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Human Research Program



• Scientific Goals
• Understand and mitigate human health and performance risks due to the five 

known hazards of spaceflight
• Enable development of human spaceflight medical and human performance 

standards
• Develop and validate technologies that serve to characterize and 

reduce health risks associated with human spaceflight
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An Applied Research Program



Space Radiation Research and Operations

Space Radiation Analysis Group 
(SRAG)
• Crew radiation risk projections and 

management
• Crew dosimetry and vehicle radiation 

monitoring 
• Space weather monitoring and forecasting
• Radiation Console in MCC
• Recommend ALARA actions
• Develop exposure mitigation (shielding)
• Recommend updates to Permissible 

Exposure Limits

Space Radiation Element (SRE)
• Space radiation research

• Cancer
• Cardiovascular and Immune
• Central nervous system

• Investigate strategies to 
characterize and mitigate 
exposure effects 

• Evaluate new methods to 
assess crew risk from radiation 
exposure

• Recommend updates to 
Permissible Exposure Limits
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• https://en.wikipedia.org/wiki/Electromagnetic_spectrum#/media/File:Electromagnetic_spectrum,_NASA_illustration.jpg
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Measuring Radiation
• Dose

• Absorbed dose
• Amount of energy absorbed in a 

unit of mass 
• SI unit: “Gray” (Gy) = J/Kg

• Equivalent dose
• Accounts for biological 

effectiveness of radiation
• SI unit: “Sievert” (Sv) = J/Kg
• Depends on radiation quality

• Effective dose
• Adjusts for partial body exposures

• SI unit: “Sievert” (Sv) = J/Kg
• Depends on tissue sensitivity
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Absorbed dose in 
Grays (Gy) converted 

to equivalent dose in 
Sieverts (Sv)

Activity of radioactive source 
measured in Becquerels (Bq)

Intensity of radiation source 
measured in Roentgens (R)

Film badge or dosimeter 
measures personnel absorbed 

dose in Grays (Gy)



• Activity
• Rate of radioactive decay
• Number of atoms that decay 

and emit radiation per second
• SI unit: Becquerels (Bq)

• Exposure
• Amount of energy emitted by a 

radiation source
• Number of ionizations in air

• SI unit: Roentgens (R)

Measuring Radiation
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Activity of radioactive source 
measured in Becquerels (Bq)

Intensity of radiation source 
measured in Roentgens (R)



NON-IONIZING RADIATION
• Not carry enough energy to 

ionize matter
• Cannot liberate electrons from 

atoms
• Visible light
• Microwaves
• Ultraviolet light

• Enough energy to 
move/excite atoms

IONIZING RADIATION
• Enough energy to ionize 

matter
• Can liberate electrons from 

atoms
• Ions can cause damage
• Creation of charged particle

• High energy ultraviolet
• X-rays
• Gamma-rays
• High energy particles
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What is Radiation?
Propagation or transmission of energy in the form of electromagnetic waves or particles



Terrestrial Radiation
• Types

• Electromagnetic (wave) radiation
• X- and gamma-rays

• Limited particle radiation
• Radioactive decay or remnants of cosmic radiation

• Mainly neutrons, alphas, betas, pions, other light 
particles

• Sources
• Naturally occurring

• Can be artificially enhanced
• Medical diagnostics and treatment

• Relatively easy to shield

• Background radiation exposure (U.S.)
• Natural: 3 mSv/yr (mainly radon)
• Manufactured: 3 mSv/yr (mainly medical)

Alpha rays

Beta rays

Gamma rays

Paper
Skin and 

body 
tissues

Lead

Johannes Plenio from Pexels
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Terrestrial Radiation

Location ~Average Total 
Dose 
Equivalent 
(mSv/yr)

Average U.S. 3

Houston 1

Denver 2

Kerala, India 13

edusoft from pixabay
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0.003 mSv 

(Source: Natio nal Council on Rad iation Protection & Measure me nts, Report No. 160} 



Overview
• Introductions
• What is Radiation?
• Radiation Health Effects
• The Space Radiation 

