9.5 Appendix 5: Evaluation of Draft Mars 2020 Mission Organic Contamination
Requirements and M ethodologies

This appendix contains a set of working conceptste eventual Mars 2020 Contamination Control
Plan, along with feedback on those concepts frarQttganic Contamination Panel. This information is
intended to constitute input to the developmerthefactual plan—this appendix is not the planfitsel
Section 1.1 below was prepared by the Mars 202@grteam, and Sections 1.2 and 1.3 constitute
feedback on this information by the OCP.

It is important to recognize that these early cptEand ideas are incomplete and that the evelutaes
2020 implementation will undoubtedly be differemtsiome respects. The Contamination Control Plan
will need to interface with many other aspectshef project, and critical project information abthgse
other areas will be determined later. Once theah€@ontamination Control Plan has been writtewlit
supersede everything in this appendix. Futureensashould therefore recognize that the informaition
this appendix will shortly become useful only fastbrical purposes. In the preparation of thisorg

we have encountered the confusion this situationccaate when trying to understand what Viking and
Apollo thought about vs. actually did. Similartie feedback material in Sections 1.2 and 1.3 will
hopefully be valuable as input to writers of théuat contamination control plan, but afterwards, we
strongly encourage readers to refer to the actaal pot this appendix.

9.5.1 Draft Conceptsfor a Mars 2020 Contamination Control Plan

The Mars 2020 contamination control program wowddhsed heavily on heritage MSL practices so as to
leverage the similarities between the two missi@espite the similarities however, there are a rermb
of differences between MSL and Mars 2020: Someskaylarities and differences are listed in Table 9

MSL constructed a contamination control prograreridied to enable the in-sample contamination
requirements for the SAM instrument. From thersogeand engineering requirements, requirements are
derived for surface cleanliness of the sample fearthain, the Rover in general, and the remainfigie
flight system and launch vehicle interface. Tlghl system would be separated into ‘contamination
zones’ based on an assessment of the efficienggtehtial transport of (terrestrial) contaminatshe
samples collected. An example of the concept osddSL is shown in Figure 21. Hardware
comprising the solid sample acquisition system dd identified as ‘Zone-1,” having the highest
potential opportunity to contamination solid sansplegions further removed from the sample path are
designated as lower risk, therefore allowing axaian of hardware cleanliness requirements redativ
Zone-1.

A similar requirements derivation process wouldapplied to the Mars 2020 system, with the proposed
encapsulated samples as the driving element aérsysbntamination sensitivity. Focused mitigations
would be applied to meet the contamination seriitof the other payloads and engineering systems
comprising the mission.

As with MSL, Mars 2020 would identify all foresedatocations or transport paths for contaminatimn t
get into the sample, and formulate a valid, vepiarequirement on it based on a credible transport
mechanism model. The vectors for potential intrtidun of terrestrial contaminants into sealed saspl
are presented pictorially in Figure 21. Also amenon with MSL, contamination transport models
would play a role in the Mars 2020 mission. Thatsit is worth emphasizing that the Mars 2020
sample transfer chain, including the samples aen timique cleanliness constraints, would be
dramatically different from the MSL system. Whdleme of the underlying generalized physical models



of contamination transport used to conduct MSL yge (e.g., free molecular flow in the vacuum
regime; convection and diffusion for surface operes) apply to Mars 2020, these must be tailoreiti¢o
specific science objectives, configurations (wjecal emphasis of non-heritage elements),
environments, and contamination vectors of the N8&0 mission.

