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DEDICATION OF WORKSHOP TO PROFESSOR CURT P. RICHTER
THE JOHNS HOPKINS UNIVERSITY, SCHOOL OF MEDICINE

The Space Life Sciences Payloads Office and the Department of Biological Sciences, San Jose
State University, dedicate these proceedings to Professor Curt P. Richter, of The Johns Hopkins
University Medical School.

Dr. Richter's work in animal behavior and physiology has spanned over 60 years (see Richter,
C. P.: A behavioristic study of the activity of the rat. Comp. Psychol. Mongr., vol. 1, 1922, pp. 1-55;
and Richter, C. P.: Growth hormone 3.6-hr pulsatile secretion and feeding times have similar periods in
rats. Am. J. Physiol., vol. 239 [Endocrinol. Metab.], 1983, pp. E1-E2). He has done research in his
laboratory and published on many of the topics covered in this volume. These creative and philosophical
contributions have significantly and immeasurably influenced several fields of scientific investigation and
will do so for years to come. Richter, C. P.: Biological Clocks in Medicine and Psychiatry. Charles C.
Thomas Publisher, 1965, continues to be one of the most valued early reviews on the subject. It is fitting,
as we gather to define the limits and standards of the artificial animal environments to be used in space,
that we acknowledge and pay our respects to one who has done so much to enhance our functional
understanding of the animal body and mind.
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for technical support and making necessary arrangements for this important meeting. We also appreciate

the excellent help provided by Ms. Kara M. Myers, Cynthia L. Race, and Lisa M. Gibbs in preparation of
this manuscript.

Daniel C. Holley, Ph.D.
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Note: All credits for illustrations appear together in Appendix B.
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Joint Research Interchange Number NCA2-203, with San Jose State University.



BACKGROUND, SIGNIFICANCE, HISTORICAL PERSPECTIVE

A workshop, sponsored by Ames Research Center, was held at San Jose State University, San
Jose, California, July 16-17, 1987, to discuss and correlate observations and theories relating to lighting
requirements in animal habitats for rodents and nonhuman primates in microgravity (near space). This
volume represents the results of that meeting, which was held under the auspices of the Space Life

Sciences Payloads Office, Ames Research Center, and supported by the National Aeronautics and Space
Administration Joint Research Interchange Number NCA2-203.

The primary objective of the meeting was to review various aspects of photobiology as they relate

to rodents and nonhuman primates in the space flight environment and to apply this information to the
design of current and planned space habitats for these animals.

A considerable number of space flights, both U.S. and Soviet, have included rodents and non-
human primates (see table 1). As aresult of the inevitable decision to continue live animal experimentation
in space, NASA has been faced with the non-trivial task of developing adequate animal housing environ-
ments (habitats). Because several design teams and multiple projects have been involved in this endeavor

(see Leon), it was deemed necessary to establish common environmental standards that would apply to all
of the habitats.

It is well known and generally accepted that light is the most important variable in the laboratory
environment for cuing the central circadian “clock" and, therefore, providing timing synchronization for
literally all of the body systems. Essentially all animal facilities and research laboratories today use artifi-
cial light sources with the assumption that the light intensities and inherent spectral energies are nominal in
terms of homeostasis, physiology, and behavior. However, as our understanding of the nature of light
and how it interacts with living organisms expands, it is becoming apparent that light may be the single
laboratory environmental factor to show greatest variation from one laboratory to another, and from one
space flight to another. Inherent in good scientific investigation and methodology utilizing animals is a
strict adherence to defined environmental and dietary conditions. Given that most scientific papers, and
even U.S. Government laboratory animal guidelines, report light in psychometric units that relate to
humans (i.e., illuminance: phot, foot-candles, or lux; or luminance: candela or lambert) it is questionable
that truly reproducible light conditions can be realized from these data alone.

Understanding of the effects of light on animals in flight experiments is of particular importance to
the Space Life Sciences Payloads Office because that office is ultimately responsible for the validity and
quality of the experiments to be flown in microgravity. It was felt that the interactive participation of
microgravity engineers, space biologists, lighting engineers, and photobiologists would be the most pro-
ductive means to arrive at valid answers to the questions pertaining to lighting in the animal habitats, and
would facilitate development of valid and workable lighting standards for the future.

The diversity of approaches in the study of light (as it relates to animals) and the scope of the
problem necessitated the scheduling of a number of focused papers. Both current unpublished research
and more inclusive review papers were considered important in giving a panoramic view of the topic of
light as it relates to microgravity habitats. After deliberation it was decided not to include all extemporane-

ous remarks, but to encourage those who wished to have their ideas published to submit refined manu-
scripts. Some short connotations are included as a result.



The first paper deals with the various animal habitats current and planned, and includes a discus-
sion of engineering limitations. The second paper deals with characterization and measurement of light.
(Light was initially discussed from a physical point of view as it relates to biological applications in micro-
gravity.) The next group of papers deals chiefly with biological timing mechanisms. The final group pre-
sents comparative aspects including animal performance and behavior, reproduction and development, and
immunological considerations.



