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ABSTRACT

Dunlap and Associates, Inc,, Western Division
1532 Third Street, Santa Monica, California
PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF OVER-
LOADING FALLOUT SHELTERS
by Donald T. Hanifan, W. Vincent Blockley, Meredith B. Mitchell,

and Peter F. Strudwick
April 15, 1963, xxiii + text 286 pgs. + appendices 51 pgs.
(Final Report, Contract OCD-OS-62-137, Department of Defense,
Office of Civil Defense)

Unclassified report

A study was carried out to analyze the physiological and psychological
factors limiting the survivable loading of fallout shelters, to determine
the areas in which further information is most needed, and to suggest
experiments for obtaining that information.

The report discusses the purpose and scope of the investigation,
provides a definition of overloading and discusses its etiology and
likelihood of occurrence, and considers the man-shelter-environment
interaction in parametric terms. The significance of population
characteristics and variability is discussed and a preliminary attempt
is made to define the population of interest. The most outstanding
environmental variables are listed and briefly considered, after which
physiological and psychological variables are examined in considerable
detail; an approach to predicting the effects of variables in combination
is then presented together with a first "cut" at analyzing "two-at-a-
time" variable interaction. Physiological response to probable shelter
environments is discussed with particular emphasis given to the effects
of excessive heat, carbon dioxide and certain toxic atmospheric con-
taminants; and to the effects of inadequate oxygen, food and water.
Other factors such as noise level, disease, sleeplessness and the
like are also discussed. Although psychological variables do not
lend themselves to the relatively quantitative analysis that physio-
logical variables do, investigators have distinguished more than 60
significant psychological variables. The reported and expected inter-
actions between stressful environmental stimuli and psychological
reactions are examined as well as interactions between the psychologi-
cal variables themselves.

Various methods for increasing survivable loading limits are pre-
sented, including such techniques as drug administration, "psycho-
logical" control, and "physiological" control without drugs. Although
further work is required before completely reliable criteria for
shelter loading limits can be set, a preliminary attempt is made to
establish a method for determining limiting values for environmental
parameters. A number of suggestions are made for future studies,
together with recommendations for pre-attack preparation, shelter
design, provisioning, training in-shelter, management, and loading
limits.



PREFACE

In April of 1962, Dunlap and Associates, Inc. , Western Division, con-
tracted with the Department of Defense, Office of Civil Defense, to study
the overloading of fallout shelters on the basis of physiological and
psychological principles, and to analyze limiting survival conditions in
shelters. This report contains the res,.Its of that study.

A rigorous solution to the problem of determining the upper tolerance
limits of a mixed population to a prolonged and complex environment
would require solutions to some of the most significant and difficult
problems facing the fields of physiology and psychology today. It would
be presumptuous for any group to expect a modest expenditure of time
over the course of a year to provide more than a first approach, a very
first cut approximation - or perhaps an advance in some element of the
larger problem.

In terms of the overall problem of the man-environment-shelter inter-
action, we cai, as yet provide only guidelines. However, in building the
foundations for a more comprehensive and rigorous approach, many
concepts, methods, and a considerable body of data were reviewed, and
analyzed in terms of their usefulness to solution of the shelter overloading
problem,

Certainly no "1inal answers" are given in this report. Rather, we bring
together in one place some of the more useful data and techniques, discuss
new approaches which we feel hold promise, and, with caution, put forth
tentative predictions of the environments and responses which might be
expected in overloaded shelters.

Although much we report is not new in concept, there are some highlights
we feel may be of special interest. For instance, in trying to arrive at
population descriptors which had meaning in terms of physiological pro-
cesses, it suddenly occurred to us that the variation in the constant con-
tained in the sweat loss equations of Hatch and of Kerslake, which has
been claimed to represent variation in skin conductance, might correlate
with body weight and thus provide a convenient means of connecting
thermal processes with anthropometric measures. In searching through
original thermal data for body weights, however, we managed to uncover
evidence which pointed clearly to the fact that the constant must repre-
sent variation in sweat response due to heat acclimatization rather than
in conductance, leading us to hypothesize the "heat acclimatizsti-n K
factor theory" in this report, If the theory is borne out by experiment,
a mechanism will have been provided for determining the distribution
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of heat response characteristics throughout the population in a way that

has many practical implications.

In attempting to relate data from highly diverse sources, we have pro-
duced several charts which may also be of special interest. Included
in the report are three charts summarizing interactions and effects of
physiological, psychological and psychophysiological reactions to stress-
ful environments (Figures 111-45 through 47), and a "first cut" of a
combined variables matrix which is intended to represent a very pre-
liminary step in the treatment of interrelated factors in terms of their
partial effects.

In writing this report, we had mixed motives. While it was considered
essential to carry the analysis of shelter overloading as far as the data
would permit it also seemed highly desirable to provide future researchers
with reference materials and useful tools, some of which are often diffi-
cult to obtain without access to special sources. We have also made a
point of including such basic tools as the Predicted Four Hour Sweat Rate
Nomograph, which forms the basis for determining water requirements
in shelters,

Numerous people have contributed to the performance of the work re-
ported here. Mr. W. Vincent Blockley of Webb Associates, consultant
to the program in the area of thermal physiology, has been primarily
responsible for the thermal variables considerations. Mr. Meredith B.
Mitchell has been primarily responsible for the psychological variables

considerations and, with Dr. George Bell, M. D. , for most of t&.e drug
evaluations. Mr. Peter H. Strudwick has aided in numerous aspects of
the investigation, and has made major contributions to the study of
nutritional factors. Mr. Richard E. Shoemaker and Mr. LeRoy Bolden
have also made valuable contributions t,. the analysis of psychological
factors. Appendix A was written by Mr. Ronald A, Westland and Appen-
dix C by Mr. Lennard B, Weingarten. Technical assistance was provided
by Miss Mary Jo Schrock, whose competent handling of numerous details
has been indispensable to the &ccc-mplishment of the study. Figures were
produced by Byron Bloch. Mr. Fred Carr of the Office of Civil Defense,
who monitored the program, has been especially helpful in providing
background material related to th, shelter program.