Environment 
• Health Risks for Spaceflight 
• Risk Management and 

Uncertainties

13



BLEO Exposure

• GCR composition
• 87% protons
• 12% helium
• 1% High charge & 

energy (HZE) ions  
Z>2

Schaefer & Sullivan, 1976

Space radiation is complex and 
unlike terrestrial radiation
• High energy, fully ionized 

particles
Deposit energy along 

tracks quantified by linear 
energy transfer (LET)

 Ionization density depends 
on LET and charge (Z)

8-10 12-16 20-24 24 - 28 

Hig11 Energy Sections ol HZE Pertlde Trocb . fl ford G.5 EJAUlsMln Flowft on Apollo 8 
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DNA Damage and Repair
• Ionizing radiation induces DNA damage

• Crosslinking
• Nucleotide base damage and loss
• Hydrogen bond breakage
• ~1,000 single strand breaks/Gy
• ~70 double strand breaks/Gy 

• Most hazardous form of DNA damage
• Damage alters physical configuration of 

DNA
• Detected by cell 
• Initiates repair mechanisms
• Repair depends on damage AND cell

• Accumulation of un- or mis-repaired 
damage lead to health effects
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Graphic: Courtesy of Kerry George 

Chromosomes stained using fluorescent in-situ 
hybridization (FISH)



Chromosomal aberrations

Observed chromosome aberration rate (CAR) in lymphocytes collected 
from the ISS crewmembers pre-flight (blue circles) and post-flight (red 
triangles), plotted against dose where "dose" is either the ex-vivo 
gamma-ray dose in Gy (pre-flight) or the estimated BFO dose in Gy, 
received during flight

Feiveson, A.,. et al. Predicting chromosome damage in astronauts 
participating in international space station missions. Sci Rep 11, 5293 (2021). 
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Duarte, GT et al.. 2023. Plants 12, no. 5: 1178. https://doi.org/10.3390/plants12051178
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Radiation Damage
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In-Mission 

In-Mission 

Post Mission
Shubhankar Suman, Albert J. Fornace, Countermeasure development 
against space radiation-induced gastrointestinal carcinogenesis: Current 
and future perspectives, Life Sciences in Space Research, Volume 35, 
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Space Radiation
• Why does NASA care about 

radiation? 
• Space is a “radiation environment”  

Workplace hazard
• Astronauts are radiation workers

• Space radiation is different than 
terrestrial radiation

• Mainly high energy particles
• Trapped Radiation
• Solar Particle Events (SPE)
• Galactic Cosmic Rays (GCR)

21

NASA/ESA/Arizona State 
University

Crab 
Nebula

gif by Crazy Picture/CC BY-SA 3.0 

https://streetfighter.fandom.com/wiki/Hadoken?file=Akuma-fireburn.gif
https://creativecommons.org/licenses/by-sa/3.0/


Trapped Radiation – “Van Allen Belts”
• Energetic particles trapped in 

Earth’s magnetic field 
(magnetosphere)

• Protons – Inner Belt
• South Atlantic Anomaly (SAA)

• Electrons – Inner and Outer 
Belt

• EVA hazard: can penetrate EVA 
suit but not spacecraft

• Most prevalent in areas of high-
risk orbital alignment or “horns”

• Exposure altitude/trajectory 
dependent

22



Solar Events
• Originate from solar energy 

releases
• Cause largest changes in local 

radiation environment
• Predominantly protons

• Energies up to 1000 MeV
• >10 MeV penetrate a spacesuit
• >100 MeV penetrate typical 

spacecraft

visit www.swpc.noaa.gov
SPACE WEATHER PREDICTION CENTER - 
NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION

23

X-rays > M5

>100 MeV Protons > 1 pfu



Solar Events
• Cannot forecast solar events

• Frequency increases in Solar Max
• Intensity or duration not impacted 

by solar cycle
• Multiple events possible as 

regions migrate and develop
• Difficult to project event evolution

• Minimal crew exposures to date
• Significant protection by Earth’s 

geomagnetic field 
• Fortunate “phasing”

24

ISS Solar Energetic Particle Events
All Cycle 23 and 24 events that met operational coverage criteria

