
Lunar Airborne Dust Toxicity Assessment Group
(LADTAG)

Noreen Khan-Mayberry, Ph.D., 

Space Toxicologist
Space Life Sciences, Johnson Space Center – Houston, TX



LADTAG’s Charge to the LDTRP

•The LADTAG (Lunar Airborne Dust Toxicity Assessment Group)e G ( u a bo e us o c y ssess e G oup)
recommendations for research are being implemented by the Lunar Dust Toxicity
Research Program (LDTRP) The LDTRP was initially only concerned with
airborne lunar dust and its toxicity to the Respiratory system, however, the group is
also studying effects of non-airborne dusts on human health

•Dermal toxicity (skin irritant/allergic responses, and abrasion effects – Breach of
water barrier?)

•Ocular Toxicity (eye irritant/allergic responses, and abrasion effects – Scratches,
Embedding?)

•Effects of dissolution of lunar dust on toxicity in human system is being studied•Effects of dissolution of lunar dust on toxicity in human system is being studied

•Development of acute and chronic (time based) exposure limit standards for
inhalation (pulmonary) toxicity and human risk criteria will be developed no later
than 2010.

•Current HSIR standard for lunar dust is 0.05 mg/m3 (set by LADTAG, Feb 2006).



LADTAG’s LogicLADTAG’s Logic
••LADTAGLADTAG researchresearch studiesstudies areare gearedgeared towardstowards producingproducing
deliverablesdeliverables aimedaimed atat reducingreducing uncertaintyuncertainty inin contributingcontributing factorsfactorsdeliverablesdeliverables aimedaimed atat reducingreducing uncertaintyuncertainty inin contributingcontributing factorsfactors
(size(size distribution,distribution, time,time, activity,activity, dose,dose, species)species)

••InIn 20062006,, LADTAGLADTAG reviewedreviewed thethe availableavailable lunarlunar dustdust literatureliterature andand
thethe technicaltechnical expertiseexpertise ofof thethe advisoryadvisory groupgroup.. TheThe groupgroupthethe technicaltechnical expertiseexpertise ofof thethe advisoryadvisory groupgroup.. TheThe groupgroup
recommendedrecommended thatthat inin orderorder toto setset aa representativerepresentative healthhealth standard,standard,
wewe mustmust testtest multiplemultiple typestypes ofof lunarlunar dusts,dusts, specificallyspecifically finestfinest fractionfraction
(<(<1010 μm)μm) ofof lunarlunar dustdust simulantsimulant andand thethe immatureimmature andand maturemature
hi hl dhi hl d d td thighlandhighland dustdust..

••TheseThese highlandhighland soilssoils werewere selectedselected basedbased uponupon NASA’sNASA’s planplan toto landland
inin thethe polarpolar regionregion uponupon returnreturn toto thethe lunarlunar surfacesurface..

••ThisThis particleparticle sizesize fractionfraction waswas selectedselected becausebecause itit isis consideredconsidered toto bebe
thethe respirablerespirable sizesize rangerange..

••TheThe respirablerespirable fractionfraction hashas historicallyhistorically beenbeen extremelyextremely difficultdifficult toto
analyze,analyze, yetyet thisthis datadata isis keykey forfor evaluatingevaluating thethe toxicologicaltoxicological propertiesproperties
ofof lunarlunar dustsdusts..

•• ModernModern technologytechnology hashas providedprovided severalseveral newnew optionsoptions forfor particleparticle
sizesize analysis,analysis, particularlyparticularly inin thisthis finefine sizesize rangerange

•• DispelDispel thethe rumorsrumors andand scarescare tacticstactics thatthat areare notnot basedbased onon scientificscientific
evidence!!!evidence!!!



Known Toxic Effects of DustsKnown Toxic Effects of Dusts
•• Dermal irritation & penetrationDermal irritation & penetration
•• Eye irritation & corrosionEye irritation & corrosion•• Eye irritation & corrosionEye irritation & corrosion

–– ChemicalChemical
–– MechanicalMechanicalec cec c

•• Respiratory injuryRespiratory injury
–– Upper air waysUpper air wayspp ypp y
–– Lower airwaysLower airways

•• EdemaEdema
fl ifl i

<20

<5
•• InflammationInflammation
•• FibrosisFibrosis
•• Cancer?Cancer? <1

<0.1 

•• What effects will simulants produce?What effects will simulants produce?
Courtesy: J.T. James, NASA (2005)



Unknown Toxic Effects of Lunar DustsUnknown Toxic Effects of Lunar Dusts
•• Dermal irritation & penetrationDermal irritation & penetrationDermal irritation & penetrationDermal irritation & penetration
•• Eye irritation & corrosionEye irritation & corrosion

–– Chemical?Chemical?Chemical?Chemical?
–– Mechanical?Mechanical?

•• Respiratory injury?Respiratory injury?p y j yp y j y
–– Lung clearing of unusual particle shape?Lung clearing of unusual particle shape?
–– Effective clearance mechanisms? Effective clearance mechanisms? 
–– Effect in 1/6 g?Effect in 1/6 g?
–– Effect of highly reactive/ activated particles?Effect of highly reactive/ activated particles?

ff f i i i lff f i i i l–– Effect of inactive particles?Effect of inactive particles?
–– Rate of passivation?Rate of passivation?