Table 9. Some Similarities and differences betwd&h. and Mars 2020

From the start, the Project acknowledgement o
the importance of contamination control to the
success of achieving mission objectives

Similarities

Similar process used to produce
requirements for allowable in-sample
contamination

— OCSSG in the case of MSL
— OCP in the case of Mars 2020

=

The system architecture is highly similar
for both missions; configuration largely
decouples sample cleanliness from rest
the flight system

Modeling tools and methodologies for
flight and surface operations used on
MSL are applicable to Mars 2020

System-level contamination control
approach emphasizes control and
knowledge (characterization) of
contaminants

Contamination transport models play a
role in verification

Close coordination between CC and PH

of

Differences

Mars 2020 is able to leverage heritage
from a very similar recent mission

Much simpler sampling system

Sampling system is a result of a long
technology program with cleanliness a
key driving factor

Different PP requirements, associated
with sample cache, for both bioburden
and organic contamination

Expected minimal use of dilution cleanir

Challenging cleanliness requirements fg
the Cache; implications for Flight Systel

May have additional contamination
vectors in the form of:

Additional numbers or different
composition of calibration targets

Addition of in-situ Resource
Utliization payload element which
processes gases and would add to
“plume” of contamination around th
rover

Different thermal paint

Potential differences in drill seal
material

9

=
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In addition, there would be a particular focus aulf tolerance to identify points in the designt timay
present a risk to Science objectives in the eveah@nomaly. This process may be informed by gileun
based hardware development tests using flightH&elware and contaminant analogs.



Zone 1: Closest proximity to SAM solid and atmospherileta. Includes sampling system, arm and everytfingard of the
Rover suspension rocker.

Zone 2: Includes everything on the exterior of the Roaftof the suspension rocker; extends upward taléseent stage when
flight system in cruise configuration.

Zone 3: Inside the Rover chassis (WEB)

Zone 4: Everything else

Volatilization L
Contamination of
of descent .
solid sample
plume

through contact
with SCS internal

FS-induced

particulate, molecular
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Mars surface prior to
sampling
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cruise-phase
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rover surface
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Figure 22. Vectors for potential introduction of terrestrial contaminants into cached samples.

9.5.1.1 Science and Contamination Requirements Linkage

Contamination transport models provide the linkag®veen the science requirements and the hardware
cleanliness requirements. Bounding calculationsiaeel to derive conservative hardware cleanliness
requirements—outgassing and surfaces—from therdyiSicience requirements. A rigorous and
systematic program of direct measurements of harlelaanliness is planned to verify compliancéhat t



component, sub-system and system levels. The fdrerdware delivery process requires documentation
of compliance with CC requirements before accemaidhardware for higher level integration.
Measured values for hardware cleanliness subsdyulr@ome inputs to the transport models as an
element of the verification process showing thatdb-flow system enables the science requirements.

9.5.1.2 Design Process

The Mars 2020 project has articulated a systenitanting and design process that emphasizes thk vit
importance of achieving a high degree cleanlinessiie samples (Fig. 22). The Mars 2020 system
architecture exploits the decoupled nature of #mming system from the rest of the flight system.
Further, there has been placed a special emphasiznirolling or eliminating potential sources of
contamination within the hardware elements thatengkthe sample caching system (SCS).
Contamination control is an integral aspect of$&S design trades currently underway; this is an
iterative process wherein allowable in-sample aoimation levels and contaminant transport
mechanisms inform the design process and funcama of the discriminating criteria amongst
competing designs within the trade space.

9.5.1.3 Hardware cleaning

The Mars 2020 project as undertaken an extendamtire search to learn the lessons from Apollo,
Viking, Genesis, and other missions (and othersigs which require elevated levels of cleanlipess
with respect to cleaning flight hardware cleaningtimodologies. (Many of relevant references are
included elsewhere in this report.) The Projestdlao been kept informed of institutional techgglo
development efforts in the areas of cleaning andnm@amination prevention. The project has taken
ownership of some of the more promising activiied would be deciding which to carry forward in
further development. At this time, the specifieasting methods have not been selected. However,
whatever process ultimately selected would be atdid against the Tier-1, Tier-1l contaminants idfesd
elsewhere in the report. A notional process flowdeaning and acceptance of critical sample @bnta
hardware is shown in Figure 24. To prevent reguirtation after cleaning, no polymeric bagging
materials would be allowed to come into direct echtvith SCS hardware: fired foil or stainless ktee
containers would be allowed.
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Figure 23. The system architecting and design process emphasizes the vital importance of achieving a high degree cleanlinessin
samples taken for the Cache.
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Figure 24. Notional process flow for cleaning and acceptance critical sample contact hardware.

