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The U.S. space program—a record of scientific and technological achievements. Clockwise: Voyager image
of Saturn; Skylab; Apollo's lunar rover; Viking on Mars; Voyager image of Jupiter; Gemini crewmember
engaged in extravehicular activity; the U.S. Space Shuttle.




Foreword

Many applications of space research and tech-
nology have. ,ince NASA’s beginnings in
1958, improved the quality of life on Earth in
numerous areas. Foremost among these contri-
butions have been those to medicine and health
care. Perhaps the most dramatic impact in this
group occurred in the field of biotelemetry,
where miniaturization and computer enhance-
ment have made it practical for patients to have
their heart and other vital functions monitored at
considerable distances by means of radio fre-
quencies. Other major improvements have
been made in medical imaging, computer tech-
nology, transportation, public safety, mobility
systems for the physically handicapped; materi-
als for containers, surgical equipment and pros-
theses: and information vital to environmental

protection.

Over the past three decades NASA-derived
technology has been the basis for an estimated
30,000 spin-offs. In a study sponsored by
NASA and conducted by the Chapman Re-
search Group, published in 1989, respondents
acknowledged contributions of NASA-spon-
sored or provided technology toward savings or
sales in 83% of the cases investigated. Further
research showed that the 259 cases studied
generated benefits amounting to almost $22
billion in combined product sales and savings to
the companies. Based on the sales data, Fed-
eral income tax revenues were estimated at al-
most $356 million. *

While the figures cited in the Chapman Report
are impressive and certainly illustrate the effi-
cacy of the technology transfer process, the full
extent of the influence of space research and
development throughout the history of the U.S.

space program has undoubtedly been much
broader than it is possible to document. The
following pages therefore offer a representative
sampling of examples of Earth benefits in life-
sciences-related applications, primarily in the
area of medicine and health care, but also in
agricultural productivity, environmental monitor-

ing and safety, and the environment.

This brochure is not intended as an exhaustive
listing, but as an overview to acquaint the
reader with the breadth of areas in which the
space life sciences have, in one way or an-
other, contributed a unique perspective to the
solution of problems on Earth. Most of the ex-
amples cited were derived directly from space
life sciences research and technology. Some
examples resulted from other space technolo-
gies, but have found important life sciences ap-
plications on Earth. And, finally, we have
included several areas in which Earth benefits
are anticipated from biomedical and biclogical
research conducted in support of future human

exploration missions.

Arnauld E. Nicogossian, M.D.
Director, Life Sciences Division

An_Exploration of Benefits from NASA “Spinoff.”
Study conducted by Chapman Research Group, Inc
National Aeronautics and Space Administration
Woashington, DC, June 1989




Infroduction

“(4) The establishment of long-range studies of
the potential benefits to be gained from, the
opportunities for, and the problems involved in
the utilization of aeronautical and space
activities for peaceful and scientific purposes;”

From the National Aeronautics and Space
Act of 1958.

The National Aeronautics and Space Adminis-
tration (NASA) is committed to extending the
benefits of its scientific and technological
achievements and research beyond the direct
needs of space missions, and applying the
results of Agency programs, wherever possible,
to the improvement of life on Earth.

Historically, the challenges associated with
space flight have provided the impetus for
strides in basic science and the accelerated
development of advanced technologies. Per-
haps the best known example is the revolution
in computerization and miniaturization of
technologies sparked by the Apolio Program.
Integrated circuitry and its use in patient moni-
toring equipment may have been space
technology's first application of importance to
terrestrial medicine.

Over the past three decades many technologies
originally developed for the space program
have found important life sciences applications,
which have contributed to the betterment of life
for the ill, the disabled, the elderly, and the
general population. Now, in the fourth decade
of the U.S. space program, new benefits are
anticipated from ongoing space life sciences

research on the Space Shuttle, and from the
work to be done in the relatively near future to
lay the scientific and technological foundation
for future space missions.

Spinoffs from space research and technology
can be separated into two major categories:
direct and indirect. The direct spin-off is used
for the same or a very similar application on
Earth, with little or no modification. The spe-
cially developed electrodes and telemetry
equipment used to monitor the hearts of the
Mercury astronauts are e: “mples. Indirect spin-
offs are scientific findings or technologies that
require modification for application in the same
or similar discipline or field, while others are in
some way usable in a fotally unrelated applica-
tion. In the former group is the liquid-cooled
garment that was designed to be worn inside
astronauts' pressure suits to control body
temperature. With extensive modification the
basic design is used in the medical sefting, and
in racing cars and military aircraft to prevent
excessive body temperatures. An example of
the second is found in the research on thermal
proteins conducted by NASA's Exobiology
Program. The use of the modified products of
this research in terrestrial waste and pollution
control is certainly an indirect application.

As the exploration of space proceeds, further
benefits for medicine and health care on Earth
are expected. Many of the characteristics of
medical and life support systems for space
exploration are equally valuable for terrestrial
health care systems. Among these are further
computerization and miniaturization, improved
diagnostic imaging, greater automation,
increasing ease of operation, and higher




reliability. Technologies developed for space
missions may help streamline diagnostic proce-
dures, patient monitoring, and other health care
functions in busy urban hospitals and medical
facilities in remote or rural areas.

Space also affords a unique global perspective
from which to examine our own planet. This
will be a parallel activity with outward expan-
sion info the solar system beginning in the late
1990s. Using satellite-based remote sensing
technology, NASA’s “Mission to Planet Earth” is
being designed to document, understand, and
predict global change. As part of the mission,
the Life Sciences Division's Biospheric Research
Program is dedicated to understanding how
biological and planetary processes interact,
and how, in conjunction ‘with the environmental
effects of human activity, these processes are
aoffecting the long-term habitability of the Earth.

T o

This question will be of increasing concern to
future generations.

In order to take full advantage of the opportuni-
ties for clinical applications of scientific discov-
eries and new technologies from the space
program, NASA established the Technology
Applications Teams at several university centers.
The primary mission of these teams in the life
sciences area is to facilitate the development of
solutions to medical and surgical problems
using findings and technological breakthroughs
from NASA programs.

Educational programs are an important means
of assuring that NASA's efforts toward space
exploration are of maximum benefit to life on
Earth. In this case, the benefit resides in the
training of the next generation of scientists and
engineers. A science curriculum supplement

™ e

Figure 1. Part of the next generation of scientists and engineers. SLSTP students perform an experiment studying the effects of

lower body negative pressure on the human cardiovasular system.
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entitled, “Human Physiology in Space: A
Program for America” represents one of the
NASA Life Sciences Division’s contributions to
the strengthening of the scientific base of the
U.S. educational system. The supplement is
intended for teachers and students at the
secondary school level. The program, also
sponsored in part by the National Institutes of
Health, presents certain elements of human
physiology from the new perspective provided
by the emerging fields of space physiology and
space biology. It is hoped that this approach of
linking physiology education to space research
will motivate students to study and master
certain difficult concepts in human physiology.

1991 marked the seventh year of the Space Life
Sciences Training Program (SLSTP) (Figure 1).
This is a 6-week summer training course held at
NASA’s Kennedy Space Center and managed
jointly by the Bionetics Corporation and Florida
A&M University’s College of Pharmacy and
Pharmaceutical Sciences. Participants earn five
semester hours, tuition-free. The goal is to
introduce undergraduate students to the chal-
lenges and complexities of the real world of
space flight through “hands-on” training of a
new generation of space scientists and engi-
neers. The program augments laboratory
experience with lectures by astronauts and
national and international leaders in the space
life sciences.

Under the auspices of the Search for Exiraterres-
trial Intelligence (SETI) Program and in conjunc:-
tion with the National Science Foundation,
curriculum materials are being developed by an
interdisciplinary team of teachers, educational
specialists, and scientists from the NASA Ames

Research Center,—the Jet Propulsion Laboratory, .

and the SETI Institute. The goals are fo bolster
student inferest in science and math at an age
when this interest often wanes, foster critical
thinking, acquaint students with the process of
scientific investigation, and, ultimately, promote
interest in scientific careers.

