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MICR O BIAL CONTROL 

For a number of years we have witnessed an increasing requirement for more 

precise control over the microbial elements in various occupied environments. 

The objective of this article is to summarize the broad areas of application of 

microbial control and to discuss some advances that have been helpful in solv

ing control problems. 

G eneral Considerations 

Microbiological contamination is the presence of unwanted microorganisms in 

a specified environment. Control of the microorganisms requires the ability to 

define the microbial load in the system before and a fter the control measures are 

applied. Control is achieved if the load does not exceed the level established as 

the lowest acceptable limit. Maintenance of control, however, is complicated 

by the fact that microorganisms in a population may be going through simultaneous 

P!o_c~~ss~s of multiplication and death. Also the environmental stability of micro

organisms varies widely, with spores of bacteria being the most resistant to most 

inactivating agents. 

Table 1 shows five stages have been identified as helpful in controlling micro

biological environmental contaminants (Phillips, 1966, p. 105-135 ). Any accept

able microbial control program should include thes e five stages and at least some 

of the suggested approaches and techniques. 

The control of microbial contamination is important in many areas. It is not 

the purpos e of this review to draw a dichotomy am.ong these areas. But it is 

evident that the control of cont<?-minant s is absolutely necessary to the success 

of some endeavors, while in others the contra 1 is related to efficiency of proc

essing, the utility of the product, e t c . 
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A list that illustrates the dive:rse areas wherein microbial control techniques 

are used includes: (1) maintenance of other planets as ecologic preserves, 

(2) prevention of possible back contamination from other planets, (3) protection 

of hospital patients during and after operative procedures, (4) isolation of 

burned patients and patients under treatment who are uniquely susceptible to 

environmental microbes, (5) protection of research workers handling known 

infectious disease agents, (6) protection of researchers handling oncogenic 

viruses in studies on the etiology of leukemia and other cancers , (7) the safe 

production, packaging, and distribution of drugs and pharmaceuticals, (8) 

controlled handling of animals used in research to prevent the spread of zoonotic 

disease, and (9) safe shipment and transportation of infectious microbial cultures 

and medical specimens. In addition to these, microbiological control is of signif

icant importance in the fuel, paper, optics, photographic and other industries. 

Areas of Advancement 

1. Assessment of Microbial Contamination 

The value of any microbial control effort is questionable unless standards 

are established prescribing the criteria of control. The types of tests 

used to assess microbial contamination includes (1) micrc>bial air sampling, 

(2) particle size sampling, (3) surface sampling, (4) surface contamination 

accumulation tests, and (5) tests of the contamination within components 

and between mated surfaces. 

For air sampling, the Public Health Service Monograph by Wolf et al. 

(1959) entitled "Sampling Microbiological Aerosols" is a standard guide 

and should be consulted by anyone doing microbiological air sampling. 

This document discusses selection of samplers, methods of particle 
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sizing, and operational methods related to air sampling. A useful 

bibliography on air samplers has been prepared by the American 

Association for Contamination Control (Phillips et al., l 965a). Another 

very useful reference document is the NASA Standard Procedures for 

the Microbiological Examination of Space Hardware. 

Favero et al. (1967), described four basic methods for the microbio

logical sampling of surfaces. While no single procedure can completely 

characterize the microbial elements on a surface, the rinse technique is 

the most accurate for enumerating viable microorganisms, while the 

direct surface agar plating technique is the best for enumerating particu

lates containing viable microorganisms. In spite of this, however, t h e 

convenience of other methods, such as the agar contact method. Puleo 

et al. (1967) recently evaluated ultrasonics for removing viable .micro

organisms from surfaces. Ultrasonics was most useful when removing 

microorganisms from rough surfaces such as frosted glass. Other re

cent studies on surface sampling have b een those of Hall and Hartnett 

(1964), Angelotti and Foter (1958) and Vesley (1963). 

Another area of where improvements are evident is in ste rilization pro

cedures. The use of the microorganism kinetics and concepts such as 

the value (Bruch, 1966) has made a real impact on the methods used for 

the assessment of sterility. Stat istical calculations by a number of re

search e r s (Knudsen, 1949; Gerwe, 1956; Brewer, 1957) have provided 

data relative to the proba~ility of detecting contamination in many 

"s terilized" materials. 
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. The probabilities involved in the detection of low levels of contamination 

in treated lots of medical material have resulted in the use of positive 

microbial controls as biological indicators (Brewer, 1967 ). The use of 

biological indicators is appropriate with any method of sterilization, but 

the methods of preparation of the indicators, their placement in the 

sterilizer load, and the assay methods following treatment must be care-

fully controlled and standardized. It is beginning to be realized that 

adequate control of sterilization processes must be based on a knowledge 

of the death rate reactions produced by the process employed. Biological 

indicators provide an excellent technique for integrating all of the factors 

that must be controlled during sterilization and sterility testing. 

2. Air Filtration of Microbial Particles 

Means of removing microbial particles from air include: (1) air washing, 

(2) air scrubbing, (3) electrostatic precipitation, {4) incineration, (5) 

ultraviolet irradiation and {6) filtration. Filtration is by far the most 

efficient and practical for most microbial control appHcations (Decker 

et al., 1963). 

Recent advances have been made in the types and reliabilities of particulate 

filters and much valuable research has been carried out on the filtration of 

microbial particles. Decker's classification of devices for biological 

particles from air is shown in Table 2 (Decker et al., 19.63). A monograph 

by Decker et al., {1962) en_titled "Air Filtration of.Microbial Particles", 

discussing methods of air cleaning , presents methods for filter evaluation, 

. 
c:i;iteria for filter selection, information on filter installation and methods 

for filter decontamination. Recent work by Harstad et al., (1967) has 
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confirmed the usefulness of microbial filters for submicron particulates. 

Decker and Buchanan (1966) have recently discussed filter applications 

for the spacecraft sterilization program. The development of these 

filters has contributed significantly to our ability to provide improv ed 

microbial control in environments. 

3. Decontaminating and Sterilizing Agents. 

There are four principal means of inaetivating microorganisms: (a) heat, 

(b) vapors and gases, {c) liquid decontaminants, and (d} radiation. 

(a) Heat. 

Heat; either dry or moist, is the mo st effective method of inactivating 

microorganisms, The exposure temperature and times required to 

achieve sterility are known and current texts adequately specify con-_ 

ditions for the application of heat for sterilization. Recent research 

on the kinetics of dry heat inactivation of mierobial spores has empha 

sized lower temperatures for longer exposure times for sterilization 

of spacecraft and spacecraft components (B ruch, 1966). The work of 

Pflug (1960), Bruch (1964), and Koesterer (1964 ) has been particular l y 

s ignificant in reaching a fuller understanding of the parameters of dry

heat sterilization, including the role of the activation energies of test 

microorganisms and cellular moisture. 

(b) Vapors and Gases. 

A variety of vapors and gases possess germicidal properties. Among · 

these are ethylene oxide (Phillips, 1957), formaldehyde, propylene 

oxide (Bruch and Koesterer, · 1961), beta-propiolactone (Hoffman and 

Warshows ky, 1958), and methyle bromide (Munnecke et al., 1959). When 
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these chemicals are employed in closed systems and under controlled 

conditions, excellent decontamination or sterilization can result, 

Ethylene oxide is a penetrating and effective ste rilizing gas, con

venient to use, versatile, and noncorrosive. This gas qualifies for 

classification as a sterilizing agent by virtue of studies demonstrating 

its ability to inactivate mesophilic and thermophilic bacterial spores, 

mold spores, tubercle bacillus, pathogenic fungi, and an impressive 

list of viruses, As a result of the improvements that have been made 

in ethylene oxide chambers, this method is now used for the steriliza

tion annually by industry of millions of disposable syringes, needl es, 

transfusion and infusion sets, suction sets, and other items {Brewer, 

(1967). 

Formaldehyde and beta-propiolactone are used primarily as decon

taminants for rooms and building interiors. Formaldehyde, the slower 

acting of the two, has the undesirable property of condensing, when 

sprayed, and polymerizing. The polymer, once formed, requires 

long aeration for removal. Beta-propiolactone, in the vapor state, 

is active against bacteria, rickettsiae, and viruses, acts faster than 

formaldehyde, and does not leave an undesirable residue after spraying . 

A deterrent to the use of this chemical, however, is its toxicity. 

Methyl ·~ bromide is a bout one-tenth as active against bacteria as is 

ethylene oxide, and has found its greatest use in soil sterilization, 

expecially to eliminate fungi. 
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Peracetic acid (Barrett, 1959) is also bactericidal in the vapor 

state; however, its primary use is as a liquid decontaminant. It 

has value for treating enclosures where a vapor as we.ll as a liquid 

is required to sterilize the item. Because peracetic acid is corrosive 

to metals, care must be exercised in the selection of materials treated 

with this chemical. 

(c) Liquid Decontaminants 

There are many misconceptions about the use of liquid decontami

nants due to their characteristic capacity to perform dramatically 

in the test tube and to fail in the practical situation. Such failures 

can often be traced to such factors as temperature, contact, pH, 

concentration, and the presence of organic material. Small varia

tions in these factors may make large differences in germicidal 

effectiveness. Even when used under highly favorable conditions, 

complete reliance should not be placed on liquid decontaminants to 

achieve sterility. 

Hundreds of decontaminants or germicides are available under a 

variety of trade names. Most, however, may be classified as 

halogens, acids or alkalies, heav y metal salts, quaternary ammon

ium compounds, phenolic compounds, aldehydic compounds, and 

other organic preparations. None is equally useful or effective 

under all conditions. 
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Current texts on decontamination and disinfection contain much 

useful information on practical chemical disinfection. Phillips et al. 

(1965b) have presented several summary tables suggesting exposure 

times, temperatures, and concentration of some commonly used 

chemicals for inactivation of Yarious types of microorganisms. 

( d) Radiation 

Ultraviolet radiation, X-rays, gamma-rays, high-energy electrons, 

protons, alpha particles, and neutrons are exampl es of radiation 

capable of destroying microorganisms. The most common methods 

presently used for the sterilization of medical materials are: (1) 

high-energy electrons from a particle accelerator and (2) gamma

radiation from a radioactive source. A dosage of around 2. 5 megarads 

usually is sufficient to sterilize surgical materials (S ymposium, 1961). 

Irradiation sterilization with gamma-rays or high-energy e l ectrons is 

used mostly with packaged goods. 

In certain specific applications, germicidal ultraviolet (UV) radiation 

at 2537A is an effective means of decontaminating air and surfaces. 

UV radiation, however, has limited penetrating power ;;i..nd thus is 

most effective on clean exposed surfaces or in air. Proper concentra

tion, contact time, and maintenance are also critical. Phillips and 

Hanel (1960) have adequately described the use of UV for practical 

decontamination applications. 

J 
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4. Development and Classification of Microbial Barriers 

A microbial barrier is a device or system that will prevent the migration 

of microorganisms. The objective may be to prevent the outward 

migration of microorganisms from within a barrier or to prevent the 

inward penetration of microorganims. 

Microbiological barriers have been classified according to their purpose, 

size, and degree of containment, as shown in Table 3 (Phillips, 1966). 

"Purpose" classification, the first method, relates to the "direction'' in 

which prevention of migration of microorganisms is needed. Germ-free 

animal barriers for example prevent microbial contamination from enter

ing; microbiological safety barriers prevent the escape of infectious micro 

orgamisms. For such tasks as spacecraft sterilization, sterility testing, 

and aseptic filling of ampules, the product protection systems are needed. 

Occasionally a barrier system is needed that w ill operate in both directions 

at the same time. 

Barriers are also classified according to size. While most systems with 

which . I am familiar are of a cabinet size, many large and complex barrier 

rooms or buildings have been proposed for spacecraft sterilization and 

other special purposes. Most employ laminar air flow. 

The third method of classification relates to the degree of containment. 

Absolute barriers allow no interchange of the protected and non-protected 

environment and seek total containment. They usually provide for place

ment of tre material or the work to be controlled within a gastight enclosure, 
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where the work is done through attached arm-length rubber gloves. A 

partial barrier indicates that something less than absolute containment 

is to be achieved. Open-panel ventilated cabinets and hoods, clean benches, 

specific pathogen-free animal-rearing facilities, bio-clean rooms, laminar 

flow benches, and laminar flow rooms are examples of barriers that pro-

vide less than absolute microbiological containment. 

A number of publications illustrate the various types of microbiological 

barriers . (Gremillion, 1959; Blickman and Lanahan, 1960; Wedum, 1964a; 

Phillips, et al., 1965b). A recent article by Phillips (1966) discusses 

-
steriliza tion and decontamination agents for use in microbiological barriers 

and presents recommended conditions of use for these agents. 

5 . Laminar Air Flow 

The use of laminar a ir flow for the purpose of providing increased environ-

mental control and safety is a most significant recent dev e lopment. In 

laminar air flow equipment the entire body of air within a confinded area 

moves with a uniform velocity of 90 + 20 feet per minute along parallel 

lines in a manner so a s to produc e a minimum of turbulent air patterns, 

Laminar air flow units wer e first designed in 1961 (Whi tfield, 1962) and were 

immediate ly r ecognized as valuable for controlled environmental work areas 

in the aerospace industry, particularly for high precision electronic com-

ponents where the s lightes t trace of dust or particulate contaminat ion could 

cause malfunction, Since this time laminar flow devices h ave found appU-

cation in the hospital, both in surgical theaters and in pa tient rooms, in 

the microbiological assay of space hardware and during the preparation of 
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tissue cultures. Laminar air flow has found wide use in sterility testing 

procedures and in the production, filling, and packaging of drugs and 

pharmaceuticals. Still another use, is during the rearing or holding of 

specific-pathogen-free or defined-flora animals or for protecting normal 

animals under test from zoonotic disease. 

There are three factors that influence the contamination of an object. 

The surrounding atmo~phere, the surroun ding surfaces and the object's 

own surfaces. These factors may be considered as sources that con

tribute to the ultimate degree of contamination by (l} atmospheric fallout 

or surface deposition, (2) direct contact and transfer, and (3) contamination 

that is self-generated. The interrelationships of these mechanisms are 

shown graphically in Figure 1. 

Figures 2-9 illustrate the major parameters of laminar air flow by showing 

typical air flow patterns that result from various treatments and arrange

ments. 

Figure 2 shows a basic laminar down-flow arrangement in which the air is 

delivered through HEPA filter banks that cover the entire ceiling of the 

room. Streamlined or mass flow results when the velocity of the air is 

maintained at approximately 100 linear feet per minute. 

Figure 3 illustrates what can be expected to occur as the velocity of the 

flowing air is reduced. Typically, as the energy or push of th_e a ir is 

r e duced, it is no longe r able to overcome the influence of factors such as 

therma l gradients and surface drag forces that can create turbulence . 

Even though the air may enter the system with a mass flow configuration, 
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turbulence as illustrated may be expected at flow rates below 30 linear 

feet per minute. 

Figure 4 shows a typical exi.t flow pattern for a down flow unit in which 

there are side openings for air exit. The air exit pattern wi 11 depend 

on the relative ratio of area a to area b. 

Figure 5 illustrates a configuration that is used in the MINI BENCH unit. 

Even though there is a 90° turn in the air direction, parallel flow is effect

ively maintained except for an area of low flow near the rear of the unit. 

Figure 6 presents a situation that can result when only a part of the ceiling 

is used to deliver filtered air. In this case, a lthough the air may have 

the cor_r ect velocity of 100 linear fe et per minute, the interface of this 

air with the other air masses i n the room results in undefined flow patterns. 

Figure 7 illustrates two situations in which there can occur downstream 

turbulence. In the case of an object such as a light fixture in an air flow 

rate of approximately 100 linear feet per minute, downstream turbulence 

will be present for a distance that is roughly three times the diameter of 

the obj ed. It is important to note that at the end of the turbulence area 

the velocity of the air will be zero and that then it will regain its velocity 

in a mass flow pattern. The second situation shows the effect of incom

plete ceiling cove.rage in creating turbulence close to a vertical surface. 

In this case, as a rough measure, turbulence will be present for a b out six 

times the dis tance not co':ered by air filters. 
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Figure 8 is intended to represent the situation in which there is furniture 

and other "closed- 11 equipment in the laminar air flow room. Here it is 

important to understand that the upper surfaces do not represent· turbulent 

zones because, with the "pressure11 of the mass flow, there is no way in 

which air can move upstream. What actually happens is that the flow 

patterns will represent a smooth shortest-path configuration around the 

objects. As the downward flowing air is "crowded" in between objects, 

such as those illustrated, the velocity can be expected to increase. 

Again, this is because upward movement of air is not possible. 

Figure 9 shows a typical flow pattern around a table where there exists 

an open area beneath. Obviously, there will be severe turbulence below 

the table, but there will b e no opportunity for this turbulence to contribute 

to the contamination of obj e cts on the top of the table. 

Figures 10 and 11 illustrate some typical laminar air flow units that can 

be used for microbial control. 
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6. Microbiological Laboratory Safety Studies 

Safety measures to reduce accidental infections among laboratory and 

hospital workers have received considerable attention in recent years 

(Chatigny, 1961; Sulkin et al., 1963; Albrecht, 1965; Brooksby, 1961; 

Phillips, 1965, Phillips, 1969). A major probl em has been that of finding 

what is really important and necessary for providing adequate microbial 

control. How much emphasis to place on laboratory design (Wedum and 

Phillips, 1964), how much to spend on safety equipment (Gremillion, 1959), 

and how much dependence to place on precautionary laboratory techniques 

(Wedum, 1964b), are examples. The problem is further complicated 

because: (1) with known pathogens the causative laboratory accident, source, 

or means of infection of personnel is unknown in more than three-quarters 

of the documented laboratory~acquired infections and (2) the potential bio

hazards of working with oncogenic viruses and tumor materials are largely 

unknown. 

A number of excellent studies on mcirobiological safety have been published 

in the past 20 years. Wedum and Kruse (1966, personal communication) 

conducted an exhaustive literature search and study of various indicators 

of risk of acquiring laboratory infections with approximately 130 causative 

agents or diseases. The major indicators of risk in the Wedum-Kruse 

assessment of risk scheme are: (1) the number of recorded laboratory

acquired infections and their outcome, (2) estimates of infectious human dose 

levels, (3) the medical prophylactic or immunological procedures available, 
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(4) presenc e of the causative agents in the f eces and urine of inoculated 

laboratory animals, (5) regulatory agency r egulat ions regarding trans

portation and use of certain pathogens, and (6) instances of the t ransfer 

of infection to normal cagemate control an imals . 

