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1. Risk Title and Statement 
 

 Risk Title: Risk of Adverse In-Mission Health and Performance Effects and Long-Term Health 
Effects Due to Celestial Dust Exposure 
 

 
 Risk Statement: Given the unique properties of lunar and other celestial bodies’ dust, there 

is a possibility that exposure could lead to serious health effects (e.g., respiratory, 
cardiopulmonary, ocular, or dermal harm) or to crew performance impacts during celestial 
body missions. 

 
 
 
 
 

2. Risk History 
 

Item Date Outcome/Status 
HSRB Risk Presentation 2/13/2025 Decisional – CR SA-07566  HSRB DAGtionary Updates and DAG 

Corrections; CR approved with modifications. Rev C.1 
HSRB Risk Presentation 3/7/2024 Decisional – CR SA-06806, Rev C approved-out-of-board (Evals 

unanimous concurs) 
HSRB Risk Presentation 2/8/2024 Informational – Content reviewed by HSRB. Approval for 

release in CR. 
CMB Risk Presentation 2/9/2022  Decisional – CMB concurred on 12/9/21 risk posture and 

updates 
HSRB Risk Presentation 12/9/2021 Decisional – CR Approved with Mods; Rev B (DAG update 

included in this CR) 
Risk Evaluated via CR 10/15/2021 CR Evaluation period ended 10/29/21 
HSRB Risk Presentation (CR Kickoff) 10/7/2021 Informational – Content reviewed by HSRB. Approval for 

release in CR. 
HSRB Risk Presentation (CR Approval) 8/29/2019 Decisional – CR Approved with Mods.; Rev A 
Risk Evaluated via CR 6/26-8/1/2019 Decisional – Content reviewed via CR to update risk 
HSRB Risk Presentation (CR Kickoff) 6/20/2019 Informational – Content reviewed by HSRB. Approval for 

release in CR. 
HSRB Risk Finalized 1/27/2015 Decisional – Risk baselined in BPS system 
HSRB Risk Presentation 10/27/2014 Decisional – CR 14-008 Approved with Mods. Approved risk 

baseline. 
Risk Evaluated via CR 10/2/2014 Decisional – To baseline integrated risk (includes Lunar and 

other celestial bodies) 
HSRB Lunar Standard Presentation 2/26/2014 Informational – Described lunar dust standard refinement and 

a preliminary risk summary of celestial dust exposure based on 
JSC 66705 process 

Risk Evaluated via CR 9/9/2009 Decisional – Approved with Mods – with LxC Assessment – 
Content baseline 10/04/2010. 

HSRB Risk Presentation 8/25/2009 Informational – Content reviewed by the HSRB. Approval for 
release via out-of-board CR* (The original risk proposed and 
approved for baseline was “Risk of Adverse Health Effects of 
Lunar Dust Exposure”) 
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3. Executive Summary 
 
 Assessments using primary human blood immune cells indicated no evidence for allergenic effects of lunar 

dust.  Although allergenic response to lunar dust appears unlikely, it cannot be definitively ruled out for 
all design reference missions (DRMs).  Further study is necessary to fully assess  sensitization potential.  

 
 The Space Mission Directorate (SMD) geology team released a position paper that clarified the mission 

conditions that would lead to an encounter with hazardous volatiles from samples collected from the 
permanently shadowed region (PSR) of the Moon. This has no impact on DRM risk posture, it informs 
sample containment and mission-specific risk decisions. 

 
 The recent successful landing of the Indian Space Agency Rover (Chandrayaan-3) at the lunar south pole 

has resulted in reports of sulfur in lunar regolith samples, which is consistent with the body of historical 
evidence. 

 
 New evidence includes a recently released manuscript describing the toxicity mechanism of lunar dust, 

which adds to a broader debate regarding the toxicity mechanism induced by particulate matter. This 
paper has no direct impact to the LxC for the dust risk.    

 
 Acute exposures to celestial dust may warrant more thorough assessment. Additional research and 

development in this area is probably justified to better inform operational response and planning to 
support crew health and performance (CHP).  

 
 Reductions in LxC scores were proposed for several lunar DRMs, resulting in some colors changing from 

yellow to green.  These changes were justified by the risk custodial team based on the negative allergen 
findings and the new celestial dust monitoring requirement in NASA Standard (Std) 3001.  

 
 Martian DRM was retained as an LxC of 4x4 (Red).  The Mars Sample Return (MSR) campaign slated for 

2030s will include at least one sample of Martian regolith. This is a unique opportunity to gain insight 
into the toxicity of Martian dust and to work with the MSR team to address gaps in knowledge. 
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4. Dust Risk Directed Acyclic Graph 
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Narrative of Dust Directed Acyclic Graph (DAG) 
 

 This DAG centers around Atmospheric Dust Levels that can occur within vehicles after 
extravehicular activity (EVA) Operations on celestial bodies. During EVA Operations, Dust 
Sources from the lunar or Martian surface can result in dust being carried into a vehicle or 
habitat, potentially on space suits. The extent to which this will occur depends on the 
Vehicle Design, the Suit Design, and the Seals and Gasket designs that are included to 
prevent dust entry into a vehicle. This is dependent on human systems integration 
architecture (EIHSO Risk), including the crew’s ability to operate dust contaminated 
equipment. 