One of the goals of NASA, as stated in the
United States National Space Policy (November
2, 1989), is, “to obtain scientific, technological
and economic benefits for the general popula-
tion and to improve the quality of life on Earth
through space-related activities.” This is a clear
and explicit statement of the mission implied in
the National Aeronautics and Space Act of
1958, quoted above. Over the years, our
commitment to the spirit of the 1958 statement
has placed us in an ideal posture to pursue the
goal enunciated in the policy of 1989. And so,
for the “benefit of all mankind,” our programs
continue.

B : -



Life Sciences Applications:
Medicine and Health Care

Historical note on the space life sciences
in NASA. in support of the first manned U.S.
space missions, NASA life sciences programs in
medicine and health care were initially directed
af determining whether humans could withstand
weightlessness and the rigors of launch and re-
entry into Earth’s gravity. The success of the
Mercury and Gemini programs amply demon-
strated that humans could not only survive, but
work productively in space, and space life
scientists turned their attention to more thor-
oughly characterizing the physiological
changes that appear in virtually every body
system after entry into weightlessness. These
physiological changes (termed “space-flight
deconditioning”} can have potentially harmful
health effects if not limited by countermeasures.

Skylab, the United States’ first Earth-orbiting
laboratory, provided the first opportunity for
sustained biomedical research in space.
Medical programs in NASA throughout the
1960s and 1970s focused on monitoring the
health of astronauts before, during and affer
space flight, still a major role of NASA’s Life
Sciences Division. In the 19905 the Space
Shuttle’s Spacelab continves fo provide regular
access to Earth orbit for focused studies on
human adaptation to space. In the near future,
space life sciences research on Space Station
Freedom will be directed in part at developing
the physiological countermeasures necessary for
lengthy future missions, which will require
asfronauts to spend increasingly longer periods
in weightlessness. Basic scientific research in
the space life sciences will continue fo examine
the relationship between gravity and life.

The progress of medical science over the last 50
years has extended the average individual's life-
span well into middle age. This fortunate
outcome, however, has also brought a higher
incidence of age-related disease. The insidious
nature of most age-related conditions results in
delayed diagnosis with o high degree of
morbidity and incapacitation. Timely interven-
tion through early diagnosis of individuals at
risk can save or extend lives, and reduce the
costs associated with chronic conditions.

*Aost diseases are diagnosed when patients
seek medical attention for specific symptoms,
with only a few cases detected through annual
screening. Certain technologies developed for
the space program can be effectively applied to
the development of rapid, low-cost, easy-tc-use
screening techniques that can be utilized in the
course of routine surveillance, and over the
years NASA technology has contributed o the
management of chronic disease. One signifi-
cant example is arteriosclerotic disease of the
heart and blood vessels, which is the leading
cause of death in the United States. Taking a
broader view, technologies developed initially
for space (e.g., telemetry, automated fluid
handling, imagery, and miniaturization} have
already enhanced conventional medical
capabilities and opened new windows into the
human body, while other new technologies are
being tested and refined. This section provides
examples that demonstrate the contributions of
NASA technology to medicine and health care.
Table 1 lists additional life sciences applications
of space research and technology .
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Table 1. PastheSciencesApplicdbnstpoceReseachdeodnobgv.
Medicine and Hedaith Care’

This table lists prominent exampies of spinoffs whose existence is due in whole or in part to NASA research,
technology. consutation, materals, or fechniques.

« Dental arch wire material with greater elasticity than stainless sieel wire

« Cardiology mannequin tot simulates 40 heart disease conditions for medical education

e Implantable human tissue stimulator provides elecrostimulation of tissue for pain relief and other applications

o Elecirode-based elecirolyte analyzers

. Asepfkﬂuidmansfersystun*nlol\omﬁ\emsferofﬂuidsbeeweenconbiminoyadlemmner

«  Automated light microscopy for chromosome analysis and karyolyping

¢ Automated, computercided system for musde tissue onalysis

. Eyemovemmwckingdevkethdimapdobsbsefbchmbgyuwdinbwraimlwrgay

+ Biotelemetry system for gait analysis in cerebral palsy patients

o Ocular screening system for defecting visual abnormailities

e Wearable speech perception aid for the deaf

« Biotelemetry package for hip replacement implant

¢ Sensitive fechnique for recording and analyzing human respiratory sounds, fo aid in non-invasive lung diagnosis

« UNISTIK driving device increases mobility for handicapped drivers

¢ ATP photometer enables a rapid and accurate count of bacteria in body fluid samples

o  Onestep liquid-liquid exdraction technique for separating chemical compounds in body flid samples

. FrTLOScompubrpmgmmforanulyzingbioloﬁodm )

. PomthedichsundTmhMSyﬁunforusebypommedicsinmmamos

e Medical gas analyzer assists in anesthesiology

« Heart rate monitor

« Bone stiffiness analyzer used in the diognosis of early osieoporosis

« Digital image processing technology used in the evaluation of skin core products

. Smhwhmm&mﬂmmwmdmmmhmmbgk
cal and musculoskelefal disorders

« Ingestible Thermal Moniforing System—a capsule swallowed by the patient, which monitors body temperature as it
passes through the body

. Sdﬁhiuﬁwsmmw&lﬁ)hdpsmmdedondaﬁi#pdmmd
selfdestructive behaviors

. ﬂmlvid”symforheddetedbn,usedindbgnosisofbwnsandbermm

e Programmable Remapper image processing machine for aiding the visually impaired

« Biofeedback system for improving vision

« Computer reader for the blind

‘o Sterilization system for medical instruments

* Further information abouf#memdoiﬂspimf&inmedicmmdheaﬁmmaybebmdin the documents lisied in the
Bibliography.




Biotelemetry

Past Perspectives

Biotelemetry is a method whereby physiological
data are converted into signals which are then
sent to monitoring personnel at remote locq-
tions. It is now used routinely for monitoring
patients in hospitals, ambulances, or small
clinics. Biotelemetry also permits physicians to
communicate with or program implanted
instruments, such as pacemakers or medication
delivery systems. NASA was a pioneer in
biotelemetry. It was recognized in the earliest
days of Project Mercury that it was necessary to
monitor the heart and respiration of the astro-
nauts who began our odyssey into space.
While the techniques for recording electrocar-
diograms were well known, methods to transmit
these streams of data over great distances were
at best clumsy, unstable, and too large in
weight and volume. It was also necessary to
overcome the problems of vibration and radio
frequency interference in order to provide a
reliable system for monitoring astronauts in
space flight. The work of NASA and contractor
scientists and technicians brought about the
miniaturization of the equipment, improvements
in the character of the signal, and new surface
electrodes that permitted long periods of wear
without damage to the skin. In q sense, this
requirement for the monitoring of human health
in space brought about a quantum jump in the

science and technology of biotelemetry.

The value of biotelemetry on Earth has been
demonstrated repeatedly, but perhaps the most
dramatic was during the STARPAHC Project
{Space Technology Applied to Rural Papago
Health Care), where medical datq of patients in
the remote Papago Indian Reservation in
Arizona were tfransmitted, via g communica-
tions network, from a mobile clinic to a distant
base of operations. At this base, physicians
monitored the data, made diagnoses, and
prescribed treatments.

Medical Imaging

Imaging instruments and digital image process-
ing techniques developed for the space pro-
gram have contributed to improvements in the
diagnosis of health problems on Earth. The well
known “CAT” scan, whose high-resolution
images revolutionized diagnostic imaging, is
based on digital image analysis techniques
developed by NASA's Jet Propulsion Laboratory
to analyze images of the planets. The CAT
scan [now referred to as computed tomography
or CT) reconstructs, with the qid of computers, g
tomographic (slice-like) image from the multiple
views obtained by q fan-shaped X-ray beam.
CT is now routinely used for diagnosis in most
hospitals and medical centers.

Magnetic resonance imaging (MRI) hardware
has been in existence for decades, but it is only
in recent years that it has been used regularly
for medical diagnosis. Space image processing

techniques have greatly improved the quality of

Figure 2. Sagittal view of the head, obtained with
MRI imoagery.
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Figure 3. The lixiscope utilizes a weak radiation source fo help physi-

cians diagnose bone injuries, among other conditions.