The means, however, seem to be now at hand fo r evaluating most labora

tory biohazards and for prescr~bing measures to adequately prevent most 

instances of accidental laboratory infection. 

7. Facility Design Concepts 

Adequate and consistent facility design can be valuable in containing and 

controlling environment al micr oorganisms; indifferent o r inconsistent 

arrangements can complicate or limit efforts to m inimize contamination. 

Mic r obial control, one objective of good design, calls into p lay any technique, 

equipment, or building featu r e or combination of these tha t confines micr o 

organisms within a specific environment. A recent book provides helpfui' in

formation on biological containment as it relates t o facility design (Runkle 

and Phillips, 1969). 

In the early stages of planning a bu ilding , a challenging problem is tha t of 

selecting the engineering features that, in relation to the building function 

and the people doing the work, can best provide the des ired control, Features 

c ommonl y used for microbial control include : (1) differential, increasingly 

negative air pressures as one moves from c l ean areas· to those of greater 

infectio us risk, (2 } appropriately effective filtration of air from rooms, · 

cabinets, and ventflated cages , (3 ) room arrangement or layout to achieve 

traffic control a long a clean-:contaminated axis, (4) ultraviol et air locks 

and door barriers to separate areas of unequa l risk, (5 } treatment of con-

' 
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. taminated liquid effluents, (6) cha~ge rooms .and showers for personnel, 

(7) an effective inter-communication system, {8) ventilated cabinets and 

cages to contain microbes at their point of use, and (9) the use of laminar . 

air flow cabinets or rooms for the ,isolation of patients or laboratory work. 

The problem is usually one of determining which of the above items are to 

be used and to what extent. To assist _ in making decisi?ns regarding these 

design features, in re~ation to a facility for research with infectious micro

organisms, Wedum and Phillips (1964) suggested 20 policy questions whose 

answers by management would help in determining which control features 

and how much should be needed. 

In a recent publication Phillips and Runkle (19'67} defined the functional zones 

in an infectious disease laboratory. The follow i ng five zones and design 

criteria applicable to each are discussed: clean and tra nsition, research 

area, animal holding and research area, laboratory support, engineering 

support. The magnitude of the equipment and the design criteria necessary 

to integrate these five zones into an efficient and safe facility are delineated 

in terms of design requirements . The concept of functiona l zones is recom

mended in providing microbial control for any type of facility. 

Utilization of Microbial Control Concepts 

As evidence of the applicability and usefulness of the advances and concepts men

tioned herein, I would like to describe two facilities that_ h a ve utilized these concepts: 

(1) the Emergency Virus Isolation Facility (EVIF) was constructe.d:. at the 

Nationa l Cancer Ins titute, NIH, . Bethes da, Md., for research on oncogenic virus 

and leukemia a,.nd, (2) the Lunar Receiving L aboratory at the NASA M anned Space 

craft Center in Houston, T exas . 
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The Emergency Virus Isolation Facility {EVIF) 

The EFIV was constructed in conjunction with the Special Virus-Leukemia 

Program of the National Cancer Institute (NCI). A unique aspect of the 

facility is the special attention paid to the possible biohazards of working 

with oncogenic viruses and tumor materials. In support of the design, 

construction, check-out and utilization of the EVIF, the NCI sponsored 

much useful research and development in the technological areas that we 

have been discussing. These developments in microbiological environmental 

control are being utilized in the new EVIF facility. 

The containment features of this facility have been described by Maupin and 

Runkle (1967). The containment features of the EVIF include differential air 

pressures, filtration of air from contaminated rooms, cabinets and animal 

cages, air locks and autoclaves, change rooms and showers for personnel, 

and sterilization of liquid effluents. 

Approximately one-third of the facility is an open-bay area for later develop

ment. The idea here is that the development of this space should await a more 

precise valuation of the biohazards of laboratory research with oncogenic 

viruses and concurr ent improvements in the state- of-the-art in microbial 

control. 

The Lunar Receiv ing Laboratory 

Relying on guidance from the Interagency Committee on Back Contamination 

(ICBC) to provide policy direction on a ppropriate measures to be· taken in the 

p l anning of a Luna r Rece iving Laboratory, the National A eronautics and Space . 

.. 



Administration has, as you know, completed and used a quarantine station 

to prevent contamination of the earth by lunar material. The ICBC committee 

includes m e mbers from the United States Public Hea lth Service, the United 

States Department of Agriculture, the United States Department of the Interior, 

the National Academy of Sciences and the NASA. The author is privileged to 

be an advisor to this committee. The charter of the committee defines its 

purpose as follows: 

i . . To protect the public 1 s health, agriculture, and other living resources. 

2. To protect the integrity of the lunar samples and the scientific experiments. 

3. To insure that the operational aspects of the program are lea st compromised. 

NASA, with the guidance of the ICBC, evolved a ·comprehensive program to 

preclude lunar contamination of the terrestrial biosphere by the Apollo Missions. 

This rathe r extensive program includes a large number of contamination control 

modalities, including the Lunar Receiving Laboratory, with is b eing used for the 

isolation and quarantine of the astronauts, the s ampl es , and the spacecraft. 

Additionally, it provides for carrying out the biological assessment of the 

sample leading to its r elease from quarantine. 

The Lunar Receiving Laboratory, occupying some 85, 000 squa re feet, provides 

for the quarantine of the astronauts, storage of the spacecraft, containment 

laborato.ries for biological assessment of the returned lunar samples. Figure 12 

is an artist's concept of the building and Figure 13 is a s ketch s howing the 

functional areas within the laboratory facility. At the upper l e ft is the bio

logically isolated sampl e laboratory where the lunar material is rec e ived and 

processed. To the right is the low level radiation counting l a borato ry area 
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located some 50 feet underground. To the extreme right are the achninistra

~ive and support areas. This area includes some 7000 square feet of support 

laboratories for the biological and biochemical programs. It also includes 

administrative and office space for the Laboratory. In the lower left is the 

Crew Reception Area, the biologically isolated area where the astronauts 

are quarantined. The Crew Reception Area represents a separate biological 

barrier system and is independent of the sample laboratory. 

,The main operational area of the Lunar Rece~ving L aboratory is the Sample 

Laboratory containing the microbial barrier systems behind which lunar 

sample handling takes place. Figure 14 is a sketch of this laboratory. The 

laboratory provides double barrier isolation; the primary barrier being the 

cabinet system and the secondary barrier being the building itself. The 

physical limits of the s econdary barrier are defined by sealed building con

struction and the maintenance of a negative pressure inside the quarantine 

area. Supplies enter through an .ultraviolet air lock and ethylene oxide and/ or 

steam sterilizers. Additionally, the facility provides for sterilization by 

incineration of effluent gases from the prirriary barrier system as well as 

microbial filtration of gaseous effluents from the secondary barrier area. 

All liquid effluents are heat sterilized. 

The Biological Laboratory is fundamental to the sample quarantine require

ments of the Apollo program. It is equipped to determine if the returned luna·r 

samples contain a viable material capable of replication that might be harmful 

in the earth environment. All analyses are performed within gastight, primary 
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biological barrier cabinetry for two distinct purposes: (1) the prevention of 

contamination of the terrestrial biosphere with lunar material; and (2) the 

prevention of terrestrial contamination of the returned samples. 

The time needed for assessment of the samples from each return lunar 

mission is approximately 60-90 days. At that time the samples are released 

if no living material has been found. If living forms are observed that are 

not readily identifiable as earth contaminants, the quarantine period for the 

sample could be prolinged for further microbiological study. 

The Lunar R ece iving Laboratory is unique in that it encompas ses within a 

single facility all of the microbial control modalities discussed in this article 

(Kemmerer et al., 1967). 

It has been principa lly during the last two decades that attention has been 

given to the problem of achieving microbial control in occupied environments. 

Much research helpful in developing techniques and methods to reduce or 

control the spread of microorganisms has been done in the l a st few years. 

The five specific tools or approaches for controlling microbiological hazards 

are: 

1. The required management supports and administrative techniques of re-

porting, a na lyzing, selecting, regulating, and training. 

2. Vaccination of personnel. 

3. The use of correct techniques . 

4. The u se of safety equipment. 

5. Properly designed facilities. 
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TABLE 1 

STAGES, APPROACHES AND TECHNIQUES OF 
MICROBIOLOGICAL CONTAMINATION CONTROL 

Stage 1 - RECOGNIZE AND DEFINE .THE PROBLEM 

Stage 2 - ESTABLISH CONTAMINATION CONTROL CRITERIA 

Maxir:mm number of organisms allowed, types 0£ organisms, where 
located, how detected, and other criteria. 

Stage 3 - EMPLOY APPROACHES AND TECHNIQUES OF CONTROL 

Facility 
'Design 
Features 

Use of 
Containment 
Equipment 

Management 
Functions 

Use of 
Correct 
Techniques 

Use of Sterilizing 
Agents, Germicides 
and Other Control 
Measures 

Stage 4 - MICROBIOLOGICAL TESTING AND SUFVEILLANCE 

Air 
Sampling 

Surf ace 
and 
Component 
Sampling 

Physical and 
Chemical Tests 
and 
Measurements 

Testing of 
Filters, 
Incinerators, 
Sewage, Water 

Stage 5 - ANALYSIS OF RESULTS AND CERTIFICATION PROCEDURES 

Freon 
Leakage 
Testing 

Recording results, statistical tests, use tests of items, 
formal or infonnal certification. · 



TABLE 2 

EFFICIENCY RANGE OF DEVICES FOR 
REMOVING BIOLOGICAL PARTICLES 

(1 to 5-"'t) FROM AIR 

Cleaning Device 

Ultrahigh-efficiency filters 

High-efficiency filters 

Medium-efficiency filters 

Roughing filters: fibrous, 
metallic, oiled, and screen 
types 

Electrostatic precipitators 

Air washers and scrubbers 
(low-pressure-drop type) 

Bacterial Removal 
To Be Expected 

(Per Cent) 

99.99+ 

90 to 99 

60 to 90 

10 to 60 

60 to 90 

20 to 90 



TABLE 3 

CLASSIFICATION OF MICROBIOLOGICAL BARRIERS 

Classification 
According to 

Purpose 

Size 

Degree of containment 
or exclusion 

Product Protection 

Room Size 

Absolute Barriers 

Types 

or Personnel Protection 

or Cabinet Size 

or Partial Barriers 
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By J. E. PICKERING 
and G. BRIGGS PHILLIPS* 

0 TO ANTICIPATE AND PLAN for 
the unknown is exceedingly diffi
cult. Nevertheless, the imponder
ables of extraterrestrial exploration 
entail the chance, however remote, 
that organisms might be returned 
to earth with the return of lunar 
crews, equipment, and samples. 
Thus it is both a national as well 
as an international obligation for 
member nations of the Treaty on 
Principles Governing the Activities 
of States in the Exploration and 
Use of Outer Space Including the 
Moon and Other Celestial Bodies 
to "pursue studies to avoid their 
harmful contamination and also to 
avoid adverse changes in the en
vironment of the Earth resulting 
from the introduction of extrater
restrial matter and, where neces
sary, adopt appropriate measures 
for this purpose."1 

In keeping with these terms, 
NASA has entered into an Agree
ment2 with the regulatory agencies 
of government whose responsibility 
it is to protect the public's health, 
agriculture, and other living re
sources in order that they might 
exercise their specific statutory re
sponsibilities defined in the Codes 
of Federal Regulations,3 and at the 
same time contribute their spe
cialized knowledge and experience 
on matters relating to quarantine 
and containment. 

At the outset in discussing 
back contamination, the Deputy 
Surgeon General of the U.S. Public 
Health Service stressed that: "We 
must make an arbitrary approach 
to quarantine realizing that quar-

. antine is a crude concept and ap
proach to a problem of this sort." 
The value of quarantine in prevent
ing the spread of disease is limited 
and far surpassed by vaccines and 
immunization. However, conven
tional protective measures presup
pose known diseases with symp
toms and incubation periods. In 
this particular situation, the nature 
of extraterrestrial pathogens is un
known; it is even conceivable that 
there would be no observable 
0 J. E. Pickering is with the Na-
tional Aeronautics and Space 
Administration; G. Briggs Phillips 
is with Becton, Dickinson & Co. 

Great care has been taken not to contaminate the moon 

and the planets with earthly organisms. But what is being 

done to make sure that there is no "back contamination" of 

the Earth when men and equipment return from lunar 

and planetary missions? A careful plan of containment 

and quarantine is the obvious answer. 

symptoms or that disease would 
not develop for a considerable 
period of time. Thus, even predict
ing accurately the type or duration 
of quarantine is nearly impossible.4 

In spite of such imponderables, 
this problem was addressed by 
select regulatory agencies (the De
partments of Agriculture; Health, 
Education and Welfare; and Inte
rior) , the National Academy of 
Sciences, and NASA. At the present 
time, policy and technical recom
mendations have been formulated 
for inclusion into the Apollo lunar 
program as they pertain to isola
tion and containment of the lunar 
samples, astronauts, spacecraft, and 
other mission related equipment. 

Decreasing Risk 
Since the risk of introducing a 

pathogen for man is greatest at the 
time the astronauts leave the lunar 
surface and decreases each day 
that he remains healthy, the quar
antine for lunar missions will begin 
immediately upon ascent from the 
lunar surface. From this time on 
until the release from quarantine, 
all containment countermeasures 
are designed, within technical fea -
sibility, to sever each contact with 
the extraterrestrial environment be
fore leaving that environment, i.e. 
samples to be collected with as 
clean and sterile techniques as pos
sible, samples to be placed in ster
ile and perfectly sealed containers, 
procedures to minimize inadvertent ' 
transfer of lunar material into the 
Lunar Module, and subsequently 

the Command Module. At nominal 
splashdown, egress of the astro
nauts and samples will be from the 
Command Module through a plas
tic tunnel into a mobile isolation 
van for subsequent transport by 
ship and aircraft to the isolation 
containment facilities of the Lunar 
Receiving Laboratory ( LRL). In 
contingency landing situations, use 
of respirators and isolation gar
ments are additive requirements. 

The LRL, as a double biological 
barrier, satisfies both the concern 
for isolating any microbial life 
forms existent on the moon which 
could be dangerous to life forms on 
earth, and for preserving the in
tegrity of the lunar material in a 
pristine or near pristine state free 
from earth contaminants. Release 
of the sample and astronauts from 
quarantine will be judged on the 
successful accomplishment of a bio
logical protocol designed to satisfy 
the requirements of the regulatory 
agencies of government without 
undue hardship on NASA and the 
body of outside scientists selected 
for detailed scientific analysis. 

Recognizing in any set of quar
antine plans and tests that it is im
possible .to anticipate every even
tuality, the quarantine release 
schemes include contingency pro
visions that give the regulatory 
agencies adequate opportunity to 
provide requirements and sugges
tions for situations not covered in 
the formal plans. With this proviso 
then, the general release schemes 
are as follows: 
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I Astronaut Release Scheme 

Table I provides the general 
scheme for the quarantine and re
lease of the astronauts and medical 
support personnel in the Crew Re
ception Area ( CRA) of the LRL. 
The scheme covers three possible 
results and indicates the course of 
action for each. Implicit in each is 
an appropriate review by the Inter
agency Committee on Back Con
tamination and the accomplish
ment of any formal action and 
recommendation that might be 
required. 

Proposition I is the most likely 
with release of the astronauts and 
medical support personnel from 
the CRA after appro:dmately 21 
days. This action will accrue if 
there are no alterations in the gen
eral health of the quarantined peo
ple and no other indications of 
infectious disease due to lunar 
exposure. 

Should a definite alteration in 
the health of one or more persons 
in the CRA occur (Proposition II), 
release of the people would prob
ably not be delayed if the altera
tion is diagnosed as non infectious 
or is of terrestrial origin. If the 
source of the alteration cannot be 
readily diagnosed, however, some 
prolongation of the quarantine may 
be necessary. In either case, under 
Proposition II, review of the data 
and recommendations by the Inter
agency Committee is required. 

Proposition III establishes the re
quirement that laboratory person
nel from the sample laboratory of 
the LRL be housed in the CRA 
following a severe rupture of a 
cabinet system ' containing lunar 
material suspected of containing 
harmful or infectious materials. 
While precise specification of 
events for Proposition III are not 
outlined in Table I, the NASA 
medical team should consider all 
available information and make 
recommendations concerning re
lease of the laboratory people. 
These recommendations should be 
reviewed and approved by the 
Interagency Committee. If it is 
decided that the laboratory per
sonnel must undergo quarantine, 
the medical observations would 
identify Propositions I or II in 
Table I. It must be recognized that 
this situation could result in pro-
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longed quarantine of the astro
nauts. 

Phase I Sample Release Scheme 
The scheme outlined in Table 

II provides a general plan for each 
of three sets of circumstances re
sulting from quarantine testing of 
lunar samples. Examination and 
review of the quarantine data by 
the Interagency Committee before 
release or non release of the sam
ple is provided in each case. In 
other words, in each case the Inter
agency Committee would have 
identified an appropriate time for 
coordinating its position and mak
ing its recommendations to the 
National Aeronautics and Space 
Administration. 

Proposition I of Table II shows 
the course of action for what 
should be the most probable result 
of sample quarantine testing, the 
situation in which the protocol is 
carried out in the LRL with com-

pletely negative results: no viable 
organisms being isolated and no 
pathogenic effects being noted in 
the animals and plant systems 
tested. For this eventuality, Propo
sition I calls for the Interagency 
Committee to meet, examine, and 
review the quarantine data , and if 
satisfied as to its validity and relia
bility, recommend to NASA the re
lease of samples from that returned 
mission. Formal clearance by the 
regulatory agencies is effected as a 
part of this plan. 

Proposition II of Table II pre
scribes the course of action to be 
followed in the event that a repli
qating organism is detected in the 
lunar sample without any deleteri
ous effects being noted on the life 
systems or terrestrial niches tested 
in the LRL. Should this result 
materialize, the aim of the flow 
chart under Proposition II is to 
determine: ( 1 ) if the organism iso
lated is of terrestrial origin, unmod-

TABLE I. ASTRONAUT QUARANTINE SCHEME FOR MANNED LUNAR MISSIONS 

PROPOSI Tl ON I 

NO ALTERATIONS IN 
GENERAL HEALTH. NO 
INDICATION OF 
INFECT! OUS DISEASE 
DUE TO LUNAR EXPOSURE. 