Donald T. Hanifan
Principal Investigator
Dunlap and Associates, Inc.
April 15, 1963
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SUMMARY AND CONCLUSIONS

The purposes of the study reported here are to analyze the physio-
logical and psychological factors limiting the survivable loading of
fallout shelters, to determine the areas in which further information
is most needed, and to suggest experiments for obtaining that infor-
mation.

The report discusses the purpose and scope of the investigation,
provides a definition of overloading and discusses its etiology and
likelihood of occurrence, and considers the man-shelter-environment
interaction in parametric terms. The significance of population
characteristics and variability is discussed and a preliminary attempt
is made to define the population of interest. The most outstanding
environmental variables are listed and briefly considered, after which
physiological and psychological variables are examined in considerable
detail; an approach to predicting the effects of variables in combination
is then presented together with a first "cut" at analyzing "two-at-a-
time" variable interaction.

Various methods for increasing survivable loading limits are pre-

sented, including such techniques as drug administration, "psycho-
logical" control, and "physiological" control without drugs. Although

further work is required before completely reliable criteria for
shelter loading limits can be set, a preliminary attempt is made to
establish a method for determining limiting values for environmental
parameters. A number of suggestions are made for future studies,
together with recommendations for pre-attack preparation, shelter
design, provisioning, training in-shelter, management, and loading
limits. Appendices are included which provide: 1) a mathematical

examination of the consequences of different loading policies; 2)
morbidity statistics; 3) a simplified method for making rough
approximations of steady-state shelter air temperature, together
with the predicted effect of overloading on the steady-state, satu-
rated air temperature for a hypothetical 100 man underground
shelter; 4) a mathematical derivation of equations for gaseous con-
centrations in ventilated spaces; and 5) a reference list of drugs
which are potentially useful for administration to occupants of fall-
out shelters.

It is emphasized that two basically different aspects of survival
must be considered: survival durin shelter occupancy, and survival

after release. Consequently, it is suggested that limiting conditions
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should not exceed those for which a substantial proportion of the
healthy population would leave the shelter in a condition which enables
them to recover within a few hours to a day without requiring special-
ized medical assistance (when placed in a cool environment, allowed
to rest, given adequate food and water, etc. ). Although in the sim-
plest terms, a shelter is overloaded when the number of inhabitants
exceeds the number for which it was designed and provisioned, it
is suggested that in a mor- precise sense, a shelter can be con-
sidered to be overloaded when conditions in the shelter lead to pro-
gressively increasing, uncompensated disturbance of normal physio-
logical/psychological function of healthy inhabitants before the end
of the desired period of shelter confinement. For purposes of the
study, the conditions of primary concern are those conditions of
"overloading" which could be alleviated either by reducing the number
of shelterees or the duration of shelter stay -- given a pre-provisioned
shelter of specified design.

After examining the numerous ways in which a shelter can become
overloaded, it is concluded that a significant proportion of the popu-
lation might encounter such conditions and, consequently, that
planning for the overloaded case should receive serious consideration.
Such planning should be approached both from the points of view of
prevention and of minimization of effects.

Unfortinately, most of the literature reporting experiments on
- response to environmental stress is directly relevant only to special

populations -- usually to healthy, young men or to special occupa-
tional groups. Even shelter habitability experiments trsually have
been restricted to a carefully screened population to reduce certain
sources of undesired variability. Population variability can lead to
large differences in such factors as rate of heat production, response
to thern-.al conditions, water consumption, and production of gaseous,
liquid and solid waste, all of which contribute directly to the extent
and duration of survivable overloading.

A number of tables have been included to provide a preliminary
characterization of the population which will have to be sheltered
in the event of an emergency. However, only a small part of the
task which needs to be carried out has been accomplished, namely,
consolidation into a usable form of the large and scattered body of
physiological and psychological data characterizing all segments of
the United States population. Furthermore, much experimental
characterization remains to be accomplished, particularly in the
area of thermal response.
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Physiological response to probable shelter environments is discussed,
with particular emphasis given to the effects of excessive heat, car-
bon dioxide and certain toxic atmospheric contaminants; and to the
effects of inadequate oxygen, food and water. Other factors such
as noise level, disease, sleeplessness and the like are also discussed.

It is concluded that response to the thermal environment will ordi-
narily be the variable of greatest concern; accordingly, it is treated
at length in the report. Of particular importance is the fact that a
considerable variability in heat response in the population is expected
due to the great differences in heat acclimatization -- characterizable
in terms of a proposed "heat acclimatization K factor. " A number of
ways to increase thermal resistance and/or to decrease thermal
effects are discussed, including increasing the heat acclimatization
K factor, rapid total-body cooling, rotation to the ambient environ-
ment, and the like. "Effective Temperature" nomographs and
'Predicted Four Hour Sweat Rate" nomographs are included to aid

in determining water requirements. It is concluded that one quart
of water per day is inadequate if any significant degree of overloading
is anticipated, and that the resulting dehydration would lead to a high
probability of heat stroke within a day or so. At 90 degrees effective
temperature, as much as six to twelve quarts per day might be re-
quired! Furthermore, significant differences in sweat rates through-
out the population suggests that water rationing policies and techniques
be used which would provide for allocation of varying amounts to
different shelter inhabitants on the basis of their sweat loss as
measured by short term body weight decrement. It is also con-
cluded, however, that overall water requirement would be lowered
by increasing the velocity of air movement within the shelter, an
effective air velocity of 50 to 75 feet per minute impinging on the
surface of the occupants being a desirable minimum. Furthermore,
the degree of allowable loading will probably be more than doubled
by an increase in ventilation by outside air from three to six cubic
feet per minute per person.

Methods are presented for determining the combined effects of
lowered oxygen and increased carbon dioxide concentrations in the
shelter, For most _ases, it is concluded that even for a con-
siderable degree of overloading, it is not likely that significant
effects from lowered oxygen or increased carbon dioxide concen-
trations are to be expected, the notable exception being in the case
of the "buttoned-up" shelter -- a possible requirement in the event
of extensive fire near the shelter.