MR| images. MRI also allows physicians to
view, without exposing the patient to x-rays,
cross sections of the internal organs, using @
magnetic field and radio waves to create body
Able

to penetrate bone {which blocks conventional x-

images for diagnostic purposes (Figure 2).

rays), MRL is sensitive to soft tissues like the
kidney and liver. CT and MRI complement one
another in that each is particularly useful for
viewing cerfain organs of the body. A com-
puter program (HICAP), developed by NASA
for distinguishing terrestrial surface features in
satellite imagery, is being used by researchers
at the Department of Radiology of the University
of Michigan Hospital in Ann Arbor in an effort
to combine the best features of MRI and CT

scans.

A device developed by NASA and called the
Lixiscope (using |ow-in~tensiry x-ray imaging
techniques for the study of celestial objects)
utilizes a weak radiation source that reduces the
radiation dose to less than one-percent of that
generated by conventional x-ray devices (Figure
3). Compact and portable, the system can be
used in the homes of bedridden and handi-

capped patients, and is ideal for emergency use
in Field situations (for example, scanning for
bone injuries in accidents). Other uses include
dental examinations and orthopedic surgery,
and ropid, non-destructive testing for industrial

purposes.

Help for Cardiac Patients

Preventive Screening and
Monitoring

Spinoff technologies from the U.S. space
program have contributed to the increasing
public emphasis on prevention of heart disease
and other health problems. Hypertension, or
elevated blood pressure, is basically o "silent
disease" due to its insidious nature prior to
detection. For years, easy-to-use blood pressure
screening devices based on Apollo/Skylab
technology have been widely located in public
places, providing opportunities for early
detection of disease by the many who are not
aware of their problem. This type of system
allows the hypertension sufferer to monitor
blood pressure between visits to the doctor’s
office.

A portable, computerized system developed
from space technology offers a new approach
for monitoring ambulatory heart patients. The
kay to the system was the electrode—it had to
last for long periods, provide high fidelity, and
avoid constant skin abrasion. The monitor
alerts the patient to impending high-risk heart
events by continuously evaluating the heart’s
electrical signals and making immediate
“decisions” as to normalcy. The device may be
attached to the patient’s garment or carried in a
pocket. lts computer record allows a physician
to track a patient’s progress, evaluate drug
treatment, and adjust dosage.

s ~



Figure 4. This technician is using computer-aided imaging techniques developed at NASA's Jet Propul
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sure the extent of atherosclerotic lesions. The photograph at right shows the detail of the image obtained.

Diagnosis

About one-half of all deaths in this country may
be attributed, directly or indirectly, to cardiovas-
cular abnormalities. Furthermore, in recent
years, autopsy studies have revealed that most
American males beyond the age of 30 have
developed some degree of atherosclerosis,
which is a progressive buildup of fatty and
calcified deposits within arteries, resulting in
obstructed blood flow and increased blood
pressure. As a diagnostic tool, ultrasound
employs very-high-frequency sound waves to
visualize internal body structures. Ulirasound is
used in the diagnosis of atherosclerosis. To
generate a three-dimensional image of an
artery, ultrasound pictures are obtained at
intervals along an artery and computer tech-
niques are applied to locate the boundary of
the vessel in each cross section. The three-
dimensional image can then help physicians
assess the need for surgical intervention

Infent on improving the use of ultrasound as g
diagnostic tool in medicine, NASA scientists
worked for a decade to develop an ultrasonic

instrument for non-invasive imaging—the
Ultrasonic Time-Delay Spectrometer Scanner
(TDS)—that could transmit a pulse and “listen”
for a simultaneous return from the target. This
was an improvement over the conventional
pulse-echo, or “on-off,” method used by previ-
ous ultrasound diagnostic instruments, which
had been the major limitation of the technol-
ogy. The TDS produced images with higher
resolution and a better signalto-noise ratio.
With the improvements brought about by
NASA’s work, ultrasonic scanning now comple-
ments other medical imaging technologies, such
as computed tomography {CT) and magnetic
resonance imaging (MRI).

NASA Jet Propulsion Laboratory (JPL) scientists
have developed and clinically tested a com-
puter-aided image analysis method to detect
and measure atherosclerofic lesions revealed by
angiograms. This technique utilizes an image
analysis method originally developed for
analyzing images of the planets. The value of
this technique resides in its accuracy and
capacity for making long-term comparisons,
and it is expected to come into increasingly

sion Laboratory to mea-
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Figure 5. This pacemaker, derived from space technology, has dromati-

call

wider use in the fight against coronary artery
disease (Figure 4).

Devices for Treating
Cardiovascular Disease

Death rates from hypertension can be greatly
reduced through a continuous and intensive
drug freatment program. Yet patients, espe-
cially children, often have difficulty maintaining
a program of oral medication: Since hyperten-
sion in itself has no symptoms, individuals may
feel no particular urgency to take the medico-
tion. An implantable device, the Sensor-
Actuated Medication System [SAMS) improves
the control of hypertension through the continu-
ous administration of medication. The device
releases anti-hypertensive medications in
accordance with signals from a blood pressure
sensing component. It incorporates microminia-
turized circuitry and programming technology
used on NASA's Small Astronomy Satellite and

y expanded the range of activities available to cardiac patients.

other spacecraft. Clinical trials are also investi-
gating whether the SAMS can be moditied to
control hypertension through biofeedback, a
type of self-regulation in which one learns to
control biological activity normally beyond
voluntary control. The modification permits the
System for Measurement and Control of Hyper-
tension (SYMCOH) to sense blood pressure and
sound an alarm signal that triggers the biofeed-
back response.

Many fatal heart attacks result from malfunction
of the heart’s conduction system. With early
diagnosis, a pacemaker can be implanted to
generate an electrical pulse that controls heart
contractions. A programmable pacemaker with
a two-way communications capability was
developed in 1979, a spinoff from space
technology (Figure 5. This capability allows
physicians to remotely monitor and interact with
the pacemaker. Where earlier implantable
pacemakers delivered a fixed stimulus, this
system can be “fineuned” without surgery in
accordance with the individual needs of
patients, which may change over time. This
lessens the length of time patients must remain
in the hospital after implantation, and their
cardiac activity can be monitored throughout
their normal daily roufine. An advanced pacer
that closely matches the heart's natural rhythm
is currently available, with an activity sensor
that responds to body movement. The device
features 28 pacing functions and thousands of
programming combinations to accommodate
diverse life-styles and a range of activities. The
pacemaker system won Food and Drug Admin-
istration approval for general marketing in
1989 after clinical trials involving more than
750 imglants in more than 90 hospitals.

Over 1 million Americans suffer heart attacks
annually, with approximately 50,000 dying
after 1 year, mostty from ventricular fibrillation,
a catastrophic disruption of the normal heart
rhythm. An Automatic implantable Defibrillator
was developed through NASA-sponsored

-10~.



research for use by high-risk patients. When
this apparatus detects the onset of irregularities
in heart rhythm, it automatically delivers an
electric impulse to restore normal rhythmic
activity.

Lightweight and easy to handle, the Advanced
Portable Defibrillator, another space technology
spinoft, is used to revive heart attack victims
(Figure 6). The defibrillator sends an electric
shock to the heart via two metal paddles placed
on the chest wall, terminating the abnormal
rhythms and allowing the heart to return to a
normal pace. Telemetry can be added for
remote monitoring of victims in the field by
hospital-based medical personnel.

The excimer (for excited dimer) xenon chloride
lase  was originally designed by NASA to
measure atmospheric ozone. The excimer laser
caught the interest of physicians searching for a
technique to deliver a laser beam through fiber
optic filaments to eliminate plaque deposits from
the lining of coronary blood vessels without
burning the vessel. The excimer laser allows
physicians to see inside a blood vessel without
first cutting it open. An extremely small catheter
is threaded into the arteries of the heart. Within
it, tiny and flexible glass fibers encircle a highly
miniaturized lens connected to an exfernal

Figure 6. Immediate restoration of heartbeat using devices such as the
Advanced Portable Defibrillator increases the chances of survival after
cardiac arrest.

camera which is in turn connected to a monitor.
This configuration allows the physician to follow
the progress of the catheter tip. The excimer
pinpoints and destroys tiny areas of plague
with short energy bursts at unusually low
temperatures, avoiding burns to normal tissue.