TABLE 1.—PARTIAL LIST OF RODENT AND NONHUMAN PRIMATE BALLISTIC* AND

ORBITAL FLIGHTS?
Species (N) Mission/country Date launch Altitude Duration
Rhesus monkey V2 Rocket/US 06/11/48 *to 62 km
Rhesus monkey Blossom 3/US 06/18/48 *to 62 km
Rhesus monkey Blossom 4/US 10/00/48 *to 134 km
Cynomolgus monkey Blossom 5/US 05/00/49 *
Cynomolgus monkey Blossom 6/US 05/00/49 *
Rhesus monkey V2 Rocket/US 06/14/49 *to 134 km
Cynomolgus monkey V2 Rocket/US 09/16/49 *to 35,000 ft
Cynomolgus monkey V2 Rocket/US 12/08/49 *to 200,000 ft
Mouse Blossom 7/US 07/00/50 *
Mouse V2 Rocket/US 10/31/50 *to 136 km
Cebus monkey, Aerobee Rocket/US 04/18/51 *to 61 km
mice
Rhesus monkey, Aerobee Rocket/US 09/20/51 *to 71 km
mice (11)
Cebus monkeys (2), Aerobee Rocket/US 05/21/52 *to 62 km
mice (2)
Mouse Thor IRBM/US 04/23/58 *to 1400 mi 20 min
Mouse Thor IRBM/US 07/09/58 *to 1400 mi 20 min
Mouse Thor IRBM/US 07/23/58 *to 1400 mi 20 min
Squirrel monkey Jupiter Rocket/US 12/13/58 *to 290 mi
Rhesus monkey, Jupiter Rocket/US 05/28/59 *to 300 mi
squirrel monkey
Black C57 mice Discoverer III/US 06/04/59 *
Black C57 mice (12) Jupiter/US 09/16/59 *
Rhesus monkey Hermes 1/US 12/04/59 *to 280,000 ft | 13 min
Rhesus monkey Hermes 2/US 01/21/60 *to 49,000 ft 8 min
Black mice (21), Lambda Sputnik V 08/19/60 *t0 450 km
white mice (19),
rats (2)
Black C57 mice Atlas/US 10/13/60 *to 650 mi
Chimpanzee Mercury 2/US 01/31/61 *to 251 km 18 min
Mice 4th Spaceship/USSR 03/09/61 183-249 mi 1 hr 45 min
Chimpanzee Mercury 5/US 11/29/61 99-146 mi 3 hr 20 min
White rat Aerobee Rocket/US 12/05/67 * 460 sec
Macaca nemestrina Biosatellite III/US 06/29/69 orbital 85d
Pocket mice Apollo 17/US 12/05/72 orbital 12.0d
Rats Cosmos 605/USSR 10/31/73 orbital 220d
Rats Cosmos 690/USSR 10/22/74 orbital 22.0d
Rats (25) Cosmos 782/USSR 11/25/75 226-405 km 19.5d
Rats, wistar (30) Cosmos 936/USSR 08/03/77 224-419 km 18.5d
Rats, wistar (37) Cosmos 1129/USSR 09/25/79 226-406 km 18.5d
Macaca mulatta (2), Cosmos 1514/USSR 12/14/83 226-288 km 5.0d
rats, wistar (10)
Rats (6) STS 8/US 08/30/83 orbital 8.0d
Rats (6) STS 41-B(11)/US 02/03/84 orbital 85d




TABLE 1.- CONCLUDED

Species (N) Mission/country Date launch Altitude Duration
Squirrel monkeys (2), | Spacelab 3/US 04/29/85 orbital 75d
rats (24)
Rhesus monkey Cosmos 1667/USSR 07/10/85 222-297 km 7.0d
Rats, wistar (10), Cosmos 1887/USSR 09/29/87 224-406 km 12.5d
rhesus monkeys (2)

TCompiled in part from the following:

Anderson, M.; Rummel, J. A.; Deutsch, S., eds.: BIOSPEX: Biological Space Experiments, A Com-
pendium of Life Sciences Experiments Carried on U.S. Spacecraft. NASA TM-58217, 1979.

Gazenko, O. G.; and Ilyin, E. A.: Investigations on-board the biosatellite Cosmos 83, Adv. Space
Res., vol. 4, no. 10, 1984, pp. 29-37.

Halstead, T. W.; and Dufour, P. A., eds.: Biological and Medical Experiments on the Space Shuttle
1981-1985, Life Sciences Division, Office of Space Science and Applications, NASA Headquarters,
Washington, DC, 1986.

Simmonds, R. C.; and Bourne, G. H., eds.: The Use of Nonhuman Primates in Space, Proceedings
of a symposium held at Ames Research Center, Moffett Field, California, December 2-4, 1974,
NASA CP-005, 1977.




SUMMARY OF CONCLUSIONS REACHED IN WORKSHOP AND RECOMMENDATIONS FOR
LIGHTING ANIMAL HOUSING MODULES USED IN MICROGRAVITY RELATED PROJECTS

Conclusions

This workshop consisted of formal 45-minute seminars by 14 speakers followed by informal
group discussions. In the afternoon of the second day, all workshop participants (speakers and attendees)
gathered for a round-table "executive session" in which specific questions were addressed, discussed, and
final recommendations made. The recommendations listed below, therefore, represent a consensus based
on data presented by the speakers and data offered by others during the executive session discussion. It
should be noted that the recommendations are meant to provide a basis for valid and meaningful scientific
animal investigations in space that can be correlated with the myriad ground based studies that currently

exist and that are to be performed in the future. The recommendations were based on available information

and may require modifications as future studies expand our understanding of this subject.

