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Mars Mission Exploration Tools e X
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< Lyman Alpha Photometer (LAP) Mars Color Camera (MCC)

¥ Tyman Alpha Photometer (LAP) is an absorption cell

a 2 ™ . - VTR T s nasne X
‘\ photometer, It measures the relative abundance of .H..u-. T «.xxlmk Murt' (_u.nlm LAMRTE VIS Iu 1Ages. &
S deuterium  and ‘l)d:l.-yc:n from 1_'.,”“,:,__4;:_“ u.m.-r.n.mt::l :l ol Lher surfig a’lv.:ll.hr.}l:u umlgu.m-
% emission in the Martion upper atmosphere (vpically tion of Martian surface. They are useful to monitor
N Exosphere and exobase). Measurement of D/H the dypamic ¢vents and weather of Mars, MCC will

also be used for probiog the two satellites of Mars -

( Dvuterium to Hydrogen abundance Ratio) allows os o ) :
Plobos & Deimas. 1t also provides the context infor-

to understand eS]ex ully the loss process of waler

. nation far other seior wvionds
from the planet. mation far other steience pavioads.

Methane Sensor for Mars (MSM) Mars Exospheric Neutral Compo- Thermal Infrared Imaging Spec-
B MSM is designed 1o meéasure Methane (CH4) in the sition Analyser (NlENCA) trometer l'l‘lS)

Martian atmosphere with PPB aceuracy and map its
sources. Datn s aoquired only aver illuminated
scene as the sensor measures reflected solar radia-

ton. Methane concentration in the Martian stmo- |
spherve updergoes spatial and temporal varlations

MENCA i a quadrple mass spectrometer capable TIS measure the thermul emission and can he
of analysing the neutral composition In the rangt uperated during both day asd might. Temperature
of 110 qo0 ans with umil mass resolution, The and emissivity ane the two hasic physical parame
heritage of this paylond s from Chandra’s Altitudi tors estimated from thermal vmission messure-
pal Compesition Explorer (CHACE] pavioad ment. Many minerals and sofl types have
| characienistic spectra in TIR region. TIS can map

surface composition and mineralogy of Mars

Atmospheric studies Particle environment studies Surface Imaging Studies
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Precursor to Human Space Flight (May 2016)
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Reusable Launch Vehicle (RLV)
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Human -
Cluster of Galaxies Eerf"hmx

Galaxy Cluster Abell 1689
Hubble Space Telescope ¢ Advanced Camera for Surveys

NASA, N. Benitez (JHU), T. Broadhurst (The Hebrew University), H. Ford (JHU), M. Clampin(STScl),
G. Hartig (STScl), G. lllingworth (UCO/Lick Observatory), the ACS Science Team and ESA
STScl-PRC03-01a

A. Jeevarajan / NASA-JSC



CENTRAL REGION OF THE MILKY WAY
NASA’sS GREAT OBSERVATORIES

NASA, ESA, CXEC, S5C, AND STScI STScI-PRCO9-28A

A. Jeevarajan / NASA-JSC
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Mars Arrival
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Life Support Requirements Mass

Breakdown

Human -

Health
Performance
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5.02 - 30.74 kg per person-day 11.3 Metric Tons Per Person-Year
DAILY INPUTS - NOMINAL / \ DAILY OUTPUTS - NOMINAL
kg kg
Oxygen 0.84 Carbon Dioxide 1.00
. Respiration and 2.28
Food Solids 0.62 Perspiration Water
Water in Food 1.15 Urine 1.50
Food Prep Water 0.79 Feces Water 0.09
_ ] Sweat Solids 0.02
Drink 1.62 Resources and Recycling Urine Solids 0.06
Hand/Face Wash Water 1.82 « Water Regeneration Reactors Feces Solids 0.03
Shower Water 5.45 o Air Revitalization Reactors Hygiene Water 6.68
. . Clothes Wash Wat 11.90
Clothes Wash Water 1250 || «Environmental Sensors (Chemical) othes Yiash water
. . . Clothes Wash 0.60
Dish Wash Water 5.45 » Microbial Monitors Latent Water
Flush Water 0.50 Other Latent Water 0.65
Dish Wash Water 5.43
Flush Water 0.50
TOTAL 30.74
TOTAL 30.74
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Garbage Handling

