Space Radiation Health Project Roadmap

e Sources for derivation of SRHP Roadmap:
— Space Radiation Health Strategic Program Plan

— BMRC Critical Path Research Plan for Radiation

« Assumes breakthrough strategy in cancer and
neuroscience research for lowering risk uncertainties

10 +

2025




Roadmap : Risk Assessment and Mitigation
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Environmental Definition

FY 1999 2000 2001 2002 2003 2004
Mars/lunar surface A A
measurements JAL JAL
A Mars 01 Mars 03
ISS measurements L
Improved GCR and ISS \
Mars surface models L|A
SPE design model L/A 7\
Improved ISS J\
environment model X 7 X
Develop Mars SPE A
forecasting procedures L|A
o Goal: Improved understanding of space radiation environment including temporal variations is needed to support risk
assessment to crews and define Mars countermeasures requirements.
o Problem definition: Solar Particle Event workshop at JSC in 1997 made recommendation on improvements in SPE
forecasting and approaches to understanding largest events. NCRP reviews of environmental models.
o Program needs and deliverables:

1) Mars 01,03, and 05 measurements for Mars transit and Mars surface environments

2) ISS measurements of radiation belts and GCR in LEO

3) establish SPE reference design environment

4) understand GCR composition and temporal variations with accuracy of factor of +/15%

5) establish SPE forecasting approach for Mars transit and Mars surface

6) study other factors such as possible nuclear propulsion and planetary neutron albedo components



Radiation Shielding & Spacecraft Design

FY 1999 2000 2001 2002 2003 2004

Develop Shield Design Tools

- transport Codes 7
- cross-section measurements ﬁ

l//

(AGS/ LLU/ BAF) 7
-thick target measurements

(AGS/LLU/BAF) /

Flight validation A [\ JAAN JAAN

Develop cost effective ISS Mars 01 ISS Mars 03

shielding

N
L~

- optimize materials

- multifunctional materials 7 X
- engineering design

75
A
methods L[F

o Goal: Improved understanding and design of radiation shielding is needed to define risk levels on exploratory class
missions and for risk mitigation

o Problem Definition: 1995 Workshop on Shielding Strategies defined issues for reducing uncertainties in shielding
assessment and strategies for material and engineering design improvements.

o Program needs and deliverables:

1) accelerator measurements at AGS, LLU, and BAF of nuclear reaction cross sections and thick-target particle fluxes
2) develop improved transport methods and predictive codes validated to 25% accuracy by 2004 using laboratory and
spaceflight tests

3) test new candidate shielding materials for possible use for improved risk mitigation

4) develop standard design tools for spacecraft engineers



Dosimetry

FY 1999 2000 2001 2002 2003 2004

Develop and utilize new
dosimetry methods

- high energy neutron
spectrometer )

b

- personal equivalent
dose meter ]

- LZE proportional JAA %S

counter

L~

International collaboration ~7
and data sharing system

s

Develop Biodosimetry L
Methods

damage
- gene expression

- DNA & chromosome T

o Goal: New dosimetric approaches required for understanding spectral components of LZE, HZE, and neutrons for
individual tissues. Biodosimetry needs to be fully developed in support of exploratory class mission.

o Problem definition: ISLSWG Meetings in 1996 and 1997, JSC meeting on neutrons in 1998 made dosimetry
recommendations. JSC Workshop on Biodosimetry in 1996. 1998 NIH Workshop on Biodosimetry summarized current
approaches and future directions.

o Program needs and deliverables:
1) improved physical dosimetry of LZE, HZE , and neutron energy spectra
2) crew personal equivalent-dose meter
3) develop international collaboration system for dosimetry calibrations and 1SS data sharing
4) develop biological dosimetry including use of chromosome aberration and protein expression as biomarkers



End-to-End Risk Assessment

FY 1999 2000 2001 2002 2003 2004
Perform _uncertai_nty A A A
analysis of radiation yAN yAN yAN
risks ,
Develop acute risks model L X ﬁA
A
Develop cancer risk model AX
Develop CNS risk model A
NASA response to NCRP yAN AN /A
recommendations o
LEO Limits Kluence Based RisK Mars Research Needs
Develop spaceflight L/ X A
validation approaches Lr
o Goal: Ongoing evaluations and new risk assessment methods are required to understand risk and uncertainties, and to
make optimal use of radiobiology research results for mission evaluation.
. Problem Definition: NCRP, NRC and LBNL panels assessed current status and recommended need for new risk
approaches. Biannual meetings on risk assessment methods will be held.
o Program needs and deliverables:

1) perform uncertainty analysis for environmental, radiation transmission, and biological factors
2) predict acute risks to a factor of +/ 200% by end of Phase |

3) develop cancer and CNS risk models using alternative risk methodologies including molecular and genetic approaches
4) assess RBE data for late effects to understand to a factor of +/200% by 2002 and +/50% by 2009