ASTRONAUTS RECOVERED AND RETURNED TO 

THE LRL. 

AT THE LR L ASTRONAUTS AND 
MEDI CAL SUPPORT PERSONNEL 
I NTERNED I N THE CRA FOR 
APPROXIMATELY 21 DAYS . 

PROPOSITION 11 

ALTERATION DIAGNOSED 
AS NON INFECTIOUS OR 
AS OF TERRESTRIAL ORIGIN. 

SOURCE OF 
ALT ERATION 
NOT READILY 
DIAGNOSED . 

• INDICATES: 

ACT ION TO BE 
RECOMMENDED BY 
NASA MEDICAL 
TEAM. 

PROPOSI Tl ON 111 

RUPTURE ·OF PRIMARY 
BARRIER IN LRL RESULTS 
IN USE O F THE CRA FOR 
PERSONNE L HOUSING. 

ACTION TO BE 
RECOMMENDED 
BY NASA MEDICAL 
TEAM, 

(A) REVIEW OF DATA AND PROPOSED ACTION BY THE INTERAGE NCY 
COMMITTEE O N SACK CONTAMINATION, AND 

(8) FORMAL CLEARANCE BY THE RE GULATORY AGENCIES, WHEN 
NECESSARY. 

I 

.. 
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ified by any lunar exposure and 
generally considered as "non path
ogenic", or ( 2) if the organism is 
not readily classified as being of 

· terrestrial origin and therefore of 
potential hazard to terrestrial 
ecology. 

In regard to statement (1) above, 
demonstration that the organism in 
question is identical with orga
nisms collected from the space
craft, from spacecraft equipment, 
or from the astronauts during pre
fligh t sampling, or classification of 
the organism as a harmless terres
trial microbe would be adequate 
reason for neither extending nor ex
panding the quarantine. The inabil
ity to recover a common, identifia
ble, and non pathogenic organism a 
second time from a duplicate lunar 
sample would further indicate that 
an earth contaminant rather than 
an organism indigenous to the lunar 
sample was involved. In this same 
regard, lunar sample contamina-

tion could result following a break 
in the primary barrier of the LRL. 
If the organism isolated cannot 
be readily classified or otherwise 
shown to be of terrestrial origin, 
there then would be the need for 
initiation, of a contingency quaran
tine plan. 

Under Proposition II, Table II, 
the scheme requires review by the 
Interagency Committee at the 
points indicated. Adequate demon
stration that the organisms are ter
restrial, unchanged, and usually re
garded as "non pathogenic" would 
be considered by the Interagency 
Committee as sufficient reason for 
not requiring challenge of addi-. 
tional terrestrial niches before sam
ple release. Failure of the protocol 
tests to provide this information 
about organisms isolated from the 
lunar sample, however, would sig
nal the need for further quarantine 
testing (indicated as Phase II quar
antine) and/or release of sample 

TABLE II. QUARANTINE SCH EME FOR RETURNED LUNAR SAMPLES [PHASE .I] 

SAMPLES RECOVERED ANO RETURNED 
TO THE LRL UNDER CONTAINME NT 
CONDITIONS. 

SAMPLES SUBMITTED TO QUARANTINE 
TESTS AS APPROVED BY INTERAGENCY 
COMMITTEE ON BACK CONTAMINATION . 

NO REPLICATING OR 
VIABLE ORGANISMS 
FOUND. NO 
DELETERIOUS EFFECTS 
ON TESTED LIFE 
SYSTEMS . 

REPLICATING ORGANISMS 
FOUND. BUT NO 
DELETERIOUS EFFECTS 
NOTED ON LIFE SYSTEMS. 

CONTINUED DELETERIOUS 
EFFECTS NOTED ON A 
TESTED LIFE SYSTEM. 

CONDITIONAL UNCONDITIONAL 
RELEASE RELEASE .__ ___ __, 

ORGANISMS Of 
TERRESTRIAL 
ORIGIN. 

ORGANISMS Of 
UNKNOWN 
ORIGIN. 

REPLICAT ING 
ORGANISMS 
FOUND, 

ORGANISMS 
CLASSIFIED AS 
"PATHOGENIC". 

REPLICAT ING 
ORGANISMS 
NOT FOUND. 

ORGANISMS CLASSIFIED 
AS TERRESTR IAL AND 
"NON PATHOGENIC". 

CONDITIONAL UNCONDITIONAL CONDITIONAL UNCONDITIONAL 
RELEASE RELEASE 

e INDICATES, 

CONDITIONAL 
RELEASE 

PHASE II OUARANT INE 
OR 

UNCONDITIONAL 
RELEASE 

REGULATORY AGENCY i.-----------' 
CONDITIONAL RELEASE 
VISITING SCIENTISTS 

(A) REVIEW OF DATA AND PROPOSED ACTIO N BY THE INTERAGENCY . 
COMMITTEE ON BACK CONTAMINAT ION, AND 

(a) FORMAL CLEARANCE BY THE REGULATORY AGENCIES, WHEN 
NECESSARY. 

RELEASE RELEASE 

PHASE II QUARANTINE 
OR 

REGULATORY AGENCY 
CONDITIO NAL RELEASE 
VISITING SCIENTISTS 

according to conditions 0 then spec
ified by the regulatory agencies, 
and/ or release of samples after 
sterilization. 

Proposition III of Table II cov
ers the · situation where definite 
deleterious effects are noted on one 
or more of the life systems tested 
in the LRL. Should this occur, the 
effects observed may be due to 
chemical toxicity rather than to in
vasion by a replicating organism. 
This would be indicated if steril
ized lunar material (the control ) 
produced the same deleterious ef
fects and if no replicating orga
nisms were found. It is always pos
sible, however, that replicating 
contaminants will be uncovered 
along with a toxic chemical. In 
such cases, it will be necessary to 
identify the organisms as of ter
restrial origin and to classify the_m 
as "harmless" in order to ·avoid 
testing additional terrestrial niches 
or life systems. 

Finally, if replicating organi~ms 
are indicated as the cause of'defi
nite deleterious effects on tested 
life systems, Phase II quarantine 
will be indicated with the possibil
ity of a subsequent conditional re
lease and/ or only sterilized samples 
will be released. Under Proposition 
III appropriate places for review 
and action by the Interagency 
Committee are indicated. 

Phase II Sample Release Scheme 
The probability is very remote 

of a contingency quarantine of a 
lunar sample due to the presence 
of unidentified replicating orga
nisms or because of non-explained 
deleterious effects on life systems 
that are not due to chemical toxic
ity. Nevertheless, it is necessary 
that the prevention of possible ter
restrial back contamination be spe
cific with regard to these remote 
probabilities. The Phase II quar
antine scheme for these eventual
ities is specified in Table III. 

Phase II requires a prolongation 
of the quarantine for an unspeci
fied tin1e interval. However, even 
"Release to certa in specified laboratories 
for further study; or steriliza tion before 
release, hut only after consultation with 
inv"estigators to determine if this is sat
isfactory to their specific experiment; or 
release to the LRL so that visiting sci
entists ( Principal Investigators) can 
work in the LRL under containment 
conditions to carry out early experi
ments. · 
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PERFORMANCE MONITOR· 
ING-The most advanced, 
accurate equipment is 
used to give you positive 
assurance of dependable 
facility performance meet· 
ing government standards. 

TESTING-SERVICE - We test 
and service all makes or mod

els of clean benches, hoods, and 
rooms. 0.0.P. Leak Tests, Veloc
ities, Certification. 

ECONOMY -Our exnerts do the job quickly, effi 
ciently. Contract, or "as required" basis. Free 
quotations. Phone or write. 

[]) (UJ ~lJ control inc. 

Circle # 10 on Readers Service Card 

for leak-testing HEPA filters 
Packaged aerosol generator is pres· 
sure-loaded with dioctyphthalate and 
propellant to create a D.O.P. "smoke" 
sufficient for leak-testing of HEPA 
filters or checking the sealing of an 
installed filter. This handy "bomb" is 
a simple, inexpensive way to generate 
an essentially sub-micron aerosol for 
limited periods of time . .. ideal 
for one-shot checkout situations. One 
container supplies enough aerosol 
for leak-testing individual filters op-

. erating at controlled flow rates. Avai I· 
able in cartons of dozen 16-oz. cans, 
or in trial twin packs. For more de· 
tail s, send for Bulletin 1106. 

CAMBRIDGE FILTER PRODUCTS CORP. 
7653 Seventh North Rd., Syracuse, N.Y. 13201 
Circle # 11 on Readers Service Card 

at the outset of Phase II, the Inter
agency Committee could recom
mend release of some portions of 
the lunar samples to non-biological 
institutions under specific condi
tions of handling. The conditions 
would, for the most part, relate to 
the use of the sample inside biolog
ical barriers. 

Otherwise, Phase II quarantine 
involves continued testing of ani
mal and plant species in the LRL. 
As indicated in Table III, the 
scheme could also provide the con
ditional release of cultures isolated 
in the LRL or specimens to cer· 
tain biological laboratory institu
tions in the United States for more 
detailed study of possible patho
genic effects. These laboratories, 
however, must meet existing speci
fications of the regulatory agencies 
for handling potentially virulent 
pa tho gens. (Phase II quarantine 
could take advantage of visiting 
scientists in the LRL as bioscience 
specialists to carry out specific tests 
for pathogenicity, should such tal
ents be available.) 

Summary 
Astronauts and Medical Support 
Personnel 
Release after 21 days if no alter

ations in general health are ob
served · and in the absence of an 
infectious disease attributable to 
lunar exposure. 

If significant alterations in gen
eral health occur, release is still 
indicated i£ alterations are diag
nosed as of terrestrial origin or as 
non communicable. 

If alterations are apparent and 
not diagnosed, some delay in ·re
lease would be indicated with the 
final action to be recommended by 
the NASA medical team. 

Lunar Samples 
It is expected that prompt re

lease of lunar samples after com
pletio11 of the protocol tests can be 
recommended by the Interagency 
Committee to the Administrator of 
NASA or NASA's designated repre
sentative. The nominal results ex
pected would obviously not impose 
any unusual conditions upon the 
release. 

TABLE Ill. QUARANTINE SCHEME FOR RETURNED LUNAR SAMPLES [PHASE II) 

VISITING BIOSCIENCE 
SPECIALISTS AT TH E 
LRL. 

PHASE I RESULTS IN REPLICATING 
ORGANISMS NOT IDENT IFIABLE AS 
TERRESTRIAL BUT NO DELETERIOUS 
EFFECTS NOTED ON LIFE SYSTEMS 
TESTED IN THE LRL. 

OR 
PHASE I SHOWS A DEFINITE 
DELETERIOUS EFFECT, N OT DUE TO 
CHEMICAL TOXICITY, ON A LIFE 
SYSTEM TESTED IN THE LRL. NO 
REPLICATING ORGAN ISMS FOUND. 

PROLONGATION OF QUARANTINE 
PERIOD 

EXPANDED BIOLOGICAL TESTI NG 

&/ OR 
STUDY O F CULTURES OR SAMPLES 
AT SELECTED, APPROVED BIOLOGICAL 
LABORATORY INSTITUTIONS. 

REVIEW OF OATA BY INTERAGE NCY 
COMMITTEE WITH RECOMMENDATIONS 
AS TO CONDITIONS OF RELEASE . 
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! 
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,. ' " Interagency Committee condi
tional release could result if there 
is sufficient doubt regarding the 
presence of pathogenic organisms 
in the lunar samples. In this in
stance, release of sterilized samples 
would be possible, or some samples 
might be released providing they 
are used only behind a suitable 
biological barrier. In the case of a 
conditional release, Phase II quar
antine testing will proceed as rap
idly as possible in an attempt to 
clarify the data regarding possible 
pathogenic effects. 

Validity Constraints 
It is in the interest of all con

cerned that the quarantine testing 
procedures be designed to avoid 
events that would produce invalid 
results. To insure that "lunar path
ogens" will not be falsely detected, 
the sample release scheme con
tains the following constraints: 

If replicating organisms are 
found in the sample and no dele
terious effects are noted in any of 
the terrestrial niches tested in the 
LRL, release will not be delayed 
beyond the time needed to identify 

the organisms as terrestrial con
taminants. 

If deleterious effects from lunar 
material are noted with the terres
trial life systems tested in the LRL, 
release will not be delayed beyond 
the time needed to show that the 
effects were due to chemical toxic
ity and that any replicating orga
nisms isolated from the sample 
were of terrestrial origin, harmless, 
and not responsible for the effects. 

Should Phase I quarantine pro
cedures indicate the presence of a 
substance pathogenic to terrestrial 
life, Phase II procedures will be 
initiated to verify or more ade
quately explain the Phase I results. 
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Smog Vapors Affect 
Clean Room Quality 
A Los Angeles-area laminar flow 

clean room, recently installed for 
the processing of critical parts and 
components, reports definite detri
mental effects due to smog vapors 
which penetrate prefilters and 
HEPA filters. 

Effects are not serious enough at 
this time to '"''arrant installation of 
additional filtering methods such 
as air scrubbers or charcoal, but a 
study is under way, and results will 
be reported to cc. 
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It is a sincere pleasure to be here in Cambridge to 

introduce you to the topic of Undersea Medicine. My introduction 

will be a brief overview of a subject which has been my love and 

pursuit for almost a decade. Being here today is particularly 

exciting because just yesterday we commenced the deepest short

duration dive yet undertaken in the United States. In our research 

chamber near Buffalo, New York two of our divers touched down 

at 800 and then 1000 feeto They confirmed the relative 

of such an exposure -- even after rapid compression of 100 feet 

per minute. 

Since early man first emerged from the distant mists of 

evolution he has continually expressed deep interest in the sea. 

Initially this interest was in the sea's dimensions of length and 

breadth. However, man also pondered the contained mystery of 

its depths. Recently, an enhanced access to both the deep and 

shallow seas has led to the strengthened emergence of a new 

discipline --- Undersea Medicine. This discipline is concerned 

with anticipating and solving the potential medical problems of a 

novel breed of individual --- underwater mane 

When underwater man enters the sea, either via ambient 

pressure or sea-level pressure systems, he must pay constant 

heed to a multiple array of physical and chemical laws. These 

include gas, pressure, and temperature laws which govern his 
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time and depth success beneath the sea.. Failure to obey these 

laws results in a series of potential medical problems.. Senior 

among these are decompression sickness, thermal imbalance, 

carbon dioxide toxicity, fire, and oxygen intolerance. The gravity 

of these problems is accelerated by the fact that they usually occur 

far out at sea and in unsterile confined spac~s. 

Undersea exploration by submarines or other devices which 

maintain sea-level pressure internally usually offer minimal 

medical problems. It is apparent that physiologically normal levels 

of oxygen, carbon dioxide, humidity, temperature and pressure 

must be maintained. It is also self-evident that considerable effort 

must be given towards attaining optimum human design of the habitable 

volume. If this is not carried out psychological and performance 

difficulties inevitably arise. In the sessions to follow my 

friend, Jacques Picaard, will expand on these basic ideas when 

he describes to you his experiences aboard the submarine 

"BENJAMIN FRANKLIN" during the Gulf Stream Drift Mission. 

Undersea medicine today is primarily concerned with 

the free-diver --- underwater man exposed to ambient pressure 

and it's multiple and co-incident stresses. 

An overview of the stresses impacting on the free-diver 

is illustrated in (Fig. I). The focus of our attention is the diver 

at the centre of the stress potential. The inner ring indicates 

stresses of sensory input and motor response differing from 
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those received on eartho Vision, for example while underwater 

is dramatically altered. The diver's face-mask magnifies 

objects by 30% and reduces peripheral vision. In addition, 

recent studies have shown that the diver's ability to comprehend 

underwater detail takes 60% longer o Hearing is also altered, 

due to the four times increase in the speed of sound in the 

water o As a result, it is difficult for the diver to ascertain the 

origin or intensity of sounds. The diver's sensations of taste 

and smell are diminished due to the nature of the breathing 

apparatus and breathing gases as well as water itself o Touch 

or tactile appreciation is also reduced due to skin heat loss in 

cold water and water's all pervading density. This same 

density is also responsible for the near-weightlessness of 

the diver and a "gravity-free" condition which alters is orientation 

and motor responses. While three-dimensional mobility is 

enhanced, work effectiveness in this tractionless environment is 

frequently compromised. 

It is significant that underwater man effectively compensates 

for the stresses that I have located in the inner ring. In fact, 

experience shows that most divers unconsciously compensate 

to the point that they are almost unaware of their individual and 

multiple effects .. 

The stresses illustrated in the outer ring are quite 

different .. They are potential only and do not occur automatically 

during each dive as do the ones of the inner ring and it is 
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impossible for a diver to unconsciously compensate for them o 

Later today you will hear,from Dro Schaeffer and others, 

specific and detailed ex,planations of their physiological effects, 

so I will describe them only briefly here. 

Depending upon factors such as temperature, insulation 

and the diver's metabolic status, water can drain the human 

body of heat at a rate up to 100 times as great as air at a 

simular temperature . This is, of course, due to water's 

enormous heat capacity and thermal conductivity. This 

potentially places a tremendous thermal loss burden on the 

diver. 

The possibility of decompression sickness awaits the 

diver during ascent from all but the shallowest dives o Fire 

is an unlikely associate of underwater man but the increasing 

use of submersible and deck chambers as well as small 

submarines and elevated partial pressures of oxygen~ have 

greatly enhanced the likely hood of fire. As a result of a tragic 

fire in the experimental diving unit in Washington in 1965 

accelerated investigation and understing of the sources, materials 

and atmospheres of combustion has occured. 

Oxygen toxicity expresses itself to underwater man in 

two forms o To ensure that acute central nervous system oxygen 

toxicity does not occur we attempt to maintain a P02 between 

0. 3 AT A and 1 o 2 AT A. To ensure that chronic lung oxygen 

toxicity does not occur we ensure tha t for multi-day pressure 
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exposures oxygen levels do not exceed a ro2 of 0.4 ATAo 

During all dives we attempt to maintain PC02 at less than 

7 mm Hg. 