»‘. - v
v i




Salt and Pepper e X
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Candies in water bubble
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Dinner at his Lap e 7




One of the Favorite Foods




Yummy Dinner e X
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Human -

Food for Space Missions Fermance K

Natural
Form
Foods

Beverages

Rehydratable
Foods

Irradiated &

Intermediate Therrpo-
Moisture stabilized
Foods Foods

A. Jeevarajan/NASA 28



Space Food Systems Video
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Weightlessness




Super-Woman
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* Hazards of Spaceflight

Hazards Drive Human Spaceflight Risks

Drives the need for additional
“autonomous” medical care
capacity — cannot come home for
treatment

Balance Disorders
Fluid Shifts
Cardiovascular Deconditioning
Decreased Immune Function
Muscle Atrophy
Bone Loss

Acute In-flight effects
Long term cancer risk

Vehicle Design
Environmental — CO, Levels,
Toxic Exposures, Water, Food

Behavioral aspect of isolation
Sleep disorders

34



* Summary of Human Risks of Spaceflight
Grouped by Hazards - 30 Human Risks, 2 Concern/Watchlist Iltems

Altered Gravity Field

Primary Effect

1. Spaceflight-Induced Intracrangkl

Hypertension/Vision Alteration

Urinary Retention

. Space Adaptation Back Pain

Renal Stone Formati

Risk of Bone Fracture due to

spaceflight Induced E«<ne changes

Impaired Performance Due to Reduced

Muscle Mass, Strength & Endurancs::

7. Reduced Physical Performance
Capabilities Due to Reduced A::obic
Capacity

8. Impaired Control of Spacecraft,
Associated Systems and Immediate
Vehicle Egress due to Vesti_ular /
Sensorimotor Alterationstsociated
with space flight.

9. Cardiac R«sythm Problems

10. Orthostatic Intolerance During Re-
Exposure to Gravity

11. Adverse Health Effects due to
Alterations in Host Microorganism
Interaction

2

Concerns/Watchlist
1. Concern of Clinically Relevant

Radiation

Primary Effect

1. Risk of Space Radiatio!.
Exposure on Human
Health

Distance from
Earth

Primary Effect

1. Unacceptable Health and
Mission Outcomes NDue to
Limitations of In-flight
Medical Capabilities

2. Risk of Ineffective or Toxic
Medications due to Long

T o
TCTIT SLUTagt

Isolation

Primary Effect

1. Risk of performance
decrements due to
adverse behavioral

s radictad Fffaorte af Madicatian
OTPTCUIiCtCU CITeCtS UrmeurCation

2. Intervertebral Disc Damage

ol
COTICITLIUTTS

Standards

NASA-STD-3001, VOLUME 1,
CREW HEALTH

NASA-STD-3001, VOLUME 2,

HUMAN FACTORS, HABITABILITY, &
ENVIRONMENTAI HEAITH

* Clinical Practice Guidelines

Hostile/Closed
Environment-

Spacecraft Design

Primary Effect

1. Toxic Exposure

2. Acute and Chronic Carbon Dioxide
Exposure

3. Hearing Loss Related to Spaceflight

4. Risk of reduced crew performance prior

to adaptation to nild hvboxia.

Injury and Compromised Performance

due to EVA Operations

Decompression Sickness

Injury fram Sunlight Exposure

Incompatible Vehicle/Habitat Design

Risk of Inadequate Human-Machine

Interface

10.Risk to crew health and compromised
performance aue to inadequate
nutrition

11.Adverse Health Effects of Lunar
(Celestrial) Dust Ex‘posure

12.Performance Errors Due to Fatigue
Resulting from Sleep Loss, Circaian
Desynchronization, Extended
Wakefulness, and Work Overload

Ul

© 0 N o

13.Injury from Dynamic Loads
14.Risk of Altered Immune Response

15.Risk of electrical shock
Standards in process of

*. review/change/addition




Changes during short-duration space

flight
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Change from pre-flight (%0)