The possibility of build-up of trace atmospheric contaminants is
also examined, and estimates of their concentrations are provided.
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The major likely sourcea of such contaminants are flatus, feces,
urine, sweat, vomitus, gases exhaled in the breath, tobacco
smoking, fires and decay or lermentation of organic matter. The
contaminants which are discussed in terms of their potential con-
centrations and toxicities include ammonia, hydrochloric acid,
methane, hydrogen sulfide, indole, skatole, methyl mercaptan,
phenols, lactic acid, volatile fatty acids, ethereal sulfates, hydro-
gen and carbon monoxide. It is concluded that toxic effects do not
appear likely, with the possible exception of carbon monoxide, for
which unacceptable concentrations might result from unrestricted
smoking in the overloaded case, or from contamination of the
ventilation intake air by prolonged fire and smoldering of remains
near the ventilation inlet. A method is given for comnputing the
combined effects of lowered oxygen and increased carbon monoxide
concentrations, since the two conditions are additive in their effects.
The possibility of accumulation of explosive gas mixtures is also
considered; it does not appear to represent a likely source of danger.

The probable occurrence and effects of undernutrition are considered
in quantitative terms. Although the concept of a definite, lethal
body weight loss is subject to so many qualifications that it cannot
be applied in any general sense, some data suggest that a "rule of
thumb" lethal level for loss of body weight for normal, healthy
people is about 20 per cent for the young, 40 per cent for adults
exposed to acute starvation, and up to 50 per cent in cases of semi-
starvation. For shelter occupants, it is suggested that allowable
limits for body weight loss be established at 5 to 10 per cent for
the young and 10 to 20 per cent for adults -- with full realization
that many of them could sustain even greater losses, but that a very
few would find even that much weight loss intolerable.

Equations and nornographs are presented which enable prediction
of weight loss as a function of caloric intake per day, duration of
shelter confinement, age, sex, initial body weight, and activity or
energy expenditure. It is recommended that food rationing be
established such that daily allocation is made not only on the basis
of available food and expected shelter stay, but also on the basis
of age, sex, initial body weight, and such special conditions as ill-
ness and pregnancy. Although caloric deficiency is not expected
to be critical for most normal, healthy adults, such deficiencies
can become critical for extended durations (two weeks or more) -

if severe - - in the case of children in rapid growth phase, pregnant

women, very lean persons, and sufferers from certain diseases.

Among the other physiological variables given brief discussion are

sleeplessness, morbidity and response to noise.

Xviii



Sleeplessness may increase as a function of degree of overloading.
It is pointed out that in the absence of adequate sleep, physical
fitness declines and tolerance to almost all stresses is decreased.
The inclusion of adequate supplies of sedatives in the shelter
medical kit could mean the difference between survival, and death
or premature escape for occupants of a severely overloaded shelter.

The incidence of disease in the shelter is discussed in terms of its
probability of occurrence by type, severity of reaction, and spread
to other shelter occupants, all of which are expected to increase as
a function of increase in loading. The presence of disease tends to
decrease tolerance to environmental stresses -- and is particularly
critical if dehydration results from diarrhea or vomiting. In all,
out of 100 entrants, about 1. 4 may be suffering from some form of
acute disease and about the same number from a chronic ailment.

Noise level will very likely increase markedly as loading is increased,
making communication (and therefore management) difficult, increas-
ing psychological tension and irritability, and tending to increase
muscular tension and thus metabolic rate. Sleeplessness may be
produced, particularly in susceptible persons. A family of noise
tolerance curves is presented for threshold levels ranging from
those producing sleep interference to those producing mechanical
damage. It is suggested that "noise control management" be carried
out.

Under a discussion of means for increasing survivable limits
through use of drugs, the contents of the current medical kit (Kit C)
are evaluated with respect to their usefulness and contraindications --
additions, deletions and/or substitutions being given where appro-
priate. Drug-induced hypometabolism ("hibernation") is also dis-
cussed and a scheme for "metabolic management" is presented.

One section is spent in an evaluation of controlling, through the use
of drugs, more specific psychological reactions to the stresses of
shelter living and thermonuclear attack. The reactions more or
less amenable to drug control are overt aggression, anxiety, with-
drawal, fatigue due to food or sleep deprivation, and hunger. The
advantages and disadvantages of specific and general classes of
drugs for shelter behavior management are discussed. Included in
the evaluation are sedatives, tranquilizers, stimulants (among
which are anorexiants) and metabolic depressants. It is suggested
that special consideration be given to handing out "Elavil" or
Compazine to all people as they enter a shelter. This procedure
might serve to make new arrivals amenable to initiation and training

xix



and to reduce the initial tension connected with doubts concerning
their survival. The leader's organizing problems might be mini-
mized thereby and the discomfort from overcrowding -- if it
exists - - could be kept down. It is quite conceivable that subsequent
nanagement and operations would be simplified if cooperation were
achieved at the beginning. The shelter might be considered safe
simply because it offers relief from anxiety right from the start.
Individuals might tend thereafter to associate protectiveness with
the shelter, a fact which may help to promote feelings of well-being
and hope for survival.

Some techniques for controlling psychological reactions without
drugs are also discussed. It is pointed ou.- that control must be
considered preventive as well as corrective, and suggestions for
initially establishing a favorable psychological atmosphere are pre-
sented. Important preventive factors mentioned are: 1) pre-shelter
training; 2) introduction to the shelter and shelter life in a positive
and reassuring manner; 3) in-shelter communication of conditions
within and without the shelter; 4) establishing a form oi group
therapy for occupants whose behavior indicates a potential person-
ality problem for later shelter management; 5) maintaining a well-
defined, meaningful, and organized program of activities; and
6) providing each individual - - through verbal comments and
responsibilities -- with the feeling of personal worth and import-
ance for the in-shelter and post-shelter society.

