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INTRODUCTION

The recent initiative in human space exploration involves 
settling the Moon, producing rocket propellants, and establish-
ing the Moon as a test bed in preparation for future missions 
to Mars and beyond. The surface of the Moon is covered by a 
layer of lunar regolith, which can provide important materials 
for in-situ resource utilization (ISRU). Structurally bonded 
oxygen and solar-wind implanted hydrogen in lunar soil can be 
readily released from glass and minerals to be used as propel-
lants, as well as for making water for human consumption (e.g., 
Taylor 1992). However, lunar dust (the <20 μm portion of the 
regolith) presented several unanticipated problems during the 
Apollo missions (Taylor et al. 2005). With plans for returning 
humans to the Moon, it is paramount that dust mitigation stud-
ies be undertaken immediately. The results of this present study 
provide for a critical component that allows testing of various 
dust mitigation methods. 

Dust comprises ~20 wt% of lunar soil (McKay et al. 1991). 
The adhesive, abrasive, and omnipresent lunar dust is involved 
with virtually every aspect of the planned human presence on 
the Moon. For example, an embarrassing problem for the Apollo 
program involved the fact that none of the �million-dollar rock 

boxes� designed and built at Oak Ridge National Labs remained 
sealed at the vacuum of the Moon (~10�12 torr). They all leaked, 
because of the ubiquitous dust, thereby exposing the lunar 
samples to terrestrial air. The deleterious nature of lunar dust 
became apparent with the Þ rst Apollo mission to the Moon, but 
was tolerated rather than mitigated because of the rapid succes-
sion of following missions. Without any effective mitigation, 
large amounts of lunar soil and dust were brought into the lunar 
module, thereby contaminating the atmosphere that the Apollo 
astronauts breathed. In fact, each astronaut complained of some 
form of irritation to their noses, throats, and/or eyes (Taylor et al. 
2005). It is entirely possible that the large proportions of the <1 
μm fraction of lunar dust (~1 wt% of lunar soil) may have real 
potential for being toxic to humans, forming various pulmonary 
Þ broses, etc. Lunar dust is composed of 60�80 vol% impact-pro-
duced glass (agglutinitic glass, Fig. 1), which contains abundant 
nanometer-sized  metallic Fe grains (np-Fe0; Taylor et al. 2005). 
Glass particles of <100 nm can move directly into the human 
blood stream, and we suspect that the highly reducing metallic 
Fe may interact with hemoglobin Fe3+, causing reduction to Fe2+, 
severely affecting the oxidation state of the respiratory system. 
Furthermore, Park et al. (2007) have determined that the particle 
size distribution (PSD) of lunar dust from Apollo 11 soil has a 
peak at ~100 nm, indicative of a huge number of dust particles 
in this dangerous size range. * E-mail: yangl@utk.edu
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ABSTRACT

Lunar regolith contains important materials that can be used for in-situ resource utilization (ISRU) 
on the Moon, thereby providing for substantial economic savings for development of a manned base. 
However, virtually all activities on the Moon will be affected by the deleterious effects of the adher-
ing, abrasive, and pervasive nature of lunar dust (<20 μm portion of regolith, which constitutes ~20 
wt% of the soil). In addition, the major impact-produced glass in the lunar soil, especially agglutinitic 
glass (60�80 vol% of the dust), contains unique nanometer-sized  metallic Fe (np-Fe0), which may 
pose severe pulmonary problems for humans. 

The presence of the np-Fe0 imparts considerable magnetic susceptibility to the Þ ne portion of 
the lunar soil, and dust mitigation techniques can be designed using these magnetic properties. The 
limited availability of Apollo lunar soils for ISRU research has made it necessary to produce ma-
terials that simulate this unique np-Fe0 property, for testing different dust mitigation methods using 
electromagnetic Þ elds, and for toxicity studies of human respiratory and pulmonary systems, and for 
microwave treatment of lunar soil to produce paved roads, etc. A method for synthesizing np-Fe0 in 
an amorphous silica matrix is presented here. This type of speciÞ c simulant can be used as an additive 
to other existing lunar soil simulants. 
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