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Objectives

v Where are we in the Universe?

+» What does it take for humans to
go to Mars?

+* Role of Chemists/Chemical
Engineers

* More importantly, an attempt to
answer all of your questions
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Our Habitation at Night o
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N(a\sjA ~ Mars - Earth Mutual View (~250,000,000 miles)

Earth
Mars

M ars Ea rth Frankie Lucena



Solar System

Orbital Speed of the Planets
_—

24.077 km/s = .
N -
' % ;.81 km/s
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| 9.69 km/s
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Milky Way Galaxy X

Speed of Light |
186,000 Miles persec |

1 Light Year
~ 6 Trillion Miles
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Hubble Telescope Repair Mission Crew (STS-125)
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Webb Telescope

14






Human

Health
Performance

Viking 2
@

Viking 1 Mawrth Vallis
® [

. Pathfinder

.Opportumty Gale Crater

2 Eberswalde Spirit'
Holden




Human

Mars 2020 : Jezero Crater .
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Perseverance Landing

e
NASA Live: Official Stream of NASA TV 0o »

" Y| ‘D LIVE Scroll for details ° m * ::Il:
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https://www.smithsonianmag.com/videos/category/science/curiositys-seven-minutes-of-terror/
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Mastcam-Z SuperCam

Zoomable Panoramic Cameras Laser Micro-Imager

SHERLOC
NS AR MEDA Ultraviolet Spectrometer

: Weather Station WATSON (Carmels)

RIMFAX

Subsurface Radar

.....

X-ray Spectrometer

MOXIE

Produces Oxygen from Martian CO,

20



Near Earth
Departure

Earth Arrival




Why Mars?

Mars is our most hospitable planetary neighbor

* Venus is closer, but its average temperature of 462°C (864°F) and the sulfuric acid
atmosphere—90 times higher pressure than Earth—would crush our spaceships

*Mars will feel like home in many ways:
* Approximately the same day/night cycle as Earth
* 4 seasons: cold winters, but as warm as 20°C (70°F) on a summer day
* Vistas similar to Earth’s deserts: mountains, cliffs, valleys, dunes, dust devils
* Abundant natural resources: oxygen (from ice or CO,), water, iron, sunlight
* Enough atmosphere to provide some radiation protection

*Mars is also exotic:

*0.64 of Earth’s gravity and 2 moons that cross each other traveling different directions
* May have once supported life

* We don’t know what may be underground--our rovers have only explored a fraction of
Mars’ surface




Life Support Requirements Mass

Breakdown
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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 « Air Revitalization Reactors Hygiene Water 6.68
. . Clothes Wash Wat 11.90
Clothes Wash Water 1250 || «Environmental Sensors (Chemical) othes Yiash wvater
. . . 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




Water and CO2 Recycling
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Total Organic Carbon Analyzer ?if?éﬁmancex

Exploring Space ‘ Enhancing Life

ISS WPA Product Water TOC
In-Flight TOCA and Archive Data
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“Pea Brittle” :
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@’ Carbon Dioxide Removal

« Lithium Hydroxide
 Zeolite
« Amine Bed

« Sabatier Reaction

« Anchored Amine Bed

Lithium Hydroxide Leolite
(Single Use) (Reusable)
« Apollo Missions « Removal of water
« Apollo 13 Hardships « Physisorption of CO2
e Extra Vehicular  Removal by exposing
Activity (EVA) Suit to Vacuum

28



Apollo-13 LiOH Cannisters

PART PRESS O,

front view

Image courtesy: Schneeweis, Scott B., LCOR. USN (Ret) : spaceaholic.com

« Fatigue

« Difficulty concentrating
Irritability

Performance decrements
Headache / Death

29



@ Carbon Dioxide Removal

Swing Amine Bed Reactor
Soluble in water

Low vapor pressure ( <0.01 mmHg) — (MEA is 20 times greater)
High capacity (~40%)

Low regeneration temperature (80 °C)

Low viscosity (40 cP pure @ room temperature)

Working Viscosity (50 cP with loaded CO,)

Primary amine (fast reaction rate)

Favorable mass flux

Health effects
« Safe for trace off-gassing and Skin irritant (strong base)

VV VYV VYV VYV YV

T. Rogers

* Oxygen Generation System (Electrolysis)
2H,0 — 2H,(g) + 0,(g)

« Sabatier Reaction
CO, + 2 Hy(g) — CH4(g) + O,(g)

30



Air Quality Monitoring

AQM 1 (624 column) [ AQM 2 (DB5 column)

% Acetone Ethanol

Hexane Dichloromethane
1,2-dichloroethane Trimethysilanol
L™ Toluene 2-butanone
' "7$ Hexamethylcyclotrisil Ethyl acetate
‘ | oxane