Nitrogen narcosis is now a familiar intoxication resulting 

from breathing compressed air at depths greater than about 

150 feet. The intoxication is somewhat analogous to alcoholic 

intoxication and it's symptoms of euphoria and diminished 

muscular and mental co .. ordinationo To avoid nitrogen narcosis 

helium is breathed at depths greater than 150 feet and this gas 

has been used successfully in multi-day manned exposures to 

1000 feeto There is every reason to believe it will allow 

underwater man access to depths greater than 1500 feeto An 

additional reason for its success in deep diving is that helium 

is much less dense than air under the same pressure. Thus, 

breathing an oxy-helium mixture at 650 feet is simular to 

breathing air at about 150 feet. 

Helium has, however, some distinct disadvantages • 

It's thermal conductivity is six times greater than that of 

nitrogen and as a result, diving chambers must be maintained at 

temperatures between 86 and 88 degrees F. for thermal comfort .. 

Helium also reduces voice intelligibility so that a diver attempting 

to communicate by voice emits a series of unblended, discordant 

squawks o We fortunately stand on the threshold of solving the 

helium voice problem because yesterday, at 1000 feet, the new 



Singer Company unscrambler allowed a high level of intelligibility. 

It is interesting that trauma is the most frequent medical 

problem of the undersea physic_,ian. This is due to the high 

potential and kinetic energy always present at the dive site in 

the form of compressed gases, pressure, and suspended 

massive weights. 

Ascent up through the pressure columnwhile breath-holding 

can initiate gas embolism.. This, as you all know, is due to 

rupture of fragile lung tissues caused by expanding gas contained 

in the closed respiratory system . It is interesting that during 

rapid pressure drops from deep dives even transient breath 

holding, such as coughing or sneexing, can give rise to gas 

embolism . 

The use of high energy electrical sources underwater, 

such as those required for welding and cutting, can cause 

electrocution. Constant exposure to high humidity in chambers, 

as well as repeated immersion in the sea itself, gives rise to 

skin "softening" and potentially serious skin infection. Such 

infections are amplified by long duration exposures as well as 

contact with marine biological sources.. Typical sources are 

coral and barnacle cuts which persist for long periods even after 

the diver has exited the water. A recent biomedical problem 

confronting the free-diver is asceptic necrosis.. This disease 

of the long bones has been discovered in tunnel workers who work 
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at shallower depths than divers but for longer periods of time. 

With the advent of undersea living there is increasing concern 

among undersea physicians that asceptic necrosis may appear o 

To learn more about the problem we take periodic long bone 

skeltal surveys with particular emphasis on views of the 

shoulder and hip. 

I would like now to shut this overview of undersea 

medicine to a new framework which I call "The Diving Performance 

Corridor" (Fig .II) This corridor is a concept which I utilize 

to obtain an immediate grasp of the potential medical problems 

and stresses confronting underwater man. The relative impact 

of these stresses constrain underwater man's performance into 

a restrictive corridor. 

There are three primary boundries which make up 

the corridor. The first is related to the water environment 

surrounding the diver and the second is related to the gaseous 

environment which the diver must breath to survive. The third 

constraining boundry relates to the human factors that the diver 

himself brings to the dive. These factors, which profoundly effect 

his performance, are his physical and mental well-beingo 

The water environment which always surrounds the free

diver has many elements which effect his performance and ti 

these elements ar~ uncontrolled they lead to serious medical 

problems for the undersea physician. The first of these elements 
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is the air-water interface. This interface is dynamatic and 

possesses potentially great trauma hazard especially when 

lifting and lowering large objects such as submarines, habitats, 

or diving bells. As a result, great care is taken to move through 

the interface swiftly and to insure that buffeting wave action 

does not compromise diver safety. Once beneath the sea the 

diver is continually aware of currents which can sweep him 

away from the site, or at best, hinder his work ability. A 

diver is able to work successfully in currents of up to one half 

knot but beyond one knot he has difficulty doing anything except 

hanging on. Visibility is a problem that we have discussed 

in relation to the constraints of the diver's face-mask. However, 

I should mention here that visibility underwater is always 

reduced (except in the open-sea and i,n tropic regions) due to 

the high concentration of suspended particulate matter. As a 

result, in most underwater locations the diver's vision is greatly 

reduced. In fact, many underwater work tasks are carried 

out by divers who, unable to see, work "by braile" o The temperature 

of the world's oceans varies between 28. 5 to 86 degrees F. but 

underwater exploration and work is usually carried out in water 

well towards the lower portion of this range. Effective underwater 

performance requires diving suits which supply supplemental heat 

as well as insulation. 
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Pressure is perhaps the greatest potential problem 

confronting the free-diver. Its presence dictates breathing a 

gas at an equivalent pressure to the surrounding water pressure. 

The resulting up-take by the blood and tissues mandates a 

decompression obligation following the dive o If this obligation is 

not satisfactorily met then the onset of decompression sickness 

and its multiple symptomatology results. Recent experience 

indicates that compression rates to great depths may have to 

be altered. For shallow dives there does not seem to be any 

difficulty in compressing at a rate of 100 feet a mimte. However, 

beyond 400 feet symptoms of dizziness, hand tremor and 

nausea have occured with sufficient frequency to cause concerno 

These symptoms occured during a research dive last month 

when we compressed in 8 minutes to 800 feeto It may be signilicant 

that we had transient temperature elevations in our research 

chamber up to greater than 120 degrees. During yesterday's 

dive to 1000 feet we made a special effort to regulate certain 

areas of the diveo We selected highly experienced divers who 

had recently been exposed to a series of "work-up" dives. We 

insured that the internal chamber temperature did not exceed 

90 degrees F o Most importantly, we eliminated the constant 

valsalva manouvre (used by so many divers to assist middle ear 

and sinus equilibration). It is my firm conviction that many of 

our previously recognized symptoms were due to the fact that our 

divers were "holding and blowing" almost continuously for over 

5 minutes. 
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Bottom contours and composition play a significant role 

in diver performance for variations in topography and make-up 

of the ocean floor pose potential hazards in the precarious positioning 

of the diver and his support equipment. Biological hazards for 

divers who work beneath the ocean include J?larine organisms 

ranging in size from unicellular bacteria to the unpredictable 

sharko Sea water contains such a rich variety of unicellular 

organisms that pathogenic bacteria or fungi may develop and 

multiply in the synthetic environments of future sea dwellings. 

It is even conceivable that certain of these organisms may cause 

novel and serious infectious diseases in future divers. The 

respiratory and dermatological systems (particularly the 

external ear) appear to be the most vulnerable to infectious 

diseases under the sea as they are exposed to constantly changing 

conditions of pressure, temperature and humidity • 

The gaseous environment that a diver breathes must 

always be at a pressure equivalent to the ambient water pressure. 

I have mentioned only briefly the constraints of oxygen, carbon 

dioxide, nitrogen and helium for Dr. Schaeffer will be discussing 

these in much greater detail.. It is important to mention that 

few attempts have been made to use other gases such as 

hydrogen and neon and to evaluate them with respect to such 

critical factors as narcosis, respiratory ventalation, voice 

communication, and decompression .. We know that hydrogen is 
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particularly difficult to work with because of its explosive 

characteristics when mixed in uncontrolled combinations of 

oxygen. We also know that recent work indicates that a neon/ 

oxygen mixture is not narcotic when breathed for 30 minutes at 

depths down to 200 meters o Water vapor (humidity) in chambers 

represents a potential medical problem when divers remain 

under pressure for long periods. If relative humidity is not 

maintained between 30 and 60% softening of the epidermis and 

weakening of the keratinous layers of the skin occurs. As a 

result, infections and cuts are far more serious than on land. 

Micro-contamination of breathing atmospheres becomes increasingly 

serious with increasing length of the dive. Great efforts must be 

taken to eliminate such toxic gases as carbon monoxide, 

volitile hydro-carbons and a host of others which potentially 

plague underwater man o 

If we recognize these multiple stresses restricting 

underwater performance, we should also recognize that a 

supporting floor to this corridor.. The floor is made up of 

diving equipment and techniques.. It is these equipments and 

techniques which allow today's underwater man a high degree of 

mobility and performance beneath the sea. The equipment that 

we use to minimize the water and gaseous environmental stresses 

includes breathing devices, thermal protective suits communication 

and navigation devices, recompression chambers, submersible 

chambers and small submarines.. Hand in hand with the equipment 



- 12 -

used in the open-sea are the techniques which allow it's safe 

use. Primary among our techniques is the development of a 

satisfactory schedule of returning the diver to the surface and 

a voiding the evolution of decompression sickness. Utilizing 

experimental animals such as goats, followed by humans and 

building on a basic mathmetical model w th our IBM 360 

computer, we have developed a series of decompression schedules 

down to 1000 feeto We are currently operating at sea with a 

decompress ion sickness incidence of approximately 2 to 3% o 

While our empiracle approach has been successful, we candidly 

admit that we have little or no understanding of decompression 

sickness at the tissue, enzyme, or molecular levels o A safe 

ascent from deep and prolonged dives requires much further 

intense investigation. Among the methods used to enhance the 

safety of decompression schedules are alternating and elevated 

partial pressures of oxygen as well as alternating inert gases. 

These techniques are also used to combat decompression 

sickness once it occurs. However, while we are equipped to handle 

decompression sickness at shallow depths our knowledge of 

treatment at greater depths is limited o Much work remains to 

be done. 

Diving systems are conceived with the following axiom 

in mind. Minimize underwater man's exposure to the harshness 

of the environment while maximizing his control over it. Thus, 

while we strive to give him maximum control over parameters 
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such as pressure, oxygen, carbon dioxide, and inert gas, we 

also strive to minimize his exposure to cold, wetness, currents 

and biological hazards • 

At the beginning of this decade there began a rapidly 

a.eceierated evolution of underwater man. This was stimulated 

by the development of vertical submergence systems which, 

by definition, includes submersible and deck chambers. Among 

these are the Ocean Systems, Inc. ADS-IV series and the 

U .s. Navy's MARK I and II chamber systems. The ADS-IV 

vertical submergence system has been used successfully to 

depths down to 425 feet in the north sea where the water temperature 

ranges between 35 and 36 degrees F. and there is a mean wave 

height of 15 feet. With this system our divers have been able 

to make over 100 dives to these great depths o One month ago 

I was privileged to participate in the certification of the U oS o 

Navy's MARK II diving systemo We conducted a 440 foot dive 

for 18 minutes off the coast of California. This system will be 

used by the Supervisor of Salvage for salvage work during the 

coming yearso 

Paralleling the developemt in diving chambers was a 

development in breathing systems and although much work remains 

to be done, semi-closed and closed circuit systems are now 

availableo At long last we have the initial tools to begin study 

and work . A typical semi-closed system is the MARK IX 
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breathing device used in SEALAB m. A typical closed system 

is the ·ELECTROLUNG which we evaluated during a series of 

shallow dives off British Honduras earlier this year o Three 

dimensional mobility of underwater man is maximized by the 

lock-out submersible which has a lock-out chamber allowing tow 

divers to equalize to the ambient water pressure and swim 

out of the submersibleo In effect, it is a diving bell without 

a teather. I was fortunate in being able to direct a working 

dive to 700 feet out of the submersible "DEEP DIVER" which 

is the deepest short-duration working dive in the sea to date. 

As I have mentioned, the advent of an accelerated technology 

and a scientific, economic, and military requirement has 

caused underwater man to take giant strides in this decade. 

Until 1960 little work has been done in other than short and shallow 

exposures (Fig. ill). There were brief explorations to depths 

in the 400 and 500 foot range, but time beneath the sea remained 

elusive.. In this decade a concept originated by Captain George 

Bond revolutionized underwater man's progress. Captain Bond's 

concept was that of saturation diving. It meant simply that 

if a diver was maintained at a given depth level for an indefinite 

period of time, his decompression obligation would be no greater 

than if he had spent 24 hours at that depth. With this concept 

established there emerged the Cousteau "CONSHELF" series, 

the Link "MAN-IN-SEA" series and the "SEALAB" series of 

sab.lration dives o The concept was one of a number of catalysis' 
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which greatly accelerated underwater man's progress in this 

decade (Fig. IV). Since that time short-duration dives have 

been made to depths as geat as 1190 feet and saturation exposures 

have been made for as long as 2 months at 50 feet, 2 days at 

615 feet and 45 days at 205 feet. 

Time and depth windows are now open to underv.ctter 

man .. The gates of the sea are open and we are moving through 

them with authority. We are stepping with confidence on the 

continental shelf some 650 feet below the sea. However, we 

must not ignore that, as we move into the sea, we are walking 

a life-support tight rope that narrows with depth .. Accidents 

have occured and will continue to occur unless we OJE rate with 

increasing safety. A paramount role towards enhancing the 

safety and performance of underwater man will be played by 

his deep sea colleague --- the undersea physician .. 
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IN'l'RODUCTIOi·T 

SPECIAJ.J SENSES 

John Lott Brown 
Kansas State University 

Man has an im9ortant role in the exploration of space. It . 
is probable t hat for 'I... 

lJ.lS size, mass , and energy requirement he 

can handle a broader range of situations more effectively and with 

more flexi b ility than any automatic e q uipment which might be 

designed. He will be able to make decisions in relatively unique 

situations, many of wh ich are beyond the ability of even t he 

most ela~orately prograrn.R.ed automatic devices. He will not be 

operating in his m·m f a rnilia r terrestrial environment, however. 

His sensory input c hannels must therefore be evaluated in relation 

to the new situations which he rr.ay encour..ter and in relation 

to the environmental d ifferences which n ay be anticipated. It is 

reasonable to suppose that limitations w~ich exist in any sensory 

dimension on Earth will a lso exist in space. It is also 

possible that additional liraitations may be i mposed . 

I will concern myself in this presentation p rimarily with 

the visual dinension. I woul~ first like to revie~ s ome of the 

c h aracteristics of t he visual sensing s ystes and comment on t heir 

significance for man on a space mission. I will then review sonie of 

the unique conditions which may be encountered in space flight, par£ic-

ularly those \·Th i ch can be expected to influence vision. Soni.e 

comments wil l be :rr..a de on the nature of t he visual envi:conr:-tent in 
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space, and, finally, some of the visual functions which 
roay be of particular importance will be discussed. Othe r senses 
will be consider ec briefly. 

THE NATURE OF THE VISUAL SYSTEM 

The human eye is an amazingly sensitive device . 
Light rays which enter the cornea and pass through the var-
ious intraocular media excite receptors · on ~he tetina. 
Light must actually pass through a nQmber of layers of 
nerve fibers and nerve cells as well as some vascular 
tissue before reaching the receptors. At the receptor layer, 
it has been demonstrated that only a very few, perhaps four 
or five, quanta of light energy are necessary for the conscious 
detection of light (5). The response varies with wave length 
and the nature of the spectral response varies with the 
condition of ada?tation of the eye (5). This is illustrated 
in Figure 1. There will be ample illumination, at least at 
times, on the moon and on "a.rs for visual observation. The 
curves presented in Figure 1 are slightly misleadinq in that 
they imply equivalent maximum sensitivity for both the daylight, 
photopic process, and the low-luminance, scot0~ic process. 
Actually, the eye becomes more sensitive to light as it 
adapts to the lower luminance levels witrl an accomp~nyinq 
shift in peak sensitivity to a shorter wave length. The rela-
tion is better illustrated in Figure 2 where relative energy 
required for stimulation is shown for both photopic and scotopic 
vision (18). 

The transition from photopic to scotopic vision may pres8nt 
problems for the space traveler. Altho ugh the eye can adapt to 
an increase in illumination level within its functional range 
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fair l y quickly, a relatively long time is required for adap
tation to very low luminance levels. Adapt~tion to a higher 
level requires no more than three to five minutes. Adaptation 
to low luro.inances may require thirty minutes or more ( 6) . 
The dark adaptation process is illustrated in Figure 3 (1). 
An important characteristic of the data presented in Figure 
3 is the fact that the range of chanqe in sensitivity shows 
an important relation to the area of the test spot with which 
sensitivity is measured. An experiment of the sort illustrated 
here demonstrates that the tremPnaous ~ain, as much as 
1,000,000 : 1 or more, in visual sensitivity with dark adaptation 
cannot be explained purely in ~~r~s nf an incr0a~c·in t~c c0n
centration of photosensitive ~aterial during dark adaptation. 
The gain in sensitivity is also a result of a change in 
neural organization. 

over a larger area. 

The eye becomes ahle to suromate energy 
This is illustrated by measur ements of the 

"receptive field" of a single fiber of the optic nerve (4). 
In t he light adapted eye a fairly large region of the retina, 
when stimulated, influences activity in a single fiber (Figure 
4). The influence may be either excitation or inhibition, how
ever. In a central area light stimulation may cause increased 
activity in the fiber, in an annular region around this central 
region light stimulation may inhibit activity in the fiber. 
With dark .adaptation the ex~itatory region is enlarqed ana 
~he inhibitory region drops out. Accompanying this chanqe 
there appears to be an increased ability of the retina to 
sununate over its area the stim.ulatina effect c-f light enerqy 
which reaches the retina. r-. corollary of the increasina 
sensitivity with dark. adaptation is a qross reductinn in 

J 
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spatial resolution capacity at low luminances. Increased 

sensitivity afforded by increased spatial summation is accom

panied by decreasec spatial resolution capacity (46). 

Spatial resolution will be an imnortant function for the 

space traveler. . It is of importance to know whRt the limiting 

resolution of the eye is and to know how this varies with 

changing conditions. In general, spatia~ resolution will 

increase with increasing luminance and with increasin~ con

trast between objects to be discriminated and their back

grounds (16, 46). The relation between visual acuity and 

luminance is illustrated in Figure 5. Visual acuity is defined 

as the reciprocal of the minimum resolvable visual angle in 

minutes of arc. It is important to note that there are 

various kinds of visual acuity , however. Visual acuity for 

resolution of the minimum separation between two ?Oints or 

elements of detail in a visual array is not nearly as fine 

as visual acuity for the resolution of a single dark line 

element against a bright field.(46). It is meaninaless to 

speak of visual acuity for a point source of light ~ecAusc 

its size is not a limiting factor. Stars are essentially 

point sources of light but are a e tectable when their energy 

level is sufficient to stimulate the retina. The retinal 

image of a point source will alw~ys have a finite size hv 

reason of the optical properties of the eye (47). Visual 

acuity for elements of detail in a co~plex visual scene is of 

the order of 1, that is, s e parations between elements of Clet<lil 

which subtend a visual angle of 1 minute of arc can be 0is

criminated. A dark line aqainst a bright field can be 

discriminated when its thickness subtends less than a half-
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second of arc at the eye (45). Dark soots against a light 

background as small as 15 to 30 seconds o f arc can be detected. 