9.5.1.4 Sample System Development

The Mars 2020 project plans to undertake samplesysardware development under Class 1000 (FED-
STD-209 Class M4.5; ISO 14644-1 Class 6) protocbls.co-location with other projects would be
permitted and the facility would be accessible dnhtrained personnel. If the venue is to invdive
conversion of an existing facility, the facility wial first be surveyed to determine whether theveati
contamination background is acceptable with resigecieanliness needs of the hardware processing
activity or whether a prospective facility can bedght into compliance with project cleanliness
requirements. It is anticipated that the develapnoé the sample system would take place off-lime i
parallel with flight system development (notiogadlepicted in Fig. 24) so as to maintain a higeeel

of contamination control until it is integrateddan the system integration flow at the launch. site

It is anticipated that system-level assembly testrations would be conducted in an existing facilit
operated under Class 10000 (or better) protodesal-time monitoring of airborne particulate and
similar capability on-line for condensables is plad. The Project is investigating implementatiomeaf-
time particle fallout monitoringhftp://www.pmeasuring.com



http://www.pmeasuring.com
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Figure 24. Notional paralld paths for sample system devel opment and flight system devel opment, with late integration into the
flight system.

9.5.1.5 Witnessplates, Controls & Blanks

The Mars 2020 project recognizes the importanceitoiess coupons in establishing an adequate data se
describing the potential contamination backgrounceturned samples. A comprehensive witness
coupon monitoring program would be designed ineottardware processing flows. The design of the
monitoring program must be purposeful and provigdé&aent contamination knowledge, while at the
same time be implementable. Witness plates wallo\v§ critical hardware through cleaning process fo
cleanliness verification. These coupons or analyesults would be archived. Analysis of teriakand
flight system contaminant sources would be perfarared an archive of flight system materials wowdd b
collected as a reference for contamination sigeaturhe Project expects to leverage the lessons and
practices of other space sample curation facildied described elsewhere in this report.

95.1.6 Hardware Cleanliness Verification

A suite of measurements have been identified asg¢hef measurements to be done for cleanliness
verification of critical sample system hardwarel{lEal0); critical being defined as that which catga
sample and or has a credible direct path to samples

Sampling of surfaces for cleanliness verificatipmlways challenging. So-called analyte recovery
efficiency needs to be taken into consideratioamfling strategy would be determined when
requirements are defined, however several novehoastare available for consideration:

e Experiments using solvents show the swab sampffigency to be ~70% for adventitious
carbon. (The Project is currently performing exments with slightly acidic solvents that would



dislodge the last monolayer; noting the organidscéacting with the metal surface forming
organic acid salts are the most common, tightlyndoiorm of AC.)

e Witness plates can be measured directly with meesitd via GA-ATR FTIR. The GA-ATR can
readily monitor the sampling efficiency of otheaéytical methods.

e ltis possible to abrasively sample surfaces ukiBgpowder and avoid solvents altogether for
DRIFT/FTIR. This method has shown a very high damefficiency (90% +)

Table 10 Broad-spectrum assay procedures to dmigahic contamination

Sample Extract treatment Calibration Concern Comments

Treatment Method Trigger
Surface spectroscopic none NA ? >1ng/cm? Detects fibers, organic
imaging particulates, macromolecular

oM
FTIR-Microscope/Raman Direct N/A Known TBD Detects fibers, organic
microprobe compounds particulates, macromolecular
oM
Gas Chromatography-High IPA/DCM lonization by electron External >10 ng/g Detects polar molecules such
Resolution Mass wash impact, analyze by scanning | standards as hydrocarbons, chlorinated
spectrometry MS solvents, plastics, etc
DRIFT (FTIR) swab/rinse Deposit on KBr Known TBD Sampling € can be referenced
compound to direct methods, e.g. GATR
classes