Recommendations

1. General

These lighting recommendations should be utilized for all space flights regardless of duration. The
recommendations must apply to ground based studies to which flight data might be cross correlated.

2. Nonhuman Primates Versus Rodents

Separate standards should exist for nonhuman primates versus rodents. The standards should apply
for all varieties within a grouping; i.e., the rodent standard should apply to pigmented (Long-Evans type)
and albino (Sprague-Dawley type) rats; the nonhuman primate standards should include monkeys of the
genera Macaca and Saimiri (e.g., rhesus and squirrel monkeys). The rodent standards are meant to
include mice (Mus) and rat (Rattug) species. Different requirements might apply for other rodents or non-
human primates particularly if their characteristic light-related behavior pattern is reversed from that of the
species listed above (i.e., diurnal versus nocturnal).

Note: Considerable discussion centered on the question of albino versus pigmented animals
(particularly in light of data provided by Williams). Two views were expressed.

a. Because of the albino animal's "handicap"—inability to control the amount of light impinging on
its retina—"what it gets is what it sees.” Manipulation of environmental illumination under these
circumstances, quite simply, constitutes an independent variable. The "normal” animal's capacity

to modulate photic input through autonomic mechanisms has been eliminated through selective
breeding.

b. For the majority of experiments, "normal" pigmented animals would probably be preferred. They
might reasonably be expected to be less vulnerable to transient, uncontrolled perturbations in the

photic environment, and be functionally consistent (i.e., not variously damaged by prior exposure
to light).



3. General Light Conditions

The light source should be diffuse and emanate from one surface, thus providing a directional cue.
Point sources of light should be avoided. Light intensity should not vary more than 20% according to
position within the cage (note that this is when food and other paraphernalia are in place). Light parame-
ters (e.g., intensity) should not vary more than 15% over the duration of a flight. It is recommended that
light intensity in each cage be measured before and after the flight to document changes that might occur
due to such factors as bulb age or power drop-off (e.g., battery drain). If possible, light parameters
should be measured routinely in flight to confirm compliance with the standards. The concept of feedback
clamping the intensity was discussed as a possible method to limit variability over time. It should be noted
that some animals (particularly rodents) modulate their photic input within a given microhabitat by seeking
shelter away from the light source (see Lynch). A uniformly lit cage restricts this mechanism.

4. Light Spectral Qualities

The light source should produce a spectral profile that simulates as close as possible natural sunlight.
Sunlight at 12:00 hr at a middle latitude on June 21 is to be the standard reference. Very complete solar
global spectral irradiance data for Tanashi, Tokyo, Japan (35° 43' north latitude, 73 m above sea level) can
be found in the following: Habu, M.; Suzuki, M.; and Nagasaki, T.: Measurement of the solar spectral
irradiance at Tanashi, Tokyo (I, II, IIT). Researches of the Electrochemical Laboratory Nos. 812, 813,
and 830; 1981, 1981, 1983. Excerpts of this data may be found in Thorington, L.: Spectral, Irradiance,
and Temporal Aspects of Natural and Artificial Light. The Medical and Biological Effects of Light,
Wurtman, R. J., Baum, M. J., and Potts, J. T., eds., Annals of the New York Academy of Sciences,
vol. 453, 1985. UV-A and UV-B components should be present. Filters should be available to remove
(block) these components if an investigator so desires. Because the spectral properties of most lamps
currently available can change over time, it is recommended that the manufacturer specify a useful life (in
hours) and that lamps be logged and monitored to stay within these limits during a particular mission. It is
also recommended that lamps be turned on for a period of time prior to use in a mission to allow them to
stabilize. The period of time ("burn-in time") should be recommended by the manufacturer.

5. Light Intensity

Considerable discussion ensued pertaining to light intensity. It was the consensus that, from an engi-
neering standpoint, every effort should be made to achieve the nominal intensity. When this is not possi-
ble, only values within the acceptable range of intensity should be considered. Due to possible permanent
retinal effects of bright light exposures to rodents (see Williams), these animals should be raised under the
same lighting standards as proposed for space flights. At no time should animals be exposed to light
intensities outside the "acceptable” range (also see recommendation 10 below). It was suggested that
future investigators might desire greater light intensities for some applications. It is, therefore, recom-
mended that lighting systems be engineered with the capability to produce up to 1000 lux (410 UW/cm2,
sunlight simulating light) intensity in rodent habitats and nonhuman primate habitats. If possible, the
intensity shoul ntin ly variable (infinite increments or analog).

a. Lights on phase
1) Rodents

The nominal light intensity at the position of the animal in mid cage should be 40 lux
(16.4 pW/cm?), unless otherwise specified by the investigator. If this is not possible, a light



intensity at the beginning of the flight within the range 5 to 75 lux (2.1-30.8 pW/cm?) is
acceptable. Once an intensity is selected, that intensity should be maintained constant, and not
vary more than 15% over the duration of the flight (see recommendation 3). The light level
must never be less than 5 lux (2.1 uW/cm?2) during the light phase.