Effect of nanophase Fe?Effect of nanophase Fe?–– Effect of nanophase Fe?Effect of nanophase Fe?
–– Cellular injury? Generation of Reactive Oxygen Species Cellular injury? Generation of Reactive Oxygen Species 

(ROS)?(ROS)?



Toxic Effects of Simulants???Toxic Effects of Simulants???
•• Simulants are highSimulants are high--fidelity (chemically and physically)fidelity (chemically and physically)
•• The The Lunar Simulant MSDSLunar Simulant MSDS: Is the current Material Safety Data : Is the current Material Safety Data 

Sheet (MSDS) accurate for all simulants?Sheet (MSDS) accurate for all simulants? -- The last MSDS that I The last MSDS that I 
reviewed in 2007 needed significant improvement reviewed in 2007 needed significant improvement –– Occ Health agreed. Occ Health agreed. g f pg f p gg

•• Parent Simulant (JSCParent Simulant (JSC--1 or JSC1 or JSC--1A): 1A): Potential for toxic effects will Potential for toxic effects will 
depend upon several variables:depend upon several variables:
–– Amounts (dosage) will vary depending upon type of experiment/test conductedAmounts (dosage) will vary depending upon type of experiment/test conducted
–– Size fraction the user is exposed to (fine, ultrafine) Will vary depending type of Size fraction the user is exposed to (fine, ultrafine) Will vary depending type of 

experiment/test conducted experiment/test conducted 
–– Type of PPE employed during exposure? Type of PPE employed during exposure? (need to protect from ultrafines at a (need to protect from ultrafines at a 

minimum)minimum)

•• I have personal experience breathing simulantsI have personal experience breathing simulants ((not fun!)not fun!)I have personal experience breathing simulants I have personal experience breathing simulants ((not fun!)not fun!)
•• Suggest respiratory protectionSuggest respiratory protection
•• Dermal protection Dermal protection ((case by case basis only case by case basis only –– contingent upon type of contingent upon type of 

useuse))



Questions for persons working with SimulantsQuestions for persons working with Simulants
•• How much (quantity) of simulants are you working with? How much (quantity) of simulants are you working with? (q y) y g(q y) y g
•• What is the size range of the simulants that you are working What is the size range of the simulants that you are working 

with? with? 
•• How long do you routinely expose yourself to simulants? How long do you routinely expose yourself to simulants? 
•• Do you use PPE? What type (s) of PPE?Do you use PPE? What type (s) of PPE?
•• Do you monitor your area for the amount of particulate in air Do you monitor your area for the amount of particulate in air 

when you work with simulants? when you work with simulants? 
i ffi i f ll i li ffi i f ll i l•• Is one “generic” MSDS sufficient for all simulants?Is one “generic” MSDS sufficient for all simulants?

–– Should each type of simulant have its own unique MSDS, that reflects Should each type of simulant have its own unique MSDS, that reflects 
the unique chemical make up and content?  the unique chemical make up and content?  e u que c e ca a e up a d co e ?e u que c e ca a e up a d co e ?



Preliminary Toxicity Data on Lunar SimulantsPreliminary Toxicity Data on Lunar Simulants
•• Reactivation of JSCReactivation of JSC--1A 1A 

Preliminary results show measurable activation of simulants by Preliminary results show measurable activation of simulants by 
grindinggrinding
–– The activation was measured by the amount of free radicals generated: Activated The activation was measured by the amount of free radicals generated: Activated 

simulants have generated Reactive Oxygen Species (ROS) i.e., production of simulants have generated Reactive Oxygen Species (ROS) i.e., production of 
hydroxyl free radicalshydroxyl free radicals

–– Simulants and controls appear highly charged upon grindingSimulants and controls appear highly charged upon grinding

•• Dissolution of SimulantsDissolution of Simulants
–– Tests have shown that simulants leach chemicals into solution (HTests have shown that simulants leach chemicals into solution (H22O)O)Tests have shown that simulants leach chemicals into solution (HTests have shown that simulants leach chemicals into solution (H22O)O)
–– Solutions of varying pH are also being tested (various pH will relate to varying Solutions of varying pH are also being tested (various pH will relate to varying 

pH found in respiratory defense mechanisms pH found in respiratory defense mechanisms –– ex: macrophages)ex: macrophages)
Simulants behave very differently from actual lunar dust in solutionSimulants behave very differently from actual lunar dust in solution–– Simulants behave very differently from actual lunar dust in solution  Simulants behave very differently from actual lunar dust in solution  

•• Abrasivity of simulants to dermisAbrasivity of simulants to dermis
–– Simulants appear to be as abrasive as “industrial” sandpaperSimulants appear to be as abrasive as “industrial” sandpaper



Questions???Questions???

Sorry that I could not join you personally! ESorry that I could not join you personally! E--mail me or call mail me or call 
me! me! Noreen.n.khanNoreen.n.khan--mayberry@nasa.govmayberry@nasa.govy y@ gy y@ g

or 281or 281--483483--18761876