A significant discussion is presented covering the control of persons
striving to leave the shelter before it is clearly safe to do so. A
four-step procedure is offered for the management of these people,
but it is suggested that the problem might be averted if adequate
preventive measures are taken, In order to accomplish that, well-
selected leaders are indispensable.

Psychological variables do not lend themselves to the relatively
objective analysis that physiological variables do; yet investigators
who have conducted relevait studies have distinguished more than
60 significant psychological variables. Two charts are presented
illustrating the reported and expected interactions between stressful
environmental stimuli and psychological reactions as well as inter-
actions between the psychological variables themselves.

The charts begin with measurable stressful stimuli; however, other
stresses may exist as well, such as separation from family mem-
bers and inadequate leadership. Those factors are discussed with
emphasis placed on leadership and communication.
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Since one may view psychological problems in general as arising
from stresses placed upon the individual, a discussion is presented
of several theoretical concepts of stress relevant to the shelter
situation. This is followed by a discussion of some specific psycho-
logical reactions which have frequently been reported in relevant
studies: irritability, hostility and aggression, fear, depression
and adaptation, and withdrawal. Particular attention was paid to

studies which provided clues to the practical use of results, such
as Janis' finding that the degree of anticipatory fear can be used as
an indication of behavior under the subsequent, anticipated stress.
In addition, a parallel is drawn between the problems of the shelter
occupant as a result of thermonuclear attack and people who learn
they have cancer.

The conclusion drawn from the many pertinent investigations is that
evidence is inadequate to predict, among the entire shelter popula-
tion, precisely what psychological factors will predominate at a
given time or what course those factors will take, either in a normally
loaded or overloaded shelter situation. However, there appear to be
two distinct categories of findings: 1) those characterized by the
three- stage sequence, anxiety-depres sion/apathy-anjxietv and 2)
those having the two phase pattern, depression-adaptation/adjustment.
The primary factor differentiating the study conditions for those two
categories is the reality of the overall stress. Generally, in studies
for which results indicate the second category, the people observed
were actually under real threat to their lives while individuals in the
first group of studies generally knew the duration of their confinement
and that normal conditions awaited them when their confinement
terminated. From psychological theory, empirical findings, and
reasoning, it has been proposed, however, that within the unique
shelter environment in times of true stress it appears likely that

behavior will be highly diverse.

Psychological studies are discussed which lead to the proposition
that, since people will enter a shelter because they have some

degree of hope that it will protect them, the degree to which a

shelter will be able to tolerate overloading is an important function
of the consensus, degree, and maintainability of the feelings of hope

and confidence experienced by the shelter occupants.

Variables which will affect the shelter group interaction are also
discussed. They include age differences; problems related to the
relative number and interaction of males and females; and the
possible results of having mixed males and females; racial, religious,
ethnic and socio-economic groups.
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Finally, the effects of psychological factors in an overloaded shelter
are summarized. Crowding is differentiated from overloading in
that crowding can be defined simply in terms of the space allotted
to each individual, whereas loading must be defined with respect
to people's reactions. And it is pointed out that establishing certain
psychological environments, such as "enthusiasm, " "high morale,
and "confidence" can reduce overloading to simple crowding.

Thus, it is pointed out that one of the responsibilities of the shelter
leaders is to establish that environment to the greatest extent
possible. With exceptional leadership, it is conceivable that even
an extremely crowded shelter might safeguard its occupants who --
in spite of their thirst, hunger, sore muscles and aching bones --
maintain a high morale, by being sustained on a vital diet of en-
couragement, sincere mutual interest, purpose, activity, hope,
and confidence.

Since much of the information needed for establishing limits is
missing, and since the need to establish limiting criteria for
environmental exposure is immediate, it is suggested that some-
what modified limits, based on current data, can be used as an
interim measure if at the same time a few basic remedial techniques
are made available to the shelter manager. In particular, some of
the control techniques involving administration of sedatives and
metabolic depressants should be considered as a safety measure
to make up for currant uncertainties about the extent of variation
in the general population. Given such safety measures, and given
strong and wise shelter leadership, then critical levels for
several variables can be defined for a shelter containing a mixed
population. Specifically, the following levels of prolonged environ-
mental stress appear to represent critical limits beyond which a
widespread crisis would be likely to occur:

* Oxygen concentration 12-11%

* Carbon dioxide concentration 3-5%

Effective temperature 90-94OF

Dehydration (predicted from P4SR, 5-10% of body wt.
urine output and water ingested)

• Acute starvation weight loss
children 10-31 5% of body wt.
adults 30-? 5% of body wt.
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Note that these values are only for stresses one-at-a-time. For
instance, dehydration would considerably lower the effective
temperature which could be tolerated; and increased effective
temperature, by increasing sweat rate, increases dehydration.

A multitude of other factors are also involved. If more than one
stress is to be imposed, the safe procedure would be to reduce the
stress levels to at least half the values shown.

In conclusion, while much can be said about response to single
stresses for a limited range of the population, it is not yet pos-
sible to establish entirely reliable limiting criteria in terms of the
kinds of environments and occupants expected in the shelter. There-
fore, a firm basis has not as yet been derived for limiting admit-
tance to a shelter in the face of demands for entry. However, con-
siderable alleviation of the adverse effects of overloading can be
achieved through the use of dynamic policies and remedial mea-
sures, many of which are discussed, and extensive use of them as
"stop gap" measures is recommended until the analysis has been
carried far enough to enable reliable criteria to be established.

The report concludes with a number of suggestions for future
study (pga. 264-269) and a list of recommendations based on the
outcome of the research accomplished to date (pgs. 270-275).
Approximately 180 references are listed in three different loca-

tions in the report.
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PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF OVERLOADING

FALLOUT SHELTERS

I. INTRODUCTION

A. SCOPE AND PURPOSE

The purposes of the study reported here were to analyze the physio-
logical and psychological factors limiting the survivable loading of
fallout shelters, to determine the areas in which further information
is most needed, and to suggest experiments for obtaining that informa-
tion.