 If dust gets into a vehicle or habitat, the extent of exposure that a crew faces depends on several 
factors: 

• The level of Dust Suspension that occurs in the vehicle atmosphere 
• The Surface Dust Level that builds up when dust settles from the atmosphere onto 

vehicle surfaces: The capability for Dust Monitoring that enables crews to Detect 
Atmospheric Dust levels must be included in the environmental control and life support 
System (ECLSS)  to determine if prompt Dust Removal (filtration) and Cleaning of 
surfaces is required. 

 Inappropriate levels of Dust Suspension in the atmosphere can lead to issues with Cabin 
Visibility, which can affect performance when piloting vehicles, especially when returning 
to microgravity. Equipment to be used for surface operations must be designed to be 
maintainable and repairable by crew, in situ. This can also lead to several health 
challenges that affect Crew Capability. 

• Dust exposure can lead to Eye Injury, Lung Injury, and Skin Irritation, all of which can 
progress to affect the Medical (Risk). Most evidence suggests that the medical issues are 
likely to be minor during a mission. 

• Dust that gets into food or pharmaceuticals may lead to Ingestion Toxicity, especially in the case 
of Martian dust containing perchlorates. 

• Some evidence exists that the Cardiovascular (Risk) and Immune (Risk) may be 
affected by exposure to celestial dust, but currently, this remains at the speculative 
level.  

 Countermeasures can include the following: 
• Medical Prevention Capabilities such as artificial tears, skin coverings, etc. 
• Medical Treatment Capabilities including creams and ointments to treat skin 

irritation and medical eye drops to address eye irritation or injury. Antibiotics may 
be required if secondary infection develops. 

 Long-Term health Outcomes may include pneumonoconiosis, hypersensitivity conditions, 
autoimmune disorders, and cancers, however, the current level of evidence indicates the 
occurrence of these outcomes will be low. Post-mission and post-career Surveillance  of 
these types of conditions can enable us to Detect Long Term Health Outcomes and better 
characterize the magnitude of risk in the long-term health domain. 
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5. Risk Summary 
Risk Title:  Risk of Adverse In-Mission Health and Performance Effects and Long-Term Health Effects Due to Celestial Dust Exposure 
 
Risk Custodian Team: T. McCoy, S. Keprta, T. Springer 
 

Risk Statement: Given the unique properties of lunar and other celestial bodies’ dust, there is a possibility that exposure could lead to serious health effects (e.g., respiratory, cardiopulmonary, ocular or dermal harm) or 
to crew performance impacts during celestial body missions. 
 
Primary Hazard: Hostile Closed Environment Secondary Hazard: Altered Gravity, Distance from Earth 

Countermeasures: 
Monitoring Airborne dust monitoring in habitable volumes, inflight pulmonary function testing* 
Prevention: Health Standard, engineering design /filtration, Personal Protective Equipment (PPE) 
Intervention: In-flight pharmaceuticals, nasal irrigation* 

 
 
  *Countermeasures that are not yet operational but are being investigated 

Contributing Factors: Celestial body surface, vehicle design, 
suit design, seals, and gaskets, ECLS system, EVA operations, 
atmospheric dust, surface dust, cleaning capability. 

State of Knowledge: Results from NASA rodent-based research coupled with expert review has determined that for six months of episodic exposure to lunar dust the exposure standard (NASA STD 3001, Volume 2) 
should be 0.3 mg/m3, which is tailorable based on the duration of mission exposure. This standard is based on inhalation toxicity studies of lunar dust (actual Apollo 14 samples with low crystalline silica content 
and characterized for heavy metals) and assumes that the exposure period is episodic and limited to the time before ECLSS can remove the particles from the internal atmosphere (assumed as 8 hours after 
introduction). The recommended standard protects the respiratory system from injury caused by inhaled lunar dust and is set to also be adequately protective of other relevant health endpoints. More lunar dust 
particles will likely be deposited in the peripheral areas of the lung than inside the lung when exposures occur during the mission in contrast to deposits incurred in Earth gravity, but it is assumed this is offset by 
equivalent reductions in overall dust loading in microgravity; an assumption that is subject to further scientific research. This standard may be refined, or new standards created for other celestial body dust 
exposure based on the dust composition and mission profile. Lunar polar ice subsurface regolith may contain volatiles of toxicological concern (e.g., mercury, ammonia, hydrogen sulfide) that are unlikely to be 
retained in dust on suits, etc., but must be assessed to ensure appropriate containment if samples are being stored in a habitable environment. Weight of evidence suggests allergic reactions are unlikely, although 
this potential is difficult to rule out entirely. 
Summary of LxC Drivers: Likelihood is low for lunar orbit (LO) missions. For lunar orbit + surface (LOS), the likelihood of effects to both 
long-term health (LTH) and operations (Ops) is higher due to the potential for repeated introduction of dust and longer stays on the 
planetary surface. The likelihood also increases given the lack of dust monitoring during short- duration missions; a capability that 
should be included in system design and planning for long-term missions. For Mars Planetary, the likelihood is high due to the lack of 
proven systems, operational strategies, and standards to protect crews from dust. Martian dust storms and the Martian atmosphere 
are contributing challenges. Consequence Lunar: Characterized as a significant impact to performance with loss of some mission 
objectives due to acute effects (watery eyes, upper airway sensitivity, ocular irritation, and potential allergen response). These impacts 
may be magnified as lunar exposure is extended (>30 days). LTH effects could include unknown return to baseline because health 
effects from chronic exposure to lunar dust may lead to irreversible compromised pulmonary function and possible damage to organs 
other than the lung. Lack of monitoring excludes the ability to detect exposures that persist above the NASA 3001 Standard. Lunar 
volatiles in some samples can pose a health risk if improperly contained. 
 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops 