The length of a dimension in feet which will subtend 1 minute 

of arc at the eye of an observer is equal to one and one-half 

times the distance of the observer in miles (9). Thus, at 

an elevation of 100 miles over the surface of the earth or the 

moon, minimum re sol v::i.ble elements of detai:l in a c omplex 

pattern must be 150 feet in lenqth. On the other hand, a 

single dark line of less than two feet in width riay be C'is-

criminate d at the same distance if it is sufficiently lonq 

and affords sufficient contrast with its backqround. Astro-

nauts who have participated in o r b ital flights have observed 

that tentative identification of m~ny 0bjects on the ground 

can be made on the basis of what the as t ronaut knows to be 

there or on the basis of inference (55). For example, a 

discontinuity along the extent o f a clearly visible river 

may quite correctly be interpreted as a bridge alth0ugh out 

of context its identification would be imposs ible. 

The ch~racter of the receptive field of a sin~le cell 

in the light-adapted eye is an important f act o r in spatial 

resolution. The nature of its function is illustrateC. in 

Figure 6 (19). Stimulatinn of the center of its r eceptive 

field on the retina gives rise to much activity . Stimulation 

in an annular ring around its center suppresses activity. 

Stimulation o f a larger area ten<ls to increase activity but 

the change in relation to the backqround leve l may be very 

slight. This combinati o n of ex~itation and inhibition 

dependent upon spat ial region sti~ulated provides a basis for 

peaking of contours in the retinal image. It is thus useful 

. . 
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for the enhancement nf visu~l ~etAil. This is illustrnted 

in Figure 7. Vertical stripes of increasing dnrkness appear 

non-uniform from left to right. The edge of a given stripe 

near its adjacent dark stripe appears liqhter than its op-

posite edge. The fact that this is a property of the eye 

may be illustrated b y covering the adjacent areas on both 

sides of part of one of the stripes'with dark paper. The 

apparent gradient is eliminated (17). 

If our attention is transferred from single cells and 

fibers in the region of the retina to single cells in the 

visual cortex, we find a change in the nature of retinal 

stimulation which is optimum for excitation and inhibition of 

these cortical cells. Optimum retinal stimulation is found 

to be organized along line elements for excitation of many 

cortical cells. This is illustrated in Figure 8 from an 

experiment reported by Hubel and ~iesel (33). Some cells respond 

to stimulation along a line of specific orientation in a 

cert~in part of the retina. Other cells appear to J~e sensitive 

to orientation of a line but less dependent upon the specific 

position of the line on the retina. This is illustrated in 

Figure 9, again from the uork of Hubel and Wiesel (33). 

A possible effect of this kind of organ~zati0n within the 

visual system is illustrated by Figure 10. If one fixes the 

center of the radial line pattern for a period of approx-

imately 10 seconds and then observes a comnletely plain white 

field, an afterimnge pattern of annular rings is seen. It 

is as if the cortical cells which meaiate discrimination of 

the radial line pattern have been "fatigued", and stimulation 

by a plain field permits the accentuated response of other 

. -
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cells ·r~sponsive to _orthoqonal .. stimnlation. The result is 

a series of concentric circles. 

The temporal resolution capacity of the eye is of concern 

in relation to the ability to ~erceive inforIT!ation in a 

rapidly changing visual fiel~. This may be of practical 

importance in the relatively simple case where information 

is transmitted via a flashing light. Teroboral response char-

acteristics of the human eye are illustrated in Figure 11 (23). 

It is evident that the response extenas to higher frequency 

at higher luminance levels. The ability of the retina to 

summate energy in time as well as over area changes with 

illumination and level of adaptation, although the relation 

is complex (14). Part of the increased sensitivity of the 

dark-adapted eye is attributable to increased temporal summation 

capacity. This is, of course, accompaniec by a decrease in 

temporal resolution. 

The ability to perceive colors ?epenas upon the presence 

of three photosensitive substances within the retina having 

different spectral absorption characteristics (40). 

Color discrimination also depends on some relatively elaborate 

data processing within the nervous system (25); It has been 

demonstrated that certain celJs of the retina central to the 

photoreceptors the~selves respond differentially derenaent 

upon the · wavelength of stimulation. Some wavelengths ~ay 

excite these cells and others may inhibit their response. 

This is illustrated in Figure 12 (52). In Figure 13 are 

shown the ~ecorns nf a cell which is inhibiter. by a green liqht 

and excited by a red light (2~). There is a hurst of activity 

from this cell when the green liaht is extinguishea. It is 

:l.. 
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In launching a space mission it is necessary to ewploy 

accelerations which impose higher gravitationa l forces on the 

occupants of a space vehicle (7). When the orientation of 

these forces is such as to interfere with the circulation to 

the eye and brain, there may be a blackout of vision and 

other symptoms. Studies have indicated that by so· r 0 si tif"'n.i n g 

a pilot that the line of action o f acceleration forces is 

transve rse to the long axis of the body, it is possible to 

avoid blac~out. Other v i sual effe cts may occur none theless. 

These problems have b e en stud i ed extensively on l a rge centri-

fuges which permit the expo sure of h~~an subjects to high 

acceleration forces (10). The Navy Centrifuqe System at the 

Acceleration Laboratory in Johnsville , Pennsy lvania, is illus-

trated in Figure 1 4 . This c entrifuge has been instrume nte d 

for closed ·loop operations such that a pilot may perform 

the control operatio ns n e cessary for a s pecific mission ana 

the acceleration forces impo sed on him be determined by his 

control manipulations. h number of experiments have been 

performed on this d f' vice to dete rmine the mect.anical limita-

tions imposed on the pilot by acceleration forces (8). Some 

studies have also bee n perfo rme d t o determine purely visual 

effects. One of these is illustrate d in Fig ure 15 (15). The 

time r e quired for a subject to make a motor r e s ponse to a 

visual signa l is shown t o increase with increa sed level of 

acceleration. It is also cle ar that the reaction time is 

influenced to an e ven grea t e r e x t e nt b y the luminance lev~l 

of the visual signal . By using suffi~iently briqht illum-

ination, r e lativcl¥ short r e action times can be obtaine d 

even a·t leve ls of accelerati o n near those which will cause 
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as if extinction of the green light has the sanie effect on 

the cell as illumination of the red liaht. Response of the 

cell is greatest when the eye is stimulated by a red light, 

immediately following illumination by a green light. It 

can be demonstrated that the extinction of a green light · may 

give rise to sensations similar to those which occur when the 

eye is stimulated by the red light. If one stares fixedly 

at the center of a pattern consisting of a red ana a qreen 

rectangle for approximately 10 seconds and then observes a 

comple t e ly uniform white fi e ld, the region in which the 

green pattern was observed will appear r eddish and t he r egion 

in which the red patte rn was observed will appear greenish. 

A similar effect may be observed in a yellow and blue pattern . 

These successive contrast effects and other simultaneous contrast 

effects influence interpretat~ons of the visual world. 

It has been suggested by some astrono~ers that the apparent 

coloration of the details of the Martian surface may be a 

result of such color contrast e ffects (3, 28, 36, 37). It 

is therefore dangerous to interpret them as indicative of 

a specific surface condition if they may be artifacts of the 

visual process. 

EFFECTS OF SPACE FLIGHT ON VISION 

It has been suggested that the nature of the limita tions 

.on the visual pro cess which are inherent in the visual system. 

itself will be the same in space as on earth. · This notion 

should perhaps b e qualified. Limitation s which exist on 

Ea rth will undoubtedly exist in soace, but additional li~ita-

tions may be imposed by connitions which are unique to space 

flight . · One element of concern is ·the gravity e nvironme nt. 
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blackout when acting along the long axis of the body. Dr. 

Joseph White and his colleagues, workin(! at the Wright Air 

Development Center of the l'dr Force, have studied a variety 

of acceleration effects on vision (53). Figure 16 illustrates 

the reduction in visual acui ty with increased acceleration up 

to 8 G units. There app~ars to be ~ittle difference in t he 

effect on visual acuity for transverse and positive acceleration 

orientations. White has suq0Asted that the effect on visu<'.1. 

acuity may result from rP.formation of the optical system 

rather than i~pairrnent in the circulatory sys~~m. As in the 

case of reaction time, it can be shown that influences of 

acceleration on visual acuity, weasured indirectly in terms 

of errors in reading an instrument, may be ameli0rated by 

increasing the luminance level. This is illustrated in Fiqure 

17, again from the work of ~7hite (5 4). High acceleration 

levels will be of rP-latively short duration : and barring accident 

they will not be so high that they need be a major concern as 

an impediment to space travel. 

Possibly even greater concern has been expressed over 

the effects which the zero gravity environment of outer s 9ace 

in orbit or in interplanetP- cy fliqhts may have on visual 

processes. The exact basis for conc~rn has not been well 

stated in all cases, but several experiments have been per

formed to .assess possible chan0es in visual acuity and other 

visual discriminations in the zero gravity condition. Sliqht 

changes have been measured bo th in the rirection of decrease 

and increase (~5, 54) . In an extensive experiment perforrne<l 

by astronauts in ortitnl flight (26) no significant nifference 

was observed as contrasted with pre- and post-flight tests 
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made on the ground . It is doubtful that zero gravity, at 

least for relatively short durations, has any influence on 

visual acuity. There has been greater concern with the 

possibility that mechanisms that control eye movement ~ight 

be influenced by the absence of gravity . If coordination 

of eye movements is disrupted even slightly, the effect on 

perception and various judgMents of distance or ~otion might 

be a handicap to the space traveler. Efforts to measure 

visual functions such as acco:rn.rn.odation and phorias will be 

made in subsequent missions. 

It is probable that motor systems acapt reasonably quickly 

to the absence of gravity cues. Astronauts have observed 

that eye-hand coordination is urnimpaire<l unde r zero gravity. 

Even tactile approximation with the eyes closed appears to 

be about as good in a z e ro gravity condition as it is o n the 

surface of the earth (55). There seems to be no tendency 

to overshoot or unde rreach which is associated with t he 

absence of weighting of the limbs by a gravitational fi e ld. 

The visua l process is known to be quite sensitive to the 

respiratory environment. Reduction in the partial pressure 

of oxyge n of the a ir breathed will cause measurable v isual 

effects at altitudes as low as 5,000 feet. Change s are quite 

striking between altitudes of 15,000 and 20,000 feet. An 

illustratio n o f this is presented in Figur e 18 (~2). Dark 

adaptation curves are presented for subjects breathing oxygen 

mixtures equivalent to the altitudes indicated . It is clear 

that the final threshold l evel in the c ark-adapted eye is 

e leva te<l considerably at the higher Rltitu<les. Quic~ recovery 

from the highest a l ti tucl.e is demonstrated when subjects a r e 

I r..,._ 
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permitted to breathe 100 percent oxygen. The astronaut will 

carry his atmosphere with him anC. he will be provided with 

an appropriate mixture to sustain him adeauately. Any possible 

source of conta~inaticn may cause difficulty, however (38). 

The effects of reduced oxygen pressure are com~ared with those 

of cigarette smoking in Figure 19. It is shown that sMokinq 

two or three cigarettes causes an elevation in thres},01~ 

equivalent to that cRused by an increase in altitude of only 

7500 feet (41). The effect of cigarette · smoking May be 

explained in terms of the bincing of heMoglobin by c.::i.rh0n Il'1onoxide 

inhaled with the smoke. Another possible basis of explanation 

is the vase-constrictive effect of nicotine which ~ay influence 

retinal circulation. 

On some space missions a 100 perc~nt oxygen environment 

has been employed at a pressure greater than the partial 

pressure of oxygen at sea level. Oxygen is known to be 

toxic and 100 percent oxygen at sea level will probably 

result in death in little more than 70 hours. £esser effects 

which might be reflected by changes in visual function have 

therefore been considered a possibility with slight increases 

in the pressure of oxygen over the normal l~vel. This possi-

bility has been studied extensively with a variety of visual 

tests for increased partial pressures of oxygen up to that 

represented by 100 percent oxygen at sea level pressure with 

exrnsures for 24 h0urs (27). No effects on visual nrocesses 

were 0bserved. 

Ionizing radiation is r,irobably not a serious proble !1'1. 

in relation to vision in spnce travel. At high levels, its 

effect on other thc.n the visual systc~ will be of most impor-
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difficulty. It has been cemonstrated that exposure to ionizing 
radiation can cause cataract. It may also reduce visual 
sensitivity by direct 0r indiruct action in bleaching the 
photosensitive surstance of the eye (39). 

An artificial restriction on the visual environment 
in space may be imposed by the necessity that astronauts 
wear a protective helmet with a transparent window. Visual 
field may be restricted by such a device ~lnng with the illu-
mination, as this is restricted by the transmittance of the 
visor. Helmets may thus impose some limitations on vision 
for the space traveler but it is reasonable to assUJ11e that with 
continuing development 0f equinrnent these limitations will 
be reduced or eliminated. 

THE VISUAL ENVIRONMENT OF SPACE 

With his departure from the Earth's atmosphere, the 
space trave ler will come into an entirely new visual environ-
ment. The atmosphere of Earth absorbs approximately 30 

percent of the sun's radiation ( ~8 ). The radiant energy 
level from the sun will thus be higher outside the atmosphere 
to this extent. Light scattering which occurs within the 
atmosphere will be absent and the uniform illuminat i0n 
provided by the daylight sky o n the Earth's surface will not 
be seen. Stars and other objects will be seen against a 
darker background than that of the sky at night by reason of 
the absence of light scattering . Contrasts be tween illumi-
nated areas and non-illuminated nreas or the void of space 
will be much higher than those usua lly encountered on the 
surface of the Earth. This will be true on the surface of the 
moon as well as in space, by r eason of the absence of anv 
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significant atmosphere aroo.ni!.. the moon ( 48, SO). The 

hazard to be encountered by looking directly at the sun will 

be increased over that which exists within the Farth's atmos-

phere. Whereas on the rarth's surface, injury to the retina 

rnay occur after gazing directly at the ~un for a little l ess 

than one minute, the tiwe will be 16 to 15 seconds outsi<le the . 
rarth's atmosphere (13, 48). Stars will no . longer twinkle, 

and the colors of the sun and the stars will ?robably be more 

whitish in the absence of scattering of blue rays by an 

atmosphere. Solar illuminance will be nearly 14,000 foot 

candles, while background sky illuroination will be an order 

of rnagnitnde lower than that of the darJ' sJry on a Moonless 

night. Background illwr.ination in the sky of space will be 

comprised of starlight, zo~iacal light ana galactic liqht. 

Beyond the distance of Jupiter from the Sun, the contrihution 

of zodiacal light will be greatly reducea (48). A substantial 

contribution of light in the region of the Earth will be 

reflected from the Farth itself, 36 percent of solar light 

which falls on that body. This is substantially more than the 

light reflected from the moon (albedo .17 to .14). In thA 

region of Venus, solar illu~ination will be aporoxi~ately 

twice that in the region of the earth and the haza.rcs of 

retinal exposure will bP. i ncreu.ccd conunencurntely. In the 

vicinity of Mars, solar luminan~e will be less than hn.lf 

that at the Earth and in the region of Jupiter it will be 

reduced to less than 1/20 of the value which prevails in the 

region of EJrth. The ideal range of illumination from t he 

standpoint of human vision may fall somewhere between one 

hundred million kilometers on either side of the Farth's 
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.orbital distance. Stugho ld has referred to t h is region as 

a euphotic belt (48). It i s in this region t hat life as we 

know it is most favored; gaseous oxygen and liquid water 

may be present. 

Even at the mean distance of P l u to from t he sun the 

illuminance provided will be sufficient for reading and fo r . 
photopic vision in ~hich colors may be discriminated . 

Insufficient illumination for photop i c vision will exist at 

a distance from the sun about three times t he distance of 

Pluto (about eighteen b illion ki l ometers) . 

The visual realm on the surface of t he moon is of particula r 

interest at the present t i me (22, 50). The illuminatic1n leve l 

is approximate l y 30 percent higher than that on the surface of 

the earth. The absence of atmosphere wi th its attendant light 

scattering presents a world of strik ing contrasts in il l umination 

without the veil of sky illumination to fill in shad0ws. Shadows 

are not compl etely dark where surface iMregularities provide 

scatte ring and bad:. illumination . The low reflectance of the 

moon's sur face limits t he amount of back r e flection which 

occurs, however. The result for an explorer on the moon 's 

surface may be likened to the situation where soMeone is 

searching a crowded storage room with the aid of illumination 
. 

from a singl e open bulb. Shadows provide a striking element of 

the appearance and the overal l appearance will vary greatly 

with any change in the direction o f view of an observe r with 

respect to the l ocation of the light source . The presence of 

highly ref l ecting surfaces needed for thermal regulation of l 
I 

space vehicle s and moon surface dwellings will presen t periodic 
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exposures to high luminance levels . This effect coupled with the 

darkness of shadows will render vision difficult. The problem 

of moving a~out on the surf ace under one's mm power will be 

complicated both by the visual conditions and by the relatively 

low gravity of the moon (.167 Eart:i gravity). The surface of 

the moon for the most part \·rill be. porous materi a l with an overlay 

of dust. This was inferred by the change in reflecited light with 

angle of incidence of the sun's illumination as this is measured 

from the surface of the eartl1 (30). It has been confirrne~ with 

the recent moon landing. The nature of changes of light reflected 

from t he moon a?pear to require that its surface be of some 

porous material. ~here is no evidence of any sharp selectivity in 

spectral reflectance but there does appear to be a gradual 

increase in level of reflection with increase in wavelength of 
' ' 

the illi~ination light(22). 