Energetic SEP:  >100 MeV protons @ >1 particle flux unit Updated 30Oct17 SJ



Galactic Cosmic Rays
• Originate outside the solar system
• Modulated by the solar cycle

• Highest at Solar Minimum
• Lowest at Solar Maximum

• Composition
• Protons (H): 87%
• Helium (He): 12%
• Heavier particles: 1%

• High atomic number and energy (HZE) 
particles

• Increased biological damage

• Penetrating radiation

25

NASA/ESA/Arizona State University

Crab Nebula



The Space Radiation Environment

Exposure Type ISS (51.6⁰ inclination) Beyond Leo Earth Orbit
Galactic Cosmic Rays (GCR) • Limited to polar regions

• Fractionated low dose-rate
• ~ 87% protons, 12% Helium, 1% HZE

• Continuous
• Chronic low dose-rate
• ~ 87% protons, 12% Helium, 1% HZE

Trapped Radiation • South Atlantic Anomaly (SAA)
• Fractionated low dose-rate
• Protons

• Transit through Van Allen Belts
• Quasi-acute
• Protons

Solar Particle Events (SPEs) • Limited to polar regions
• Fractionated low dose-rate
• Protons

• Full Event
• Quasi-acute
• Protons

Neutrons, Secondary 
Radiation

• Shielding
• Chronic low dose-rate

• Shielding
• Planetary (albedo)
• Chronic low dose-rate



The Space Radiation Environment
• Doses depend on mission and 

solar parameters
• Duration
• Trajectory and shielding

• Determine source exposure
• Effects radiation 
• EVAs

• Solar cycle
• 11-year cycle
• Modulates GCR and trapped radiation 

fluence, as well as SPE likelihood

• Each crew member is badged
• Active radiation area monitoring

27

Exposure Type Dose Rate or Dose

ISS – IV: 51.6° @ 400 km 300 – 450 μGy/day

GCR in “free space” in water
CRaTER (2009 to present) 250 – 550 μGy/day

1972 event – IV “free space” 200 – 400 mSv

Sheltered 1972 event ~ 80 mSv
IV: Intravehicular (Inside a vehicle or habitat)



Average tracks per cell nucleus per year, dose (mGy/year), and 
percent contribution of particles to dose normalized to 500 mGy.

Simonsen LC, et al. (2020) NASA’s first ground-based Galactic Cosmic Ray Simulator: Enabling a new era in space 
radiobiology research. PLOS Biology 18(5): e3000669. https://doi.org/10.1371/journal.pbio.3000669

Beyond LEO Exposure
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Planned Exploration Activities

✔ Galactic Cosmic Rays (GCR)
✔ Trapped Radiation
✔ Solar Particle Events (SPE)



Radiation Quality and Dose Rate Effects - Cancer

2023 SHINE
Space Radiation Didactic Curriculum 30 30

Weil et. al. (2014, PLOS One) Ullrich (1986, Oakridge National Lab Annual Report)



Historical NASA Crew Mission Doses

Astronaut
0 200 400 600 800
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10

100

1000

Badge Dose, mGy
Effective Dose, mSv
Mars Mission, mSv

Skylab, Mir and ISS

Mercury

Apollo and Shuttle

Gemini

Hubble Missions

Mars Mission

50 mSv/yr
Annual NRC Radiation 
Worker Limit

3.6 mSv
Annual Average US 
Background Dose

Modified from Cucinotta et al. Radiat Res (2008)

650 mSv
NCRP Lifetime 
Radiation Worker 
Guidance for 65yo

600 mSv
NASA Career 

Radiation Limit

NOTE: Log Scale
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HRP Integrated Path to Risk Reduction