DART-MS Direct or Optional derivatization Mass TBD Broad range of low-volatility

extract standards materials
Liquid Chromatography- IPA/Water ESI and APCI conditions, External >10 ng/g Detects polar and high-MW
High Resolution Mass wash scan MS and search for standards molecules
spectrometry masses of targets and

unknowns Method development

9.5.1.7 Contamination transport analyses

Contamination transport mechanisms differ betwben/aicuum of space and the Mars surface
environment; thus requiring different modeling aygrhes. Mars 2020 would leverage the analytical
tools used to perform the cruise-phase and sudpestions phase contamination transport analyses f
MSL. Contamination transport models are typicdliyerministic to a stated level of uncertainty.r Fo
Mars 2020, some of the model results may also peeeged probabilistically to be comparable with
some prior work done and reported in this manrrekample, Hudsen et al. 2010.

9.5.1.7.1 Cruise-EDL Models

Contamination transport analyses would be donstimate the redistribution of particulate and
molecular contamination during the launch, cruésery, descent and landing events. Molecular and
particulate redistribution calculations use prgktimeasurements prior art, and flight environmests
inputs to models. These analyses provide the barséstablishing the datum for the initial hardware
surface contamination levels at the beginning @&rafions on Mars.

9.5.1.7.2 Mars surface models

Unlike the cruise phase where molecular contanongtansport is in the free molecular flow regiroe,
Mars, transport in the martian atmosphere detersmelationship between sample contamination
requirements and hardware outgassing requirenidolscular transport an atmosphere, ~6 to 8 torr, is
described by fluid equations; molecules move whihwind (ten Kate et al., 2008; Blakkolb et al 200
Some of the many questions answered by transpatéimincluded temporal and spatial variation of
ammonia concentration effects: timing of the fgample acquisitions; and contact science.



Analysis of the Descent Stage plume constituengsipl and chemical interactions with Mars
atmosphere and soil were done for MSL to assesarnmple contamination risk. Also, since the Descent
Stage impacts Mars at ~100mph, assume the propsitatem ruptures and hydrazine is released. MSL
modeled the gas-phase reactiofiNand Mars C@> carbazic acid: NbeNHCOOH. Solid “ash” and
sublimation gasses are carried by wind. Transpodel calculations including chemistry with martian
soil and atmosphere include the effects gflNeactions with the surface minerals and with the @O

the atmosphere. Gas phase reaction rateldf &hd CQ were measured in the laboratory at JPL as
model inputs. The 3-D simulation included estimatiesnixing in turbulent boundary layer. The
modeling tools developed for are generalizable shahanalyses done for Mars 2020 would be specific
to the requirements and conditions of the mission.

Redistribution of particulate debris by winds onrslduring surface operations has also been idedtifi
as a potential contamination vector to the samatdware. The Project has near term plans to usddert
bounding analyses to understand the magnitudedadtribution by the saltation mechanism and by
physical erosion of surface system materials (Hedtasputtering.”) Depending on the outcome adgh
early studies, more detailed calculations and tesig be undertaken.

9.5.1.8 Conclusion

The Mars 2020 project is in the early phase afé@gelopment. As such, details of many aspectseof t
contamination control implementation are still TBDthis time. However, a significant benefit aesu

to Mars 2020 due to the similarity with the recédatgely successful, MSL mission. While the project
readily acknowledges the additional challengesepriesl by the sample hardware, many of the tools and
processes used for MSL may be applied as-is ordgeel to form the basis of the Mars 2020
implementation. Contamination control engineeimfully engaged with the hardware design and
systems engineering teams and Project managemesarsafully committed to enabling a successful
contamination control program. We strongly encgardowever, that project be proactive in
undertaking the necessary development effortsabatd be needed to bring new cleaning and
cleanliness verification methods on-line with tlee@ssary validation.

9.5.2 Feedback on the Mars 2020 Conceptual Contamination Control Plan

As requested by its charter, the OCP reviewed taessNM020 Project’'s concepts for a contamination
control plan (Section 9.5.1 of this report), and peepared the following feedback.