=t Hexanal N-butanol
m,p-xylene Toluene

e

o-xylene Hexamethylcyclotrisiloxane

.. Octamethylcyclotetras m,p-xylene
| iloxane

w

Decamethylcyclopentasil o-xylene

oxane
Acrolein Octamethylcyclotetrasiloxane
D. Gazda Isopropanol Decamethylcyclopentasiloxane

T. Limero

Benzene



Anomaly Gas Analyzer

Uses combination of
Tunable Diode Laser
Spectroscopy and
Photoacoustic
Spectroscopy

Analytes :
02, CO2, CO, H20, HF,
HCL, HCN, and NH3.

P. Mudgett and T. Limero



Anomaly Gas Analyzer

Wavelength | Spectroscopy | Concentration
um Range

Direct 14-50%
absorption
CO2 2.0 Direct 0.3-21 mmHg
absorption
NH3 1.5 Direct 10-30,000 ppm
absorption
H20 1.4 Direct 2-20 mmHg
absorption
CO low 4.6 Photoacoustic ~ 10-200 ppm
CO high 2.3 Direction 200-1000 ppm
absorption
HCN 3.0 Photoacoustic 2-50 ppm
HF 1.3 Direct 2-50 ppm
absorption
HCI 1.7 Direct 2-50 ppm
absorption

P. Mudgett and T. Limero
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Enable successful space exploration by minimizing the Human
System Risks of spaceflight hazards

‘ SPACE MISSIONS
Hostile Spaceflight -
Environment '

HAZARDS '@

<D

N
Radiation -

%‘F Isolation - MITIGATIONS
|l Distance from Earth ,

Altered Gravity

Environment ' .
Human Risks

*Bone loss

* Muscle atrophy

*Balance Disorders W75
* Neuro-ocular issues v oA
*Sleep disorder
*Radiation induced
* Toxic Exposure
*Behavioral Health

Deliverables:
eStandards
*Preventions
*Technologies
* Countermeasures
*Treatments




@/ Hazards of Spaceflight (RIDGE) :mz(
Hazards Drive Human Spaceflight Risks S

Isolation & Confinement

Behavioral aspect of isolation
Sleep disorders

Acute In-flight effects
Long term cancer risk

Distance from earth

Autonomous Medical Care and
Operations; Communication
Delay

T Altered Gravity -
i Physiological Changes

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

Environment

(Closed/Hostile)

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



Vision Issues During Long-term Space flight
Homocysteine

Methylated
Acceptor

SAH
14-
Acceptor 1
% 12+
> “T AR A i I/kl\-/x_!\l_./l\l
()
o 5-MTHF PRP-CoA C 81 9--@--Q9.. __9--9--9--Q._ .
Methionine ‘ Qo 6 ! -! f t Y Y T I
GRS THE D-M.Con S 4
Serine <.\ o 24 -+ OC+
T Group P < 0.001 -®- OC-
Glycine 5, 10-MTHF L-MM-CoA 0] T T T T T T T T T T
-1I80 -45 -1I0 1|5 30 60 120 18|0 R+0 R+30
I 1 I 1
SUC-CoA Preflight In-fight Postflight

Astronauts with ocular changes had higher serum homocysteine
concentration than astronauts without ocular changes. Before flight.

Zwart et al., Vision changes after spaceflight are related to alterations in folate- and vitamin B-12-dependent one-carbon metabolism.. J Nutrition, 2012



Enzyme Polymorphisms Studied

“Risk” alleles

CBS 844ins68 (with

M:thylated T833C)
k MTHFR C677T

—> MTHFR A1298C

D-MM-CoA == MMA

I

Dietary Protein”
Muscle Catabolism

Dietary Folate L-MM-CoA
SUC-CoA
SHMT-1 C1420T MTRR A66G

Zwart et al., FASEB J, 2016



How Could Genetics Affect Astronaut Eyes?