High L x C: Requires 
Mitigation

Low L x C

Med L x C: Requires 
Mitigation

PPBE20 Baseline 
HRPCB-approved

27 June 2018



Space Radiation Health Risks 
• In-Mission Effects

• Acute effects
• Very large high-energy solar 

events
• MILD symptoms IF they occur at 

all given doses
• Potential early changes to the 

central nervous system
• Behavior or memory decrements
• Observed only in animal models 

at relevant doses

• Long Term Health (post-mission)
• Cancer

• Space radiation may cause unique 
impacts

• Degenerative
• Cardiovascular disease
• Cataracts
• Immune changes

• Potential late changes to the central 
nervous system

• Behavior or memory decrements
• Neurodegenerative disease
• Observed only in animal models at 

space relevant doses

34



A Note on Acute Radiation Syndrome
• Large amounts of radiation can 

lead to serious acute consequences 
or death

• How large? It depends…
• Dose-rate 
• Body location and coverage
• Individual sensitivity

• Severity increases with total dose 
and dose rate

35
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Dose Range (Gy) Prodrome Manifest Symptoms Survival Expectancy
0.5 – 1.0 Mild Slight decrease in blood cell counts Almost certain survival

1.0 – 2.0 Mild-moderate Mild bone marrow (BM) damage High probability of survival (>90%)

2.0 – 3.5 Moderate Moderate to severe BM damage Probable survival (>50%)

3.5 – 5.5 Severe Severe BM damage 
Slight gastrointestinal (GI) damage

Death within 3.5 – 6 weeks (50%)

5.5 – 7.5 Severe Pancytopenia
Moderate GI damage

Death probable within 2 – 3 weeks

7.5 – 10.0 Severe Severe GI damage
Hypotension

Death probable within 1 – 2.5 weeks

10.0 – 20.0 Severe Severe GI damage
Pneumonitis
Neurologic signs (altered mental 
status, cognitive dysfunction)

Death certain within 5 – 12 days

>20.0 Severe Cerebrovascular collapse, coma
Fever
Shock

Death certain within 2 – 5 days



What About Spaceflight?
• Concern ONLY for a LARGE SPE

• Total whole-body doses can approach concerning levels – if you could stay 
outside that long…

• During a solar event, get inside! 
• A little shielding goes a long way and there’s breathable air

• Life-threatening doses highly unlikely

37

Dosimetry quantities in interplanetary space from total event spectra of three large SPEs. NOTE: EVA exposures (0.3 gm/cm2) listed are highly unlikely but 
illustrate the effectiveness of operational protocols where crew would shelter for the majority of event duration, which can last several days.
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• • commun1cat1ons 
b,iology 
ARTICLIE 
https:/ / doi,org/ 10, 1038/ s42003·022· 03777· z OPEN 

Retrospective analysis of somatic mutations and 
clona l hematopoiesis in astronauts 
Agnieszka Broja kowska G) 1•5, Anupreet Kou r2•5, Mark Charles ThelCl 2, Eun bee ParkG 2 

Malik Bisserier 1, Venkata Naga Srikanth Garikipat i3, lahoua riia Had rii tl:) 1, Paul J. Mi11s4 

Kenneth Walshe, 2 & David A. Goukassian ·i s 

With planned deep space allCil commemiall spacefl ights, ijaps remain to ,address health risks in 

astronauts . Multiple studies have shown associat ions between clonal expansion of hema­

topoietic ,cells with hemato poietic malignancies and cardiometabolic disease. This expansion 

of clones in the absence of overt liematopoietic disorders is termed clo11al hlematopo,iesis 

(CH) of indetem1inate potential (CHIP) . Using deep, erro:r-co ,reeled, targeted DNA 

sequend ng we assayed for somatic mutations in CH--,drive r genes en peripheral blood 

mononucllear cells isdlat.ed from de-i dentified blood samples collected fra.rn, 14 astronauts 

who flew Shuttle missions between 1998-2001 . We ide11ti 1ed 34 nonsyno11ymous mutations 

of relatively low variant al ee fract'on in 17 CH-dr iver ge es, with the most prevalent 

mutat ions in TP53 and DNMT3A. The presence of these small! dones in tile blood of relat1ively 

young ,astronaut cohort warr,ants further retrospective an d prospective investigation of their 

d i11ic:a! relevance and potentia l application i11 monito ir1g a stronaut's health. 
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Space Radiation Exposure and Risk Mediated by Clonal Hematopoiesis