Bone Loss During Space Missions

5 —T Space flight 2 years post-menopause, n=13
n=22 (for comparison only)

: Time
6 12 18 24 30 36 (months)
2018 | outhound I On Mars I In-bound M |SS|On

2022 oupownd | On Mars inbond | Qpportunities




Risk of Bone Fracture due to Spaceflight-induced Changes to Bone

Mean % Change in Total Hip DXA BMD

1371B - January 2014 Bone & Mineral Lab Data Analysis
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Treadmill in International Space Station

42
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Integrated Visual Impairment/Intracranial Pressure

*Choroidal

Folds - parallel
grooves in the
posterior pole

*Hyperopic Shifts
-Up to +1.75 diopters
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Distance (AU)

Variation in Ristance and Cammunications Relay
Between Earth and Mars
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Biomedical Labs Video
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Space Radiation Environment

Galactic Cosmic Rays (GCR):

- highly penetrating protons and heavy ions
of extra-solar origin

- large amounts of secondary radiation

- largest doses occur during minimum solar
activity in 11 year solar cycle

- low level background radiation: protons
(85%), Helium (14%) and HZE patrticles
(1%)

Trapped Radiation in South Atlantic:

- medium energy protons and electrons

- effectively mitigated by shielding

Solar Particle Events (SPE):
- medium to high energy protons
- occur during maximum solar activity

- Solar protons from the Coronal Mass
Ejections and HZE

Living with Radiation in Space April 2006
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Solar Flare e X
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Solar Flare/Aurora from Space/Earth FoBmance K




Aurora from ISS




Aurora from Northern Hemisphere

A. Jeevarajan/NASA
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m‘i-m Solar Cycle F10.7 cm Radio Wave Flux, Nov 2016

24] ﬂ —
220 .

=TT TTTT
| —&

—a —L ]
| Wi |
L] ] ]
Iﬁﬁﬁ
==
—
iV
[ 111

140

120

1020

10.7cm Radio Flux (sfu)

AN

~

[ma)
)

&0
’j}'ﬁ o ol -;::,5 ﬁlf'-r q:f_‘l .,:f:' u;:fl ,:l% o A0 AN AT =T P B J‘-:-ll B HJ-,F_’,-
Yot 4t

Fredicted walues (Smunthed}

Srmacthed r'-.l'|DI'I+.|'I|}" Walues S — M-:::-nthl}-' “alues

Updatad 2016 Mov 7 MO&A SSWPC Boulder,CO US4
A. Jeevarajan/NASA “i



Van Allen Belt

NASA JONNEON SPACK CENTER
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Aurora at Jupiter

Credit: NASA, ESA, Hubble

A. Jeevarajan/NASA 2
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Flame Behaviour

NASA JONNEON SPACK CENTER
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Human

International Space Station e 7

NASA JONNSON SPACE CENTER

Exploring Space | Enhancing Life




Pushing the

boundaries in Developing

cis-lunar space SlenaiE
independence

U.S. v L~ s & 0)Y explqung &
companies Mars, its ’0'
provide moons, and P

affordable other deep

accessto lo space 27 ’
Earth orpi destinggfns / 4

e

N

Mastering the
fundamentals

The next step: traveling
beyond low-Earth orbit with
the Space Launch System

rocket and Orion crew
capsule

. aboard the
& International
pace Station

Missions: 6 to 12 months Missions: 1 month up to 12 months  Missions: 2 to 3 years
Return: hours Return: days Return: months

Earth Reliant Proving Ground Earth Independent



Apollo-1 Fire Accident

A. Jeevarajan/NASA
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Human

Mars Panoramic View (Images from Curiosity EsEses
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Jupiter’s Moons : Europa Fefrmance 2K

Callisto

lo ’ Europa

Ganymede




Mars 20ft Mount = X
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@ Necessary Skills for Long-term Space Exploration