The Baro-Cuff (Figure 7) was originally devel-
oped to study blood pressure reflex controls in
space. Reduced in complexity, it was adapted
for the study of cardiovascular physiology on
Earth. The system is now available commer-
cially as a tool for the study of blood pressure

Figure 7. Originally developed for use inspace, the Baro-Cuff is now available commercially as a clinical toof for the study of

blood pressure controls.
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controls in patients with congestive heart failure,
chronic diabetes mellitus, hypertension, or other
conditions that involve abnormal blood pressure
control. It is also used in kidney function re-
search. The Baro-Cuff is a silicone rubber
chamber that is placed around the patient's
neck. It stimulates blood pressure controls in the
carotid arteries by electronically controlled
application of pressure or suction.

Medication Delivery

It is estimated that one million insulin-dependent
diabetics in the United States will benefit from
implantable infusion systems that alleviate the
need for daily injection with the insulin hor-
mone. The highly miniaturized fluid controls
used for metering nutrients into the Mars soil
samples collected by the Viking lander provided
the basic design for the Programmable Implant-
able Medication System (PIMS) pump (Figure
8), which is capable of metering medication in
precise doses. Amenable to individual life-
styles, the PIMS allows the patient to perform
limited monitoring and reprogramming to adjust
for changes in daily routine.

Cancer Therapy

In the latter half of the 1970s NASA Lewis
Research Center’s Cyclotron Facility, in a
collaborative agreement between NASA and
the Cleveland Clinic Foundation, was dedicated
to an experimental program festing the efficacy
of fast-neutron therapy for cancer treatment.
The Cyclotron was the first facility to provide
both horizontal and vertical beams, an advan-
tage that allowed a greater range of tumors to
be targeted for radiation therapy {previously
only horizontal beams were used, which made
it difficult to target certain organs and areas of
the body). NASA contributed both personnel
and materials to the program. Patients were
treated on a regular basis according to proto-
cols prepared by a national group dedicated to
the study and treatment of tumors (the Radiation

Figure 8. Robert E. Fischell of the Johns Hopkins Uni-
versity Applied Physics Laboratory, who headed the
initial development of the PIMS as a technology utili-
zation project, shows the PIMS with its cover re-
moved. The PIMS holds about two and one-half tea:
spoons of insulin at a programmed basal rate

Therapy Oncology Group). The data gathered
at the Cyclotron made it possible to determine
that fast-neutron therapy was particularly
effective in treating salivary gland, head and
neck, and prostate tumors.

Sample Analysis

An automated system based on Voyager
technology is used for the analysis of body fluid
samples in hospital laboratories to identify
microorganisms that cause infection and to fest
effective treatments. The AutoMicrobic System &
[AMS) (Figure 9) originated from a NASA.-
sponsored study aimed at developing a fully
automated microbial detection and identifica-
fion system for the space program. The AMS

MtoMicrobic System and AMS are registered rademarks of McDonnell Douglas Corporafion.
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Figure 9. The miniaturized version of the AutoMicrobic System (foreground), with the original version in the

background.

allows a laboratory to furnish more accurate
guidelines for antimicrobial therapy the day
after a specimen is collected (a time saving of
50 to 80 percent over standard methods),
leading to swifter analyses, increased accuracy,
earlier treatment, and shortened hospital stays.
A state-of-the-art, miniaturized version of the
AMS is being developed to enable rapid
identification of infectious microbes on Space
Station Freedom.

Accurate blood analysis requires a determina-
tion of the presence and amount of specific
blood constituents without interference from
other compounds in the mixture. Electrophcre-
sis is a process that separates the components
of a fluid through the use of an electric current.

A commercially available electrophoresis system

based on a device originally developed for use
in weightlessness allows the rapid separation,

‘dentification, and guantification of specific

blood proteins in very small quantities. The
Grunbaum System for Electrophoresis (named
after the investigator who developed the
original device) can handle up to 20 samples
simultaneously, and has found broad utility in
medical research and diagnosis. Able to
analyze substances other than blood, this
device is used in agriculture, pharmaceutics,
and other industries.
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Personal Cooling Systems

Cool suits—liquid-cooled garments based on
NASA space-suit and protective systems technol-
ogy—have expanded the range of activities
available to children in the United States and
other countries who have been born without
sweat glands, or suffer personal heating
disorders. The garments are also used in
medical research programs, including studies of
body temperature control in cancer therapy,
and cooling during surgery. Variations of the
garment have helped quadriplegics, who are
often unable to tolerate heat stress because of
an inability to perspire below the waist. Space-
suit and protective systems technology from the
Apollo, Skylab, and Space Shutile programs
(Figure 10} was also incorporated in the early
1980s into a lightweight cooling vest produced
by a private firm for use in industrial settings
where workers are exposed to high tempera-

tures.

Figure 10. Lliquid-cooled garments based on protec-
tive systems technology are improving the quality of
life for patients with personal heating disorders.

Earth Benefits from
Space Life Sciences

Research and Technology:

From the Present to the Future

An Improved Understanding of
Health and Disease on Earth

Research conducted on the Space Shuttle,
Space Station Freedom, and in laboratories on
Earth, to prepare humans for long missions in
space, will lead to a greater understanding of
health and disease on Earth. Integrated studies
of the body’s response to weightlessness will
further elucidate the complex interactions
among physiological systems in normal gravity.
Studies seeking to more thoroughly describe
and, ultimately, counter any undesirable effects

of weightlessness on a range of body systems
will improve our knowledge of disease pro-
cesses in general. For example, investigations
of the function of the heart and lungs after
exposure to weightlessness could lead to a
better understanding of the mechanisms causing
orthostatic (postural) hypotension and cardio-
vascular arrhythmias, possibly yielding im-
proved treatments. Therapies for
immunosuppressed patients on Earth might
arise from studies of the effects of space Hight
on the immune system, while countermeasures
to muscle and bone atrophy in space could
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further our knowledge of musculoskeletal
diseases and contribute to novel therapies,
possibly including new exercise therapies.

In addition, studies of human behavior and
performance on Space Station Freedom could
contribute to the field of preventive psychiatry,

particularly in assisting those who must work for

long periods in isolated and/or confined or
hazardous environments.

Possible Treatments for
Osteoporosis

Some 25 million Americans are affected by
osteoporosis, or bone loss, a common malady
in post-menopausal women (Figure 11) and

elderly men, which often results in britile, porous

bones, which are more easily broken. It is
estimated that osteoporosis leads to 1.3 million
fractures annually. By 2020, costs associated
with this problem are expected to rise to $30-
60 billion per year without new preventive
measures and treatments.® Yet the human costs
of osteoporosis are equally compelling: the
pain of fractures and the discomfort of lengthy
rehabilitation, the limitations imposed on the
lifestyle of senior citizens, the psychological
residue of fear that follows a fall or other

accident.

One of the health hazards of long-term space
flight is bone loss induced by the absence of
gravity loading of the skeletal system. This loss
bears certain similarities to the osteoporosis of
aging. Space life sciences research targeted at
determining the mechanisms of bone loss in
space could help in the search for a cure for
osteoporosis, while exercise countermeasures
and pharmaceuticals (e.g., flucride, diphospho-
nates) for use in space may yield better treat-
ments and slow the progress of osteoporosis in
patients on Earth. Countermeasures for the loss
of bone mineral in space may, in addition, lead
to effective measures for the prevention of
kidney stones on Earth.
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Figure 11. Attop is normal bone. At bottom is osteoporotic bone from
the vertebral body of the spine.

NASA has also been at the forefront in the
promotion of clinical technology to measure
bone mass loss. Bone densitometry, a tech-
nique originally developed by NASA, offers
significant advantages over standard x-rays in
determining bone density, improving the
precision of measurement to less than a 1-
percent error rate, and allowing accurate
clinical judgments.

Artificial Gravity and
Neurophysiology

The U.S. Congress has designated the 1990s
“The Decade of the Brain.” NASA, along with
other government agencies and institutes, will
be undertaking research aimed at a more

* Boning Up on Osteoporosis: A Guide to Prevention and Treatment. Copyright 1989. National Ostecporosis Foundation. Washington, DC.
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complete understanding of the function of the
human brain. Improved therapies for patients
suffering from brain and spinal cord damage
and other neurological disorders may be
gleaned from studies of central nervous system
[CNS) function during space flight.