The need for the study derives from the assumption that any given
shelter space may be limited due to a variety of considerations,
including economic, and will not always provide optimum or even
reasonable comfort for all who may enter. Given that assumption,
it becomes critical to assign realistic limits to shelter loading beyond
which the probability of survival of the occupants is likely to be un-
acceptably low.

The importance of the study becomes evident when one contemplates
the possible destruction of sheltered people due to overloading ver-
sus the destruction of unsheltered people who might have survived
if they had had the opportunity to enter a shelter. In considering such
a trade-off of life, comfort becomes secondary to survival.

An answer to the problem would be to define the limits oi shelter
loading beyond which the probability of survival for those who enter
the shelter would be less than for those who remain outside the shel-
ter. A related problem is to identify techniques which may be prac-
tically implemented for increasing survivable loading of shelters, as
well as to define survival limits given current techniques.

Two basically different aspects of survival are involved; survival
during shelter occupancy, and survival after release; consideration
of techniques for increasing shelter loading must therefore include
consideration of their effects on subsequent survival outside the
shelter.

Although both physiological and psychological reactions may be pro-
duced by shelter overloading, psychological reactions are considered
here only insofar as they affect physiological responses or when they
appear to endanger survival as a direct result of destructive behavior.
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The primary factors considered in a formal framework are those of
a physiological nature due to the relatively great susceptibility of
such processes to quantitative treatment. However, behavioral effects
are included where possible since it became clear that important inter-
actions exist among them and physiological response.

The problem resolves itself to prediction of discrete events super-
imposed on a continuum of human response to increasingly stressful
environmental conditions. In general, the continuum begins with a
threshold below which no ill effect is perceptible and progresses
through the successive zones of discomfort, severe but reversible
effects, irreversible damage, and finally death. Previous attempts
to define shelter occupancy limits have utilized subjective criteria
pri:marily in voluntary experimental exposures as well as in numerous
theoretical calculations based on engineering estimates such as the
thermal "tolerance" curves utilized by heating and ventilation engi-
neers. Even the term "tolerance" has not been used consistently in
the literature and may refer to any of a large number of states.

This study deals for the most part with conditions of shelter loading
which produce strains in the human beyond those observed in the com-
fort zone. Since definition of the region of severe but reversible
effects probably represents the survival limit in question, special
emphasis is given to that area. Although it might be argued that
limited irreversible damage might be acceptable if larger numbers
might be accommodated and therefore saved from radiation damage,
that argument breaks down when one considers the requirement that
survivors also must be able to cope with the rigors of existence in a
post-attack world after release from the shelter, and the deleterious
effects on the morale of the majority when there is severe damage to
a few susceptible companions.

Numerous historical incidents serve to demonstrate the potentially
disastrous consequences of overloading. For example, in the famous
"Black Hole of Calcutta" case, 146 prisoners were locked overnight
in a cell, with two small windows, designed to accommodate two men
Hopeless efforts to force the barred windows and door gave way to
total confusion and riot as delirium supervened. Those who fell were
trampled to death and many taunted the guards in the hope of provok-
ing a quick death by bullet. Eventually the last succumbed to stupor
due to the severe heat stress. All but about twenty were dead by
morning.

In another instance, approximately OO steerage passengers on the
"Londonderry" were confined in a cabin 18 x 11 x 7 feet (approximately
one square foot of floor space and seven cubic feet of air space per
person) with the hatches closed and the door covered with a tarpaulin.

-2-



By the time one man forced his way out and alerted the ship's mate,
72 were dead and many were dying as a result of the frenzied vio-
lence brought on by the intolerable heat.

Both the above cases illustrate the consequences of severe heat stress
brought about by gross overloading. (A comprehensive review of his-
torical incidents of extreme overcrowding has been made by Biderman,
et al. , (1963).) However, not all cases of overloading will have such
immediate and disastrous effects. In some instances, days or even
weeks may be required for responses to environmental stresses to
reach critical levels. In such long-duration exposures combinations
of many stresses will contribute to the eventual conditions limiting
occupancy. A highly complex set of interrelated physiological and
psychological responses to a multitude of environmental and situa-
tional factors are involved in overloading; an understanding of the
characteristics and implications of those responses is vital to the
formulation of policies for shelter construction, provisioning and for
management of inhabitants and shelter resources.

B. DEFINITION OF OVERLOADING

In the simplest terms, a shelter is overloaded when the number of
inhabitants exceeds the number for which it was designed and provi-
sioned. In a more realistic sense, a shelter can be considered to be
overloaded when conditions in the shelter lead to progressively in-

creasing, uncompensated disturbance of normal physiological/psycho-
logical function of healthy inhabitants before the end of the desired
period of shelter stay. For purposes of this report, we are concerned

with those conditions of "overloading" which could be alleviated either
by reducing the number of shelterees or the duration of shelter stay -
given a pre-provisioned shelter of specified design.

Although some degree of overloading can be tolerated if necessary,
a limit to overloading exists beyond which irreversible damage or death
would occur. Certainly the limiting condition we choose must fall

safely short of such catastrophic end points. Although the limiting
condition is extremely difficult to define at this point due to opera-
tional implications, it seems reasonable to hypothesize one in the re-
gion of severe but reversible effects at which a substantial proportion
of the healthy population would leave the shelter in a condition which
enables them to recover within a few hours to a day (when placed in a

cool environment, allowed to rest, given adequate food and water, etc.)

without requiring specialized medical assistance. This is not suggested

as a condition which would be brought about under normal circumstances.
Rather, it is reasoned that if a shelter manager were forced to decide

on a critical course of action to save his charges - such as removing
some of the shelterees to an unsafe radiation level to reduce the heat
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load for the remainder - such action should usually not be taken to
reduce terminal stress to less than one which would result in the
above condition. In other words, while sacrifices might be contem-
plated for the sake of sheer survival, certainly they should not be
contemplated for anything less. And conversely, any sacrifices
should be carried out in such a way that survival is, indeed achieved.