2) Nonhuman primates

The nominal light intensity at the level of the animal's head should be 300 lux (123 pW/cm2),
unless otherwise specified by the investigator. If this is not possible, a light intensity at the
beginning of the flight within the range 70 to 1000 lux (28.7-410 uW/cm?2) is acceptable.
Once an intensity is selected, that intensity should be maintained constant, and not vary more
than 15% over the duration of the flight (see recommendation 3). The light level should never
be less than 70 lux (28.7 pW/cm?2) during the light phase.

It should be noted that there was considerable concern about the recommended low intensity
value. Hoban and Fuller report that their animals show normal circadian entrainment at these
levels. Brainard, however, expressed concern that the neuroendocrine system of nonhuman
primates may require an intensity of 150 lux (61.5 uW/cm?2) or more of white light for normal
function.

b. Lights off phase

The standard applies for both rodents and nonhuman primates. Light intensity during the "dark
phase" should be less than 0.002 pW/cm2. The spectrum of this light should be restricted to
wavelengths greater than 640 nm.

6. Dark Phase Monitoring

It is recommended that infrared monitoring of the animals be possible during the dark phase (either
direct type or infrared video monitoring). When using infrared monitoring, a long pass cutoff filter should
be used in front of the infrared light source (e.g., 715 nm cutoff, less than 0.001% transmission below
660 nm). If infrared monitoring is not possible, and monitoring during the dark phase is required, the
habitats should allow for direct visual monitoring during the dark phase. It was the consensus that dark
phase monitoring and effects of dark phase light have not been adequately studied. It should be noted that
very little literature could be found on the effects of low level lighting during the dark phase. Specific
wavelengths and intensities appropriate for each species need to be determined. The relative intensity of
the light phase versus the dark phase may be an important factor. Provisionally, for situations utilizing
direct visual monitoring, the lighting during the dark phase should be constant using wavelengths at
640 nm and above (not to exceed 0.20 LWW/cm?) for observation of rodents and diurnal nonhuman pri-
mates. Note, if this observational ("red") light system is used for direct visual monitoring, then it should
remain constantly on during both the light and dark phases of the light cycle (i.e., it should remain con-
stantly on, independent of the "white" light on/off cycle). It was suggested that some investigators might
require constant video monitoring (including constant monitoring during the dark phase).

7. Light Intensity Measurement

Light intensity should be reported simultaneously both in radiometric terms, irradiance (e.g., pW/cm?2
cumulative from 290-800 nm), and in photometric terms, illuminance (e.g., lux with exact light source,
model and manufacturer and distance from light source specified). The spectral power distribution of the



light source should be measured or appropriately referenced. This recommendation stems from the fact
that many published animal studies do not provide adequate information to accurately reproduce a given
light environment. Because many labs do not have the capability to measure spectral power distribution,
and since most of the earlier literature reports illuminance units, it was felt important to use both methods.
An approximate conversion factor for light (290-770 nm) which simulates sunlight (CIE D-5500 K,
CRIO1)is: lux x 0.41 = uW/cm? of white light (Brainard).

8. Light Cycle Control (Light/Dark Timing)

Control for the light/dark cycle shall be variable. However, for standard experiments with rodents, the
light cycle shall be 12 hr light/12 hr dark. For rodent species which have a strong seasonal biological
rhythmicity (circannual physiology) a "long" photoperiod should be employed (e.g., 14 hr light/10 hr
dark). For standard experiments with squirrel monkeys, the light cycle shall be 12 hr light/12 hr dark.
For standard experiments with rhesus monkeys, the light cycle shall be 16 hr light/8 hr dark. The system
should allow for manual override (i.e., allow lights to be turned on or off). It was agreed that many non-
standard lighting scenarios might be required. Accordingly, the timing of light and dark should be pro-
grammable in 1 min or less increments and accurate to within plus or minus 1 min. The number of hours
in one light/dark cycle may be other than 24 hr, and the length of the lights on phase should be variable in
1 min increments to a condition in which the lights are constantly on. The timing mechanisms should
allow for this contingency. It should also be noted that some experiments may require constant light or
constant dark exposure for the full duration of the flight.

9. Avoidance of Viewing or Light Source Blocking Problems

Because animal excrement, dander, or feed/water particles may be potential problems in blocking light
sources, viewing, and/or video monitoring ports, provisions should be made to keep these clear or regu-
larly cleaned. If a continuous plastic-type film system is used, it should not appreciably reduce the inten-
sity (block) or alter the spectrum of the light source by "filtering."

10. Importance of Strict Lighting Parameters Control

It was the consensus that lighting parameters be strictly maintained. Of particular concern was inad-
vertent light exposure during the animal's dark phase. Since even very short duration light "flashes" might
be disruptive to the biological timing system, it is recommended that all inadvertent light exposures be
avoided and that every effort be made to "light proof” the animal cages to prevent outside light from
"leaking" into the cages. It was suggested that these light exposures be avoided when personnel are rou-
tinely observing or maintaining the animals (including transfer between cages). It should be noted that
inadvertent bright light exposure, even during the animal's "lights on" phase, may be damaging (see
Williams).