Studies on the physiological effects of artificial
gravity, particularly its effects on the human
CNS, may find medical applications in neuro-
physiology and the treatment of disorders of the
vestibular system (i.e., the structures in the inner
ear that help to control posture, balance, and
locomotion). Vestibular disorders can lead to
falls, which in turn may have serious health
consequences, particularly in the elderly.

People troubled by motion sickness on Earth
have gained some relief through NASA re-
search on the treatment of space motion sick-
ness (SMS). The effectiveness of any drug
depends on how much of it can be absorbed
into the body, and some people experience
problems taking medications orally (e.g., slow
or incomplete absorption). New routes of
administration for scopolamine, a drug that has
been tested as a countermeasure to SMS, may
avoid problems that sometimes occur when
medications are taken orally. A scopolamine
patch, created in a development effort partially
funded by NASA, allows absorption of the drug
through the skin. The patch is worn behind the
ear.

Those who suffer from various forms of motion
sickness may also find relief through a new form
of scopolamine nasal drops, recently developed
by NASA scientists. In addition, NASA scien-
tists have devised an autogenic feedback
training (AFT) procedure that uses biofeedback
to prevent SMS. Studies are now planned to
determine if AFT can be successfully applied to
patients on Earth who suffer from nausea or
vomiting induced by chemotherapy or other
conditions.

Exercise and Rehabilitation

Astronauts exercise as a primary means of
maintaining good physical condition in space.
Special exercise equipment, suitable for use in
microgravity, is being designed for portability
and compactness (for use within the limited
spacecraft area) and high efficiency (to allow
maximum conditioning of several body systems
at once). This combination of qualities should
lead to advanced exercise hardware that can
be used on Earth in the rehabilitation of bedrid-
den patients. In addition, computer software
under development to monitor fitness trends in
Space Station Freedom crews will provide
significant advances in exercise science, which
may benefit rehabilitative medicine, the fitness
industry, and competitive athletes.

In NASA-sponsored work at Pennsylvania State,
researchers are using a device that simulates

Figure 12. Devices such as the zerogravity locomo-
tion simulator could help to safely retrain bedridden
or other patients who must re-learn the coordination
required for walking.
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locomotion in zero-gravity to study the biome-
chanics of exercise in space, with the aim of
using high impact exercise to help prevent
space-flightinduced bone loss (Figure 12). A
patient using this device could re-llearn the
coordination required for walking, without the
risk of falling and without bearing excessive
loads on the skeleton and joints. In previous
years, a lunar gravity simulator was used to
train physically and mentally incapacitated
children to walk.

Radiation Health

The development of strategies to protect astro-
nauts from the radiation hazards of space
beyond Earth’s protective magnetic field may
produce a better understanding of the biologi-
cal effects of radiation on Earth, particularly in
the area of cancer induction. Furthermore, the
use of microgravity as a unique laboratory tool
on Space Station Freedom should help unlock
the secrets of tumor cells, contributing to the
ongoing effort to find a cure for this disease.
Studies of space radiation—and the develop-
ment of protective countermeasures—could lead
to better long-term occupational health strate-
gies for workers in jobs associated with high
radiation levels. Additional benefits for occupa-
tional medicine could include improved radio-
protectants and radiation detection capabilities,
and enhanced diagnosis of radiation-related
health problems. Among the research ap-
proaches being considered by NASA are
pharmaceuticals and activation of cellular
repair mechanisms.

Medical Equipment

The Crew Health Care System ([CHeCS) is
currently under development to support medical
care on Space Station Freedom. Integrated
and compact, the CHeCS has been designed to
provide medical, minor surgical and dental

nance Facility (HMF), will require extensive
miniaturization of components, including
laboratory, x-ray, and other diagnostic equip-
ment. Miniaturization of medical technology
will prove particularly valuable for field hospitals
and remote medical care. Many of the HMF's
capabilities hold promise for use in analogous
seftings on Earth, including bioisolation, environ-
mental sampling in closed systems, computer-
ized medical protocols, telemedicine, vital-sign
monitoring, and life support for ambulances.
The HMF prep tent shown in Figure 13 can be
utilized for a variety of tasks in support of
medical operations.
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Figure 13. Health Maintenance Facility (HMF) prep tent. Designed for
crew health care on Space Stotion Freedom, the HMF's array of capa-
bilities should prove helpful in such terrestrial settings as field hospitals.

care in the limited area available on the station.
A subsystem of the CHeCS, the Health Mainte-

e B4



emulates the microgravity of space. Cells are
placed in a rotating vessel in the bioreactor,
and segments of body parts are grown to the
size of a few millimeters after exposure to
varying levels of gravity. Researchers have
already modeled human small intestine, and
tumor tissue cultured in the bioreactor has in
many respects proved indistinguishable from
tissue obtained from patients. While this
research is currently in the beginning stages,
such medical applications may be foreseen as
the growth of tissue for transplantation, cancer
and antiviral therapies, models for drug testing,
and the study of disease processes in human
tissue.

New biochemical sensors—very tiny instruments

Figure 14. The primary components of the Rotating Wall Perfused
Bioreactor are [A) a rotating culture vessel, (B] an external media perfu-
sion loop with associated environmental control effectors, and (C] a
computerized processconrrol system. The Bioreactor presents exciting
possibilities for biotechnology.

that can easily be implanted or inserted into the
body—are being developed at NASA to
measure concentrations of ions such as calcium,

Biotechnology

Results from NASA research aimed at furthering
our understanding of the origin of life may find
applications in neurobiology and
neuromedicine. Some of the proteins obtained
in laboratory experiments retracing evolution
have demonstrated anti-aging effects for rat
brain neurons in culture, along with properties
of nerve regeneration. This work could lead to
various medical benefits, including anti-aging in
general, and the production of synthetic nerve
growth factors, which could help in the repair of
severed nerves. Related thermal proteins
formed in the laboratory have shown promise
as memory enhancers, opening the way
towards the development of memory enhancing
agents that might be delivered orally to humans
to treat disorders like Alzheimer’s Disease.

The Rotating-Wall Perfused Bioreactor (Figure
14}, developed by scientists in NASA’s Space
Biotechnology Program, allows the growth of
human tissue in a cell culture system that

sodium, and potassium, in space or on Earth.

In 1989, NASA Ames Research Center entered
into a joint agreement with private-sector
partners to develop an implantable calcium ion
sensor. This new sensor will enable rapid and
accurate blood analysis, which will facilitate the
treatment of certain diseases, such as parathy-
roid disorders, which can be difficult to diag-
nose. Potential public health applications
include the on-site analysis of drinking water or

waste water.

Telemedicine

Telemedicine holds great promise for improving
health care in urban and remote rural areas by
providing direct satellite links between para-
medic personnel working with the patient and
physicians at a central or multiple locations.
Slow-scan telemedicine, which originated in the
space program and is now used across the
United States and in other countries, permits the
rapid transmission of still video images inexpen-
sively over telephone lines, radio, microwave
and satellite channels. Physicians and medical
specialists at widely separated sites can have
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simultaneous access, in real time, to computed
tomography (CT} scans, x-rays, and other
diagnostic information. The resulting time
savings could save lives, particularly in emer-
gencies.

The U.S.-U.S.S.R. Telemedicine Spacebridge
provides a dramatic example of the efficacy of
telemedicine in addressing terrestrial disasters.
In December 1988, after an earthquake devas-
tated Soviet Armenia, NASA presented the
Soviet government with an official offer of
telecommunications assistance fo establish a
means to relay U.S. medical advice via satellite
to doctors in Armenia. The Telemedicine
Spacebridge was subsequently established as a
cooperative endeavor under the auspices of the
U.S.-U.S.S.R. Joint Working Group on Space
Biology and Medicine.

Linked by satellite network, the doctors using the
Spacebridge had simultaneous access to audio,
visual, and fax communications originating from
sites in both the United States and the U.S.S.R.
(Figure 15). Sometimes with the patient on
hand, Armenian doctors presented patient data
to their colleagues at U.S. medical centers, who
then made recommendations for treatment or
further study. Other consultations focused on
public health issues, such as sanitation problems
and the potential spread of disease. Affer a
railway accident in May 1989 outside the
Soviet city of Ufa in the Ural Mountains, Space-
bridge links were extended to Moscow and Uta
to provide access to U.S. medical expertise,
especially in the field of burn treatment. Over
400 physicians and medical personnel from
both countries participated in 51 consultations
during the existence of the Spacebridge.
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Figure 16. The SET! digital signal processor chip from the Multi-Chan-
nel Spectrum Analyzer is only 8 mm square and contains the equivalent
of 34,000 transistors.