Given the kind of information which would make possible the prediction
of shelter environment and human response to that environment, and
given physiological and psychological tolerance limits consistent with
the foregoing concept of limiting conditions, it may be possible to
define loading limits for a given shelter and its provisions (for a given
population) in either of two ways:

Given the number of shelterees, the limiting number of
days of confinement are defined; or

Given a required number of days of confinement, the maxi-
mum allowable number of shelterees are defined.

C. ETIOLOGY OF OVERLOADING

Overloading can be brought about by many causes, any one or combina-
tion of which could limit the number of inhabitants which can safely be
contained in a given shelter for a specified period of time. For in-
stance, given a fixed rate of ventilation, the steady-state effective
temperature of a shelter will increase as a function of the number of
inhabitants and a load limit will be reached beyond which the heat
stress is intolerable even with adequate water. The shelter is then
critically overloaded with respect to the thermal environment or,
more specifically, with respect to heat removal characteristics of
the shelter. On the other hand, if the water supply had been planned
for a given number of people at a specified maximum effective temp-
erature, the shelter might become overloaded in any of the following
ways:

a. External thermal load is greater than expected, thereby
increasing shelter temperatures and increasing water
requirements due to increased sweat rate.

b. Ventilating system partially or completely fails, thereby
increasing shelter temperatures and increasing water re-
quirements due to increased sweat rates.

c. Activity level of inhabitants is greater than expected as a
result of psychological or other factors, thereby increasing
water requirements due to .:,creased sweat rate.
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d. An epidemic of diarrhea or vomiting causes dehydration

which increases water requirements.

e. An epidemic of fever increases water requirements.

f. Due to fires in the area, a substantial number of burn victims
are included in the shelter population, thereby increasing
water requirements.

g. Radiation exposure victims are included in the shelter, thus
possibly incz'eaing water requirements.

h. The planned number of occupants is exceeded so that internal
thermal load is greater than expected, thereby increasing
water requirements due to increased sweat rate and increased
number of sheltereea

i. The planned number of occupants is so greatly exceeded that
internal temperature increases rapidly to intolerable levels.
Thermal tolerance is exceeded before water supplies become
depleted.

Other ways in which overloading might be brought about could be
listed. However, those listed above serve to illustrate the point.
In all the examples, with the possible exception of "a" and "b", de-
creasing the number of shelterees would have alleviated the condition.
Alternative means include increasing heat removal capability (e. g.,
increase ventilation rate), increasing water supplies (except for "i"),
shortening the duration of enshelterment, decreasing activity levels
and so on.

The major factors which can bring about overloading - and thus impose
limits on either permissible number of inhabitants or allowable dura-

tion of enshelterment - are as follows:

a. Widely different population characteristics from those
assumed for planning purposes

b. Limited water provisions

c. Limited food provisions

d. Limited rate of heat removal from the shelter

e. Incidence of ambient temperatures and humidity beyond those
used for planning purposes
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f. Limited removal rate of noxious or toxic gases from the

shelter air

g. Limited rate of oxygen replenishment in shelter air

h. Limited sanitary facilities and means for controlling spread
of disease

i. Limited medical supplies

j. Inadequate management and leadership

k. Inadequate facilities and/or environment (noise, lighting,

discomfort, etc. ) disturbing to sleep

1. Limited shelter space (floor area and contained volume).

Any or all of these factors could result in an overloaded condition,

particularly if the required duration of shelter stay exceeds that used
for planning purposes or if the shelterees should increase beyond the
planned number. Each of the above factors is analyzed in subsequent
sections of this report.

D. PROBABLE OCCURRENCE OF OVERLOADING

The probability of occurrence of various degrees of overloading (if
all those desiring entrance were admitted) is a major factor in deter-
mining what pre-attack measures should and can reasonably be adopted
to deal with it. Unfortunately, currently available information is in-
adequate as a basis for deriving a valid estimate of that probability.
However, it is possible to speculate about some of the circumstances
which might lead to overloading - or more precisely, to conditions
in which either overloading is produced or people are turned away
rather than admitted.

Two aspects of the shelter program must be considered. First,
planning figures for shelter design and provisioning have been based
on likely environments, normal inhabitants, and economical means of
implementation. Food and water provisions, ventilating systems,
sleeping and sanitary facilities and the like are based on that planning.

Providing for low probability events in all shelters is probably un-
feasible in most instances and would very likely lead to such exhorbi-
tant expenditure per shelter that the total number of shelters made
available would have to be curtailed drastically. Certainly, reliable
information would be needed either to alter the trade-off between
quality and quantity, or to vary the design of specified shelters to
account for overloading.

-6-



Second, the shelter program is by no means completely accomplished.
In some areas, very few fully provisioned shelters are available, a
condition which would certainly result in serious overloading of exist-
ing shelters (or nonadrnittance of many persons) in the event of an
attack in the near future.

Even if adequate numbers of shelters were available to house the
entire population, variation in local population during the day, from
day to day, and from season to season, would very likely result in
potential shelter overloading in some areas. Conventions, sports
events, Christmas shopping, celebrations, etc. , could result in local
concentrations of people far beyond those planned for. The occurrence
of an attack during a national holiday when a substantial proportion of
the population is gathered together in dense clusters could well lead to
highly overloaded conditions (if they were all admitted) - perhaps for
as much as twenty per cent or more of the population.

As mentioned earlier, factors other than simple overcrowding can
also result in an overloaded shelter. When a shelter is unable to sup-
port its inhabitants - for any reason - but could support a lesser num-
ber, it is overloaded. For instance, seasonal variation in the inci-
dence of disease will no doubt influence the likelihood of epidemics in
shelters and an epidemic would strain the limited resources of a
shelter, thus bringing about an overloaded condition. Inadequate
shelter management and leadership would also very likely result in
effective overloading of shelters. The incidence of inadequate manage-
ment and leadership to be expected is impossible to determine, except
to say that it will no doubt occur due to many possible circumstances.