11. Light/Dark Cycle Record

It is recommended that the animal habitat equipment include the capability of continuously recording
actual timing of periods of light exposure and periods of darkness over the entire duration of the mission
(i.e., actual times of lights on and lights off, as well as inadvertent exposures). It is preferred that this
record be generated directly from a light sensing transducer within the cage and not indirectly (e.g., from
the light power circuits).



ANIMAL HABITATS: Scientific Requirements, Engineering Limitations

Henry A. Leon, Ph.D
Ames Research Center, Moffet Field, CA 94035

The objectives of this presentation are to describe animal flight hardware
that has been used or is being developed by the Space Life Sciences
Payloads Office of the NASA Ames Research Center and to point out the
various aspects of flight experiment hardware development.

As Dr. Holley pointed out in his introduction, the initial reason for this
conference was a concern about the lighting levels in the animal habitat
which is planned to fly in 1990 on the SLS-1 (Space Life Sciences One)
Spacelab. This habitat is called the Research Animal Holding Facility or
RAHF. It became evident, however, that we should also delineate the
lighting requirements for the other habitats now in development. These
are listed in Table 1 along with a brief characterizations of each habitat.
Briefly, they are the RAHF, the Animal Enclosure Module (AEM), the
satellite called Lifesat, and the Modular Habitat to be used on Space
Station. These will be described in some detail.

In Figure 1, two configurations of the RAHF are shown. The Rodent RAHF
can hold 24 rats in 12 double cages; the Primate RAHF can hold four
squirrel monkeys in four individual cages. These two RAHFs, which were
conceived in the early 1970's, flew on the Spacelab 3 flight (SL-3) in early
1985 with 24 rats in the Rodent RAHF and two squirrel monkeys in the
Primate RAHF. From this flight it was determined that certain
modifications to the RAHF and the individual cages should be made. These
new modifications are indicated in Figure 1.

The RAHF, of course, has all the components for the proper maintenance of
rats or squirrel monkeys in space. These include a cage with feeding and
watering capability, a waste tray to capture and contain debris, and an
environmental control system (ECS) to control gas composition,
temperature, humidity, air flow to entrain the debris, and a lighting
system. The RAHF was designed for 7-10 day flights.

Figure 2 shows the new rodent cage that is now in development. With
regards to lighting, it is basically the same as the SL-3 cage with a major
difference being the addition of a 150 micron screen on the top in addition
to the 1/4" grid to hold the rats in the cage. This screen decreases the light
levels but is necessary to retain particulates within the cage.

9



The primate cage used on SL-3 was an open cage with a feeder and
watering system. As with the rodent cages the lights were positioned
opposite the surface normally considered the floor, i.e. opposite the waste

tray.

On display, are both an original SL-3 rodent cage and the new design SLS-1
cage. Also available is a light bar with four 24 EX GE light bulbs and a 2
volt power supply. This light bar can be placed over each cage to give one
a true feeling of the light levels and quality actually seen by the rats in
either cage.

People at this workshop who have been involved with the design and
development of the RAHF are Gary Bowman and Dale Buckendahl. They
can clarify any questions that might arise.

Another unit which is to fly on SLS-1 is the Animal Enclosure Module or
AEM shown in Figure 3. It's a portable design which just fits into a shuttle
mid-deck locker. If you have seen photos of this part of the shuttle
orbitor, there are a number of lockers on the wall where the crew can stow
equipment, food or whatever. These lockers are approximately 10"x17" by
20" deep. A prototype AEM is on display. It is a complete functioning unit
with lights, fans, and a filtering system. However since its use is not
strictly controlled, and since it is used for various tests which may damage
it or decrease its useful life, it will not qualify for flight.

The AEM gang cages 5 or 6 rats depending on their size or on other
circumstances. Of course, for certain studies it is appropriate, even
necessary to cage the experimental rat individually as with the RAHF.
However, for many experiments, gang caging is a perfectly acceptable
means of housing. In fact, in some cases, it's preferable.

The original AEM was designed for experiment which were proposed by
high school students as part of the National Science Teachers - NASA
Student Involvement Project. The basic student AEM has been taken and
improved upon. For example, when it flew on STS-11 in 1984, potatoes
were used as a source of water. Probably 9 potatoes to 6 rats were used.
They were intermingled and the rats could be seen crawling among the
potatoes during flight. They seemed perfectly happy. However, the water
supply was obviously uncontrolled. A canister containing water is now
being developed. It has 4 Lixits (water outlets) on it. It holds almost 2
liters of water and can maintain 5 rats for 10 1/2 days. The water amount

10



may not be sufficient for 6 rats but the AEM is, indeed, capable of housing
them as has already been demonstrated on the STS-11 flight.

The Lifesat (Life Sciences Satellite) is shown in Figure 4. This is to be an
unmanned free-flier of the old style. It is basically a recoverable rocket
and is now in the design phase. The Lifesat program study team includes
Pearl Cheng and John Givens. Workshop attendees involved in the Lifesat
are Jack Dyer and Dick Schaupp - Engineering; and Dr. Lisabeth Kraft -
Veterinary Science. The Lifesat is being sized for 12 rats for 24 days. It
could fly longer with other organisms or with plants. When it is given the
"Go ahead" it should be ready to fly in 3 1/2 years and then should be able
to fly a new payload every four months thereafter.

