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Introduction: NASA Johnson Space Center’s Cu-
ration Office is home to seven astromaterial collections,
stored and processed in specifically designed clean-
rooms ranging from ISO Class 4 to 1SO Class 7 [1].
Keeping contamination under defined levels (Contami-
nation Control, CC) while monitoring and recording the
levels and nature of contamination (Contamination
Knowledge, CK) is a mandatory part of clean curation,
to ensure all samples stay as pristine as possible to ena-
ble science investigation for the indefinite future. Cur-
rently, the main CK effort is a weekly monitoring of par-
ticle levels [2]. Specific measurements have been done
over the life of the facilities to target overall inorganic
and organic contamination or specific compounds [3].

In the next decade, the Curation Office will receive
new collections which necessitate the development of
new CK and CC protocols, especially related to organic
contamination. Advanced CK and CC studies are under-
way to get ready for these new challenges. Since Janu-
ary 2019, airborne molecular contamination (AMC),
both inorganic and organic have been monitored in three
curation cleanrooms: the Stardust Laboratory, the Me-
teorite Processing Laboratory and the Cosmic Dust La-
boratory [4]. These tests are conducted to evaluate the
potential impact of the nearby cleanroom construction
site for the upcoming collections, as well as to under-
stand the levels and variety of airborne molecular com-
pounds.

Since AMC tests cannot be used to target specific
events, due to logistical and financial constraints, a
more continuous monitoring was needed to enable a
faster response to potential contamination. An easy to
implement CK setup is the continuous monitoring of
particles. We explain in the following the rationale for
this choice, as well as the protocol and preliminary re-
sults.

Continuous particle monitoring: Continuous par-
ticle monitoring is used in some industries, especially as
a quality control protocol on a production chain. To the
knowledge of the authors, such measurements have
never been done at the Curation Office.

Rationale. -The Curation Office has access to four
handheld particle counters, making the measurements
easy to implement. Continuous monitoring helps under-
stand particle production and intake mechanisms, allow-
ing the curation team to understand if certain activities
or pieces of equipment produce excessive numbers of
particles. If there is evidence for an influence from the
outside environment, continuous monitoring allows for

a finer scale understanding of potential contamination
from the construction site nearby, something the AMC
tests do not provide. Finally, continuous monitoring al-
lows us to understand if the weekly particle monitoring
is statistically reliable.

Protocol. The protocol was determined in the Mete-
orite Processing Laboratory (MPL), monitoring four lo-
cations. The TSI Aerotrak 9306-V2, a cleanroom-com-
pliant handheld optical particle counter [5] has a flow
rate of 2.83 L/min, and can measure six channels (parti-
cle size) of simultaneous data. We chose 0.3 um, 0.5
pm, 1 pm, 3 pm, 5 pm and 10 pm in compliance with
standard 1SO 14644-1 section A.4.4. Results are given
in particles/m?, even though the sample size was smaller
than 1 m® We do not consider the 0.3 um particle
counts, as the counter is not reliable (<50 %) for such
small particles. The minimum sample size (volume of
air) is determined in standard 1SO 14644-1 to be the vol-
ume of air sufficient to detect 20 particles of a certain
size and larger if this size of particles is at the class limit
for the designated ISO Class. In the case of the Meteor-
ite Processing Laboratory (ISO Class 6-7), 2 minutes of
sampling (5.66 L) is enough to have reliable results on
particles up to 1 pm. For larger particle channels (5 pm
and larger and 10 pm and larger), a longer sampling is
needed. Longer sampling times are currently being
tested, but the Aerotrak 9306-V2 might not be adapted
for larger particles, and a faster sampling rate might be
required to keep sampling times under half an hour. This
protocol is very similar to the one used for the weekly
monitoring, with the exception of measuring particles
0.7 um and larger rather than 1 pm and larger in our
protocol.

We determined that once per hour is an adequate fre-
quency of measurement to capture all major peaks. An
automated sequence can run for several weeks at a time.
Before and after every sequence, an HEPA filter is at-
tached to the counter, and air is run through for 5 min,
to make sure there are no residual particles in the coun-
ter and ensure an accurate measurement. Measurements
were performed between July 2019 and January 2020 in
four locations of the MPL (anteroom R237, and work
rooms R239B, R239 and R255).

To correlate the data with the activities in the clean-
rooms, we asked all personnel entering the rooms to in-
dicate their time in and out and their activities.

Results: Figure 1 presents a subset of data of parti-
cles 0.5 um and larger, from September 9" to 17, 2019
in room R239B of the MPL. Greyed areas are outside of
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working hours, from 5 pm to 8 am and on weekends,
when the cleanrooms are at rest. Red dots indicate the
maximum occupancy each hour. Data show peaks of
varying intensity, with a very high peak on Wednesday
the 11™, and smaller peaks during the other workdays.
Particle counts are usually going down when the clean-
room is at rest, with some exceptions such as Saturday
the 14™. Apart for a few exceptions, all counts are below
ISO Class 7 (352,000 particles/m®) permitted particle
counts, and most are below 1SO Class 6 (35,200 parti-
cles/m3). All monitored locations show similar trends,
but distinct levels. We interpret this as either the fact
that the source responsible for peaks is impacting each
room in a similar way, or that the air in the MPL is rap-
idly mixed, since the laboratory is non-unidirectional
(the airflow is turbulent).

Discussion: We considered several parameters to
explain peaks in the particle counts: temperature, hu-
midity, differential pressure in between rooms and with
outside unclassified environment, occupancy and activ-
ities, airflow, and weather and outside contaminants.
Peaks do not appear to be correlated to one single pa-
rameter. Temperature and humidity do not correlate
with particle counts. Outside environment seems to
have some impact, with for example a high peak on Sep-
tember 11", a day high in pollen according to the Hou-
ston Health Department [6]. During a few hours on No-
vember 25", a day with dust-inducing activities in the
Curation Office construction site, the counters recorded
a spike of 1.5 million particles larger than 0.5 pm per m3
(~4x the maximum ISO 7 value). It is not clear yet
whether the influence of the outside environment is
through a direct input of outside air, or because person-
nel carry more particles on ingress. Peaks seem to be

500000

2585.pdf

loosely correlated to activities, but a better understand-
ing of activities is needed to confirm the correlation.

We compared weekly monitoring measurements and
median per day of our data (to eliminate the impact of
peaks). Weekly particle counts are on average 5 times
higher than the median daily particle counts for meas-
urement days. Even though it means that the cleanrooms
are cleaner than expected from the weekly monitoring,
it would be recommended to revise the weekly monitor-
ing protocol to more accurately reflect the particle levels
in cleanrooms.

Conclusion and future work: Continuous particle
monitoring shows that the Meteorite Processing Labor-
atory is a dynamic and complex environment, with no
primary source of particles identified yet. The levels are
still within the planned ISO Class, and do not pose threat
to the collection. To understand better the data, moni-
toring of airflow and differential pressure is advisable.
As a direct comparison, monitoring of the Apollo Cura-
tion laboratory will start soon, to understand which
sources are more local to the cleanroom versus building-
wide. The current data has already proven useful to pro-
pose recommendations to the curation team regarding
adapting maintenance and protocols.
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Figure 1: Particle counts (pink) of 0.5um and larger in R239B of the Meteorite Processing Laboratory. Greyed areas
are outside of working hours. Occupancy (red dots) shows the maximum number of people in the MPL each hour.
The horizontal black lines indicate maximum particle counts for ISO Class 6 and 1SO Class 7.