Risk Disposition LxC 
LTH 

Risk Disposition 

Low Earth 
Orbit 

Short 
(<30 days) N/A 

 
N/A  

Long 
(30 days to 1 yr) N/A 

 
N/A  

Lunar Orbital 

Short 
(<30 days) 1X2 Accepted 1x2  

Long 
(30 days to 1 yr) 1X2 Accepted 1x2  

Risk Disposition Rationale per DRM: Accepted with Monitoring for LOS short DRMs. LOS long Requires Mitigation because of the 
greater potential for exposure to lunar dust and because existing uncertainties dictate a higher risk.  Mars Planetary is reflected as 
Requires Characterization—this is based, in part, on uncertainty regarding the characterization of Martian dust and exposure 
potential. Additionally, the potential absence of a prior analogue mission that demonstrates an adequately controlled and well 
characterized environment for these longer missions is a driver. This can be mitigated through a demonstrated performance history 
with dust control (including monitoring) with well-designed lunar missions. 

 
 
 
 

Lunar Orbital 
+ 

Surface 

Short 
(<30 days) 2X1 Accepted w 

Monitoring 2x2 Accepted w/ 
Monitoring 

Long 
(30 days -1 yr) 3X3 Requires 

Mitigation 3x4 Requires 
Mitigation 

Mars 

Preparatory 
(<1 yr.) N/A  N/A  

Planetary 
(730-1224 d.) 4x4 Requires 

Characterization 4X4 Requires 
Characterization 
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6. LxC Quick look 
 

Previous (approved December 2021)             Current (approved March 2024)   
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops Risk Disposition LxC LTH Risk Disposition 

Low Earth 
Orbit 

Short 
(<30 days) N/A 

 
N/A  

Long 
(30 days -1 yr) N/A 

 
N/A  

Lunar Orbital 

Short 
(<30 days) 1X2 Accepted 1x2  

Long 
(30 days -1 yr) 1X2 Accepted 1x2  

Lunar Orbital 
+ Surface 

Short 
(<30 days) 2X2 Accepted 2x3 Requires 

Mitigation 

Long 
(30 days -1 yr) 3X3 Requires 

Mitigation 3x4 Requires 
Mitigation 

Mars 

Preparatory 
(<1 yr.) N/A  N/A  

Planetary 
(730-1224 d.) 4x4 Requires 

Characterization 4X4 Requires 
Characterization 

DRM 
Categories 

Mission Type 
and Duration 

LxC 
Ops Risk Disposition LxC LTH Risk Disposition 

Low Earth 
Orbit 

Short 
(<30 days) N/A 

 
N/A  

Long 
(30 days -1 yr) N/A 

 
N/A  

Lunar Orbital 

Short 
(<30 days) 1X2 Accepted 1x2  

Long 
(30 days -1 yr) 1X2 Accepted 1x2  

Lunar Orbital 
+ Surface 

Short 
(<30 days) 2X1 Accepted with 

Monitoring 2x2 Accepted with 
Monitoring 

Long 
(30 days -1 yr) 3X3 Requires 

Mitigation 3x4 Requires 
Mitigation 

Mars Preparatory 
(<1 yr.) N/A  N/A  

Planetary 
(730-1224 d.) 4x4 Requires 

Characterization 4X4 Requires 
Characterization 

Consequence lowered due to negative allergen findings and 
assumption that lunar dust monitoring will be available. 

No proposed LxC change for DRM due to sensitization  
potential, acute considerations, integrated dust experience  
during short-duration DRM. 
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7. Assumptions 
 

All LxC assessments: 
• Assume that NASA Standards 3001 have been met 
• Countermeasures equivalent to current International Space Station countermeasures are in use 
• Based on the HSRB LxC Matrix and the HSRB DRM categories 
• Additional assumptions are documented below 

 
Current countermeasures in use: 
 
Monitoring:  
Airborne dust in habitable volumes, inflight 
pulmonary function  
Prevention: 
Health standard, engineering design, dust 
filtration, PPE, gaskets, ECLSS, EVA operations, 
cleaning of atmospheric and surface dust  
Intervention:  
In-flight pharmaceuticals, nasal irrigation* 

 
*Not operational, but included for further 
evaluation 
 
 
 
 
 

 

 

DRM 
Categories 

Mission Type and 
Duration 

Assumptions 

Low Earth 
Orbit (LEO) 

Short 
(<30 days)  

Long 
(30 d-1 yr.)  