» Group Living Skills

« Teamwork Skills

« Performance under Stress

« Self-regulation

* Motivation

« Judgment/Decision-making
« Conscientiousness

« Communication Skills

» Leadership Skills

A. Jeevarajan/NASA Z2



Space Debris Festmance 2K
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T-38 and Space Shuttle Transfer

A. Jeevarajan/NASA
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Moons of Mars

- .»Deimos

~Phobos



Phobos (Mars’ Moon)
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Pluto
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@ Habitable Zones in the Galaxies X
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Habitable Zone
T -
Ot JUST RIGHT
t , TOO COLD
l |
. I |
! ”J/-”” A e Planet size: 1-2x Earth
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Beautiful Fragile Blue Planet Fortmmance 2K




Zebra Larvae
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Expandable Polymers at the White House




Two Shuttles in the Launch Pad

Health
Performance A
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The Space Radiation Environment

INNER RADIATION BELT

SOLAR PARTICLE EVEN (AT

(Protons to Iron Nuclei)

SOUTH ATLANTIC ANOMALY
(Protons)

GALACTIC COSMIC RADIATION (GCR)
(Protons to Iron Nuclei)

Space radiation : Energetic charged particles, high-LET (linear energy transfer)



Water and CO2 Recycling
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Oxygen Generation System
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Total Organic Carbon Analyzer

Filter
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Radiation Vs Altitude
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Radiation vs. Altitude -- September 27, 2015
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m%:q_g Contribution to exposure from man-made Radiation sources
= in USA

Medical X-rays
58%

Nuclear Medicine - Nuclear Fuel Cycle
21% - 1%

Nl\ Fallout

\ 2%

— Occupational
2%

Consumer Products
Man-made 16%

radiation

Natural background
radiation

82%

Data: BEIR VII 2006, NCRP 1987



Environmental exposure to natural background
radiations: 2.4 mSv/year

Low-LET exposure
from ingestion
7%

Low-LET exposure
from earth
20%

High-LET radon
exposure
52%

Low-LET cosmic
radiation exposure
12%

High-LET cosmic

radiation exposure H],gh',LET cosmic
12% radiation exposure

5%

Data: BEIR VII 2006, UNSCEAR 2000



@’ Approximate Response of a single Mammalian Cell

to 1Gy of Radration

Radiation Low- High-
LET LET

Tracks in nucleus 10° 4
total SSB 10° 10°
total DSB ~ 40 <40
Complex DSB 20% 70%
DSB per lethal lesion 87 22
Chrom. Aberration 1 3
Dicentric per cell 0.1 0.4
Cell Inactivation 30% 85%

Nikjoo et al
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Fig. 8.5. Typical energy spectra for protons, helium ions, carbon ions,
and iron ions from “top to bottom,” respectively, at solar minimum. The
solid line is the local interstellar spectrum (Simpson, 1983a).

Living with Radiation in Space April 2006



® Gamma rays only
B Gamma rays + 0.5M DMSO
- == Alpha particles only
O Alpha particles + 0.5M DMSO
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N Trajectory of
trapped particle

Mirror point
(pitch angle of helical trajectory = 80°)

Fig. 8.2. The motion of a charged particle in a dipole magnetic field
consists of three components; a helical trajectory about the magnetic field
line, a bounce between polar mirror points, and a longitudinal drift around
Earth (Hess, 1968).

Charged Particle Motions
in Earth’s Magnetic Field



Components:

Protons: ~ 0.04 to 500 MeV
Electrons: ~0.04 to 7 MeV
Heavier lons: Low Energies

Location of peak levels is energy dependent
Location of populations shifts with time
Average counts vary slowly with solar cycle

Counts may increase by orders of magnitude with
magnetic storms

van Allen Belt Particles
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Nuclear charge (Z)

Nuclear composition of GCR (~2 GeV n"') (Mewaldt, 1988).

Galactic
cosmic
Radiation

Nuclear composition
of galactic cosmic rays.