High illlll!lination levels reflected from metallic surfaces 

as well as those seen when looking directly at the sun will 

present two problems. In the first place , they will cause light 

adaptation of t he eye, thus r eaucing its ability to discern 

detail in the darker shadows. In the second place , they 

present a threat of retinal injury. The nature of these 

problems is illustrated in Figure 20 (11). As an adapting 

flash increases in its total energy, the time required for the 

eye to recover · sufficient l y to view v~sual detail illuminated 

at a rnuch lower level increases. 'I'he increase occurs at 

increasing r ate up to a point, probably representing eeplstioL 

of phctosensitive materials, where t he curves appear to leve l 

out. So~ewhere beyond this energy level there will ~e irra-

versible injury resulting from retinal burning~ The eye can 
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recover from the adapting effect as this is represented by 

adapting flash energies ·u!? to the plr.lteau of the curves. 

Retinal burns influence vision permanently, and if locaten 

in the fovea are extrenely serious in their · effect. 

THE VISUAL TASKS OF THP SPACF EXPLORER 

' 
The visual requirements of an astronaut will f'"'.11 in 

several categories (2, 9, 12, 3tl, 35, 43). The first of these 

is related to the task of controlling his vehicle and moni-

toring its position and attitufc in space. Durin0 mnny stages 

of space flight this will be accomplish~d primarily by visual 

reference to flight instru.Ments. Outsi0e visual reference 

through portholes or a periscope will also be of i~portance (49). 

Outside reference may be to the surface of the earth, the moon 

or some other ?lanet~ to t~e stars~ or to other space vehicles. 

It has been demonstrate<l that rendezvous and dockinq with two 

space vehicles can be accomplished by direct visual reference 

when appropriate controls are providec (21, 51). The control 

of a landing may also be effected by direct visual reference 

and laboratory studies of this 9ossibility continue to compare 

the efficiency of direct visual control with that of automatic 

procedures. 

The second cate9ory of visual tasks relates to the possi-

bility o'f reconnaissance of a nlanet's surface from rt soace 

vehicle. This function will be limited by the visual acuity 

of the unaided eye. Where objects on the surface ri.av be 

familiar, it will be possible to make ic"lentifications with 

minimal visual information (t3, 4.1, 49). On a coyn.pletely 

unknown nlanet the nrohlen will be far m0re diffic•1lt, however. 
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The judgment of size, when the nat:ire of the object viewec1 

is unknown, is extre~ely difficult. Photographs of the sur-

faee of the moon illustrate that it has a very si~ilar appear-

ance in ternis of the 0.i~tr'i~""ution c5f \rf snn.l r:i.rgJ.cs -v!hich rep.r.e-

sent diameters of craters over a large ranqe of distances. 

There is, thus, a range of crater sizes such that the visual 

pattern may look very similar fro~ relatively near ana far 

vantage points. Assistance in evaluating the nature of an 
-----. 

unfamiliar su~face may be ohtaine~ hy the use of flares 

jettisoned from a space vehicle and the changing shadow 

patterns which result froro f la.re il lUJTlination (12) . 

The detection of other space vehicles or objects in 

space may represent an important visual task for an astronaut. 

Detection of objects in space will not be limited by the 

resolution capacity of the eye but only hy the ainount of liaht 

reflected from the object tn the eye. The task will he one 

of light detection rather than of spatial resolution. The 

largest proble~ in detection wil l be in localizing the reaion 

of space in ~'lhich to scan for an object. ~one familiarity 

with star patterns so that an anomalous ohject ynay be detectee 

could conceivably be of value. It has been demonstrated 

experimentally that such ~etection will be extreme l y difficult, 

nonetheless (~3). Another source of concern for cetection 

is related to the relative motion of t he object to be detected 

with respect to that of the vehicle which carrie s the observer. 

Times during which detections may be made for two veh i cles 

which orbit the sa~e plane t or moon ~ay be very limited. 

Astronomical obs ervations ynay be ~ade frn~ a space 

vehicle. The abs ence of an a tmos phe re wiJ l he hel:nful but the 
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transmission characteristics of the window in the space 

vehicle may present some li~itations. ~ith the aid of a 

telescope, if a space vehicle carrying the instru~ent is suffi-

ciently large, rather important observations can he made. 

Stabiliza:t.ion of the platfom of the telescope !Ylay nr.e·sent 

a problem if hUMan cccupants of the space vehicle are !Yloving 

about freely. In general, observations outside a space 

vehicle will be complicated, in many. instances, by the lack 

of familiarity of the observer with the actual size of objects 

observed or with the nn.ture of the terrain when a surface is 

observed. · High contrast between roints of illumination an~ 

backgrounf. will result in an ap::_Jarent change in size and 

shape of the source of illumination (29). 

Inside a spacecraft, other nroblemB m~y arise (12). 

These relate to the orientation of the astronaut with respect 

to his vehicle in the absence of gravity. The orbital flights 

which have been mace to Cl.ate sugqest that this problem will 

not be a serious one. Its seriousness may increase, however, 

when larger vehicles flre e~ployed in which move!Ylents of much 

greater extent, involvinq the whole body, may be made. The 

absence of a gravitational vertical in this situation may be 

more serious than one in which the astronaut's position is 

relatively fixed in relation to his vehicle and instrument 

displays and controls within the vehicle. It has been suggested 

that it may be desirable to select arbitrarily some surface 

which shall be the "floor" and to construct interior spaces 

in the fashion similRr to those with which we have become 

familiar on Farth (31) . Such cesiqn may be less efficient 

than another which could conceivably cause gr8ater confusion 
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to an astronaut. Another suggestion has been that the vehicle 

be rotated to create an artificial gravity in the form of 

centrifugal force. In this instance , other proble~s may arise. 

For the length of rotational axis which would be practi c a l, 

angulRr accelerations which will produce a substantial grav

itational component will be relatively hi~h and could cause 

difficulty by reason of their stiJT\ulaU ... :m of the lnbyrinthi.ii.s 

mechanisms of the inner ear. (12, 20). It seeMs wost ~robable 

at present that the problems ~ssociated with zero ~ravity 

would be of less concern than those a.ssocia.ted with rotation 

of a vehicle for creation of an artificial gravity, a t lecst 

for missions of relatively short duration. 

CONCI,US ION 

The characteristics of the human visual process have 

been reviewed briefly. It would appe ar that these characteris-· 

tics will remain relative ly unchangec in space flight excep t 

under abnormal and emergency conditions at excessively high 

acceleration or low oxygen. The problem confronting the use of 

the sense of vision in S?ace for an astronaut will be primarily 

the lack of famili a rity with the space environment. In the 

region of Earth there will be ample light, but there will 

be excessively high contrasts and large r anges of illumination 

with which we a re relatively unfamiliar on the surface of the 

Earth. The lack of scatt e ring by an atmosphere wi ll present 

additional proble~s . It is probable , noneth eless, that an 

astronaut will b e able to adjust to conditions which nrevci.il in 

space. With increased exnerie nce and the development of equip-

:L . 
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ment to assist him, it is reasonable to predict that the role 

of the human explorer in space will be a significant one 

and much of what he acco~olishes will depend upon his use of 

vision. 

OTHER SENSES 

Hearing . 

In space fligh t, hearing will depend almost entirely on 

artificial aid s. It will b e a most important sensory ~odality, 

nonetheless, in t h at it will provid e t he most important link be

tween mani..n s pace and the surface of · the earth. The :maintenance 

of this link will be extre~ely important, not only for the 

exchange of information b ut also for the psy chological support 

of the man. 

Normal speech sounds may be altered in a variety of ways 

without b ecoming uninte lligible, and it h as been demonstrated 

that information cap acity of speech is dependent on a relatively 

small proportion of the total :Cane!. width occupied by normal speech. 

Any method wh ich can b e e mployed to effect econonies in the 

power req uirements for corr-munication in space will be of 

considerable i mportance (2). A careful evaluation of t h e effects 

of modificatio n of s peec h sound s en intelligib ility must accomp any 

the introduction of any new methods, however. 

In addition to its i mportance for communication, hearing 

may prove of consiC.era!Jle inportanc:~ for purpo·ses of recreation 

and relaxation. For e xamp le, th~ ability to listen to music may 

assu..ro.e an unima g ineC:. degree of i Hportance for t~e occupant of 

a space v ehicle on a protra cted flight. 



Hazards. Noise and vibration may constitute specific hazards for 

hearing within a space vehicle. These effects can be expected to 

be proninent only during launch and recovery, and can be mini

mized during these ~hases of flight by appropriate engineering 

design. 'l'he use of headphones in sound-shielding mounts \·Till 

afford aC.ditional protection. Acceleration apparently has no 

important specific effect on hearing and therefore does not 

constitute a specific hazard. (5). 

Vestib ular Sense. 

There has been much concern over the possible effects of 

exposure to zero gravity in space flight. Gne basis for such 

concern is the fact that the pattern of stimulation of the 

vestibular mechanism will be very different in the absence of 

the earth's gravitation field. T~e utricular systere of the 

vestibular apparatus contains otolith s, calcareous "stones" 
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which are of a greater density than surrounding tissue. Variations 

in the orientation of a gravitational field results in a variation 

of the way in which these otoliths are displacee with respect 

to the associated ~acula (1). There is an accowpanying variation 

in the pattern of discharge of the afferent neural connections 

of the utricles (11). At zero gravity, c hanges in body position 

will no longer be associated with the saRe changes in the 

pattern of utricular discharge. In addition, t he perceptual 

results of stimulation of : the semi-circular canals may be altered 

in the absence of the terrestrial resoonse patterns of t h e 

utricles. These effects wi ll he r.tanifested by their influence on 

visual perception and orientation. The s tab ility of the visual 

,. . . 
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worlc in spite of head anc body movements is related to vestibular 

signals which effect a stal:::ilization o::: visual perception .( lSl . 

Such staLilization is partly the result of compensatory eye 

movements but it also depends in par t upon the integration of 

visual and vest.lbula.t inputs at some more central location. The 

evidence available at present indicates that although there may 

be individual differe~ces, it is possible for man to adapt to a 

zero gravity environment fairly quickly. ~hen vision is not 

i mpaired good aG.justment to cor.plete destr uction of the vestibular 

apparatus occurs rapidly . (14). Placing a man in a zero gravity 

env.±ronment rep resents a muc h l ess extreme situation. 

The possibility of rotating a soace vehicle in order to 

create an artificial "gravitational field" ~as been considered(l3). 

In addition to presunec. physiological advantages, certain 

physical reasons are someti nes put fonrard in support of this kind 

of systen. It ~as been said that liq:uids will be nore readily 

manageable in a gravitational field, tha.t convection curre nts which 

result in circulation of air will ~epend upon the p resence of the 

gravitational field, and that the physics of the circulation of the 

blood require the action of a g ravitational force during long 

term ' confinement. Man has difficulty tolerating rotational rates 

greater t han 5 or 6 rpn. J\.l thoug:1 some adapta tion occurs, nausea 

and d i s orientation are frequent resu lts of exposure to a r otating 

environment (6 , 12). Illusory effects accoBpany any movement of 

the head. Unless the radius is substantial, only a relatively low 

acceleration coP.'.pO!"_ent can be ach ieved by rotation at 5 or 6 riom. 

Additional problems would a rise in connection wi t h externa l 
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observations from a rotating vehicle. 

The vestibular apparatus, by r eason of differences in the 

density of its components, can be injured or destroyed by exposure 

to acceleration. In one experi~ent, subjects reported vertigo for 

up to 48 hr. following exposure up to 15 transverse G for up to 

5 sec, Edema of the vestibular appa~atus was suggested as a 

tentative explanation ( 8 ) . In a later experi~ent (4) in which 

transverse accelerations of nearly 12 G were investigated, one of 

the subjects noted some d isorientation following exposure N'hich 

increased during the course of the experiment . Discrientation and 

vertigo persisted for scme time a fter the completion of the 

experiment and d i sori entation was precipitated by suc<len head 

movements for a pe rioc of several weeks . There is sor:le evidence 

that disorientation following exposure to transverse acce l eration 

of as high as 20 G may be r educed following r epeated exposur es (7). 

The levels of acce l eration required to cause irreversible damage 

are relatively high, and this should not pose a prob l em in space 

flight (14). 

·other Senses. 

Kinesthetic Sense. The r e gul ation of co~plex motor performance 

such as that which may be required by the occupants of space craft 

is dependent to a large extent on kinesthetic fee~back from the 

muscle grcup s which a re involvec. In a gravitational field the 

positi~n of a limb, its orientation, ana its component of motion 

in the C.irection o f action of tl'!.e g ravitatic nal fi e lc. all influe nce 

patterns cf t e n s ion on the musculature involve d in a way which is 

d e pe ndent upon the s tre n g t h a nd line of acti0n of the gravitatio n a l 
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~orce. The experience of our astronauts in space so far suggests 

that there will not be any major difficulties in coordinated motor 

actions in s pace . Problems arise fron the absence of a stable 

footing in the absence of ·gravity, but those p r oblems are 

similar to those encountered by the underwater swimmer when he 

attempts to work with tool s if he is 'not firmly secured . 

Tactual Sense. In recent years , tac tual signal systems have 

received considerable attention. The efficiency of these systems 

has been Ciemonstrated for the receiot of information at relatively 

high rates .(10) . Such systems may prove useful in space craft 

where large numbers of non-interfering information channels ·will 

be required. On long missions it may be desirable to r.-i.ake sorr.e 

provision for t he presentation of tactual stimulation in t he form 

of low a~plitude vibrations. These could be appl i ed as a form of 

massage to maintain peripheral eirculation and muscle tone . 

Olfactory Sense . .i:Ian is lin:i.a-.ec in the numter of senses availabl~ 

to him but his integration as a ccmponent of a space vehicle system 

may require that his senses be enployed in unique ways . Weight 

and space restrictions of a space vehicle are such that information 

flow to the man must be accor:i.plished in t he most efficient r:-.anner 

possible. This might require , for instance, the use of olfactory 

cues for the presentation of discrete signals ~rl1ich may be widely 

spaced. Such signals might be e~ployed to signify equi?rnent component 

malfunction. Serre equip~ent malfunctions may result in olfactory 

cues '·vhich G.o not occur by design . Olfactor y signalli ng systems may 

be constructed of very small size t-·Ti th very low power requirements 

while at the sawe time t hey may enconpass an appreciable ntL.'11.be r of 

discretely coded signals. Unpleasant odors derived from paint and 
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other materials enployed in the construction of a space vehicle 

from equipr:-:ent failure, or which are of the occur>ant' s own 

production must be eliminated or controlled. Although there is 

usually fair l y rapid and co~plete adaptation of the olfactory 

sense, t he aversive effects of so~e odors rnay continue over a 

long period. 

Gustatory Sense. The sense of taste may not play any direct 

role in man's performance in space flight but it will b~ of 

importance if he is to be kept wel l and happy on an extended 

mission. He must be provided with palatable fooc. which i s manageable 

in the zero G environment o~ outer space and which will not create t: 

unnecessary proble~s of waste disposal. 

Othe r Problems . 

Time Perception . I t has been speculated that in the absence of 

acceleration and t he resulting lack of the requirement of continuous 

tension to maintain posture, the occupants of a space vehicle may 

require little or no sleep . ~his may gross l y affect such things 

as the perception of the passage of tise . The gross distortion of 

time perception may have severe effects, both practica l and psycho-

logical , on an individual who has undergone extensive ~rior 

training at 1 G without time distortion . lt may also render 

irre l evant work done at the surf ace of t he earth in a 1 G environ- l 
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ment on the subject of sleep-rest cycle s . Space missions perf~rmed 
} 

to date do not indicate that sleep can be dispensed with or that 
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time perception is grossly influenced . 
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Sensory Deprivation. Sor.e concern has been expressed over the 

implications of studies of sensory deprivation for space flight. 

Although there has been consicerable varj,ability in the results 

of these· experiments, some of them i ndicate that in the absence 

of the usual pattern of sensory inputs, man nay suffer serious 

psychological and ·! perceptual disruptions.~9 ). Although his 

environment will be severely limited within the confines of a 

space vehicle, roan in space will not be deprived of sensory 

inputs in the same sense that subjects of sensory deprivation 

experiments have been deprived , ~owever. It will be surprising 

if the restricted envi ronr..ent of t h e space vehicle anc1 t he 

limitations on ·the variety of sensory experience <lo not have 

profound psychological effects on the ne~bers of space missions . 

It seep:-,s highl::' ini.prob abl e t hat these effects can be p r edicted 

from sensory deprivation studies, howeve r. 
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Fig. 1. Spectral sensitivity of the human eye at high (photopic) 
luminances (dotted curve) and at low (scotopic) luminances (solid 
curve). Each curve is arbitrarily set at the same maximum ampli
tude value. 

Fig. 2. Relative energy re
quirements at threshold for a stimu
lus presented in the foveal center of 
the retina (photopic), and in the 
periphery of the dark adapted eye 
(scotopic) (14). 
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Fig. 4. Schematic illustration of the r eceptive fi e ld on the 
retina for a single neura l unit in both the light- adapted and the 
dark-adapted state (4). 
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rations of dark adaptation . Wi th 
sufficient dark adaptation, an 
early branch which represents 
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'l'ext-fig. 4.. Functional orgirnization of rcccptivo ticl<l of rLnothor cell in the inner nuclear layer; 
this cell also identified in tha.t layer on tho Luais of nil four criteria. Background retinal 
illuminanco = 0·34 log m.c. Rctin11l illuminance of •timuli - 0·74 log m.c. Stimulus pattern . 
for each response shown ~t right of figure, and procedure identical to that for Text-fig. 3. 
Stimulus repeated every 10 sec, a .c. recording, impulses l·l mV peak-to-peak, retouched. 

Fig. 6. Records of neural response for a s ingle unit in the 
visual system of the cat for each of three conditions of stimu
lation (19). 
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Fig. 7. Pattern of stripes of increasing lightness. 
The lightness of each individual stripe is uniform 
across its width. 
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Fig. 10. Ra.dial line adap
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.Fig. 11. Modulation ampli
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to fus e into a steady light. 
Individual curves represent 
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Fig. 12. Response of 
·a s ingle retinal gangli
on cell to stimuli of 
various wavelengths in 
nanome te rs (52). 
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flOU P.E 4. Variation of n·sponsc from a single ganglion cell with change in wave length 
of stimulus. Wave length of stimulus in mµ at upper right hand of each record. The 
duration of the stimulus is indicated by the Stt'p in the signal trace at the base of each 
series.· .Spike~ occurring befo re the onset of the stimulus are "off" responses from a pre
ceding sti mulu~. Intensity of stimulus a t 600 mµ. = 55 µ. wam/cm.t See Fig. 2 for in· 
ten~itid at other wave kng!l1~. 
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Fig. 13. Responses of a single .cell in the lateral geniculate 
body of the monkey to green (500 nanometers) and to red 
(650 nanometers) stimulus lights (25). 
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Fig. 19. Fluctuations in light thre shold induced by changes 
in the respiratory environment and by cigarette smoking (41)~ 
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PHYSIOLOGICAL EFFECTS OF MAGNETIC FIELDS 

by 
H. L. Galiana 

Life Support Project Coordinator 
Man-Vehicle Laboratory 

Massachusetts Institute of Technology 

1. Introduction: 

This is not intended to be an e~haustive study but 

rather an introduction to the problems encountered in 

magnetobiol ogy . 