Diagnostic Assistance

Crewmembers on future space missions will
need immediate and thorough access to infor-
mation on any medical problems that could
arise. To meet this challenge, biomedical
researchers at Kennedy Space Center (KSC)
and the University of Florida have developed an
interactive computer program, Clinical Practice
Library of Medicine (CPLM). The program,
which is in use at KSC, allows the user to

_simultaneausly search multiple standard medical
texts, such as Merck’s Diagnostic Manual, for
key words. Signs, symptoms, and conditions
may be qualified to obtain specific diagnoses,
therapies, or treatment protocols.

CPLM will provide space crewmembers who
have varying levels of medical knowledge and
skill a tool for swift and accurate diagnosis and
treatment, especially valuable for secondary

and tertiary treatment of an acute event. CPLM
offers the same advantages on Earth as in
space, with additional possibilities for medical
education. The program is ideal for emergency
care in settings where medical capabilities are
limited—in remote polar stations, for example,
and submarines.

Projecting further into the future, crew physi-
cians will use computer-cided medical diagnosis
systems on Mars journeys, which could last up
to 3 years. Similar systems have been in
development for several decades, but have not
yet gained widespread clinical use. NASA's
requirement for such a system results from the
long delays in radio communication over
interplanetary distances {around 40 minutes
round-rip for communication with Mars).
Computer-aided diagnosis would provide, in
effect, a “second opinion,” or reference source
for the crew physician. A refined version of this
system would be usetul as a clinical and/or
teaching tool, and could help contain medical
costs by extending the efficacy of paramedic
personnel.

Computerization

The Search for Extraterrestrial Intelligence (SETI)
Microwave Observing Project is scheduled to
begin operation on Columbus Day 1992. SETI
will employ state-of-the-art signal processing
technology to search for an artificially gener-
ated signal coming from interstellar space.
Programs and computer chips custom made for
a SETI spectrum analyzer may find applications
in many other fields (Figure 16). The SETI
analyzer requires a digital system that performs
on the order of 10 billion operations per
second, which vastly exceeds the speed of
existing super-computers. lts high-speed ability
to discriminate among many millions of frequen-
cies could find applications in medicine and
geology, both of which use high frequency
sound waves as diagnostic or exploratory tools.
Physicians and geologists could process ultra-
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sound signals with greater resolution, without

having to rely on more costly super<omputers.

PLAID (Panel Layout Automated Interactive
Design), one of the tools used by NASA human
performance researchers, is a group of related
computer models, databases and graphics,
which can construct and juxtapose graphic
models of humans and objects, vary the posi-
tions and the viewpoint (Figures 17 and 18). It
can depict the scene as viewed from any point
in space as either by the unaided eye or by a
camera. A builtin collision-detection algorithm
that informs the user if two objects are trying to
occupy the same space helps to determine
equipment layout and verify whether a human
will fit into a small space, for example, to make

repairs. The program is also used to investigate
i.e., to determi heth

reach envelope, i.e., fo de ermme.w ét er ?n Figure 17. A computer model generated by PLAID shows a Shuttle

operator can reach a pedal or switch in a given

crewmember engaged in extravehicular activity.
configuration. After requests from the private

sector, PLAID was released for distribution. An

updated version is now being prepared.

PLAID’s potential terrestrial applications include

equipment design (human modelling for fit,

reach, and access) and architectural layout.

=g

Figure 18. A corresponding photograph taken in space shows PLAID's
ability to realistically model complex tasks.
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Life Sciences Applications:
Environmental Monitoring,

and Safety

Future space missions will require humans to
spend very long periods—up to 3 years for a
mission to and from Mars—in closed environ-
ments, both in spacecraft and in planetary habi-
tats. Life support and environmental monitoring
systems, with long-term efficiency, will be critical
to the health and well-being of the human
crewmember in these settings. Therefore,
NASA’s research and technology programs in
the area of environmental monitoring are di-
rected towards ensuring air and water quality,
monitoring microbial and toxicant levels, remov-
ing particulates, developing procedures for de-
contamination, and ensuring overall
habitability. Space systems must be compact,
lightweight, costeffective and energy-efficient,
functional in space and in the partial gravity of
the Moon and Mars.

Advanced life support systems for exploration
will require technology development in a variety
of areas with high spinoff potential: vastly im-
proved air and water quality sensors, air revital-
ization systems, and means to capture and
dispose of airborne particulates. Advancing the
state of the art in closed-loop systems holds the
possibility of evolving numerous environmental
monitoring technologies, filtration devices, and

contaminant sensors.

Applications may be foreseen for improved en-
vironmental controls in large commercial com-
plexes (for example, to alleviate the “sick
building” syndrome} where air quality is poor.
NASA's Ames Research Center has joined with
the University of Florida and the private sector
in a pioneering agreement under the American
Technology Initiative Program that could have
significant potential for use in monitoring indoor

pollution in office buildings. This research will
investigate the feasibility of an artificial intelli-
gence-based system for monitoring closed-loop
life support systems. Research at Ames involves
the development of an expert system to control
the various steps in the chemical analysis and
identification of volatile, potentially hazardous,
compounds.

The Volatile Organic Detector and Analyzer
(VODA) is an environmental monitoring device
that has been developed to warn space crews
of low levels of volatile organic compounds, not
readily detectable, that might be present in the
Shuttle or Space Station Freedom. Compact,
automated, and battery-operated, the VODA
can identify and quantify up to 30 targeted
volatile organic compounds in a spacecraft at-
mosphere. These attributes lead to numerous
potential applications on Earth, including envi-
ronmental monitoring and the detection of leaks
and spills at toxic waste sites, manufacturing
facilities, and community exposure studies.

An onboard fire could release potentially toxic
gases into the closed atmosphere of a space-
craft. The Combustion Products Analyzer (CPA)
(Figure 19) is designed to provide an early
warning of combustion events such as fire or
overheating equipment, and to monitor the con-
centration of gases in order to rapidly assess
the effectiveness of decontamination efforts and
air quality following a fire, or spills and leaks of
toxic materials. The CPA’s compact size and
portability make it useful as a convenient moni-
toring device for firemen or chemical plant
maintenance employees in hazardous situa-
tions. Now flown regularly on the Space
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Shuttle, the CPA may find application on com-
mercial or military aircroft.

Gas chromatography, an analytical technique
that has been used to examine planetary atmo-
spheres, will play an important role in upcom-
ing space missions that will pursue questions
related to the biochemistry of life and the
development of planets. Gas chroma-
tography yields information on the
composifion of a substance by sepa-
rating and measuring the fractions of
certain compounds from more complex

mixtures.

On Earth, gas chromatography finds applico-
fion in a variety of situations that require the
rapid detection and analysis of substances, such
as laboratory analysis of toxic and unknown
substances, and environmental monitoring.

Under a grant from the NASA Life Sciences Di-
vision and Ames Research Center, researchers
have achieved advances in miniaturization of
gas chromatography technology (Figure 20).
This research activity incorporated “micromach-
ining” techniques (i.e., using very small and ac-
curate tools) that have allowed the fabrication
of extremely small and precise physical struc-
tures on a silicon wafer. The end product was
an entire working gas chromatograph—consist-
ing of a gas sampling valve, a column, and a
detector— fabricated on a single silicon wafer.
This prototype represented a decrease in weight
of three-to-four orders of magnitude from com-
mercial devices, and was two orders of magni-
tude more sensitive when measuring the same
substances. This development effort subse-
quently formed the basis for a commercial enter-
prise that markets a portable gas
chromatograph for field use.

Portable life support systems for extravehicular
activity and excursions on planetary surfaces
will require reductions in weight, power, and
volume—along with increased reliability.

Figure 19. The Combustion Products Analyzer
[CPA), routinely flown on Space Shuttle missions,
could have toxicological applications on Earth.