Illustrated in Figure 5 is a cross sectional diagram of the rat capsule. The
cage height is 7 inches and the floor space is 60 square inches per animal.
Main features are the fans for air flow and debris movement, back flow
shutters to contain the feces in the feces trap, heat exchangers, and a
chemical bed for CO2 odor control. Not shown are the Op and N7 bottles

which are outside the animal unit itself.

Figure 6 is a top view of the Lifesat rat capsule. The food bars will be
wired to the side. As yet, it has not been decided as to where the lights
will be placed or their type. however, the results of this workshop will be
an important factor. The water Lixits are grouped as shown and it is
anticipated that a video camera might occupy alternate positions with the
Lixits. Refer again to Figure 4, the reentry vehicle. The payload containing
the rats is within the forebody. It will be 64 inches in diameter and about
76 inches long. The animal module within will be 42 inches in diameter
and 24 inches high. On top there will be a small cylinder 20 inches in
diameter by 11 inches high containing portions of the environmental
control system.

The Space Station Modular Habitat illustrated in the next series of
diagrams is intended to be the final word on animal habitat systems for
the space program. It will be used for rats, mice, squirrel monkeys, and
Rhesus monkeys and for other small animals which will be exposed to
extended periods in space in excess of 90 days. Plans are to have the
systems automated such that the animals can be unattended for 90 day
periods.

Workshop attendees involved in the design of the Space Station Habitat are

Jenny Kishiyama - Engineering Management, Linda Swan - Engineering, Dr.
W.E. Hinds - Science, Dr. Lisabeth Kraft - Veterinary Science.
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The Space Station Modular Habitat is presently in its design phase. The
design group will also make use of the recommendations that come from
this workshop regarding intensity, type, and positioning of the lighting.

The first diagram in this series, Figure 7, is an overview of the Space
Station unit housing the animal Modular Habitats. The centrifuge is located
in the back of the station. A number of habitat units are located on the
periphery of the centrifuge. These units can be interchanged with habitat
units in the racks. Also shown is a work station wherein modular units can
be placed for manipulation or treatment of the animals.

The next diagram, Figure 8, shows a standard double rack with 6 modular
units in it. Three of these, as indicated, are for rats. The size of the
modular unit will be 16 inches square by about 22 inches deep. They will
be removable and portable. Figure 9 shows the Modular Habitat Operating
Concept. The Modular Habitats, of course, could be used for the ground
controls and during the initial testing. A modular habitat could also be
taken up into orbit in the mid-deck since it is self-contained. It is not
necessary to have an entire Spacelab. The Habitat Concept allows for
incremental expansion. The individual units could contain rats, mice or
squirrel monkeys.

More detail on the RAHF and the AEM will be presented to the workshop
since these units have lighting concerns which require an early resolution.
The first flight of the RAHF, the only flight so far, was on SL-3. This was
launched April 29, 1985 and was recovered seven and a half days later on
May 6, 1985. On SL-3 the Rodent RAHF had 24 rats. The Primate RAHF
had two squirrel monkeys. It was capable of carrying four monkeys but
only two could be found that met the stringent requirements which had
been established. The flight configuration is illustrated in Figure 10. The
RAHF, as previously stated, was designed essentially for 7 day flights,
although it could go for 10 1/2 days. It was the first flight of the RAHF, so
SL-3 was primarily an engineering test flight. Scientifically, it was a highly
successful flight also.

The rats on SL-3 were pathogen-free rats. There were 12 large rats
averaging 350 grams and there were 12 small rats of about 200 grams.
Some were instrumented with BTS (biotelemetry systems) to measure
deep body temperature and heart rate. The two monkeys were
uninstrumented. The temperature was 230C for the rats. The temperature

for the monkeys was about 270C. Humidity was on the order of 30% to
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70%. There was a forced air flow. The CO2 was less than 1% and the
oxygen partial pressure was normal. It was basically a one atmosphere
environment. The lighting was 12/12 light/dark and the intensity was
about 70 lux in the rat cage, although that was an average figure. The
bulbs used were 24 EX from GE, which have a color temperature of about

28000 Much of the basic work that went into designing the RAHF started
very early in the 70's. Some of the work on lighting that was done during
the period was with Franz Halberg who was a Principal Investigator at that
time. Just about every aspect of the animal habitat was investigated in
excruciating detail. So, there was never any concern about the scientific
adequacy of the SL-3 Habitat. Nor has there ever been any fears or
concerns about the light levels since that was looked into, albeit years ago.
But certainly it was looked into in detail. And as previously stated,
extensive preflight studies indicated there was an essentially normal
response by the animals to the RAHF in its final configuration. In the flight
rats, all the changes seen could be reasonably attributable to the
weightless state. This conclusion is based on a comparison to the extensive
ground controls that were run at that time.

Figure 10 shows an overview of what the SL-3 Life Sciences Payload
looked like. On the right is the monkey RAHF and the rodent RAHF is on
the left. The mirror is part of the camera system and allows one to
photograph the rats in the two lower cages. The lights for illuminating the
cages were positioned just above the top lid which in this diagram would
be on the right side of the cage. Each individual rat cage has 2 of the 24 EX
GE bulbs. The monkey cage had 12 bulbs. These were positioned about
1/2" above the cage top in both cages. The mesh of the cage top was 1/4".
The lights in both the SL-3 rodent cage and in the new SLS-1 rodent cage
will be shown to the workshop attendees as a demonstration.