The physiological effects of magnetic fields should 

be of great interest to environmental scientists. Man's 

normal environment includes the Earth's 0.5 Gauss field under 

which he has evolved. Yet we place men under the .influence 

of high intensity fields near nuclear equipment, or in prac-

tically null fields in geodetic stations, without expecting 

any adverse effects. We may be expecting too much of man's 

adaptibility. Depending on the modes of propulsion and radia-

tion protection eventually adopted, astronauts will also be 

exposed to fields as low as a few gamma (1 gamma = 10-5 Oe) 

or as high as thousands of Oe. 

Animal experiments {as will be outlined below) are 

already suggesting caution in prolonged human exposures to 

such environments. Further studies are required to allow better 

predictions of possible human reactions, both in their charac-

teristics and in their mechanisms. Such studies may also 

prove the magnetic field to be an extremely useful tool in 

bas·ic physiological and biochemical research, and in clinical 

medicine. Recent examples are the magnetic blood flow meter 

and non-spin centrifuges. 

I 
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We will present a very brief review of currently 

known effects of low and high intensity fields. Speaking 

relatively to the Earth's field, low fields will refer to 

intensities from a few to several hundred gamma, and high 

fields to intensities from hundreds to tens of thousands of Oe. 

2. Effects of Low Intensity Fields: 

There are very few accounts in the literature on the 

results of animal eXPosures to low intensity magnetic fields. 

Halpern and Van Dyke (in Ref.6) placed Swiss/Webster white 

mice in mu-metal cylinders, 8 11 in diameter and 24 11 long, in 

the East-West orientation. The magnetic field intensity 

inside these cylinders apparently remained below 100 gamma. 

Control mice were placed in similar aluminum cylinders which 

do not appreciably attenuate the magnetic field. The mice 

were maintained in the cylinders for periods of 4-12 months. 

The control mice thrived normally. In contrast, the mice in 

the mu-metal cylinders showed premature mating, and with sub

sequent generations, cannibalism and frequent abortions of 

newborn mice. Coarse hair, characteristic of old age, appea

red at an early age and death also occured prematurely, some

times as early as 6 months of age. Histopathological studies 

on the mice showed generalized diffuse hyperplasia in most 

organs and in the areas of alopecia. The mice that died 

spontaneously in the field often showed distended bladders 

and a white precipitate in the urine which· may mean that they 

eventually died of uremia. 

Halpern and Van Dyke believe that removing the normal 



-3-

field environment may release some governing force that controls 

the growth and proliferation rate of the cells- hence the 

apparent accelerated aging. Further experiments are required 

to test the po s sibility of g roup infection. 

The type of contradictory results often encountered 

in this field is exemplified by the results of Becker (2), for 

instance, who obtained reduction in colony size and growth 

rate in staphylococcus aureus exposed to O.l Oe, while 

Green and Halpern (in 6) observed no change in hamster and 

chick embryo cultures e xposed to 50 gamma fields. When the 

mechanism of this mag n e tic effect on cell proliferation is 

determined, it will surely prove a useful tool in cell and 

perhaps even cancer r e s e arch. This is e specially true if the 

intensity of the reaction is a function of the mitotic rate 

of the system in question. 

As far as human exposures are concerned, they are 

even fewer in number. A survey of individuals working in 

geodetic stations and degaussing facilities with field envi

ronments as low as 100 gamma, yielded no known detrimental 

effects from such expos ures during a normal working day. 

The only human experiments noted to date are those 

conducted by Beischer (4) ~n both Helmholtz coil systems and 

shielded rooms, resulting in field intensities of about 50 

gamma. Surprisingly, 10-day exposures of male subjects to 

the low fi e ld environment produce d no obse rvable psycholo

g~cal or phys iolog ica l changes . The only· significant change, 

not: corre l a t ed to s lmpie .-. emnfine ment but corre l a t ed t o the · 
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field exposure period, was in the scotopic critical flicker 

fusion frequency (CFF). It gradually decreased during the 

exposure period to finally reach 85-90 % of its initial 

value and abruptly returned to normal over 2-3 days post

exposure. There was no observed levelling-off of the CFF 

during the 10-day exposure so that it remains unknown whether 

longer exposures might still further decrease the CFF, leading 

to impaire~ visual acuity. The cause of this effect is not 

yet known. Beischer postulates a disturbance in the forma-

t ion of a substance necessary to the visual process in the 

photoreceptor cell. However, until this is proven, this 

magnetic effect may be diffuse, or localized anywhere along 

the visual pathway, including the visual cortex. 

3. Effects of High Intensity Fields: 

As might be expectedJ there is a much greater number 

of reported experiments studying the effects of field inten

sities ranging from hundreds to tens of thousands Oe. Initially 

interest was stimulated by observations that such fields might 

inhibit tumour and other cell growth, cause hematological 

changes, confer radiation protection, or affect spatial 

orientation (1). 

In general, these results were obtained with fields 

fixed in relation to body parts. This should not apply to a 

man, except perhaps when he is sleeping. Some of the results 

point to a possible reversible effect of magnetic fields. 
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For i .nstance, liver dammage, bone marrow suppression and 

alterations of adrenal cortical structure appear in mice 

after exposure to vertical fields of approximately 4,000 Oe~ 

no such changes are observed after exposures to horizontal 

fields as high as 13,000 Oe, with gradients as strong as 

400 Oe/cm. More experiments are needed to verify such a 

reversible charater of biomagnetic effects and determine the 

maximum allowable unidirectional exposure times before rever

sibility is lost. 

Beischer exposed squirrel monkeys to magnetic fields 

(in head-toe direction) as hig h as 100,000 Oe, for as long 

as 24 hrs (3,5). Surprisingly, no change in respiratory 

rate was observed, and there was only a small decrease in 

heart rate and increase in sinus arrythmia. If the animal 

is only exposed for 15 min. to as much as 100,000 Oe, there 

is no detectable change in the EKG except for an increase in 

the T-wave amplitude, probably due to the electromagnetic flow 

potential of the conductive blood as it passes through the 

aortic arch. Whether there are other changes in the EKG mas

ked by this flow potential would require the performance of 

experiments where the field dire ction is reversed and EKG's 

for both directions compared. Signals of opposite polarity 

would indeed be caused by electromagnetic potentials and 

could be eliminated. 

A lot of work · has also been done · to study the effects 

of intens e fi e lds on the central n e rvous system. In experi

ments with fi e lds as hig h a s 90,000 Oe, in a h e ad-toe d i r e ction, 



•. 
-6-

Beischer observed that the EEG of squirrel monkeys changed 

markedly, shifting to higher frquencies and amplitudes, and 

with complete loss of performance at 90,000 Oe in a visual 

discrimination task. The magnetic effect for this high 

intensity and orientation may be of synchronization, or simply 

due to heating, or also possibly, artifacts induced in the 

electrode wires. This remains to be verified, especially 

in the light of contradicto~ results by Kholodov, Becker, 

Kolin and others. 

Working with field intensities of 800 Oe for several 

hours and a field direction perpendicular to the brain stem, 

Becker tz} and Kholodov (8,9) report a shift usually toward 

lower frequencies and higher arrplitudes in the EEG's of 

rabbits and cats, and a decline in the excitability of the 

cortical end of the visual analyzer. It thus appears that 

the direction of the field with respect to the brain stem 

is an important factor. In this case it appears to induce 

in the animal a state characteristic of sleep or anesthesia. 

Becker claims that this anesthetic effect should be enhanced 

if the field oscillates between 0.1-10 cps. Furthermore, ex

periments with cerveau and encephale isole shows this to be 

a direct effect of the magnetic field on the CNS (9). 

Conditioned reflexes are even more sensitive measures 

of. the state of the CNS of an animal. Kholodov has found 

that, in the case of fish and birds, conditioned reflexes to 

magnetic fields from 1-800 Oe were either very weak or non

existent when compared with light or sound. However, magnetic 
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fields of 100-200 Oe were strong inhibitors of previously 

developed conditioned reflexes (e.g. magnet + light) with the 

inhibitory effect often persisting for several minutes after 

magnet turn-off. In terms of conditioning and performance, 

a magnetic field thus appears to have a "corrective" or inhi

bitory effect, with a significant latent period (a few seconds) 

and exhibiting a prolonged after-effect of several minutes. 

To further unravel the sequence of effects in this 

nervous reaction to magnetic fields, Kholodov tested the 

presence of a glial factor by exposing rabbits, cats and rats 

up to 70 hours to a magnetic field of 200-300 Oe. Histological 

studies of the sensorimotor cortex showed initially (after 

about 1 hr) a sharp productive reaction in the glial elements 

while the neurons remained intact. As the exposure period 

was extended {10-12 hrs) the glia remained productive and the 

neurons underwent reversible swelling. Longer exposure 

periods (60-70 hrs) caused productiv~ dystrophic damage to 

the neuroglia and dystr9phy in the nerve cells. Inhibition 

of the neurons via changes in the metabolism of the neuroglia 

would exhibit the required latent period and after-effect in 

a biomagnetic reaction. This is supported by the fact that 

the neuroglia are the first to show morphological changes 

during exposure to fields of the order of hundreds of Oe, 

and that short duration exposures result in reversible changes 

in EEG and conditioned reflexes. Such neurological effects 

should be investigated f~rther, especially with primates, to 

determine if these reactions are also to be expected in man 
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and whether they would be intense enough to hinder his 

performance or be a health hazard. 

At present reported human exposures cannot answer 
\ 
I 

this question. Beischer reviewed the reactions of personnel 

in nuclear physics laboratories and concluded that there were 

no observable effects during brief exposures to fields up to 

20,000 Oe, and no known effects from. cumulative exposures to 

fields up to 5,000 Oe for a total of 3 days/yr-man. The only 

symptom sometimes reported in the Russian literature is 

-- occasional drowsiness or headaches. Oc~upationnally exposed 

persormel should be regularly and carefully monitored for 

neurological changes. 

No experimentally controlled human exposures to high 

intensity fields have yet been attempted, except for studies 

of phosphenes as induced when a man's head is briefly placed 

in an oscillating magnetic field (about 50 cps at l,OOOQe). 

This effect is believed to be localized in the retina since 

pressure on the eyeball removes the sensation (12). Rocard 

(in 1) has shown that dowsers can detect field changes in 

their path as low as 0.3-0.5 mOe/m or 0.3 mOe/sec. Becker 

(2) also has shown greater numbers of admittances to psychia-

tric clinics correlated with magnetic storms and postulates 

·that biological rythms are caused by changes in the "irrita-

bility" level of the nervous system, correlated with fluctua-

tions in the Earth's field. In any case the observed high 

nervous reactivity in animals, and the possibility of neuro-

logical or neuromuscular disturbances in man, should suffice 
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to stress the need for more basic research with prolonged 

exposures especially of primates. Human exposures should 

not be attempted until this is done. 

Many theories have been proposed to explain the 

biomagnetic effects of high intensity fields, but none has as 

yet been experimentally proven. Further ,work in this area 

would also lead to a better understanding of the biological 

processes involved. Some of the proposed mechanisms include 

interactions with paramagnetic molecules: the energies invol-

ved are at least 100,000 times smaller than the thermal energy · 

of the molecules, but this may be sufficient to change the 

rate of sensitive reactions. Another approach says that 

the magnetic field may distort -bond angles in paramagnetic 

molecules and thus alter the closeness of fit between enzymes 

and substrates and reduce the rate of synthesis of larger 

molecules. Such postulates might explain effects such as 

reduced tumour growth. Other effects may be due to changes 

in ionic movements across membranes or to genetic changes 

via reduced proton tunnelling in DNA molecules. There are 

many other postulates and a more detailed description can be 

found in the book edited by Barnothy (1) and the references 

cited by Busby (6). 

4~ Conclusions: 

From past experience, it would thus appear that ·· men 

brief 
can be safely exposed to high intensity fields for very periods, 

and to low intensity fields for at least 10 days, with no · 
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ill effects. However further work is needed to determine the 

mechanism{s) of biomagnetic effects1 longer term exposures 

n 
with youg and adult primates should be atterrpted to better 

\ 
predict human reactions . Furthermore, p ossib l e synergistic 

effects with other factors such as 0-g , radiation dose, 

atmospheric constituents • • • etc, should be examined. 

Now that the Naval Aerospace Medical Institute 

{Pensacola, Fla.) is cutting short its biomagnetic research 

due to the cancellation of the MOL pro9ect , there is an 

even greater need for laboratories in industry and university 

to continue the research. 
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• We have now completed a full decade of manned space flight 

preparation and ,operations beginning with the start of the Mercury 

Program by President Eisenhower in 1958. Since this time, we have 

seen great accomplishments in space flight achieved by both the 

United States and Russia. On April 12, 1961, Cosmonaut Yuri Gagarin 

became the first man to be truly free of the surface of the Earth 

and to move into the weightlessness of space. He was followed by 
0 

the first American, John Glenn on February 20, 1962. Since that 

time we have continued to move forward. The Mercury Program and the 

Vostok Program established that man could move_ into space and operate 
. - . -Lthere effectively and without 1-aedia~e apparent degrada!_ion~ Thia 

single fact has been perhaps the most significant resuLt of the 

first decade of space; to learn that man is not bound to the Earth's 

surface nor to the force of gravity. In fact, man has found the space 

environment neither inimical nor unpleasant but rather a stimulating 

one in which he enjoys floating freely about_j.n his ~pacecraft. 

My . first slide today (MC69-4414) sunmarizes the comparative 

sizes and weights of the different spacecraft that ha\re been orbited 
\ 

to date both by the United States and Russia. As can be seen, there 

is a continuing i ncrease in both weight and crew size starting with 

the Mercury and Vostok one-man systems to the present Apollo three-man 

system. (Slide ~ff) 
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While Mercury and Vostok clearly shows the feasibility of 

aanned space flight, it wasn't until aiore complex and larger sy1tea1 

were developed that the first realization of the total possibility 

of manned apace flight became evident. My next slide (MI.69•4852) 

shows the progress of the u. s. spacecraft developed to date and some 

of their objectives . Also shown are some potential future systems. Th• 

two-man Geaini system proved a valuable pretursor to the present Apollo 

operation.a by developing the- techniques of rendezvoua, docking and .EVA. 

In it aan deaonstrated that he could function for the full 14-day dura• 

tion of the upcoming Apollo mission. This was the firat system which 

allowed aan to conduct and explore the possibility of experillents from 

the space system. The Earth photograph• taken from Gemini showed new 

features of the Earth not recognized by local observer• or from aerial 

photograph1.(Slide off) 

Later in the mid•l960a timeframe, the Soviet• orbited the Soyuz 

system and accomplished eany of the same objectives. They accomplished 

rendezvous and docking. The next slide (MT69•591~) shows an artist'• 

concept of two Soyuz 1pacecraft rendezvou1ing prior to doc.king. Note 

that the craft used solar cells for electrical power not the fuel cells 

used on Gemini and Apollo . Any long duration misaion beyond 30 days 

,• will rely on solar celll or nuclear ·systems for electrical power since 

the quantity expendables consumed by fuel cells become prohibitive. The 

crews from Soyuz 4 and Soyuz 5 actually exchanged apacecraf~, a first in 

apace flight. (Slide off) Returning to my earlier slide (MI.4852) I 

'would like to discus• the continuing prograa beyond Gemini. The Apollo 

1y1tea was developed with a goal in •ind of placing a aan on the Moon; 
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an accoapllahaent which we are all juetiflably proud. The lunar 

capability, however, is not the only uee to be gained of the Apollo 

system. We wlll use the parts of the Apol_~_o system in many way1 in 

the 19701. Thia 1lide (~69-5984) shows a concept we are presently 
-designing in a dry Saturn IVB, outfitted wlth .llving quarters, 

envlronmental supply 1yatem and experiments to 1erve as an orbital 

"pilot plant" ln 1972, 1973, 1974 - pior to a full apace station 

operatlon. Prom thls program we hope to obtain experlmentaL data 

3 

on aan'a acco11111odation to weightlessness for up to periods of 56 daya. 

In addition, the use of the solar observation instrument& mounted in 

the Apollo telescope will aurvey the activities of the aun from above 

the aaaklng lnfluencea of the atmosphere. From the Apollo Workshop ,, 
Program we will also learn how to carry on routine ·operations of 

resupply and crew rotation. (Slide off) 

Aa a part of thes~ development programs . ~e have protective suits 

and portable environmental auppliea to allow man to venture out of the 

closed conf inea of the spacecraft into the vacuwa of apace. As the 

technologies of apace suits undergo furth.er development, man may achieve 

nearly the same freedom to operate in the vacuua of space •• Scuba 

diving has ·provided under shallow seas. \ 

The landing of man on the Moon last month (BC-69-680) and their 

subsequent safe return to Earth is the outstanding engineering accomplish-

ment of the 20th century. The accomplishme~t of this goal makes available 
. 

to the nation an indu1trial, intellectual and aanagerial capability than 
/ I 

- --- ever a1sembled before for any single purpose. The nation i1 now debating 
' 
and deciding how thil capability 1hall be .applied to the future. 
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A space station has many apparent advantages as a next logical 

step beyond Apollo. It capitalizes heavily upon the developments 

made in previous programs. All future missions will have a coomon 

requirement with the space station. Specifically, the need for long life 

Lsub_a_ya~m_!; the -need- -for _unde~at~nding of aan~~· -reia_t~onahip ~o his f_e~low 

man in long periods of confinement in hostile environment, and answers 

to the question of whether artificial gravity is necessary or desirable 

on long missions. 

To exploit space for direct benefit of the nation ~and all mankind 

in the years ahead, the scientific, technological and operational 

capability which our country has achieved in the last decade should 

now be focused on mature, routine and productive utilization of space. 