Lunar Orbital 

Short 
(<30 days)  

Long 
(30 d-1 yr.)  

Lunar Orbital + 
Surface 

Short 
(<30 days) 

• Volatiles may be present for specific missions to the PSR of the Moon.  It is 
assumed that containment will be commensurate with mission-specific risk. 

•  Acute responses (including performance effects) to dust exposure will be 
addressed through developed mitigation and prevention strategies.  

 

Long 
(30 d-1 yr.) 

• Volatiles may be present for specific missions to the PSR of the Moon.  It is 
assumed that containment will be commensurate with mission-specific risk. 

•  Acute responses (including performance effects) to dust exposure will be 
addressed through developed mitigation and prevention strategies. 

 

Mars 

Preparatory 
(<1 year)  

Planetary 
(730-1224 days)  
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8. HSRB Risk Likelihood x Consequence Matrix 
 

LTH: Lunar Orbital 
+ Surface (Short) 

LTH: Lunar Orbital 
+ Surface (Long) 

Ops: Lunar Orbital 
+ Surface (Long) 

Ops: Lunar Orbital 
+  Surface (Short) 

Ops: Lunar Orbital (Long/Short) 
LTH Lunar Orbital (Long/Short) 

Ops & LTH: 
Mars (Planetary) 
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9. Risk Postures 
 
Lunar Orbital (< 30 Days) 

Operations 
    

• LxC Drivers for Likelihood: Assuming that NASA Std 3001 Standards are in place and adequate ECLSS 
design and operation, only a remote probability exists that crewmembers will experience impacts or 
performance issues during a mission. 

• LxC Drivers for Consequence: Impacts would likely be limited to minor eye irritation or temporary 
throat irritation, therefore,  impacts are best characterized as temporary discomfort. 

• Rationale for Risk Disposition: A lunar orbital scenario inherently involves a low risk of developing 
effects from exposure to lunar dust due to the lack of a regular source that introduces dust into the 
vehicle.  Visiting vehicles from the lunar surface may bring lunar dust, but these impacts should be 
isolated and manageable with system filtration.   

• DRM Specific Assumptions:  
• DRM Specific Evidence/Level of Evidence: 1 (Strong) 

 
 
Lunar Orbital (< 30 Days) 

Long-Term Health 
 

• LxC Drivers for Likelihood: A remote probability exists that crewmembers will experience long-term 
health consequences (e.g., fibrosis, pulmonary impairment).   

• LxC Drivers for Consequence: Impacts would likely be limited to minor eye irritation or temporary 
throat irritation, therefore, impacts are best characterized as temporary discomfort. The availability 
of lunar dust monitoring would be helpful in ruling out lunar dust if crew experience non-attributable 
adverse health outcomes after a mission. 

• Rationale for Risk Disposition: A lunar orbital scenario inherently involves a low risk of developing 
effects from exposure to lunar dust due to the lack of a regular source that introduces dust into the 
vehicle.  Visiting vehicles from the lunar surface may bring lunar dust, but these impacts should be 
isolated and manageable with system filtration. 

• DRM Specific Assumptions: NASA Std 3001 Standards are in place and ECLSS design and operation 
are adequate  

• DRM Specific Evidence/Level of Evidence: 1 (Strong) 
 
 
Lunar Orbital (30 d – 1 yr) 

Operations 
 

• LxC Drivers for Likelihood: A remote probability exists that crewmembers will experience  health 
impacts or performance issues during a mission. 

• LxC Drivers for Consequence: Impacts would likely be limited to minor eye irritation or temporary 

1x2 Accepted  

1x2 Accepted 

1x2 Accepted 
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throat irritation, therefore, impacts are best characterized as temporary discomfort.  More significant 
health consequences are not expected to develop, given the limited potential for introducing dust 
into the vehicle and our understanding of lunar dust toxicity from ground research. 

• Rationale for Risk Disposition: A lunar orbital scenario inherently involves a low risk of developing 
effects from exposure to lunar dust, due to the lack of a regular source that introduces dust into the 
vehicle.  Visiting vehicles from the lunar surface may bring lunar dust, but these impacts should be 
isolated and manageable with system filtration.   

• DRM Specific Assumptions: NASA Std 3001 Standards are in place and ECLSS design and operation 
are adequate 

• DRM Specific Evidence/Level of Evidence: 2 (Moderate) 
 
 
Lunar Orbital (30 d – 1 yr) 

Long Term Health 
 
• LxC Drivers for Likelihood: A remote probability exists that crewmembers will experience health 

impacts or performance issues during a mission. 
• LxC Drivers for Consequence: Impacts would likely be limited to minor eye irritation or temporary 

throat irritation, therefore, impacts are best characterized as temporary discomfort.  More significant 
health consequences are not expected to develop, given the limited potential for introducing dust 
into the vehicle and our understanding of lunar dust toxicity from ground research. 