9.5.21 Mars2020 Sample Return and Heritage from MSL

In Section 9.5.1 it is stated that the Mars 202@amination control program is expected to be based
heavily on heritage MSL practices. However, MSLsw#ictly specified asot a life detection mission,
from the perspective of both science and plangiestection. This mission definition minimized the
level and extent that contamination control anah@tary protection needed to be accounted for on the
mission. Mars 2020, by the addition of the samptiggtem and sealable sample tubes and the potential
for a future restricted Earth return, would be atirely different mission with different Level 1 ssion
requirements. As discussed in this report, thesN2820 mission should carry requirements that prteve
the contamination (biological, organic and partéte) from having an adverse impact on the scientifi
and planetary protection evaluation of the poténgimrned samples. MSL had no such requirements,
therefore it was possible to accept additional ofskontamination of the samples as a matter of
operation. (If a sample is too contaminated, takeensamples until a sufficiently clean sample can b
acquired to provide useful data.)




» Mars 2020 has a much simpler sampling system, waticluld help it to be able to meet the much
stricter requirements relating to potential sarmptarn.

* Unlike MSL, Mars 2020 is unlikely to make extensuge of dilution cleaning (see also Section
2.1.3 of this report). Looking for known proventmads for cleaning and protecting surfaces
from contamination, particularly those that do have geometric restrictions to their efficacy is
the only reasonable course of action. Some clegmiogesses, such as ozone cleaning, carbon
dioxide snow cleaning, and laser cleaning, haveessvith mated surfaces and deep holes. As a
result their applicability to real hardware is lted. Known proven methods for removing volatile
organic materials, organic particles and biota khba accepted and tested to assure that there is
capability to achieve the required levels on allhaf hardware as it is developed and assuring that
the protection schemes are adequate to assurerit@anation levels on delivery to Mars.

* The Mars 2020 samples would need to be considechddyer than were the samples collected
prior to dilution cleaning on MSL

9.5.2.2 Contamination Control Best Practices

In the conceptual contamination control plan (ecf.5.1), reference was made to carrying out
cleaning, assembly and testing operations of theitbee hardware in class 1000 or class 10,000ctaxs
100,000 cleanroom environments, and extensiveesgtiowing long term accumulation of molecular
contamination and evaluating real-time particlédat monitors. OCP endorses these studies. In
addition, however, when Mars 2020 writes its coritertion control plan, we encourage close attertiion
strategies to protecting the hardware to decrdeseate of recontamination. Additionally, OCP iads
measuring and monitoring the microbial, organic padicle source strength variation in the proposed
facilities and their adjacent areas prior to cortingtto them. This can avoid uncontrolled or pgorl
controlled environmental conditions and random apnimation events, such as diesel forklifts idlirexin
to the air inlets and activities such as sprayuigitant on ground support equipment, trucks idiing
truck locks, etc.

9.5.2.3 Contamination Control Plan

Separate processing areas for the sample acquibgigiware and the sample caching hardware
should be utilized, using the best available fae#j such as an ISO-5 clean bench in an ISO-7
Cleanroom utilizing hydrocarbon assimilation figeand following best practices for keeping hardwar
covered at all times that work is not actively lgegarried out on it. This would include the use of
combustion-cleaned aluminum foil and/or stainléeslontainers to decrease the exposure of the
hardware to the environment. Periodic reviewdhefdontamination control practices and facilitiesld
prove invaluable.

9.5.2.4 Combustion Cleaning

The use of combustion cleaning to clean the harelaad storage materials to minimize the
molecular organic contamination, the particulagaoic contamination and the biological contaminatio
is highly recommended. This is standard practideiirestrial laboratories doing research on trace
microbial species and trace organic chemistry taftiang point for Mars 2020 to consider is the
placement of the hardware on clean aluminum fodnrair atmosphere furnace and heating to 550°C and
dwelling at this temperature for two hours followsda slow cool down over 12-16 hours to
approximately 50-100°C, in the furnace. At thatdithe hardware should be wrapped with the foil to
minimize recontamination by airborne contaminafitsee cost impact of potential redesign of hardware t
allow combustion cleaning is very likely less thha cost of development and/or verification of &ueot
process and the risk of failure of the other method



It is well known that decreasing the conductancthefpath for contamination provides a good
method of prevention of contamination. Simple clewetal foil coverings of hardware decreases the
transfer rate of all contaminants to surfaces. Aighly constrainable paths reduce the transfesraye
orders of magnitude at the simplest level of apipnaxion. The actual levels of contamination tramspo
are actually constrained significantly more thaedicted and the simple approximation level dudéo t
highly complicated and poorly understood interatdiof materials on exceedingly clean surfaces.