Among the promising Earth applications for this
technology is improved disaster management.
Combining thermal materials research with ad-
vanced portable life support units can lead to
technologies that will assist relief workers, par-
ticularly in extremely hazardous situations, such
as oil well fires, firefighting, rescue of air crash
victims, and clean-up of toxic spills. Strides in
portable life support technology should also en-
hance the safety and efficiency of undersea op-
erations, harvesting, and mining.

Life support and space suit technology from the
Apollo and Space Shuttle eras has found appli-
cation in a new firefighting breathing apparatus
(Figure 21), which fire authorities acknowledge
to have reduced injuries by some 90 percent in
applicable situations.* Advantages of the result-
ing unit, which is used in virtually every metro-
politan area, include reduced weight, extended
durability, and improvements in the helmet,
mask, and air depletion warning device.

Xn Exploration of Benefits from NASA “Spinoft.”
Study conducted by Chapman Research Group, Inc.
National Aeronautics and Space Administration,
Washington, DC, June 1989.
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Figure 20  (Below) The photograph shows the
progressive miniaturization of gas chromatography
technology At the far left is an old version of a
thermoconductivity detector (TCD), capable of
detecting frace contaminants at a level of several
parts per million (ppm). Second from left is a TCD
flown on planetary missions in the mid-1970s.
Second from right is @ mock-up of @ commercial
metfastable ionization detector (MID), with an
improvement in sensitivity of about three orders of
magnitude over previous instruments. Finally, at far
right is a newly designed MID. This very small
component allows the detection of trace contaminants
at the part-per-billion range. In addition to its
extremely high sensitivity, this defector responds to all
types of chemical species in the vapor phase.
Portable analytical equipment using this newer, more
miniaturized and more sensitive detector will be
useful for the detection of toxic vapors in hazardous
environments associated with industrial sites and
chemical spills.

Figure 21. (Above) This breathing apparatus for
profection against smoke inhalation is the result of
adapting aerospace materials and technology to
create lighter, less cumbersome firefighting equip-
ment.




Life Sciences Applications:
Agricultural Productivity

As human exploration missions in space grow
longer and occur at greater distances from
Earth, closed-loop life support systems will be
required to eliminate the need for costly and
logistically complex resupply. Researchers in
the Life Sciences Division’s Controlled Ecologi-
cal Life Support System (CELSS) Program are
developing a bioregenerative fife support sys-
tem based upon photosynthesis that will provide
food, potable water, and air over long periods
in the closed environment of the spacecraft or
planetary habitat. The system is currently in the
breadboard stage at Kennedy Space Center.

Problem areas in U.S. agriculture include dis-
proportionately high input requirements li.e.
energy, fertilizer, irrigation, pesticides, etc.) per
unit of product. With current agricultural meth-
ods for wheat, approximately one acre of crop
is required to produce sufficient food energy to
supply one person per seasonal harvest. CELSS
experiments in controlled environments have
reduced that requirement to 0.002 acre/per-
son, or 500 people per acre.

The CELSS Program (Figures 22 and 23] is de-
signed to promote a greater expression of the
genetic potential of crops commonly used in
field agriculture, and results to date indicate that
such crops have a much greater productivity
potential than is presently realized. CELSS
crop-growth experiments in closed chambers
have exceeded world record field yields by
200-300 percent and reduced seed-to-harvest
cycles by more than 25-30 percent. Studies of
environmental influences on plant development
and yield, together with careful control of light,
water, and other environmental parameters,

have dramatically increased productivity per

unit input to the system. Crops grown under
these conditions are of consistently high quality,
and production has been predictable. Although
some CELSS techniques, such as enriching the
carbon dioxide in the closed atmosphere, may
not apply in the open field, the basic knowl-
edge gained from this applied research is of
great value to agriculture in general. The even-
tual identification of environmental conditions
that allow optimum yield and productivity will
also be of use to the controlled environment ag-
riculture industry in particular.

The design of small, efficient plant growth cham-

bers may have practical value in urban areas or
extreme environments such as the Antarctic or
deserts. And, aside from its importance in food
production, CELSS research may provide a
model of other closed environments such as
modern insulated houses, where plants could
act as natural “scrubbers” to remove air pollu-
tion.

The CELSS Program is examining automation
and robotics techniques for growing crop plants
in space. Automated crop production methods
will be of value to the commercial hydroponic
farming industry: increasing the level of auto-
mation could increase production and profits.

Among the other benefits anticipated from
CELSS research are advanced lighting technolo-
gies, and technologies that enable computer
control of multiple systems, allowing for the inte-
gration and monitoring of such factors as tem-
perature, lighting, nutrient supply, humidity, efc.
CELSS research may also result in advances in
nutrient delivery systems for hydroponic plant
growth. Waste management technologies for
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the limited spacecraft areq may, in turn, lead to
advanced waste management technologies for
solid and liquid waste processing.

Technology developed for the "Salad Ma-
chine,” a CELSS applications research project
underway ot NASA Ames Research Center,
could provide fresh vegetables in harsh environ-

ments automatically - polar research stations,

Figure 22. Closed chamber wheat production (day 4|

petroleum exploration platforms, and remote
Alaskan villages - where costs and other factors
associated with importing fresh foods are pro-
hibitive. The Salad Machine (Figure 23) may
also provide a basis for future technologies that
could conceivably be used in homes for the pro-
duction of fresh vegetables unaffected by, for
example, pesticides.

using a controlled hydroponic nutrient delivery system.
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In addition, investigations with plants, con-
ducted by both the CELSS and the Life Sciences
Division’s Space Biology Program, could lead to
improved plant growth systems that better con-
serve soil, water, labor, and energy, improved
food storage; and advances in breeding and

genetic engineering of new plants. Hormonal
constraints on the cloning process on Earth are
neutralized or more easily manipulated in
space; thus, cloning of new types of plants in
space that are difficult to propagate on Earth
would be a boon to agribusiness.

Figure 23. Hydroponically grown leftuce being
removed from the KSC "Breadboard" biomass
production chamber in which it was grown.

Figure 24. NASA's Salad Machine allows the cultivation of fresh vegetables in areas where harsh weather
conditions and geographical and other factors prohibit the growth or import of fresh foods.
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Life Sciences Applications:
Environmental Protection

NASA's Biospheric Research Program applies
the unique planetary perspective afforded by
space fo the direct study of Earth’s environment.
Aircraft observations are combined with remote
sensing from space and data collection on the
ground fo study the operation of different eco-
systems, and to determine how these ecosys-
tems are being altered by human activity.
Among the questions being addressed are the
potential effects of global climate change, the
impact of large-scale wildfires, and the transmis-

sion of vector-borne disease, specifically ma-
laria. The latter brings the capabilities of
NASA'’s space technology to a question of ma-
jor importance to terrestrial health, particularly
in Third World nations.

Determining the Effects of
Wildfires

In the continental United States, 130,000 fires
devastate the natural landscape each year, re-
leasing approximately 25 million metric tons of
ash into the atmosphere. While wildfires can
have some beneficial environmental effects,
such as promoting nutrient cycling in soils, they
also can adversely affect ecosystem productiv-
ity. Llarge-scale fires also release trace gases
(e.g., carbon dioxide, methane, and nitrous ox-
ide) that contribute to the “greenhouse effect,”
or global warming.

Fire temperatures are believed to be correlated
with nutrient cycling and the emission of trace
gases, but, traditionally, smoke or inaccessible
terrain has made it difficult to obtain reliable
information on fire intensity and temperature,
size, pattern, and gas production. Another cen-
tral problem has been a lack of information on
the materials generated by fires of different in-
tensities and durations.

A study of characteristics and emissions of ma-
jor wildfires is currently being conducted at
NASA Ames Research Center. This study will
help improve fechniques for fire monitoring and
control and add to our knowledge of the envi-
ronmental impact of large-scale fires. New sen-

Figure 25. In 1988 NASA aircraft helped in the fight to monitor the
massive wildire that swept Yellowstone National Park, and in the effort

sors are being designed and built that will

to understand the envizonmental effects of the fire. accurately measure fire temperatures from air-
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craft- and spaceborne platforms. This technol-
ogy will provide data on the effects of wildfires
that can be used in local and global models of

climate change.

