is
based on Monte-Carlo algorithms for forward-backward ion transport. This will allow for ray tracing techniques such as
the ProE FISHBOWL tool to be seamlessly integrated into a future space version of the GERMcode. Excellent
agreement between the GERMcode and NSRL data was found. A beta-version of the GERMcode GUI was released. 
Cancer risk model updates were completed including: comparison of the BEIR VII, UNSCEAR and NCRP models,
development of new tissue weighting factors appropriate for astronauts, preliminary recommendations of new solid
cancer and leukemia specific quality factors, and new developments of dose response models for non-targeted effects for
heavy ion carcinogenesis. The non-targeted effects model suggest much higher cancer risks at low doses of heavy ions
than the conventional model recommended by the NCRP. New probability distribution functions (PDF) to represent the
uncertainties in new and existing data sets and knowledge of radiation quality effects, dose-rate modifiers, and the
dependecies of risk on age at exposure are being considered from these analyses. Heart disease risk estimates were
developed using a triple detriment approach based on US population data for coronary heart disease and stroke and
recent meta-analysis of excess relative risks in exposed cohorts. Values of RBEs and dose-rate modifiers for heart
disease are being investigated, and suggest a wide range of possibilities for the mortality risks from heart disease with
results ranging from negligible to radiation cancer risks to approaching ½ of the cancer risk of males of above age 45 y
at the time of exposure. A mathematical representation of the two-hit model of Alzheimer’s disease was developed. The
model can be used to estimate a shift in the age of appearance of Alzheimer’s disease based on the number of neuronal
cells with radiation induced hits. 

Systems biology model developments included new molecular dynamic calculations of the Ku70/80 protein, RecA, and
preliminary results for the RPA and Smad protein interactions with DNA. Computational tools to assess DNA repair foci
and flow cytometry data for signal transduction phospho-proteins were developed. New flow based assays for dually
staining proteins, cell population kinetics and telomere shortening were considered. A stochastic model of
ligand-receptor binding to model TGFbeta activation was developed using a Green’s function approach. 

A non-linear model of granulocytopoiesis following acute or chronic irradiation was compared to experimental data for
several mammalian species and extended to human exposures including blood level kinetics following exposures to
solar particle events. A probabilistic approach to solar particle event organ dose evaluation and shielding design was
developed. These models will form the basis for ARRBOD V2.0 
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