• Rationale for Risk Disposition: A lunar orbital scenario inherently involves a low risk of developing 
effects from exposure to lunar dust due to the lack of a regular source that introduces dust into the 
vehicle.  Visiting vehicles from the lunar surface may bring lunar dust, but these impacts should be 
isolated and manageable with system filtration.  

• DRM Specific Assumptions: NASA Std 3001 Standards are in place and ECLSS design and operation 
are adequate 

• DRM Specific Evidence/Level of Evidence: 2 (Moderate) 
 
 
Lunar Orbital + Surface(< 30 Days) 

Operations 
 

• LxC Drivers for Likelihood: A low probability exists that crewmembers will experience health impacts 
or performance issues during a mission. 

• LxC Drivers for Consequence: Characterized as a minor impact to performance or mission objectives 
due to brief and resolvable effects (watery eyes, upper airway sensitivity, ocular irritation). 

• Rationale for Risk Disposition: Based on Apollo history, short-term exposure to lunar dust could 
result in minor eye and/or throat irritation and some performance challenges during a 
mission.  However, these did not rise to a more significant consequence in Apollo, and they varied 
among crew.   

• DRM Specific Assumptions: NASA Std 3001 Standards are in place and ECLSS design and operation 
are adequate 

1x2 Accepted 

2x1 Accepted with Monitoring 
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• DRM Specific Evidence/Level of Evidence: 1 (Strong) 
 
 
Lunar Orbital + Surface (< 30 Days) 

Long-Term Health 
 

• LxC Drivers for Likelihood:  Low probability (estimated at 1-5%).  
• LxC Drivers for Consequence: Long-term health consequences are not expected after short-duration 

missions.   
• Rationale for Risk Disposition: Based on Apollo history and on focused animal research, long-term 

negative health outcomes (e.g., pulmonary impairment, fibrosis) are not expected to be associated 
with these short-term missions.   

• DRM Specific Assumptions: Assuming that NASA Std 3001 Standards are in place and ECLSS design 
and operations are adequate. 

• DRM Specific Evidence/Level of Evidence: 1 (Strong) 
 
 
 
Lunar Orbital + Surface (< 30 d – 1 yr) 

Operations 
 

• LxC Drivers for Likelihood: A moderate probability exists that crewmembers will experience health 
impacts or performance issues during a mission. 

• LxC Drivers for Consequence: Characterized as a significant impact to performance and loss of some 
mission objectives due to acute effects (watery eyes, upper airway sensitivity, ocular irritation, and 
limited potential for allergen response due to sensitization). These impacts may increase as exposure 
to lunar dust is extended (>30 days).  Certain lunar volatiles (present in specific samples) may pose a 
risk to the health of the crew if improperly contained. 

• Rationale for Risk Disposition: Longer missions introduce a greater chance of anomalies or excessive 
lunar dust events. Observations of system performance during short-term lunar mission will inform 
this LxC.   

• DRM Specific Assumptions: Assuming that NASA Std 3001 Standards are in place and ECLSS design 
and operations are adequate 

• DRM Specific Evidence/Level of Evidence: 2 (Moderate) 
 
 
 
Lunar Orbital + Surface (< 30 d – 1 yr) 

Long-Term Health 
 
 

• LxC Drivers for Likelihood: A low-moderate probability exists that crewmembers will experience 
long-term health effects (estimated at 5–10%).   

2x2 Accepted with Monitoring 

3x3 Requires Mitigation 

3x4 Requires Mitigation 
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• LxC Drivers for Consequence: This duration is significantly beyond Apollo experience, and a potential 
for critical career-related medical conditions exists. Certain lunar volatiles (present in specific 
samples) may pose a chronic risk to the health of crewmembers if improperly contained. 

• Rationale for Risk Disposition: The risk of long-term health outcomes (e.g., pulmonary impairment, 
fibrosis) are somewhat increased due to the longer duration of these missions.  Although unlikely, 
allergen response cannot be definitely ruled out at this time. Observations of system performance 
during short-term lunar mission will inform this LxC.  

• DRM Specific Assumptions: NASA Std 3001 Standards are in place and ECLSS design and operations 
are adequate 

• DRM Specific Evidence/Level of Evidence: 2 (Moderate) 
 
 
 
Mars Planetary (730-1224 d) 

Operations 
 

• LxC Drivers for Likelihood: The likelihood is driven by the uncertainty surrounding the health risk 
from exposure to Martian dust  given that Martian dust has not been fully  characterized, and the 
fact that this risk level will likely be reduced  with successful long-term habitation and dust 
management on the lunar surface. 

• LxC Drivers for Consequence: This consequence is most likely overstated because it is driven by 
uncertainty surrounding the toxicity of Martian dust and a lack of firm understanding of what types 
of crew activities might be required during a Martian mission (e.g., In-situ resource utilization [ISRU] 
of Martian dust). The absence of significant issues during a prior long-term lunar mission would likely 
lower this rating. 