Log fluence rate vs.
atomic number.
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GCR and SPE Doses: Materials & Tissue
- GCR much higher energy producing secondary radiation

No Tissue Shielding With Tissue Shielding
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GCR Graphite — —&——  GCR Graphite
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GCR Regolith GCR Regolith
SPE Graphite SPE Graphite
SPE Regolith SPE Regolith
SPE L. Hydrogen

Dose Equivalent, rem/yr
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The Space Radiation Problem

-

Space radiation is
comprised of high-energy
protons and heavy ions
(HZE’s) and secondary
protons, neutrons, and
heavy ions produced in
shielding

Unique damage to

biomolecules, cells, and

tissu_es occurs from
HZE ions

No human data to
estimate risk

Animal models must be
applied or developed to
estimate cancer, and
other risks

Shielding has excessive
costs and will not
eliminate galactic
cosmic rays (GCR)

4 Biological knowledge ?b

Better

silicon

H He Li Be B C Si Ca T Fe
Z=l 2Z=2 Z=3 Z7=4 Z=5 7=6 Z=14 Z=20 Z=22 Z=26

Ly

I'ypical mammalian cell

iron

Single HZE ions in photo-emulsions
Leaving visible images

Single HZE ions in cells
And DNA breaks
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March 11, 2015 X-ray Flux
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Human .

Beautiful Fragile Blue Planet o X

MOVEMENTS OF THE MOON, THE SUN, A TYPICAL GEOSYNCHRONOUS
SATELLITE, AND THE SUPERBIRD-6 SPACECRAFT
IN ITS SUPERSYNCHRONOUS ORBIT
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Mars Rover Cameras

Right and Left
Front Hazcams
(2 pairs) MARDI
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@ Curiosity Landing Site

Sky crane

Curios’ity

.'\

Parachute

Back shell

Heat Shield
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Chem Cam Spectrum - Curiosity Foatmmance 2K

ChemCam Spectrum
One of 3 spectral ranges covered by ChemCam

=
=
®»
@
c
(o))
©
p=

Magnesium
Silicon
- Titanium

Titanium | Ajuminum
Titanium

Magnesium

Zirconium
- lron

lron

280 300
Wavelength (nm)




P_007043_2650

. PS

3 it 7
s L
“»M\M\A\\N\,

o

=

\\.L
L

=)
©
()

.arizona.

Ip

o ¥

e

liris




Sand Dunes e X

PR

A. Jeevarajan/NASA




Human

Mars’ Crater o e

-

y

e
Pl
"",(

%

AP
P
s 2 { E it

o o

A. Jeevarajan/NASA




Human
Health

Messier 63 Galaxy o e
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Human
Health
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Milky Way
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Mars’ Spider o

NASA JONNSON SPACE CENTER
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Auroras from ISS
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T-38 and Guppy
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Veggie Production at ISS X
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Main symptoms of

Carbon dioxide toxicity

\blume % | Visual )
in air - Dimmed - Dr.owsmess.
sight - Mild narcosis
7.6 mmHg M - 1% - Dizziness
22.8 mmHg M - 3% Auditory - Confusion
38 mmHg 8 - 5% - Reduced - Headache
60.8 mmHj M -3% hearing - Unconsciousness

Skin

. - Sweating
Respiratory

- Shortness
of breath Heart
- Increased
heart rate
Muscular and blood
- Tremor

pressure



EVA Suit
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EVA suit Cooling Garment




EVA Preparation e X
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EVA Ready




Pre-breathe Protocol e X
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EVA Training mm>,(
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On the fifth day of
STS-54, astronauts spent
almost five hours in
Endeavour’s open pay-
load bay performing a
series of tasks designed
to increase NASA's
knowledge of working in
space, necessary for the
building of a space sta-
tion. The astronauts
tested their abilities to
move freely in the cargo
bay and climb into foot
restraints without using
their hands.

The whole spacewalk experi-
ence was incredible. | shud-
dered, as | peered out into in-
finity, | really had a sense of
The Divine, and it was very
strong. | now have a better
appreciation for the vast-
ness and enormity of the
Universe—I guess you can
say | had a firsthand look at
God's hand

-Mario Runco, Astronaut

January 13~ 19, 1993
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Human

Thanks Fertmarcs K
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