Considering all causes of shelter overloading, it seems certain that
shelter overloading will occur, that its occurrence will partially be
a function of the ratio of local population to amount of local shelter
space, and that its occurrence will be greater during seasons in which
disease incidence increases and during holiday seasons when people
gather in large groups. It also seems clear that the probability of
overloading will decrease as a function of time, providing shelter con-
struction and provisioning continue.

Although it is impossible (without a detailed study) to attach a number
to the proportion of shelters which might be overloaded during an
emergency, the multitude of possible circumstances leading to over-
loading suggest that a significant proportion of the population might
encounter such conditions and, consequently, planning for the over-
loaded case should receive serious consideration. The alternative -
to leave people on the outside while others are admitted - does not
appear to be a likely or desirable mode of behavior, particularly since
the required duration of shelter stay is not predictable at the time of
entrance.
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II. APPROACH

In approaching the task of analyzing factors limiting the survivable
loading of fallout shelters, it was necessary to distinguish between
what would be ultimately desirable in the way of such an analysis, and
what - of an immediately useful nature - was feasible to accomplish
during the relatively short duration of this study. Hopefully, the study
would satisfy both the requirement for immediately useful information
and for data and techniques that could form a basis for extending the
analysis at a greater level of sophistication. Furthermore, the desir-
ability of defining the areas most critically in need of experimental
investigation was also a guiding factor. The approach taken was de-
signed to fulfill those requirements wherever possible within the fre-
quently stringent limitations of the available, applicable data.

Our approach to the study is reflected in the organization of this report.
First, a conceptual basis is established for a model within which inter-
actions can be defined among shelter occupants, internal and external
environment, provisions and shelter design. It is felt that, although
the model is helpful for suggesting modes of interaction, its manipula-
tion in a quantitative fashion is beyond the scope of the immediate study.
However, the data and techniques made available during this study pro-
vide a substantial part of the groundwork required for a more sophisti-
cated analysis utilizing the model.

The second step identifies the important environmental stimuli and human
responses to them, and determines the ways in which those stimuli and
responses might be influenced, Shelter habitability experiments, case
histories of severe crowding and confinement, space vehicle ecology
studies, basic phytiological experimental studies, and theory form the
basis for determining the important parameters to be considered.

Having explored the problem parametrically, population and environ-
mental characteristics are studied to form a context within which each
of the factors influencing loading limits can be considered in greater
detail. It was decided that the assumption of shelter occupant charac-

teristics similar to the general U. S. population, and environmental
characteristics such as might be provided by the minimum shelter design
currently specified in Office of Civil Defense planning documents, pro-
vide reasonable bases for the quantitative aspects of the preliminary
analysis reported here. The full implication of population and shelter
variability remains as a task to be accomplished; however, many of the
basic tools for such an analysis are identical to those used in this study.
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In the next step, a detailed analysis is carried out of the physiological
and psychological effects of each of the more important environment
stimuli or stresses, considered independently. In the analysis, toler-
ance limits are defined where possible and compared with the probable
intensity of each stimulus or stress in a "representative" or hypothetical
shelter situation.

Although very little relevant data were found that would enable a reliable
estimate to be made of the effects of combined stresses, the next step
considers the probable effects of environmental stimuli in combinations.
Since relevant experimental data are rare, considerable use is made of
speculation based on theory. Caution is advised until better data become
available.

Given a basis in the preliminary analysis of shelter overloading, criteria
are proposed for establishing shelter loading limits. The approach taken
to establishing criteria should certainly depend heavily on moral con-
siderations, policy, and expected conditions, and should not depend on
physiological and psychological response considerations alone. There-
fore, we provide factors to be taken into account rather than final answers.

In generating recommendations for OCD policies and practices, we
approach the problem of overloading both from the point of view of pre-
vention and minimization of effects. Where it seems economically and
technically feasible, we recommend design, provisioning or policy devel-
opment which would prevent the potentially drastic effects of overloading.
Where these do not seem feasible, remedial measures are recommended
which appear to be within the capability of well-trained shelter managers.

Finally, our approach to recommending future experimental study is
simply based on what appears to us to represent the most critical
gaps in the existing knowledge of response of a broad spectrum of peo-
ple to the effects of the environments and situations which might be
encountered in an overloaded fallout shelter. Economic and technical
feasibilities are taken into account, but are not applied as overriding
considerations since ingenuity and persistence overcome many obstacles
which are seemingly insurmountable.
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III. FACTORS LIMITING SHELTER OCCUPANCY

A large number of factors must be considered in any analysis of the
effects of overloading fallout shelters. Those factors include the physi-
cal, psychological and social environment in the shelter; and the diverse
characteristics of shelter occupants which determine their response and
tolerance to the complex and changing environment of the shelter.

The following sections examine the major factors which determine shelter
habitability, consider their interactions when present in combination, and
discuss the criteria which seem most appropriate for establishing shelter
loading limits. Although primary emphasis on thermal, atm:spheric and
nutritional variables is warranted by their importance in shelter habit-
ability, many others influence the well-being of shelter occupants in
significant ways. In particular, psychological response to the general
situation as well as to the physical stresses will influence tolerance
limits, the willingness to survive and to take corrective action, the nature
and intensity of physiological responses, and, indeed, the willingness of
shelter occupants to remain in the shelter in the face of increasing stress.
The presence of contagious disease, chronic disabilities, noise, odors,
radiation sickness, discomfort, and a host of other factors will all con-
tribute to the probability that occupants of shelters may not be preserved
in a condition which would enable them to be an asset rather than a handi-
cap in the stringent environment of the post-attack world.

A. EXAMINATION OP MAJOR FACTORS

1. Parametric Considerations

In considering gross interactions within the man-environment-
shelter system, it is convenient to view the shelter as a multi-
compartment model in which the flow of energy and mass is
defined as a steady-state moving from a given initial state to
a terminal state representing the achievement of limiting cri-
teria. As a function of time, concentration within each compart-
ment and gradients across interfaces are definable. The general
scheme is given in Figure III-1.