• Rationale for Risk Disposition: Martian dust has similarities to lunar dust in terms of minerology, and 
thus, NASA’s understanding of lunar dust (both through existing animal research and in upcoming 
long-term lunar missions) lay the framework for acceptance of risk of health effects from exposure to 
Martian dust. The chemical structure (e.g., perchlorates) of Martian dust is somewhat characterized, 
and is very different from lunar dust.  A full toxicological characterization of Martian dust has not 
been conducted, although initial assessment of select chemical constituents (perchlorate, 
manganese, chromium) suggest that this risk can be managed. Risk assessment depends on ISRU 
plans and other clarifications. 

• DRM Specific Assumptions: 
• DRM Specific Evidence/Level of Evidence: 3 (Weak) 

 
 
Mars Planetary (730-1224 d) 

Long-Term Health 
 
• LxC Drivers for Likelihood: The likelihood is driven by the uncertainty surrounding the health risk 

from exposure to Martian dust given that Martian dust has not been fully characterized, and the fact 
that the risk level will likely be reduced  with successful long-term habitation and dust management 

4x4 Requires Characterization 

4x4 Requires Characterization 
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on the lunar surface. 
• LxC Drivers for Consequence: This consequence is most likely over-stated because it is driven by 

uncertainty surrounding the toxicity of Martian dust and the lack of a firm understanding of what 
types of crew activities are required during a Martian mission (e.g., ISRU of Martian dust).  The 
absence of any significant long-term health observations during a prior long-term lunar mission 
would likely lower this rating. 

• Rationale for Risk Disposition: Martian dust has similarities to lunar dust in terms of minerology, and 
thus, NASA’s understanding of lunar dust (both through existing animal research and in upcoming 
long-term lunar missions) lay the framework for acceptance of the risk of health effects from 
exposure to Martian dust. The  chemical structure (e.g., perchlorates) of Martian dust is somewhat 
characterized, and is very different from lunar dust.  A full toxicological characterization of Martian 
dust has not been conducted, although initial assessment of select chemical constituents 
(perchlorate, manganese, chromium) suggest that this risk can be managed. Risk assessment 
depends on ISRU plans and other clarifications. 

• DRM Specific Assumptions: 
• DRM Specific Evidence/Level of Evidence: 3 (Weak) 
 

 

10. Overall Assessment of the Evidence 
 
Lunar:  
The overall body of LTH and Ops evidence supporting short-term (i.e., < 30 days) lunar orbital and surface 
missions for LxC is strong. These missions are generally similar to the Apollo experience, conditions, and 
mission durations.  

  
The body of evidence for longer duration (i.e., 30 days–1 year) is moderate.  Although Apollo missions did 
not extend to these durations, some reports documented diminishment of (acute) crew health outcomes 
during the Apollo era. The Lunar Airborne Dust Toxicity Advisory Group  (LADTAG) rodent studies clearly 
indicate an increased risk of adverse pulmonary outcomes with longer-duration exposure to lunar dust 
(which is mitigated by applying correspondingly more stringent limits of exposure to lunar dust). Lunar dust 
has very limited allergenic potential, as evidenced by a recent NASA study of Apollo 16 dust. However, it can 
be difficult to rule out the possibility of sensitization during long-term missions, therefore, it may be 
pragmatic to establish operational solutions and countermeasures that to address an individual spectrum of 
responses to dust inhalation. 
  
Martian: 
The body of evidence for Martian planetary missions is weak.  Although Martian dust and regolith likely has  
many similar properties as lunar dust, some key chemical distinctions are worth noting (e.g., perchlorate).  
This evidence rating is driven by the uncertainty around 3 concerns: (1) the lack of specific testing of Martian 
dust toxicity; (2) the broader exposure routes affecting  crewmembers during a Martian mission relative to a 
lunar mission (e.g., due to ISRU exposures such as recovery of Martian water); and (3) the current lack of well 
characterized and successful lunar missions of this duration that can inform capability to handle Martian dust 
(which may be even more challenging given global dust storms, etc.). The MSR campaign scheduled for the 
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early 2030s offers potential to address knowledge gaps, complement lunar rover data, and inform simulant 
development. 
 
 

11. State of Knowledge 
New Evidence 

 
Background: Lunar Dust and Immunological and Allergenic Concerns 

 
Post-flight account of crew surgeon who removed suites from capsule over several Apollo missions. 

“Exposure to lunar dust from the suits caused a reaction that worsened with each of the3 sampling periods. The first 
exposure caused a stuffy nose and water eyes. Lab results showed about 5% eosinophilias and a couple basophilia. On 
the second exposure, there were more symptoms and eosinophilias went up to 9%. On the third exposure, it was 
impossible to stay inside the spacecraft long enough to get a sample due to watery eyes.  In order to get the sample, it 
was necessary to get out, take a deep breath, then return. Again, there was 9% eosinophilia and 5% basophilia. Others 
performed the same function  after the return of other missions and had  no reaction.” 
 

Key Points: 
• Exposures like this are difficult to attribute definitively to a specific cause. 
• There is no anticipated biological basis for lunar dust to elicit an allergenic response (e.g., protein antigens). 
• An immune gap in knowledge was retained for this risk, given the surrounding uncertainty. 
• A recently completed Human Research Program (HRP)-funded study was conducted (Immune Lab Team) to 

attempt to inform this gap. 
• Apollo 16 dust was obtained (Highland regolith), which is the most “Artemis-relevant” Apollo material 
• Desire HSRB feedback on these study findings and implication for the LxC and remaining gaps. 

