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Lesson 1 - Ever Present Hazardous Dust Cannot Be Avoided On The Moon

• Lunar Dust Proved to be a Significant and Potentially Dangerous Hazard on Previous
Apollo Moon Exploration Missions with Short Crew Exposure Times

• Lunar Dust Was Easily Stirred Up and Deposited on Crew Suits, Rovers, and “Science”
Equipment During EVAs and Then Brought On Suits Into the Lunar Module Habitat
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PSR = Permanently Shadowed Region 

• Increased Thermal Radiator Solar Absorptance (αS) Resulted in Reduced Battery and

Communication Equipment Cooldowns/Re-planned Cover Openings, Battery Switching,

and “Overtemp” On the Surface Electrical Properties (SEP) “Science” Experiment  

• Lunar Dust Behavior at New Proposed Moon Exploration Sites is Unknown (Poles/PSRs)

EVA = Extra Vehicular Activity

Apollo Lunar Surface Experiment 
Package with Dust on Radioistope 
Thermoelectric Generator (RTG)

Driving                       Walking / Falling       Sampling
Fender Repair 
on Apollo 17 
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Lesson 2 - Valuable “Science Time” Was Wasted In Fruitless “Housekeeping”
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• Misleading Pre-Apollo 15 Earth Testing at the Manned Spacecraft Center,

Using Apollo 12 Soil and Much Higher Pressure, Predicted That Brushing Could Be 

Used on the Moon to Effectively Clean Thermal Control Surfaces and Crew Suits 

Extensive Dust Cleaning Regrettably Did NOT Work On the Moon

Astronaut Brushing Dust from 
LRV Thermal RadiatorsEarth Brushing Restored

Near Original Solar 
Absorptance 



Bad Earth Testing 
Results/Conclusions
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Much Lower Pressure Testing Recommended

Not True on the Moon
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Misleading 1971 Pre-Apollo 15 Dust
Brushing Testing at MSC (Now JSC)

Lunar Roving Vehicle Thermal Control
Radiators Were Designed with the Expectation

that Lunar Dust Could be Successfully
Removed on the Moon -

Did NOT Happen!
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Lesson 3 - Must Listen to the Right Persons About Dust Problems and Solutions
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Apollo 12 Crew Mission Report Observed “Some Type of Throwaway
Overgarment for Use on the Lunar Surface May be Necessary.” 

“On Apollo 16 we had brought a lot of lunar dust into the Lunar Module.  When we got into orbit, all 
the dust floated all over the cabin.  It was so bad we were concerned about our Environmental Control 
System, so we stayed buttoned up in our suits.  After we docked, Mattingly would not let us come into 
the Command Module.  He floated over a vacuum cleaner and closed the hatch until we got most 
vacuumed up.  For long lunar stays with multiple EVAs, I believe an Airlock would be mandatory.”

Charlie Duke - Apollo 16 Lunar Module Pilot/Rover Rider

“Due to Dust Problems, a 4th EVA Would Not Have Been Possible.”  
Commander Cernan
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Apollo Moon Landings



“Alarming”
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Lesson 4 - Pay Attention To Alarming Lunar Dust Toxicity Test Results
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• NASA Sponsored Research Shows Evolving Opinions About the Potential for Lung and Other Organs
Damage from  Ingested Lunar Dust (Apollo Astronauts Also Noted Some Irritations and Allergic Reactions):

2015 - NASA Evidence Report - Adverse Health & Performance Effects of Celestial Dust Exposure Conclusions:
“The evidence literature provides substantial basis for concern that prolonged exposure to respirable celestial dust could be 

detrimental to human health. Celestial bodies where a substantial portion of the dust is in the respirable range or where the
dusts have large reactive surface areas or contain transition metals or volatile organics, represent greater risks of adverse
effects from exposure to the dust. It is possible that in addition to adverse effects to the respiratory system, inhalation and
ingestion of celestial dusts could pose risks to other systems”.

July 2021 - New Lunar Dust Toxicity/Reactivity Testing Results Presented at NASA Exploration Science
Forum and European Lunar Symposium (NESF/ELS):

Alarming Toxic Effects Shown with Significant Potential for Lungs and Other Organ Damage from
Ingesting Simulated Lunar Dust

Submicron Dust Can be Absorbed into the Circulatory and Nervous Systems

● Cannot Afford to Wait for Additional Earth or Moon Dust Testing for Artemis Crews’ Good Health

“There will be nuclear and mitochondrial DNA mutations, which may cause mitochondrial  
dysfunction.  It’s also inevitable to lead to tissue damage or even cancer 
especially in lungs when the Astronauts breathe 
in the dust attached to their space suits.“    

Caston/Chang/Hendrix, Rask et al



roving.ron@gmail.com

Lesson 5 - Must Do Everything Possible to Keep Dust Out of Habitats and Lungs
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• Having Crews and Suits Not Be Directly Exposed to Dust in the First Place is the Best Way to Survive 

Adverse and Hazardous Lunar Dust Effects - As is Done on Earth with Protective “Overgarments”:

• NASA Has Designed and Tested “Isolation Technologies” That Can Help Ensure Good Astronaut Health and 

Increase Artemis “Science” Time by Leaving the Dust OUTSIDE the Lunar Habitat and Explorer Lungs:

Lightweight, Flexible, and Reusable Suit Covers for Astronaut Suits and Suit Joints Protection, with

Airlocks and Suit Ports for Future Artemis EVAs, Rovers, and Lunar Bases

Example 
Suit Covers
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1989 NASA Ames Patent

2008 - “Chariot” Rover



We Are At a Dust “Crossroads” for Artemis - Let’s Not Repeat Apollo Lessons
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Earth-based Moon 
Dust Environment 

Simulation and 
Testing is Very 

Difficult and Not 
Reliable

Example Apollo 16 Frustrating 2 Minute ($82 Million) Video of Suit 
“Housekeeping” with Lunar Dust Brought Into the Habitat and Lungs:

Earth                        Dust Removal Equipment Testing                       Moon
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Implement Suit Covers, Airlocks, and Suit Ports to Ensure Good Astronaut Health 
and Maximize “Science” Time, While Minimizing Wasteful “Housekeeping” Time.

(Multi-step Process That May Also Include Masks with Filters for Use Inside Habitat)

Endanger Early 
Exploration Crews 

by Waiting for 
Moon Dust
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Limited Low Gravity and Low

Pressure Testing Capability
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Costly Environment Testing

and Wasted “Science” Time
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