Airborne remote sensing offers a number of ad-

vantages over conventional fire monitoring prac-

tices, including greater area of coverage, better
penetration of smoke, and imagery transmission
over long distances. These advantages were
demonstrated during the massive wildfires in
Yellowstone National Park in 1988, when air-
craft from NASA Ames Research Center relayed
images of burned areas and the movement of
the fire front to local receiving stations (Figures
25 and 26). The Yellowstone missions comple-
mented ongoing efforts at Ames to understand
the environmental impact of fires. Data ob-
tained from airborne instruments are being com-
bined with conventional field measurements and
analyzed to determine intensity, rate of spread,
and severity of the fires.

Forest Management

Remote sensing data are contributing to more
accurate mathematical models of how forests
function. Measurements are first taken on small
sites, such as a stand of trees, and then ex-
tended to estimate characteristics of larger ar-
eas, which can be detected in satellite images.
Certain forest characteristics, such as leaf sur-
face area, are combined with other spatial mea-
surements, such as soil maps and
meteorological data, to create models that can
be used to predict such forest processes as
growth or productivity.

The Oregon Transect Ecosystem Research
Project is an interdisciplinary research project
whose goal is to measure and model the bio-
logical regulation of carbon, nitrogen, and wa-
ter flux in six temperate coniferous forest
ecosystems in west-central Oregon. In recent
years, project scientists have developed several

models of ecosystem processes that use vari-

ables derived from remote sensing data for esti-
mating key ecosystem fluxes. At the same time,
the research team has gained an understanding
of the relationships among key ecosystem pa-
rameters and remote sensing data.

The coniferous forests that occupy approxi-
mately one-third of the land area of the western
United States are among the most productive in
the world. The leaf surface area of the forest
canopy is related to the exchange of carbon
dioxide, water, and oxygen. Sophisticated sen-
sors on NASA aircraft and remote sensing data
gathered by Landsat satellites have been used
to estimate the leaf area index of these forests.
The close correlation between leaf area and re-
motely sensed data demonstrates the potential

of these technigues to estimate biogeochemical

Figure 26. -This photograoph frdm NASA's ER-2 aircroft shows an
especially large smoke plume over West Yellowstone Park, Montana.
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cycling characteristics of coniferous forests over

regional scales.

Lignin, a compound in leaves, affects how plant
conopies reflect sunlight. Recently it has been
shown that the concentration of lignin in a plant
canopy can be measured by aircraft sensors.
The concentration of lignin in leaves is inversely
related to the rate of nitrogen turnover in the
soil, which in turn affects soil fertility and bio-
logical productivity.

Our ability to monitor ecological processes on
regional and global scales is subject to the limi-
tations of technology and our knowledge of
these processes. The new generation of experi-
mental, high spectral resolution sensors is ca-
pable of acquiring information specific to
selected ecosystems and integrating ecological
information from a large area into a single im-

age or series of images.

Methane Production and
Global Climate

The concentration of one of the greenhouse
gases, methane, ' “creased rapidly over the
last century, and <. .ves to increase at a rate
of approximately 1 percent per year. Knowl-
edge of natural methane sources (e.g., wet-
lands, rice fields, cattle) is limited, and estimates
of annual methane production from different
ecosystems have been based largely on incom-

plete data.

In 1986, a research effort was initiated to esti-
mate methane emissions from the Alaskan tun-
dra. This 3-year program included collection of
methane samples from wet and dry tundra sites,
acquisition of ground data, and development of
regional estimates. Remote imagery was used
to identify different land cover types in the tun-
dra, and these land cover types were then re-
lated to variations in ground measurements of
methane production. The results formed the first
“map” of methane production for the regidn.

The ultimate goal is to model and estimate meth-
ane production on a global scale, and deter-
mine the potential effect of global change.

Such studies are vital to our understanding of
how methane production and global climate
affect one another.

Pollution Control

Origin-of-life studies conducted within NASA's
Exobiology Program have shown that, during
heating, amino acids order themselves
nonrandomly into ordered thermal proteins.
This process is as precise as, and may be more
precise than, the modern sequencing that occurs
under the stewardship of RNA/DNA. This re-
search presents possibilities for biotechnology,
including the direct production of certain pro-
teins by heating the proper amino acids. Novel
and useful compounds, partially unique but re-
lated to those that have arisen over billions of
years of evolution, may be created in the labo-
ratory and used in medicine and other fields.
Some thermal proteins have been shown to be
biodegradable and biocompatible, and may
thus play a part in solving problems associated
with terrestrial waste and pollution control, in
which natural proteins have already provided
some useful solutions.

Predicting the Spread of
Disease

Malaria remains a serious and widespread glo-
bal health problem despite extensive efforts to
eradicate the disease. Currently, half of the
world’s population is at risk: According to the
World Health Organization, 270 million people
suffer from malaria at any given time, and each
year approximately one million die from the dis-
ease, most of them children in tropical regions.
To compound the problem, changes in land use
have brought outbreaks of malaria to areas pre-
viously unaffected. Malaria is transmitted to
humans by the Anopheles mosquito, which car-
ries the malaria parasite, Plasmodiuvm; however,
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Figure 27 NASA's Biospheric Monitoring and Disease Prediction Project seeks to better predict outbreaks of maiaria througn

remote sensing, collection of ground data, computer and laboratory analysis. -

the dynamics of disease transmission differ de-
cending upon geographic location, mosquito
species, and human population.

In 1985 NASA's Life Sciences Division, in co-
operation with international heaith agencies,
‘nitiated the Biospheric Monitoring and Disease
Prediction Project at Ames Research Center to
study malaria {Figure 26). Using remote sens-
ing technology, the program’s goal is to model
the relationship between malaria and its envi-
ronment, in order to better predict where and
when disease outbreaks will occur. This predic-

tive information will help already over-burdened

health agencies in their efforts to control out-
breaks of the disease.

Satellite imagery allows the identification and
mapping of vegetation associated with the lar-
val habitats of several mosquito species. The
Biospheric Monitoring and Disease Prediction
Project, however, goes beyond the goal of habi-
tat mapping. Careful ground measurements,
coupled with this remote sensing data, allow
investigators to identify which environmental
variables influence mdsquiro populations. Mad-
els help clarify the relationship between the

spread of malaria and the remotely sens.cle ar-
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vironmental variables that influence mosquite
population levels. Eventually, these models will
be utilized to produce maps that describe the
risk for malaria transmission over specific areas.
The methods developed in this project will be
made available to international users to help
control malaria worldwide.

The first phase of the project was conducted in
Califernia, where the western malaria-bearing
mosquito, Anopheles freeborni, breeds in rice
fields. The results of a joint NASA/University of
California study in 1985 indicated that the
abundance of anopheline larvae was associ-
ated with specific vegetation characteristics of
the fields, such as greendeaf area, which could
be correlated with and monitored by remote
sensing data. The study determined that rice
fields that developed rapidly early in the grow-
ing season had higher anopheline larva popula-
tions than those that developed more slowly. A
more extensive study in 1987 combined remote
sensing measurements of early canopy develop-
ment with distances measured between rice
fields and livestock pastures [i.e., bloodmeal
sources). The results indicated a cleor distine-
fion between high and low mosquito-producing
fields. With this data, high mosquito-producing
fields were predicted with close to 90-percent
accuracy 2 months prior to @ mosquito popula-
tion peak. These predictions could be used to
improve mosquito control measures.

Phase Il, now underway, will produce a malaria
risk map for the Pacific coastal plain of
Chiapas, Mexico, an area of active malaria
transmission. Studies identified two malaric-
bearing mosquitoes with distinctly different habi-
tats. Remote sensing data are being used to
study land cover and map the potential mos-
quito habitat of the species that is particularly
abundant in the wet season. When compared
with patterns of human settlement, areas of po-
tential malaria risk can be pinpointed.

The methods developed in this study will help con-
trol outbreaks of malaria worldwide. Future pians
call for extending the findings of the California
and Mexico studies fo other regions of the world
roubled by insectborne disease. Space Staticn
Freedom and NASA Earth Observing System plat-
forms will provide spectral and spaticl data over
large areas of the globe where vectorborne dis-
ease constitutes a health problem.
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