This will require one or more advanced space stations and the direct 

involvement of the most talented scientists, technologists and 

specialists of all kinds without regard to their piloting skills, 

physical stamina or nationality. 

\ 
Centralized permanent space stations will support ·a large number 

of different activities, could be modified and expanded as required, 

ard could be operated at much lower cost than present systems. These 

space stations would be national research, development and operations 

centers in space similar to but on a smaller scale than major Earth-
• 

bound Government, university and industrial laboratories. The program 

would provide the scientific challenge, the technological and industrial 

thrust and the national prestige with more flexibility and less risk 
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than the Apollo Program has provided in the paat eight yeara . The 

program would bring togeth~r and make the best use of our skill• in 
I. 

both manned spacecraft and utomated satellites. Thia apace etation 

program would foster development of two of the technical and 

prograamatic foundations for future apace exploration; reliable long 

' duration space operations, and low coat space operations. Moreover, 

the space ·atation program may provide at an early date _ the direct 
i• 

economic returns from our apace inveataent. 

The Space station will utilize and exploit the unique combination 
.. . 

of features provided by its location in low Barth orbit : - rapid Earth 

viewing, access to limitless vacuum, near weightlessness -- and the 

direct presence 9f a variety of specialists. Like a multi•diaplinary 
I 

research," development and operations cent-er on Earth, the space station 

will support activities in many areas and will have the flexibility to 

aupport others not yet defined. 

More specifically, the apace station orbital regime offers users 
l 0 

the following environmental conditions to exploit:. 

Synoptic Earth-viewing. The high and moving v~ntage point 

of a space station allows rapi d meteorologi cal and Earth's surface 

observations as well as wide coverage for spaceborne communicatio·ns 

experiments. 

Absence of Atmosphere . The ext.remely low atmospheric density 

__ (to•l6 pa/cal at 270 n.a1 •• without 1pacecra~ outgaaaing) peraita high 

·5 
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resolution astronomical obse~vations in important spectral bands 

partially obscured or unavailable at the Earth's surface and the study 

of extremely high energy particles undiminished by atmospheric 

collisions. The absence of atmosphere also offers a convenient 

vacuum source in which to _process materials or conduct other experi-

ments. 

Weightlessness . The lack of apparent weight allows the 

scientific experimenter or material processor to utilize forces or 

phenomena of much lower magnitude than Earth's gravity to control or 

structure processes . Minor forces, such as surface tension or wetting 

attractions, will predominate in determining shapes, stratification· 
• 

and homogeneity of melts. Materials may be free floated without con-

tamination from a container. Extremely delicate whiskers or large 

composi~e structures may be produced. 

Other Unusual Phenomena. The orbital env ironment provides 

an accelerated diurnal rhythm which will be valuable in the study of 

Circadian cycle phenomena. It can also provide an extreme degree of 

isolation for biological investigations. 

\ 
The space station program should provide the nati6n with the 

following identifiable returns: (Slide MT69-5816) 

1. Technology Forcing Function. Intrinsic in a program to 

develop new, long duration orbital capabilities and lower c~st logistics 

capability are the demands placed on industry, government and 

'universities to develop the new materials, components, an~ techniques 

needed to make possible a major space facility. 

( 

l 
I 
I 

•\ 
\ 
\' 
,\ 
I 

ii 
I 

I, 

'• 

I 
I 

l 
l 
... • 



r 

\ 
' 

2. Sciences. The features of the environment described 

above, when coupled with the presence of trained and personally 

involved investigators and adequate flexible experiment apparatus, 

will provide stimulus to research in many disciplines. Currently ' 

NASA has identified activities in the following fields: 

Astronomy 
Biology 
Physics 

3. Further Space Exploration Capability. Long duration 

operations in space are essential to planetary explorat.ion or. lunar 

basing. The space station will provide a prudent and evolutionary 

route to the development of these capabilities both in terms of sub-

system qualification and of operational training. 

4 . Public Services. The space station will make possible 

broad and comprehensive surveys of Earth and its resources and allow 

for observations leading to a better understanding of the atmosphere 

and its functions. A manned space station will con.tribute to the 

development of both systems and operations and may support routine 
\ 

services. A space station may make contributions in ~he following 

specific areas: · 

Agriculture and Forestry 
Hydrology 
Land Usage 
Cartography 
Geology 
Meteorology 
Coamunications 

• I 
I 
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5. Foreign Relations. The space station will conduct 

joint ventures in cooperation with foreign governments. Foreign 

nationals could be ind uded in the operating staff. The ;~ont_~nui~g 

presence of an American manned vehicle in Earth orbit will assure 

that this regime remains a "free sea" for future uses. 

6. Support to the Private Sector. The env'ironment available 

on a space station may be used to provide industry with new materials 

forms with greater strength, purity OJ: homogeneity than currently 

available forms for application to improved Earth products. 

7. National Defense. The space station program will provide 

technologies_ and systems which may be applicable to future military 

.requirements. 

8. Orbital Operations Base. The space station will provide 

an in-orbit capability for servicing and maintaining both manned and 

unmanned spacecraft and for transferring between vehicles designed for 

efficient space operations and vehicles used for Earth to orbit and 

\ return transportation. The station will also provide a local command 

and control center for co-orbit ing experiment modules. 
\ 

9. Pre-eminence. The space station program .described 

in this document will be a major factor in maintaining and aug-

menting the nat~on's leadership in both manned and automated space 

flight capability. The impact of the station's continuing Qperations 
. - . ....---.:..._ 

and productivity should convey throughout the world of American 
~ ~ -· - - ••• t ·-··· - - .... ··- --.,.-- ____ .. ~ -----.--' - --- ------ ----- ------

~ technological, 1cientific and aanagerial 1killa. (Slide off) 
-- ..::.::..=-~--- --- - -·------- --· ---. 
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.. To meet these needs the space station must have the following 

operating characteristics Sli9e (MT69•58l7) ___ -~------,.- .~ 

Desired Space Station Characteristics: 

o Routine Productive Operations 

Productive space utilization will require a 

suffi.ciently large staff of disciplinary and technological speciallsts , 
working !~ .a . general purpose laboratory which can easily accommodate 

many different research tasks and applications. Frequent resupply will 

prov,ide the convenience required in routine operations. Relatively 

large margins on resources such as electrical power and ·communicati.ons 

with the ground and the ability to modify and repair equi.pment onboard 

will contribute to the station's utility. 

o Lowest Possible Operating Cost 

Major reduction 1.n unit operating cost is a pre-

requisite to future manned operations in space. The space station 

will achieve thi.s goal by having a long useful life;_ by reducing 

dependence on ground operational support; and by utilizing a reusalie 

ground to orbit transportation system. 

o Crew Efficiency m d Safety \ 

' The space station will provide comfortable, safe 

and convenient accommodations for the staff to life in and work effec-

tively. These conditions will be achieved by using good architecture, 

good food and personal hygiene facilities, a normal atmosphere and 

--' artificial gravity where appropriate. Automation will be used to reduce 

' 
the amount of housekeeping required. Safety will be provided by warning 

and fault isolation systems, damage control and temporary refuge during 

emergency conditions and onboard medical help. 

~ 
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o Program Flexibility 

The space station will preclude early obsolescence 

by aodular replacement and growth to.aeeting changing demands; by 

compatibility with missions into polar, geosynchronous and lunar 

orbits; by utilizing both free-flying, and docked experiae~t module•; 

and by compatibility with both early and advanced loaistica syatema. 

Slide off) 

Space Station/Space Base Concepts 

The space station will be designed as an independent . 

spacecraft with accoaaodations and provisions for a 12-aan crew and 

suitable for a wide range of research activities. It will also be 

designed as a modular element° of a future 50-man &.pace base. While 

space station will normally operate in a zero gravity mode, it will 

carry out an engineering and operational assessment of artificial 

J I 
gravity in the early weeks of ita mission to determine the 1pecific , 

needs for a apace base. A very extensive research and application 

program i1 being planned in the following yeara of the apace station 

• operation. 

The space station shown in this slide (MT69·5846) and the 

growth version space base which may evolve from it will introduce 

a new, -more mature and routine mode of space operations than past 

programs. Men will live and work in .space for long periods. The 

program will utilize both a large orbital facility and, possibly, 

several smaller facilities in the orbita required to meet specialized 

I 

uaea. Men, their equipment, and supp lie a will be ferried between 
I . , 

the•• atationa and the gro·und in reusable land landing 1pacecraft. 

T t 
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The flight operations of both the apace station and space 

base will be more autonomoua than present system•. Onboatd co .. and 

and control functions capab111ty 'will be avallabie. Life support 

ayatema will provide a habitable environment for extended perioda 

without resupply. 

While the apace ata.tion will be leaa dependent on ground 

aupport than pre1ent ayatems except for routine resupply, the atation 

will uae extensive comnunicationa wlth the ground to aupaent the 

capabilities of the onboard research team. 

Televiaion and multi•channel voice links implemented th~ough 

the use of data relay satellitea will allow principal inveatigatora 

onboard the apace station to consult with colleagues on the ground 

on a real•tillle basis. 

11 

The space station research activities will ultimately be 

ataffed with apecialiata who undergo a minimum of astronaut-type 

training or physical conditioning. Therefore, particular attention 

will be paid to assuring comfortable, attractive and effective workiag 

and living ,conditions~ The provisions will 'include individual 

quarters, kitchen and dining facllitiea,' recreation areas, abowera 

and greatly illproved toilet facilities. Bouaekeeping', functions vlll t 

be highly automated to relieve the crew aa auch aa poHible for more 

productive work. 

The apace etation will have a 25 kw solar cell electrical 

power ayatea.· The growth vereion 1pace baa• will have a ·nuclear 

' reactor power ayU• aupplying 100 kw. The radioacU.ve ele .. nta vUl 

be auff ic:iently ahielded 10 tlaat the crew and any eenaitive equipaeat 

will not be endanaered during aor.al or e .. rgenc7 operation•. 

(Slide off) 
I 
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In order to provide t~e degree of flexibility and growth 

which a national r8HUCh an4 Operations center should have, the apace 

station and the space base into which it may grow will be modular in 

construct ion so that they can be reconfigured or expande.d through 

in-orbit assembly. This slide (MT69•5701) shows aoae alternative 

apace base configuratioDa. 

The apace base would provide artificial gravity and zero 

gravity envir~nments in separate volumes simultaneously. Although 

more ·study is required, one approach would be to locate the principal 

living quarters, collllland and control stations, and eoae of the 

1 ·labo_ratory apace in the rotating arms for the effectiveneH, comfort 

and convenience of the crew. The apace base would also provide large 

zero gravity volume• both in the non-rotating sections of the bub and 

in free-flying and co-orbiting modules for experimental and application• 
. I 

tasks since past studies have indicated that aany of the activitiea 
I 

identified to date either require zero "g" or are easier to conduct 

in zero "g". The next slide (MT69•5700) ahowa how a Hries of launchea 

conducted over a period of perhapa several year1 could aaaeable a 

apace base in orbit. 
1:\ 

The space station is expected to be operated in an orbit 

inclined 55° at approximately 270 nautical •ilea altitude in order 

to acco.amodate the wide variety of experiJaentl identified. However, 

the apace station will be de11gaed 10 that it could operate in polar 

- -~ or slightly retrograde orbit• at 200. nautical •il••· 
' ' . 
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The capability to rotate per1onnel, to resupply expendable 

items, to return cargo from orbit to Earth, and to deliver experiment• 
- - I ' 

and equipment is essential to the continuous operation of ·large 
I I 

manned facilities. This ia potentially a fruitful area of major 

operating coat reductions. Studies ehow that logistics costs baeed 
; 

upon vehicles and spacecraft in current uae could account for 40 

percent of the cost& of the apace station program through development 

and the first year of operation, then jump to 70 percent of the 

annual costs thereafter . 

The cost of transportation into space baa been marked by 

dramatic reduction since the inception of the apace program. Our first 

satellite& coat on the order of $1 Killion per pound of payload placed 

into Earth orbit, which is gratifying contrasted with the approximately 

$SOO per pound of payload that can be orbited by the Saturn V. 
. 

This ' 

i& very real progress, but before the utilization of space becomes 

colllDOnplace, the cost of tran.portation aust be reduced by aeveral 

more orders of magnitude . If thi1 is not done, we .may well find moat 

potential users priced out. of the market. Thousand• of tons of 

material will have to be shuttled in and out of space making 

necessary an efficient Earth-to-orbit transportation syetem which 

we are calling a apace a\luttle. There have been-aany technical 

development• •in the la1t 10 year1 that .. ke thia concept •PP.ear 

fea1ible. 

' 
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The moat obvious single way to achieve cost reduction is by 

maximum reuaability of the v~hicle. If airline transportation , 
' ' 

followed the practice of the apace progra• to date, airplanes would 

be thrown away at the end of every flight. Modern, large, complex, 

expensive aircraft are really very economical to operate and the 

airlines keep them in the air as auch a1 possible, often 10 or 12 houra 

a day. lf they were often thrown away, the coat of airline trana• 

portation would probably approach the coat of apace mis1ion1. ly 

building apace vehicles for repeated utage, a breakthrough in cost• 

can be achieved. 

llepeated usage ia only one of the euenCiala for the new ayatea. 

Other d.irections in which to look for cost reduction include: 

o Aircraft development testing procedures 

o Aircraft aanufacturing technique• 

o Long life components for maximum reuse 

o .Flexibility for multiple usea and volume production 

o Coiaplete onboatd checkobt 

o Airline maintenance and handling pr.ocedures, i.e., 

minimum refurbishment and requalification ',testing 

Should acbedule, fundtng or technical consideration• preclude 

development ~i the apace shuttle in time for use with tbe space atatioo, 
-

the atation ~ul~ be operated on an interim baais uaina a derivative 

of the Apollo or Gellini ay1tea for log.i1tic~. 
' -

<. 
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To meet the goal1 of low coat operation and reuaability, 

two primary type 1y1tem1 are being actively 1tudied. 

The f int promiaing concept, Integral Launc.h and Reentry 

Vehicle, iai Uluatrated in slide (MT69•4376). It doea not achieve 

the goal of full reusability, but throws away the late1t expensive 

part of any apace vehicle, the fuel tank•. Thia "drop tank" con· 

figuration consiets of a core vehicle which contains all of the 

required functional elements for boost and subaequent reentry plu1 

external propellant 1tank1. (Slide off) Slide (MC68-6609) shove 

the operational concept -of Integral Launch and Recovery ·type space 

shuttle. The core vehicle is designed for vertical take-off and 

· horbontal landingp and contains all of the high cost equipment 

including high pressure, high lap• engine• fueled by liquid oxygen 

and liquid hydrogen. Attached to the sides of the core at lift-off 

are large, relatively inexpen1ive expendable propellant tanks which 

carry the major part of the fuel required for boost. When propellant 

in the external tank• i1 depleted, the tanks are jettisoned. The 

remainder of the boost velocity increment required to attain orbital 
\ 

velocity, conduct orbital maneuvers, and retrofire ia aupplied from 

additional propellant tank• located in1ide the core vehicle. 

(Slide off) 
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Fully Reusable 

Another promising space shuttle concept is fully reusable. The 

Triamese concept shown in slide (MT69-4549) a typical reusable concept. 

The two boost elements and one orbital element are joined together in 

parallel at launch. The three · elements are aerodynam.ically similar 

with identical basic structures an~ propulsion systems . As shown in 

"' slide (MT69-4551), the vehicle takes off vertically with the engines • 
from all three elements operating . The hydrogen/oxygen engines in the 

orbital element draws propellant from the booster sections up to staging 

velocity, approximately 8000 ft./sec., when the propellant exhausted 

booster sections are staged off and the orbital section continu~s to 

accelerate to orbital velocity. The two boosters return to Earth and 

perform a lifting body type entry. Next, their wings and turbo fan 

engines are extended providing for automated (or man controlled) 

subsonic flight-up range and landing at the launch site. The orbital 

element eventually de-orbits, enters and returns to the launch site 

in essentially the same manner . The chief advantages of this system 

over the previous one are: complete recovery of all \elements and all 
\ 

elements under control at all ·times . (Slid~ off) 

Point to Point Transportation 

The similarity of this shuttle concept to airline ope~ations 

leads one ·to consider its potential for point-to•point global trans-

' portation. The same technology developed for an economical space 

shuttle may well yield an economical transport. Such a machine could 
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¥ travel from New York to Tokyo in 47 minutes. It would offer safety 

and comfort comparable to a supersonic transport aircraft. Since 

nearly all of its travel time would be spent in space, noise would 

be confined to the vicinity of airports and should not be appreciably 

greater than a present day jet aircraft. Detailed study of such an 

application is premature at this time, but it does look promising. 

For a space transportation system to meet the needs of the expanding 

use of space it must operate at costs one tenth or one hundredth the 

cur~~nt _ space aystems costs. This goal will be achieved. by \ ~perating the 

. ahuttle in the effective method• currently u1ed by .airlines. The shuttle 

will be designed to be reusable with minimum costs for handling, maintenance 

and fu~ling. Its operations will not be limited by periods of bad 

weather and it will be able to land on conventional airports in the same 

manner as airplanes. In planning, designing and tes_ting a continuing 

stress will be placed on simplicity and standardization. 

Any move by man to explore a new environment presents to 

medicine threats, challenges and rewards. Man's exploration of 

Earth has contributed the discovery of a broad group of' curative 

mediines. With the same steps he has spread diseases once limited to 

local areas throughout the world. Long duration space missions will 

have similar effect, even if we do not encounter an Andromedim Strain 

Virus. We will expose man to very prolonged periods of weightlessness 

and if we find this unsatisfactory, we will spin him in a giant centri• 

fuge to simulate gravity. This may avoid one problem only to create 

another. He will be exposed to chronic, low l~~el radiation. He will 

~ 
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~ be confined for long periods in close proximity with other crewmen. 

They will be asked to conduct taaka which at ·first will be challenging, 

but soon will become routine and boring. When we conaider preparing 

fo~ missions to the other near planet• lasting over a year in duration 

it 11 inevitable that we aust have on board both •dical diagnoatic 

and treatment capability. Thi• requirement will lead to increaaed 

application of electronic aenaora and computer• to monitor the crew'• 

pbyaical condition and to aid in diagnoais and developments which will 

increase the effecti.-n••• of modern terrestrial .. dical treatllllnt. 
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