Wang Y et. Al.. 2022 May 6;118(6):1413-1432. PMID: 34164655                      

PI: Kenneth Walsh, University of Virginia Control
1 Gy SPE
1 Gy GCR

1 Gy Gamma

TP53 Mutant Survival  (male solid lines, female dotted) 



Loss of Y (LOY)
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Understanding the Sex-Specific Consequences of Ionizing Radiation on Clonal 
Hematopoiesis PI: Kenneth Walsh, IWS Student Augmentation Megan Evans

RELEVANCE: 
 Studying the effect of radiation on driving clonal hematopoiesis (CHIP), specifically TP53, PPM1D, TET2, and DNMT3A driver 

genes due to their association with CVD and cancer.  
 Studying how the loss of the Y chromosome (LOY), only in male animals, may affect mortality in combination with CHIP and 

radiation
 Easily measurable could inform risk estimates but also post-mission surveillance for both

cancer and cardiac
OBSERVATIONS:
• Some forms of clonal hematopoiesis are promoted by space radiation, with striking effects on morbidly and mortality (e.g. TP53)
• Strong male-dependence of space radiation on survival in the TP53 condition may be partly explained by the tumorigenic effects 

of LOY. 

TP53 Mutant Survival  (male solid lines) 



GRAIL
Menlo Park, CA, USA.
Founded 2015.
https://grail.com/ 
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BLOOD

2

May impact Clinical Car Guidelines. Potential impact 
for early diagnosis and better prognosis.

https://grail.com/
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Evaluation of the Cellular & Molecular Responses of 
Lung and Liver Cells Derived From iPSCs With 
Varying Intrinsic Radiosensitivity to Space Radiation

Radiosensitivity of 90 skin fibroblast cell lines 
as measured by SF2. Horizontal lines 
demarcate groups based radiosensitivity: 
radiosensitive, normal, and radioresistant. 
Dashed box: Ataxia telangiectasis Cell Line

Health Phys. 2012 Nov; 103(5): 596–606.

PI: Anthony “Tony” Davis / UTSW

PHSFs will be utilized to generate immortalized PHSFs and induced pluripotent stem cells 
(iPSCs) and iPSC-derived hepatocytes and lung epithelial cells whose intrinsic 
radiosensitivity is the same as that of the original PHSF from which it was derived.
Irradiation: Gamma, simplified GCRsim, 

• clonogenic survival
• DNA repair
• DDR signaling
• genome stability
• mutation frequency and cellular and oncogenic transformation assays
• Transcriptome
• whole genome sequencing, DNA methylation, and RNAseq analysis

The ability to identify individuals at greatest risk (or lowest risk) for carcinogenesis 
induced by low and high LET irradiations would be invaluable. Also may inform 
tissue sensitivity

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23032890


Changes to the Central Nervous System
after Space-Like Radiation Exposure

• Reduction in neuron arborization and synapse number (dendritic spines) 
• Persistent reductions for > 1 year after doses of high Linear Energy Transfer (LET)  

below 5 cGy

• Significantly reduced production of new neurons in brain

• Increased activation of microglia (signaling neuroinflammation)
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Memory Impairment in Animal Models 

Cekanaviciute E.,et al. International Journal of Molecular Sciences.2018;19

Grey color = no impairment. White = impairment.
(Ovals = novel object recognition, Squares = spatial memory, Triangles = fear conditioning )

Development of memory impairments after HZE ion and simulated GCR irradiation. Doses (Gy) listed inside 
the shapes. 



Physiological and Functional Changes

2023 SHINE
Space Radiation Didactic Curriculum 46Gregory Nelson | gregory.a.nelson@nasa.gov

Hippocampal Slice Recordings at 
2 Months after 56FeExposure at 0, 

10, 50 & 100 cGy Results in 
Reduction of Long Term 

Potentiation in Female Mice 

Kiffer et al. 2018. Radiat Res 189: 53–
63

U-shaped dose responses for three 
glutamate receptor ion channels and 
a presynaptic marker.  mRNA levels 
relative to controls for 10, 25 & 100 

cGy 16O ions.