Finding #31: Baking all sampling hardware in air at >500°C amd>8 hours, followed by rapid
isolation from contact with air, potentially proeisla means to achieve orders-of-magnitude lower
levels of organic contamination. We suggest thatMiars 2020 project substantively investigate this
possibility while evaluating sample hardware degigtions.

9.5.25 Blank Standards

As emphasized in Section 5.3 of this report, bistalkdards that can be field sampled on Mars and
included as part of the sample collection areaaitio the ability to obtain meaningful informatitnom
the samples. These are at least as valuable aanfges, because contamination processes can be
random and variable, and the only way of distiniginig sample from contaminant is by use of blank
standards. These materials should have similangdlysroperties and be readily analyzed for trace
organics. Mars 2020 needs further discussion emésign of these blank standards. However, arfact
to consider is that they should have a carefullyseim permeability to allow penetration of organic
contamination into the interior of the blank in ammer that is sufficiently similar to the naturahgles.
Consideration should also be given to whether thésgks should be drilled and handled in different
orientation to determine whether or not there aaitationally induced effects on the sampling.hss
been pointed out elsewhere (e.g. Mustard et aBR0dithout appropriate blank standards the samples
would almost certainly not be worth returning iacentific sense.

95.2.6 WitnessPlates

OCP would like to emphasize the points made ini@e&.2 of this report regarding the importance
of witness plates. Witness plate sets shouldidemultiple identical plates to allow the quick
contamination control measurements as well as memsunt of the more time consuming contamination
knowledge measurements to identify the compositidrike contamination. Work needs to begin soon on
evaluating the requirements of the archiving facitiot only for the returned samples but for asguthe
ability to maintain the witness plates and matsrsamples required for the sample return missitinghw
may also include bioburden samples either processpreserved (see discussion in Section 5.4 sf thi
report). These archiving processes need to baedahd validated prior to collecting materiald®
archived. The archive facility needs to be propbtdggeted.

9.5.2.7 Additional Planning to I mprove Contamination Knowledge

OCP strongly encourages more planning for acquecongamination knowledge, which we consider
extremely high priority (see Findings #3, #5 ofstreport). This includes how and what is sampleg h
and what is measured, who is going to do the mea®nts, quality control, verification and validatiof
methods and procedures, etc. This information pamgntially be exceptionally important to future
investigators, and it is essential that it be abdd properly during the project’s development ghas



9.5.2.8 Contamination Verification Plan

The contamination verification as provided abovim ikne with the suggestions and the philosophies
of the OCP. It is expected that this would contitube developed further and that the processes and
methods would be verified and validated followihg further identification of the total landed syste
requirements are identified and that the effofuigded. The proposed scheme for quantifying thamim
contaminants seems to be a good starting point.

9.5.2.9 Total Organic Carbon

The project would need to propose a way of meaguratal Organic Carbon. The traditional
method for determining total organic carbon in ggatal samples is by pyrolysis, although as disstiss
in this report, detection limits of current anatysiystems are nowhere near good enough for this
application (the pathway to creating such an imsémut in the future is clear, so OCP has not worried
about this). There are alternate means for maagthie concentration of trace organic molecules on
metal surfaces. An additional problem is that ysialof metal surfaces by pyrolysis can resulbisd
signals from metal carbide that is part of theyalldhe Mars 2020 project would need to choosearne
more methods (there are TOC analyzers that woalchréhe necessary detection sensitivity, and ones
that would not be interfered with by the metal a@eb, but these may be separate instruments).eTher
was a preference within OCP to measuring TOC djrect witness coupons rather than measuring from
swab samples and that witness coupons be madegiigférom spacecraft or sampling system materials.
Multiple material types were also advised as theogation of organics on surfaces is material depenhd