5) integrate results from radiobiology research with spacecraft and mission parameters to assess mission risks
6) study implications of new NCRP guidelines and recommend new flight rules as necessary



Crew Risk Factors

FY 1999 2000 2001 2002 2003 2004

Define emergency care

procedures for ISS /

L’_\ y AN

Study and develop genetic A

screening methods JAAY
Study applicability of A A

biological counter- A JAAY

measures Counter-measures wksp
Workshop on ethical issues A

related to radiation risks

o Goal: Biomedical countermeasures for risk mitigation include possible use of pharmaceuticals and genetic screening for
radiation sensitivity of crew members. Emergency care may be required for radiation injury on 1SS and exploratory
class mission.

o Problem definition: Biomedical countermeasures are a Phase Il element of radiation strategic plan. At this time a
workshop of experts will define a roadmap for establishing need based on risk projections and recommend possible
countermeasures.

o Program needs and deliverables:

1) emergency care procedures for ISS and exploratory missions

2) study ethical issues related to permissible radiation exposures in human exploration and development of space

3) study applicability of genetic screening approaches for identifying crew candidates at higher risk of radiation damage
4) study applicability of pharmaceutical agents suggested by research programs, DOD studies or NIH clinical trials



Risk of Carcinogenesis

FY 1999 2000 2001 2002 2003 2004

Research on RBE's and
mechanisms of Cancer —
Induction at
AGS/LLU/BAF

NASA-NIH Program on A
Genomic Instability AN

NSBRI Studies on AY
Counter-measures

Implement breakthroughs A A
in cancer research

. Goal: Understand and mitigate the risk of cancer from space radiation which may pose the most serious health challenge
for exploratory missions. Understand role of genomic instability in radiation induced cancer.

o Problem definition: Review of existing data and research roadmap have been provided by NCRP and NRC reports and
LBNL select panel.

o Research goals and deliverables:
1) provide data to determine RBE’s for cancer induction to factor of +/200% by 2002 and +/50% by 2009
2) tumor induction studies using lower species models for protons and high charge and energy (HZE) ion exposures
3) mechanistic studies comparing carcinogenic events in human and murine cell culture models
4) new approaches for extrapolation of risk in animals to man
5) implement breakthroughs in cancer research into research program
6) understand the role of genomic instability in radiation induced carcinogenesis




Risk of CNS Damage

FY 1999 2000 2001 2002 2003 2004

Joint NASA-NIH A

Workshop on yAN
Radiation Damage to
the CNS

Joint NASA-NIH AN
Research Solicitation
on CNS Damage

NS
|2

Develop Quantitative
CNS Risk Model

Implement breakthroughs
in neurological research

. Goal: Understand and mitigate harmful effects of protons and HZE’s on the central nervous system (CNS). Problem
definition: a joint NASA-NIH study will be made to define a roadmap for understanding possible risks.
o Research goals and deliverables:

1) identify any unique effects of HZE’s on damage to CNS

2) understand cumulative effects of protons and HZE’s on CNS for a 2-3 year exploration class mission
3) implement breakthroughs in neurological science into research program

4) develop data to quantify risks in order for risk methodology to be developed



Synergistic Effects of Spaceflight and Radiation

FY 1999 2000 2001 2002 2003 2004
Workshop on Synergistic
Effects of Spaceflight A
on radiation responses JAR
Research solicitation and L/A
new risk assessment
methods if necessary
. Goal: Understand and mitigate possible synergistic effects from microgravity and other spaceflight factors that may alter
biological responses to radiation.
. Problem definition: A workshop on synergistic effects with leading experts will be held to define a roadmap for
understanding this risk.
. Research goals and deliverables:

1) establish whether altered cytokine levels effect carcinogenic, CNS or acute damage risks from space radiation

2) study whether bone degradation or altered immune response effect carcinogenic risk , CNS damage, or acute/early
risks of space radiation

3) establish effects of microgravity on cellular and molecular processes related to radiation response




Acute and Early Effects

FY 1999 2000 2001 2002 2003 2004

|
L~

Evaluate data for

deterministic effects of
protons, HZE'’s and
neutrons

Determine RBE’s and

DDREF for deterministic
effects with protons and
HZE’s in murine models

o Goal: Understand and mitigate possibilities of acute radiation sickness and death that may occur from large solar
particle events. Understand early organ effects from heavy particle.

o Problem definition: NCRP and NRC reports have outlined basic issues and questions.

o Research goals and deliverables:

1) provide data to determine acute risk from space radiation to factor of +/200% by end of 2002

2) determine exposure-rate and radiation quality dependence on early effects to bone marrow, skin, central nervous
system, and lymphopietic tissue using animal and molecular studies

3) determine cumulative effects of protons and HZE’s for a 2-3 year exploratory class mission on acute/early responses