SNP- SNP+
ININDN NN

Insulin TN
Resistance Dietary Protein
Dietary Protein " /- Muscle Catabolism
Muscle Catabolism ' X i P
+ Arterial \ Glycine Serine \ SAM o
Glycine Serine l Acceptor v Stiffness 4 s .
o SAM S, ' o Radiation COz ,‘—\'4‘~ -4 Methionine
ot . . e’ SHMTI
x . Methionine =S S » c THF A
dil N - - N

5, 10-MTHF THF Wethylated SMAGLT i 8, A0-MTHE

Acceptor

Methylated
LI Acceptor
ms P G
Testosterone B1 ;j \‘ SAH
MTHFR B12 SAH MTHFF ., /
SNTHFS.... & o WY e .w.
\ HCY = " 2 \

Dietary

Endothelial Dysfunction
A}
eNOS Decreased Compliance

S i e 2 Oxidative
iodialrdiel ——————— L
Coupled eNOS Uncoupled eNOS ® ‘99,0 ¢ ,04° 5

Ophthalmic Changes Blocks

* Optic disc edema Cerebrospinal
* Choroxdal folds Fluid Drainage
* Globe flattening

+ Optic nerve sheath thickening

Multiple-hit hypothesis shows how genetics of the enzymes of the 1-carbon metabolic
pathway are proposed to be associated with astronaut ophthalmic syndrome.

Zwart, S. R., et al. "Astronaut ophthalmic syndrome." FASEB Journal 31(9): 3746-3756, 2017.
Smith, Zwart. Spaceflight-related ocular changes: the potential role of genetics, and the potential of B vitamins as a countermeasure." Curr Opin Clin Nutr Metab Care 21:481-8, 2018.
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Natural
Form
Foods

Beverages

Rehydratable
Foods

Irradiated &

Intermediate Therrpo-
Moisture stabilized
Foods

Foods
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Oxidative Stress

Oxidants Antioxidants

. Foods
Smoking Vitamins-H,0 Sol.

Cell Activity Fat Soluble Vit.
Pollutants Dietary Sup.
Rjafd|e::t|0n Small Molecules
UV Light Enzymes

Cell
Repair

. . Deactivation
Oxidative

Stress

Acworth et al., “The Handbook of Redox Biochemistry”, ESA Inc., 2003, 19.




Phytochemicals

' ! ! !

Carotenoids Phenolics Alkaloids Nitrogen-containing Organosulfur
l Compounds compounds
ofe ""/ = / l
a-Carotene @.-i-.’ ii
s p-Carotene w * Indoles
B-Cryptoxanthin Isothiocyanates
Q Lutein l l l l l Allylic Sulfur Compounds
’(_/ Zeaxanthin Phenolic Acids Flavonoids Stilbenes Coumarins Tannins
L4 @ Astaxanthin

Lycopene - ’:& .w.%@ ";M ))
l l R 1 l

Hydroxy-benzoic Hydroxy-cinnamic Flavonols Flavones Flavanols Flavanones Anthocyanidins  Isoflavonoids
Acids Acids l 1 l l 1 l
Gallic p-Coumaric Qercetin Apigenin Catechin Eriodictyol Cyanidin Genistein
Vannilic Caffeic kaempferol Chrysin Epicatechin Hesperitin Peonidin Daidzein
Syringic Ferulic Myricetin Luteolin Epigallocatechin  Naringenin Malvidin Glycitein
Protocatechic Sinapic Galangin Epicatechin Delphinidin Formononetin

Fisetin ey «% Gallate (ECG) 1 Pelargonidin
‘r'\ »® " Epigallocatechin < &
Gallate (EGCG E
: ( ) -w
Bo o

-w (
& W

Scott Smith, NASA/JSC



3S-3S’-Astaxanthin : Blood Brain Barrier

SSSSS

. i . .
Beta-Carotene Vitamin C p\‘}"%{
' v "

o Q‘,
f}‘)' \o

- - - - - -
s

Vitamin E

r- ]
Water-Loving
Polar End
Water-Loving 42 )
Polar End Chang and Lin,

{os
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Beautiful Fragile Blue Planet
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With God’s grace, Make a difference
Passion, Perseverance and Patience




Back up
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Natural
Form
Foods

Beverages

Rehydratable
Foods

Irradiated &

Intermediate Therrpo-
Moisture stabilized
Foods

Foods
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REALITY DISTORTION FIELD

12. LEARN
FROM
MISTAKES

NEGATIVE TRIBAL BEHAVIORS

. CLOSED-MINDEDNESS
The Apollo Pyramid 11 VISIBILITY
Of SUCCGSS AND \ FALSE PERCEPTION OF RISK

ACCOUNTABILITY

/ 10. PAINSTAKING \ \ GROUPTHINK /

ATTENTION TO DETAIL

\ COOKBOOK THINKING/
/ 9. WHAT-IF THINKING \ Failure

/ 8. EXHAUSTIVE, REALISTIC TESTING \ \ HUBRIS / Ingredien
/ 7. RISK REDUCTION BY DESIGN \

/ 6. OUTSIDE THE BOX IDEAS CAN WIN \

LUCK

/ 5. UNDERSTAND THE ENVIRONMENT \
/ 4. SYSTEMS THINKING \
/3. SUPERB LEADERS AND THE CULTURE THEY CREATE \
/ 2. SUFFICIENT RESOURCES N
/ 1. CLEAR GOAL \

Adapted from Andrew Chaikin




~- Sample
canisters

Mars 2.020

Lander mission




To become an Astronaut?