The top lid of the SL-3 cage was simply a 1/4" square grid made of 1/16"
stainless wire. This resulted in a lighting level of about 70 lux on average.
The SLS-1 cage top has an additional 150 micron screen over the grid.
This cuts down the light to an average of about 42 lux. Next, Figure 11
shows a comparison of the lighting of these two cage types.

Figure 1, already discussed, also demonstrates some of the modifications
that were made on the new SLS-1 primate and rodent RAHF and cages. in
addition to sealing the cage for particles to the level of 150 microns, a
powerful fan was put into the bottom of the RAHF. This is turned on
whenever the cage's outer door is open or the cage is removed for
servicing. The additional inward airflow insures that particulates or aerols
will not escape into the Spacelab.
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Spaceflight with animals as test subjects has been going on now for about
39 years. Many of these early flights were simply ballistic in nature and
did not achieve orbit. They simply went up and down and usually

impacted on landing and that was the end of the animal. But even though
animals have flown in space these many years, the flights are few and far
between and it's no simple matter to fly even the simplest space vehicle.

Preparation for space flight involving animals is a tedious and long-drawn
out process which involves many people and at least 3 NASA centers. The
process is even more complicated when a crew is on board the vehicle. In
other words, if you have a manned spacecraft with animals on it, then it
just becomes extremely complicated, and requires involved testing and
documentation.

One important document that must be supplied to the operations people is
the Science Requirements Document. The Science Requirements Document
specifically details the animal requirements with regard to any and all the
parameters which might have an effect on the scientific studies to be
performed (see Table 2). These have been mentioned to some extent (see
Table 4). The complexity of problems associated with flying animals in
space is amply illustrated by this list of critical parameters that have to be
followed.

For example, it will be important to control the temperature within the
habitat. This could be a problem on a relatively simple spacecraft like the
Lifesat. In that case, control of the temperature range desired is
established prior to flight. The vehicle is selectively painted light and dark
to help maintain the temperature by heat absorption/reflection. It is not
an active control in the normal sense. Other things one would have to
examine in close detail are of course the limits of the O2 and the CO2, and
how fast the air flow should be, how many exchanges per unit time.
Obviously the food and water delivery, the diet, and contaminant levels,
characteristics of the animals, all have to delineated. In other words, are
they little animals, big animals, instrumented animals, rats, mice, female,
male; and of course the lighting parameters?

The science requirements must be compatible with the physical
capabilities of the vehicle. Simply requesting certain experimental
conditions does not mean these are attainable, no matter what the
scientific justifications are. Furthermore, the requirements have to be
compatible with other elements of the payload.
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Science requirements which are outside the normal capability of the
vehicle or which could perturb other functions on the space craft
require an adequate justification. For example, requesting 50 lux
when 40 lux is ordinarily supplied would require documented
scientific justifications since the Flight Project Managers have to
integrate a whole complex of experiments and requirements, not just
Life Sciences experiments. And above all, they have to be consistent
with the budgetary capabilities of the performing organization.
NASA, like any other Federal agency, has only a given amount of
money budgeted for its various activities. For that reason, NASA
must be judicious on how the money is used.

Also, because of the great time and expense involved, animals have
to be shared. For example, on SLS-1, each rat will be parted out to 7
investigators. In other words, there are 7 experiments done on each
rat. On the SL-3 flight there were much, much more than that. And
in fact, there are going to be much more than that on SLS-1. But the
7 scientists who are the Principal Investigators have priority.
Anything else that is done in addition cannot interfere with their
experimental requirements. Nevertheless, it just adds a whole level
of complexity in developing the science requirements. So, if more
light is, indeed, needed, bigger light bulbs may be used. If
incandescent bulbs are used, more heat will be generated and
somebody is going to complain about the heat because they're doing
a thermal regulation study. And so it goes on and on like this. Part
of the job of the Payload Scientist is to try to mesh these various
requirements and conflicts.

The other complicating factor is that on a manned space vehicle,
NASA is extremely safety conscious. At the development level,
excruciating exercises and justifications in terms of safety and
reliability are required for everything that is being proposed. It's no
simple matter; each item has to go through a materials approval
cycle (Table 3). And just as another example, let us consider light
bulbs again. They contain glass and if by chance they broke, they
would create a safety problem. So they have to have a secondary
containment in case the bulb is broken in flight. Then we need to
make sure they work. They are pre-tested. The bulbs are run
through a vibration and shock cycle test for reliability before they
can be plugged into the unit and flown. A materials usage agreement
based on these studies has to be developed for the bulbs. And this
has to be processed and approved through the Mission Management
Office and through the Spacelab Management Office or the Space
Transportation System Office. So, it's not a simple act of changing a

bulb.
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Fluorescent tubes have been used aboard the shuttle and this will
continue. However, they do require special engineering. This process will
be discussed by others at this meeting. Suffice it to say here that
fluorescent tubes do require alternating current and with their
modifications they are expensive, costing around $900 apiece. So one
really has to consider carefully whether to use them or not.