Fe
m

al
e

Krukowski et al. (2018) Brain, Behavior, & 
Immunity

S0889-1591(18)30417-3 

M
al

e

Sex differences: Microglia Activation 
(Red) in the Hippocampus (Nuclei Blue)

0 cGy 50 cGy

Miry et al. Scientific Reports (2021) 11:4292 

Electrophysiological and ion channel changes indicate persistent synaptic plasticity 
changes.  These are accompanied by  neuroinflammation and activation of microglia which 

can also regulate plasticity.



Behavioral Responses

2023 SHINE
Space Radiation Didactic Curriculum 47Gregory Nelson | gregory.a.nelson@nasa.gov

In a high-fidelity human analog 
paradigm, psychomotor vigilance is 

impaired in rats after proton irradiation   

Davis et al. (2014) Radiat. Res. 181, 258–271

Spatial memory behavior is perturbed by acute neutron 
irradiation in Object in Place (OiP) test to differentiate 
objects relocated to alternative locations. 

Object in Place Test Reveals Impairments in 
Spatial Memory after 18 cGy Neutron Exposure

Klein et al. (2021)  Int. J. Mol. Sci. 22:9020

Movement topography is altered in 
the fine motor skill “string-pulling” 

test in rats after Si exposure.

Persistent behavioral changes in cognitive, emotional and sensorimotor domains are observed
 in rats and mice after single or multi-ion exposures and neutrons.

Blackwell et al. (2020) Behav. Brain Res. 400, 113010



RELEVANCE: 
 Million Person Study (MPS) Navy Submariner Cohort – Terrestrial Space Analogue 

 Radiation exposure
 Isolation and confinement

 could inform risk estimates but also post-mission surveillance 
 Can be extended to other radiation associated risks

OBSERVATIONS: 
• August 2025 – scientific report will be prepared that evaluates any association between multiple stressors, and Alzheimer’s, 

Parkinson’s, depression and anxiety disorders at the level of mortality and incidence (as available at 2-years) for nuclear submariner 
cohort who first served from 1954-1985 and followed through 2021

The U.S. Million Person Study or Low-Dose-Rate Health Effects: Innovations in Evaluating Cognition and Multiple Stressors
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SachiBio – SBIR PHASE III
Previous Funding:
- TRISH
- SBIR Phase I
- SBIR Phase II
Current Funding:
- InSpa
- SBIR Phase III

1.) Nanoligomer Technology
2.) AI capability to accelerate 
countermeasure target 
identification

Neuroprotection has been 
shown: 
1. low-dose (0.1 Gy) GCR 

exposure
2. prion disease model 
3. ALS model
4 Al h i  di  i  
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How to Translate? NSCOR

Figure 2. Effect Size versus exposure levels for setting POLs and PELs using animal intermediates and surrogate measures or biomarkers. 



Risks
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Cancer 

CNS 

Degen. (CVD, 
Immune, etc) 

Space Radiation 
Element

NASA Space Radiation 
Laboratory (NSRL)

Sample 
Archives

SR 
Biospecimen 

(NBISC) 

NASA Omics 
Archive 

NBSR/Repo.

Human 
System 

Repository 

Multi-Model Enabling Risk 
Assessment (MERA)

Translational 
Radiation 

Research and 
Countermeasures 

(TRRaC) 

Initiatives 
(research)

Precision Health
• Pharmacogenomics

• Advanced 
Biosystems

• Aging Focus 

Systems 
Biology 

Cross Risk Integration Project (CRIP)



Overview

• Introductions
• What is Radiation?
• Radiation Health Effects
• The Space Radiation 

Environment 
• Health Risks for Spaceflight 
• Risk Management and 

Uncertainties
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A L A R A
As Low As Reasonably Achievable

Time

Distance

Shielding
Dose 

Optimization

The Space Radiation Protection Challenge
• Traditional terrestrial protection strategies fall short in space: 

• Time
• At some point you will always reach a limit

• Distance 
• There is no point source to move away from

• Shielding
• Energetic particles are penetrating
• Secondary particles

• NASA is exploring other protection 
strategies

• Individualized risk characterization
• Health surveillance including early disease 

detection 
• Compound-based countermeasures
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Dose Limits