Training in one of the STEM (Science, Technology, Engineering and
Mathematics) disciplines

Diverse Experience

Team Player

» Group Living Skills

« Teamwork Skills

» Performance under Stress

« Self-regulation

* Motivation

» Judgment/Decision-making
« Conscientiousness

« Communication Skills

» Leadership/Followership Skills

51



Astronaut Class of 2017

Zena Cardman, Jasmin Moghbeli, Jonny Kim, Frank Rubio, Matthew Dominick,
Warren Hoburg, Robb Kulin, Kayla Barron, Bob Hines, Raji Chari, Loral O' Hara
and Jessica Watkins. 52



Who is at Your Window?

| feel responsible - Collins



Who is at Your Window?

e,

Y

W

1y e \
, \\ / |
'S J p
,}g}‘m
§
)
\

| feel responsible - Collins




Human

Crew Debriefing at Bld 37 (July 27, 1969 o e
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Vikram Lander e X
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OLD IMAGE
o~

AN

VIKRAM LANDER

No white dot is seen.in the old picture of the
] ' same spot in Dec 2017 which indicates the
white dot on the left image iWAM Lander
‘ ; (Left image is 1.25"meter per [;f"xe so Vikram
Latitude: -70.8584 S, Longitud : 22.7570 E’ will be visible only as dot
Line 38452, Sample 9708 (In NASA's image) a
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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

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

4
9/,

SO
- S

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

Acute In-flight effects
Long term cancer risk

Behavioral aspect of isolation
Sleep disorders

58
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Mars Rover from China in 2020 =
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Space Debris Festmance 2K
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Total Organic Carbon Analyzer

Filter

v

V13 BRIEE <} vie

Fixed
Orifice

v
RV2 Fiow Controller
Oxidizer . | :
Reactor | ve LEV10
________ s e £
t y v r NO |
) { Gas Liquid ; ;
] Separator Gas Circulation :
J Pump '
WA Sample ’ <} --- ! !
5 Pump V4 : A :
c v é ? CV6 '
L ¢ r To Acid Buffer H2 é i '
Purge Catalyst ! N
T : :
! Ventto x
oo * | Gain :
é @ Moisture E !
Q%) Exchanger ! '
Volume i ' v
Compensation

Assembly VCA

Acidic
Buffer
Dispenser

Hydrophobic
Membrane

To Chiller Purge

D

etector Purge

Cv4

Ventto

Cabin
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View from Sudan




Performance

+—J
Y
©
| -
O
A—
<
>
=
>
©
-
O
O
| -
Q
N

64



Number of Atoms in the Universe <10780

Atoms in the earth =6 x 10727 g/12 g)x 6 x 10723 = 3 x 10750
Atoms in the solar system =3 x 10750 x 1000 = 3 x 10”53
Atoms in the Milkyway Galaxy = 3 x 10753 x 1079 = 3 x 10”62
Atoms in the Universe = 3 x 10762 x 10" 9 ==3 x 10771

65



One Day in other planets

Planet Day Length
Mercury 1,408 hours
Venus 5,832 hours
Earth 24 hours
Mars 25 hours
Jupiter 10 hours
Saturn 11 hours
Uranus 17 hours

Neptune

16 hours

66



Human

X-37B Space Plane e X
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Bed Rest Studies :envihab mmx
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Under Water NEEMO X
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Mars 500 Analog
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Rover : Desert Rat




Human

"IN Deep Space Habitat : Isolation and Confinement [EatEiy:




Gross Lift-off weight : 2 Million tons
Thrust : 33,327 kilonewtons

SRB Separation : 45 km

External Tank Separation : 111 km

Orbital velocity : 27,869 km/hour

Payload weight : 25 tons
Shuttle weight : 78 tons

76
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Can we hear sound in space?
How do astronauts communicate in space?

In empty space, there is no air, and what we call "sound” is actually
vibrations in the air.

There are indeed light waves and radio waves in space, but these waves
are not sound, but light.

Light does not need air to travel, but then you don't hear it; you see it,
or it is interpreted by your radio set and then translated into sound.

Astronauts in space do talk to each other. In the spacecraft, there is
plenty of air, so they just talk normally.

When they are spacewalking, they talk by means of radios in their
helmets.

The radio waves, again, have no problem in space, but they're not sound.
They're radio waves (electromagenetic radiation), which has to be
converted into sound by the astronauts’ headsets.

78