 

 
Can Lunar Dust Act as an Allergen? 

 
Colorado, A. A., Gutierrez, C. L., Nelman-Gonzalez, M., Marshall, G. D., Mccoy, J. T., & 
Crucian, B. E. (2025). Hazards of lunar surface exploration: determining the 
immunogenicity/allergenicity of lunar dust. Frontiers in immunology, 16, 1539163. 
https://doi.org/10.3389/fimmu.2025.1539163  

 

https://doi.org/10.3389/fimmu.2025.1539163
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Images: Colorado et al. (2025)Front Immunol   © 2025 the  authors.
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Monitoring Development of Lunar Dust  ‘Reactivity’ in Artemis Astronauts 
 
The risk custodial team believes that the findings of Colorado et al. (2025) suggest that lunar dust is 
not likely to illicit allergenic response during short-term missions.  However, a gap remains in the 
assessment of lunar dust “allergenic sensitization” potential (i.e., as occurs by repeated exposures) 
that is worth further assessment and possible mitigation. Comments are specifically being 
requested from the HSRB on this approach. 
 
The team will consider options for how this potential might be assessed. One example approach is 
to augment the Standard Measures Studies that will be conducted on future Artemis crewmembers. 
 

• Current Standard Measures Cellular Profile includes assessment of: 
– Complete blood count and eosinophils and basophils counts 
– Basic leukocyte subsets 
– Generalized (T/innate) immunocyte function (to polyclonal stimuli) 
– Latent virus reactivation (generalized biomarker of immune compromise) 
 

• Immune system reactivity (either induced and sensitized, or suppressed and compromised) 
to any specific antigen is not included in the standard measures study (specific recall 
antigens, allergens, lunar dust, virus, and fungi, etc.) 

 
• The lunar dust allergen ground study (Colorado et al., 2025) could only assess ‘existing’ 

sensitivity to lunar dust.  It could not assess ‘inducible’ sensitivity (i.e., as occurs by repeated 
exposures). By nature of the missions, Artemis crews represent a unique opportunity to 
assess ‘induced’ sensitivity via a continued (weeks to months) operational exposure to actual 
lunar dust.    

 
Risk custodian teams for the Lunar Dust Risk and the Immune Risk propose adding monitoring of 
immune reactivity to lunar dust to the current standard measures cellular profile.  Currently, 6.0 ml 
of blood is collected in a blood tube containing acid citrate dextrose for this cellular profile 
assessment. The team does not anticipate a need for an additional sample. The proposal simply 
adds one additional cell culture (lunar dust) to the current standard measures cell culture array 
(generalized mitogenic stimuli).  Measured outputs for the lunar dust component will include 



   
 

19  

surface activation antigens, leukotrienes, histamine, etc.

 
 
 
 

New Evidence: NASA Standard 3001 Vol. 2: Dust Monitoring 
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Lunar Dust Monitoring: Encouraging Signs 
 

 
 
 

Human Landing System Commercial Orbital Transportation Services Dust 
Monitor Trade Study 

 
Dust Monitors: 

• GRIMM 11-D 
• GRIMM EDM-264 
• Kanomax Dust Monitor 3443 
• Kanomax Piezobalance 3521 
• Lighthouse 3016IAQ 
• TSI DustTrak DRX 8534 

 
 

Recommended Forward Work: Acute Effects Risk Communication and 
Approach 
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State of Knowledge: (New Evidence for Awareness) 
 

2023 Dust Mechanisms Paper 
Lam, C. W., Castranova, V., Driscoll, K., Warheit, D., Ryder, V., Zhang, Y., Zeidler-Erdely, P., Hunter, R., Scully, R., Wallace, 
W., James, J., Crucian, B., Nelman, M., McCluskey, R., Gardner, D., Renne, R., & McClellan, R. (2023). A review of 
pulmonary neutrophilia and insights into the key role of neutrophils in particle-induced pathogenesis in the lung from 
animal studies of lunar dusts and other poorly soluble dust particles. Critical reviews in toxicology, 53(8), 441–479. 
https://doi.org/10.1080/10408444.2023.2258925 
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State of Knowledge: Potential for Polar Volatiles of Toxicological Concern 
 

 

 
SMD/Artemis Internal Science Team Clarification 
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Where will we find lunar volatiles? 
 