A Valinia et al.  Safe Human Expeditions Beyond Low Earth Orbit (LEO) NASA/TM−20220002905. 
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Space Radiation Protection
• Goal: minimize mission impacts AND long-term health risks

• Exposure is unavoidable
• Three fundamental principles of radiation protection 

• Justification
• Societal benefit outweighs risk

• Limitation
• NASA implements dose limits 

• Optimization
• Monitor crew doses and implement dose reduction
• As Low As Reasonably Achievable (ALARA)
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Storm Shelter 
Operational Protection Strategy for SPEs
https://www.youtube.com/watch?v=70GrihLXmSs 
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https://www.youtube.com/watch?v=70GrihLXmSs


Dose Limits – Non-Cancer
• Limits for specific organs/systems

• Short- and long-term limits
• Weighted by radiation scaling factor

• Prevent tissue reactions
• Clinically significant
• Non-cancer effects
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Organ 30-Day Limit 
(mGy-eq)

1-Year Limit 
(mGy-eq)

Career Non-Cancer 
Limit (mGy-eq)

Lens of the eye 1000 2000 4000

Skin 1500 3000 6000

Blood-forming organs 250 500 n/a

Circulatory system 250 500 1000

Central Nervous 
System* 500 mGy 1000 mGy 1500 mGy

Central nervous system 
(heavy particles, Z ≥ 10)* n/a 100 mGy 250 mGy

*mGy used instead of mGy-eq

Current Dose Limits – Non-cancer



Dose Limits – Cancer 
• Updated limit as of January 2022

• https://standards.nasa.gov/human-factors-and-health
• 4.8.2 Career Space Permissible Exposure Limit for Space Flight 

Radiation: [V1 4030] An individual astronaut’s total career effective 
radiation dose due to space flight radiation exposure shall be less than 
600 mSv. This limit is universal for all ages and sexes. 

• Based on a mean 3% Risk of Exposure-Induced Death (REID) 
from cancer 

• 35-year-old female
• Lifetime probability of excess fatal cancer 

due to radiation exposure 
• Minimize stochastic effects

• Total solid cancers and leukemias
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https://standards.nasa.gov/human-factors-and-health


Instrument Suite for Crewed Artemis Missions

Function HERA ARES CAD ARD

Measurement • Charged Particle Detector 
• Area monitoring of flux/species and dose • Crew member dose rate/total dose

Proposed 
mission(s) • Orion/Artemis • Gateway, Lander

• (HERA heritage hardware) • Personal dosimetry

Use • Real time radiation environmental monitoring
• On-board alerting

• Real-time dose at crew
• Worn by crew at all times inside 

crewed vehicles
• Post mission crew risk assessment
• Re-flight determination

• Real time dose at crew
• EVA, integrated with xEMU
• On-board alerting
• Post mission crew risk assessment

Mass • ~3kg • <2kg • 35g • 430g

Dimensions
• HPU: 19.3 cm x 17.5 cm x 4.6 cm
• HSU (2 each): 13.5 cm x 10.7 x 5.3 

cm
• 9.9 cm x 17.8 cm x 4.6 cm • 5.7 x 3.4 x 2.6 cm • 7 cm x 6 cm x 3 cm

2023 SHINE
Space Radiation Didactic Curriculum 59S. Robin Elgart | shona.elgart@nasa.gov

More on Dosimetry in Seminar #2!



Space Radiation Challenges
• Limited observed outcomes in 

astronauts
• Small population
• Low doses and dose rates
• Common outcomes
• Healthy worker and generally 

healthy

• Limited knowledge of biological 
effects of space radiation

• Heavy reliance on animal studies 
• Space radiation is unique
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Space Radiation Element Research
• Mission: Characterize and facilitate the management of the 

human health outcomes associated with space radiation 
exposure to protect astronaut health and wellbeing to enable 
human spaceflight

