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Introduction: In addition to the unique radiation 

environment on the Moon, micrometeorite bombard-
ment has the potentital to affect the mineral structure, 
chemical reactivity, and toxicity of lunar dust.  

 
Background: On Earth, one of the most widely-

studied and best understood mineral dusts from a 
chemical reactivity and toxicity pespective is crystal-
line quartz [1][2]. A key feature of quartz is that its 
chemical reactivity can be increased by mechanical 
grinding, which generates mineral radicals that are 
measureable by the Terephthalate Assay (TA) [3] and 
Electron Paramagnetic Resonance (EPR) spectroscopy. 
More importantly, increased chemical reactivity in 
quartz due to mechanical grinding has been shown to 
cause increased toxicity [2] and is long-lived [4]. Me-
chanically ground Lunar dust has also been shown to 
have increased chemical reacitivity as well [3][5], and 
studies assessing the toxicity of freshly ground Lunar 
dust that was prepared using techniques described in 
this paper are underway. 

 
Methods:  In this study, we investigated three dif-

ferent grinding techniques, and the effect it had on 
quartz chemical reactivity as measured by the TA and 
EPR. The grinding of OK-75 crystalline quartz speci-
mens (U.S. Silica) was performed in a Retsch MM400 
ball mill, which caused mineral fracturing by repeated 
impacts of a grinding ball inside a grinding jar. Ex-
perimental groups included samples ground in (1) a 
zirconia jar with a 15 mm zirconia ball, (2) a zirconia 
jar with a 15 mm agate ball, and (3) an agate jar with 
four 5 mm agate balls. Immediately following grinding 
for each experimental group, the freshly ground quartz 
samples were analyzed by the TA, EPR, and a Micro-
trac particle size analyzer.  

 
Results: When a single, 15 mm diameter high den-

sity Zirconia grinding ball was used to grind quartz, 
particle size reduction from ~100 µm to ~10 µm was 
achieved, together with an increase in free radicals, as 
measured by the TA. When a single, low density 15 
mm diameter agate grinding ball was used to grind 
quartz, particle size reduction from ~100 µm to ~10 
µm was also observed, together with a slight increase 
in free radicals as measured by the TA. When a single 
low density 5 mm in diameter agate ball was used to 
grind quartz, similar particle size reduction was also 
achieved, but little to no radical generation was de-
tected. EPR measurements confirmed the TA results.  

Summary: We have tested a variety of grinding 
methods for quartz and other lunar analog materials, to 
understand how these mechanical processes affect 
chemical reactivity. We have identified experimental 
conditions under which chemical reactivity induced by 
mechanical grinding varies with the density of the 
grinding ball used in a ball mill. These findings can be 
explained by differences in compressive forces im-
parted by different grinding balls used during the 
grinding process. We believe these findings are rele-
vant to impact processes on the Moon and other plane-
tary surfaces, which may generate a gradient of com-
pressive forces at varying distances from an impact 
site, and may influence the chemical reactivity and 
toxicity of regolith and dust.  
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