 
 
 
 
 
 

Indian Space Agency: Chandrayaan-3 Rover Sulfur Findings 
 

  
 
https://www.cbsnews.com/news/india-moon-rover-sulfur-hunt-for-water-lunar-south-pole/ 
 
 

 
 
 

https://www.cbsnews.com/news/india-moon-rover-sulfur-hunt-for-water-lunar-south-pole/
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Lunar Dust and The Voices Of Apollo: Taken from Apollo Medical Operations 
Project (NASA/TM-2007-214755) 

 

 
 
 
 
 

 
 

Example Sulfur-Containing Minerals in Lunar Samples 
 

 
 

https://ntrs.nasa.gov/api/citations/20070030109/downloads/20070030109.pdf
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Mars Sample Return (MSR) 
 
 

 
Quick Facts 

• Aim:  Deliver samples collected by the Mars Perseverance rover to Earth 
• Launch:  Planned launches in 2027 (orbiter) and 2028 (lander) 
• Landing Location  Jezero Crater 
• Return of Samples : Expected to arrive on Earth in 2033–2035 
• 43 sample tubes brought to Mars, 38 for sampling and 5 as “Witness Tubes”.  As of October 

2023, 22 have been collected  
• Atmo Mtn/Crosswind Lake (Samples 17/18) are regolith samples that have been cached. Almost 

all others are rock samples. Sample report states…”in addition will be useful for questions 
related to human health and in situ resource utilization”.  

• Forward work:  -Engagement opportunity -Assess what gaps exist, or how HHP/HSRB risk team 
can work with MSR team to share information and leverage needs/info/testing 
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12. Risk Mitigation Framework—Color Changes 
 

 How do we know when we go from red → yellow? 

– Successful completion of lunar sustaining surface missions with monitoring and analysis that 
demonstrates dust control and crew health protection. 

– Development of a Martian dust permissible exposure limit to be shared with ECLSS and other stakeholders 
 
 

 How do we know when we go from yellow → green? 
• Allergens sensitization potential is fully addressed 
• Successful completion of initial lunar surface missions with monitoring and analysis that 

demonstrates dust control and crew health protection 

 
 
 
 
13. High Value Risk Mitigation Targets (Forward Work) 
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14. Risk  Standard  Requirements Flow 
 

Adverse Health and Performance Effects Due to Celestial Dust 
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15. Conclusions 
 

 
 Assessments using primary human blood immune cells indicated no evidence for allergenic effects of lunar 

dust.  Although allergenic response to lunar dust appears unlikely, it cannot be definitively ruled out for 
all design reference missions (DRMs).  Further study is necessary to fully assess  sensitization potential.  

 
 The Space Mission Directorate (SMD) geology team released a position paper that clarified the mission 

conditions that would lead to an encounter with hazardous volatiles from samples collected from the 
permanently shadowed region (PSR) of the Moon. This has no impact on DRM risk posture, it informs 
sample containment and mission-specific risk decisions. 

 
 The recent successful landing of the Indian Space Agency Rover (Chandrayaan-3) at the lunar south pole 

has resulted in reports of sulfur in lunar regolith samples, which is consistent with the body of historical 
evidence. 

 
 New evidence includes a recently released manuscript describing the toxicity mechanism of lunar dust, 

which adds to a broader debate regarding the toxicity mechanism induced by particulate matter. This 
paper has no direct impact to the LxC for the dust risk.    

 
 Acute exposures to celestial dust may warrant more thorough assessment. Additional research and 

development in this area is probably justified to better inform operational response and planning to 
support crew health and performance (CHP).  

 
 Reductions in LxC scores were proposed for several lunar DRMs, resulting in some colors changing from 

yellow to green.  These changes were justified by the risk custodial team based on the negative allergen 
findings and the new celestial dust monitoring requirement in NASA Standard (Std) 3001.  

 
 Martian DRM was retained as an LxC of 4x4 (Red).  The Mars Sample Return (MSR) campaign slated for 

2030s will include at least one sample of Martian regolith. This is a unique opportunity to gain insight 
into the toxicity of Martian dust and to work with the MSR team to address gaps in knowledge. 

 
 
 

16. Recommendations 
 

 Work with the MSR community to leverage knowledge and communicate data needs 
 Assess ways to improve communication regarding risk from acute exposure to lunar dust, including 

consideration of any future requirements, research, and countermeasure development 
 Evaluate ways to further assess allergenic sensitization potential 
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17. Acronyms and Abbreviations 
 

Acronym Definition 

CHP Crew Health and Performance  

CR Change Request  

CrewCo Crew Compartment 

DAG Directed Acyclic Graph 
DRM Design Reference Mission 

ECLSS Environmental Control and Life Support Systems 
EIHSO Earth Independent Human Systems Operations 

EVA Extravehicular Activity 

HLS Human Landing System 

HRP Human Research Project 

ISRU In Situ Resource Utilization 
LADTAG Lunar Airborne Dust Toxicity Assessment Group 

LO Lunar Orbit  

LOS Lunar Orbit + Surface  

LTH Long-Term Health  

LxC Likelihood x Consequence  

MSR Mars Sample Return 
Ops Operations  

PEL Permissible Exposure Limit 
PPE Personal Protective Equipment  

PSR Permanently Shadowed Region 
SCLT Strategic Capability Leadership Team 

SMD Space Mission Directorate  

Std Standard  

VIPER Volatiles Investigation Polar Exploration Rover 
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18. Reference Materials 

 LADTAG (Lunar Airborne Dust Advisory Group) Final Report 2014 
 

https://humanresearchroadmap.nasa.gov/gaps/closureDocumentation/Lunar%20Dust%20Toxicity%20FINAL%20REPORT.pdf?rnd=0.157545329144944
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