• Carcinogenesis
• Cardiovascular and Immune
• Central Nervous System

Characterization Mitigation

Dose and Dose Rate Effects Biomarkers Countermeasure Identification

Radiation Quality Individual Susceptibility Countermeasure Validation

Cross-Species Translation Combined Stressors
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https://humanresearchroadmap.nasa.gov/

https://humanresearchroadmap.nasa.gov/


The Big Picture
• Space radiation environment

• Unavoidable
• Differs from terrestrial 

environment

• Space radiation risks
• Threat to mission success and long-

term health
• Understanding is incomplete and still 

evolving
• Protection strategies differ from 

terrestrial environment
• Radiation is one of numerous 

hazards in the hostile space 
environment
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National Aeronautics and
Space Administration

Thank you for your attention! 
Questions?

jsc-hrp-space-radiation-element@mail.nasa.gov



More Resources
• Space Radiation Element 

• https://www.nasa.gov/hrp/elements/radiation 
• NASA Human Research Roadmap – link to risks, gaps, and funding priority (green = low, 

red = high)
• https://humanresearchroadmap.nasa.gov/

• NASA Taskbook – Summaries of current and previously funded projects
• https://taskbook.nasaprs.com/tbp/welcome.cfm

• Life Science Data Archive – Can request past data and search tissue repository 
• https://lsda.jsc.nasa.gov/
• https://lsda.jsc.nasa.gov/Biospecimen
• Instructions - https://www.nasa.gov/hrp/elements/radiation/tissue-sharing

• NASA GeneLab – Space-related omics database. Users can upload, download, share, 
store, and analyze spaceflight and spaceflight-relevant data from experiments.

• https://genelab.nasa.gov/
• The Health Risks of Extraterrestrial Environments (THREE) – Open access space 

radiation literature
• https://three.jsc.nasa.gov/#section=main
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NASA 3001 Vol1 Standard Update
• Radiation limit for FATAL CANCER shifted from a RISK limit to a DOSE limit

• Anchored using 35-year-old female case (most protective)

4.8.2 Career Space Permissible Exposure Limit for Space Flight Radiation 

[V1 4030] An individual astronaut’s total career effective radiation dose due 
to space flight radiation exposure shall be less than 600 mSv. This limit is 
universal for all ages and sexes. 

NASA 3001 Vol1 Standard Update (Aug 2021 – Jan 2022)
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https://standards.nasa.gov/sites/default/files/standards/NASA/B/2022-01-05-NASA-STD-3001-Vol1-Rev-B-Final-Draft-Signature-010522.pdf


Common Questions
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• Should I freeze my gametes?
• No radiation related hereditary effects/germ-line mutations have been observed in 

human populations.
• Exposures during pregnancy can impact fetal development. However, upon return it 

is safe from a radiation standpoint to get pregnant.   

• Should I take iodine pills?
• Iodine pills will ONLY prevent uptake of ingested radioactive iodine, which you will not 

be exposed to from space radiation.

• Why don’t we shield with lead?
• When fast moving particles hit lead, they create a shower secondary particles as they 

interact with the material.

• Why doesn’t my medical exposure impact my flight eligibility?
• Medical exposure provides a health benefit.



Back-up
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https://www.nasa.gov/analogs/nsrl/about

https://www.bnl.gov/nsrl/

Ground Analog – NASA Space Radiation 
Laboratory

• Personnel:
• NSRL Liaison Physicist, Adam Rusek PhD
• rusek@bnl.gov
• Biology Support Scientist, Peter Guida PhD
• guida@bnl.gov
• NSRL Management, Lisa Simonsen PhD 

lisa.c.simonsen@nasa.gov

• Capabilities:
• Acute or fractionated exposures “chronic”
• Single ions
• Multiple ions

• Simplified GCR sim 
• 6 beams 5 ions: H (2 energies), Si, He, O, Fe

• GCR sim 
• 33 beams, 7 ions: H (14 energies), He (14 

energies), C,O, Si, Ti, Fe
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NASA Space Radiation Lab

https://www.nasa.gov/analogs/nsrl/about
https://www.bnl.gov/nsrl/
mailto:rusek@bnl.gov
mailto:guida@bnl.gov
mailto:lisa.c.simonsen@nasa.gov
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