Due to the significance of the contamination arahptary protection requirements and the extremely
low expectable levels of contaminants in the sampthing systems as well as the additional specific
measurements required, verification and validatibtihe sampling and measurement techniques isdcalle
for. Development of the measurement and monitaeegniques well in advance of the actual
measurements on the hardware is called for. Thesfact buys down the risk of the planned
contamination control and planetary protection nesments by allowing verification and validation of
the planned cleaning and recontamination protectagucing mission risk.

9.5.2.10 Relationship to Planetary Protection

Based upon the differences between MSL and the RO rover mission, particularly with respect
to the expected Planetary Protection driven remerds, it is absolutely necessary that the PP
requirements and their impacts on the Contaminaiomtrol requirements and implementation be
entirely understood across the entire mission thatpotential impacts on systems be explainebdo t
individual system and subsystem leads. It would eeat concern if any of the subsystem leads have
inadequate understanding of the rationale behiagkanetary protection and contamination
requirements. An attitude of “here’s my hardwatean it and get it to meet your PP and CC
requirements” would almost certainly lead to diffiges. It is crucial that the subsystem leadeptand
be held accountable to designing and deliveringwiare meeting these requirements, and that they
understand the principles of how to meet the regquénts. Organic contamination control is central t
the objectives of Mars 2020, and it needs to beracdld by the entire science and engineering teams.

9.5.2.11 Selection and Characterization of sampling system materials

The fundamental physics and chemistry of the matematters in considering the effects of organic
contamination. Many of the contamination issugisdown to a materials issue—some materials are
better than others with respect to how they cherjgzhysisorb, or desorb organics. Appropriate
material selection accounting for potential Contaation and Planetary Protection issues and liroitati



should be included as part of the hardware desan the beginning, which would enable the attainmen
of the requirements.

It is imperative that sample container materiaks@raracterized in a way that allows for accurate
understanding of the interactions between themtladnartian environment. Without this, defining a
verifiable requirement for organic cleanliness rbaychallenging. During the review process for this
report, concerns were raised about the behavithreofample container in the martian environmerath su
as the effects of temperature cycling & seal lifetj winds, radiation, humidity, insertion of heated
Martian rock post-coring. Early testing would kEnbficial. A factor that specifically should be
considered is the corrosion or other deleteriotecesf by martian soil (e.g. perchlorates, acideta and
other reactive components).

9.5.2.12 Final Cleaning of Hardware

Consider final cleaning of hardware that touchesas with ultrapure water. This would reduce
organic residues from solvents. Detailed optinapection before and after traditional cleaning of
stainless steel hardware can show the additioitnofiike material (presumably organic from organic
solvent) and particles. Ultrapure water has bese dior prior sample return missions at other NASA
Centers. For example, UPW was used in ISO Classlean Genesis hardware for flight.

Other techniques such as the utilization of clegub@thniques and technologies that are well known
for their ability to remove diverse materials frenrfaces, including combustion cleaning, sub-aitic
water cleaning, supercritical fluid extraction,.ethich are well developed in other industries.

9.5.2.13 Madification of sampling system surfaces

Surface modification for some Mars 2020 surfaceg beaappropriate. OCP discussed at length the
possibility of adding of a thin surface coatinglie sample-contact surfaces to decrease surfaogyene
as a strategy to decrease the accumulation of titieas carbon. From the point of view of the séasp
this would be equivalent to adding a known contamirio gain the benefit of reducing the unknown
contaminants (“the devil you know is better tham dlevil you don’t know”). Although the members of
this committee had mixed opinions on the conseqgentthis strategy to the possible eventual sample
based investigations, we agreed as a group that#sens to oppose it are at least as strong as the
reasons to support it, So as a group we agreezttmmmend against this approach.



