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• Www.nsbri.org/human
Physspace





Facts about the universe

• Age
– 13.7 Billion years

• Consists of
– Measurable

• 4% (atoms to energy)

– Not measurable
• 23% dark matter

– WIMP
• 73% dark energy









Microbes from 4000 m in ice.



350oC



What are extremophiles?
• EXTREMOPHILES are organisms that require extreme

environments for growth.    
• Extremophiles are organisms that are "fond of" or "love" (-

phile) environments including high temperature, pH,
pressure and salt concentration, or low temperature, pH,
nutrient concentration, or water availability. 

• Extremophiles are also organisms that can tolerate extreme
conditions including high levels of radiation or toxic
compounds, or those living in conditions that we consider
unusual. 

• Most extremophiles are microorganisms that thrive under
conditions that from a human perspective are clearly
extreme



•Alkaliphile: An organism with optimal growth at pH values above 10.
•Barophile: An organism that lives optimally at high hydrostatic pressure.
•Endolith: An organism that lives in rocks.
•Extreme Acidophile: An organism with a pH optimum for growth at, or
below, pH 3.
•Extremophile: An organism that is isolated from an extreme environment and
often requires the extreme condition for growth.  Extreme is anthropocentrically
derived.
•Halophile: An organism requiring at least 0.2M salt for growth.
•Hyperthermophile: An organism having a growth temperature optimum of
80 C or higher.
•Psychrophile: An organism having a growth temperature optimum of 15 C or
lower, and a maximum temperature of 20 C.
•Toxitolerant: An organism able to withstand high levels of damaging agents.
For example, living in water saturated with benzene, or in the water-core of a
nuclear reactor.
•Xerotolerant: An organism capable of growth at low water activity. For
example, extreme halophile or endolith.



How is this possible ?

• How can macromolecular structure such as
proteins be stable at temperatures higher
than 100°C (<160 oC)?

•  How is it possible to display appropriate
metabolic fluxes at temperatures as low as
–2°C ?

















- Radiation
All kinds of particle and wave radiation with a wide
spectrum, different from those on Earth, exist in outer space
and on the other planets of the solar system.

- Gravity
In free space basically no gravitational loads act upon free-
flying space vehicles. The gravitational acceleration on other
planets varies by a great margin.

- Atmosphere
In free space there is a vacuum, i.e. practically no
atmosphere. The structure and behavior of the atmosphere of
other planets are physically and chemically different from
Earth's atmosphere.

- Magnetic Fields
The magnetosphere of every planet in the solar system is
different in orientation and strength. Also there exists an
interplanetary magnetic
field (IMF).

The space environment



Earth

Africa

Apollo 17 (1972)Antartica



Earth Rising on the Moon

Lunar Phases
Apollo 11



Mars
Fourth planet from the Sun at 1.5 AU

7 times smaller than the Earth

Temperatures range from –140 oC
to 20 oC

Polar caps of frozen carbon dioxide
and water

Thin atmosphere that is 95 percent
carbon dioxide

Hubble Space Telescope



Martian Surface

South polar cap
400 km in diameter

Olympus Mons
24 km in height

Viking Orbiter





Planetary Science on the Web
NASA – Space Science
http://spacescience.nasa.gov/

NASA’s Planetary Photojournal
http://photojournal.jpl.nasa.gov/

National Space Science Photo Gallery
http://nssdc.gsfc.nasa.gov/photo_gallery/

Views of the Solar System
http://www.solarviews.com/







Europa



Europa Features



Why go to Europa?

• Water leads to life?

Extremophiles

Evidence of Liquid Water









Adaptation to space

Bone

Muscle













Postural stability

















































Decrease in Bone mass
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Immunological effects of space
flight













Space Fatalities

• Soviet Space Program
• 1 Fatality – Soyuz 1 (1967) parachute entanglement

during reentry
• 3 Fatalities – Soyuz 11 (1971) cabin decompression

during reentry

• U.S. Space Program
• 3 Fatalities – Apollo 1 pad fire
• 7 Fatalities – Challenger STS 51L  (1986) launch

breakup



Medical Evacuation from
Space

• Salyut 5 (1976) station abandoned 49 days into
54 day mission for intractable headaches

• Salyut 7 (1985) evacuation at 56 days into 216
day mission for sepsis/ prostatitis

• Mir (1987) evacuation at 6 months into 11
month mission for cardiac dysrhythmia



Medical events in Russian
Space Program

• Events not resulting in mission termination
or early return
– Spacecraft fires - 1971, 1977, 1988, 1997

– Kidney Stone - 1982

– Hypothermia during EVA - 1985

– Psychological stress reaction - 1988

– Spacecraft depressurization -1997

– Toxic atmosphere - 1997



Medical events in U.S.
Space Program

• Apollo 8 crew – 1st Americans to report SMS
• Apollo 9 - SMS caused EVA to be rescheduled

(1st timeline change due to medical cause)
• Apollo 11 – Type 1 DCS in command module

pilot
• Apollo 13 – Kidney infection during mission
• Apollo 15 – Cardiac disrhythmia
• (PVC, PAC, bigeminy) during lunar EVA



Medical symptoms in
U.S. Space Program

• Shuttle program (89 shuttle missions) 1981-1998
• 508 crew (439 men, 69 women)/ 4443 flight days

– 79% reported Space Motion Sickness
– 98% reported some medical symptom

• 67% reported headache
• 64% reported respiratory complaints
• 59% reported facial fullness
• 32% reported gastrointestinal complaints
• 26% reported musculoskeletal complaints
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