Concerning light in animal space habitats, there are a number of questions
for the workshop to address with regard to the RAHF and AEM. Questions
are as follows:

- What is the light envelope with respect to intensity,
periodicity, and signature (spectral qualities) that is
acceptable for the majority of biological experiments
with rats and subhuman primates in space flight where
the scientific objectives are not primarily a study of the
light environment itself?

- Is the RAHF lighting as presently configured adequate?
- Is the AEM lighting adequate?

The basic categories of experiments on SLS-1 will involve the skeletal,
cardiovascular, muscle, and vestibular systems as well as hematology and
immunology studies. Future flights, of course, will include a wider variety
of experiments, including renal, endocrine, radiation, psycho-social
behavior, animal development, genetics and aging as well as pulmonary
physiology. One variable that we have is the type of animal (see Table 4).
There may or may not be some distinction between albino and pigmented
rats and mice with regard to light effects. Squirrel monkeys and Rhesus
monkeys will also be used in space flight experiments. The other variables
are the length of flight. The RAHF will fly 7-10 days, the Lifesat, 24 days,
and the Space Station 90 days or longer. The light specifications will
change with the length of the flight. There are also other considerations, as
I have already mentioned, the light source, i.e. incandescent bulbs versus
fluorescent bulbs. The initial cost must be considered. Should we use a
bulb or a tube? How long will it last? Does it require AC or DC? How
much heat does it generate? These are all factors that have some impact
on the engineering. And, of course, it's the engineering complexity and
safety considerations that are limiting factors.

As an example of the problems generated by engineering changes, we have
the following comparison. Figure 11 is a comparison of the light levels
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between an SL-3 cage which averaged about 70 lux and an SLS-1 cage
which averages about 43 lux.

The same light source was used; everything was the same. The difference
is the 150 micron screen on the top of the SLS-1 cage. Light levels in the
AEM are shown in Figure 12. A grid of random points throughout the AEM
was used to obtain an average value. Using 313 bulbs, on the average,
about 18 lux are obtained, with the food bars in place. Light bulbs are less
when no food bars are present. The value with food bars would be
applicable since obviously there is going to be food bars initially. Also, it
appears that there will be plenty of food left at the end of the flight. The
1820 bulbs, which are smaller, give an average of 14 lux. For comparative
purposes, the mid-deck light level is stated to be 32 foot candles (344 lux)
three feet above the floor. The operating temperature of the AEM with the

313 lightbulbs and fans on is about 770F.

There is one final issue and this concerns the definition of the Visible
Spectrum (Light). It is usually defined for human values in the literature
as follows:

- Best and Taylor 1973 About 370 to 740 n M
- IES Lighting Handbook 1981 (2-1) 380 to 770 n M
- IES Lighting Handbook 1981 (3-3) 380 to 760 n M
- Thorington - Anyas (1985) 360 to 830 n M

This comparison demonstrates part of the problem. As indicated, various
sources give different values for the visible spectrum. This can be very
confusing to the engineer who has to be very judicious in designing the
lighting for a spacecraft. Likewise, what is the relationship between lux
and microwatts/square centimeter? What should be used? We have to
start off with definitions and fairly precise definitions at that. But
certainly, we need definitions that are practical and applicable.
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TABLE 1

ANIMAL HABITATS FOR SPACE FLIGHT
OF INTEREST TO THE WORK SHOP

0 RAHF (RESEARCH ANIMAL HOLDING FACILITY)
- RAT UNIT - HOLDS 24 RATS IN 12 DOUBLE CAGES
- SQUIRREL MONKEY UNIT - HOLDS 4 MONKEYS
- UNRESTRAINED
- RESTRAINED
- FEED AND WATER ALIQUOTS (COUNTED), ENVIRONMENT CONTROL SYSTEM
- DESIGNED FOR 7 TO 10 DAY FLIGHTS

0 AEM (ANIMAL ENCLOSURE MODULE)
- PORTABLE UNIT DESIGNED FOR MID DECK LOCKER, NEEDS POWER INPUT
- ORIGINALLY INTENDED FOR STUDENT EXPERIMENTS
- FLOWN TWICE

0 LIFESAT
- FREE-FLYING SELF-CONTAINED RECOVERABLE SATELLITE
- 12 RATS FOR 24 DAYS, UNMANNED

0 SPACE STATION MODULAR HABITAT
- RATS AND MONKEYS MAINTAINED FOR EXTENDED PERIODS I.E. 90 DAYS Of
LONGER
- ONLY OCCASIONAL SERVICING BY THE CREW
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TABLE 2

SCIENCE REQUIREMENTS DOCUMENT

A SCIENCE REQUIREMENTS DOCUMENT SPECIFICALLY DETAILS ANIMAL REQUIREMENTS
WITH REGARD TO ANY AND ALL PARAMETERS WHICH MIGHT HAVE AN EFFECT ON THE
SCIENTIFIC STUDIES TO BE PERFORMED.

THAT WOULD INCLUDE:
HABITAT SIZE AND CHARACTERISTICS
~ OPERATING TEMPERATURE AND HUMIDITY
- GASEOUS COMPOSITION AND LIMITS, 02,
- AIR FLOW
- FOOD AND WATER DELIVERY
- DIET
- CONTAMINANT LEVELS
- ANIMAL CHARACT