Compartment A represents the ambient environment. Note that
the characteristics of the ambient environment influence the
other compartments but ordinarily are not materially influenced
by them. The parameters in Compartment A include such inde-
pendently varying factors as temperature, humidity, solar
radiation, wind velocity, partial pressures of gases, and so on.
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Compartment B represents the internal environment of the shel-
ter, and is a function of parameters existing in Compartment A,
of the characteristics of the barrier between Compartments A
and B (shelter enclosure) identified as Interface AB, of the coi-
lective characteristics of Compartments C1 , C 2, C 3,... C
representing shelter inhabitants, and of Compartments D,
E, F, and G which represent food, water, environmental condi-
tioning equipment, and illumination source. Interactions within
and between compartments are listed in Table III-1.

Another useful way to consider the man-environment-shelter
system is parametrically in terms of the important environmental
stimuli and the primary adverse effects they may have on shelter
occupants. That approach is taken in Table 111-2, where stimuli
or stressors and their primary adverse effects on occupants are
in the center of the table, with "stimulus" information on one
side and "effects" information on the other. Starting at the stim-
ulus column and proceeding. to the left, there are listed 1) the
various possible sources of the stimulus, 2) ways in which the
stimulus might be increased, and finally 3) ways in which the
stimulus might be decreased. Proceeding to the right from the
stimulus column there are listed 1) some of the more important
primary adverse effects of the stimulus on occupants, 2) ways in
which the probability and/or intensity of the effects (not stimulus)
might be increased, and finally 3) ways in which the probability
and/or intensity of the effects might be decreased. The outer
edges of the table, then, list factors which could become the
basis for corrective action based on shelter design, provisioning
or management. Action could be based on limiting the stimulus,
directly combating the physiological or psychological effects of
the stimulus, or a combination of both.

In some cases, where the stimulus 4:- produced by the occupants
in proportion to the extent of the effects (or if stimulus and
effects are intimately related in some other fashion), the same
factor may be found on both siaes of the table, a fact which
suggests that control of that factor would produce large benefits.
For instance, excessive heat in the shelter results primarily
from the release of metabolic heat from the occupants, which
in turn is proportional to their activity level. Note that decreased
activity level appears on both sides of the table, which means that
reduction of activity both decreases heat production and improves

tolerance at any given time, thus producing a double benefit.
However, a comlicating factor exists because heat tolerance is
also greater for people who are physically fit and physical fitness

-12-



TABLE Ill-1

ENVIRONMENT-SHELTER-OCCUPANT INTERACTIONS

Code No. * Type of Interaction Examples

I Energy exchange directly Thermal exchange: radiation,
across shelter wall between conduction (note that energy
internal and ambient en- path is between internal en-
vironments, excluding mass vironment and inside wall,

transfer. across wall, and between
outside wall and ambient).

2 Mass transfer (and asso- Exchange of C0 2 , 02, N2

ciated energy) between H2 0 and possibly other gases
internal and ambient via diffusion or forced venti-
environments. lation; waste disposal; etc.

3 Direct energy exchange Radiative heat exchange
across shelter wall between across shelter wall between

people and ambient environ- people and ambient environ-
ment. ment.

4 Exchange of energy and Gas exchange via respiration;
mass between people and thermal exchange via pers-
internal shelter environ- piration, conduction, respi-

ment. ration, etc. ; mass exchange
via perspiration, respiration
urination, defecation, etc.

5 Interchanges among people Thermal exchange; psycho-
logical interaction, etc.

6 Decrease of initial supply Food consumption
of utilizable mass (and
associated energy).

7 Change in initial potable Decrease in potable water

water supply, due to drinking, cooking,
bathing, etc. Possible in-
creases due to recovered
or reprocessed water,

Refers to code numbers in Figure 11-1.
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Code No. Type of Interaction Examples

8 Direct interaction of people Expenditure of energy through
and environmental condition- operation of manual venti-
ing equipment. lating equipment. Direct

radiative and conductive
thermal exchange between
people and equipment.

9 Exchange of energy and Heat exchange between air
mass between envirunmen- conditioner and internal
tal conditioning equipment shelter environment via
and internal shelter environ- radiation, convection, con-
ment. duction and evaporation.

10 Direct energy exchange Conductive heat exchange
between environmental con- via air conditioning system.
ditioner and ambient environ-
ment across shelter wall.

11 Direct exchange of mass Convective and evaporative
and associated energy heat exchange via air con-
between environmental ditioning system.
conditioner and ambient
environment.

1 2 Effect on people of Radiative heat exchange be-
illumination source. tween hot light bulb and

people.

13 Direct energy exchange Heat exchange by conduction
between illumination source between hot bulb and shelter
and internal environment. air.

14 Direct energy exchange Radiative exchange across
between illumination source wall between hot light bulb
and ambient environment and ambient.
through shelter wall.
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requires at least some periodic exercise. Furthermore, heat
tolerance is improved by heat acclimatization, and heat accli-
matization is most efficiently produced by exercising in a hot
environment. In other words, a close examination of the table
suggests that some optimum, periodic exercise regime must
exist which maintains physical fitness, produces a degree of
acclimatization, but which does not add more heat stress than
can be more than compensated for by the increase in tolerance.

On the other hand, it is necessary to consider the fact that
increased activity level also increases both the degree and
effects of oxygen deficiency and excessive carbon dioxide, in-
creases noise levels, and interacts with other factors contri-
buting to the stressfulness of shelter overloading.

It seems clear that a very elaborate analysis would be required
to determine fully the effects of overloading and the limits for
survival. To accomplish that elaborate analysis, a considerable
groundwork must be established which can form the basis for
manipulation of the complex model that would be required. Lay-
ing that groundwork within the general, parametric framework
established in Table 111-2 has been one of the goals of the present
study, and, along with a preliminary analysis of shelter over-
loading, is the subject of much of this report. The application

of that groundwork through the manipulation of a model of the
type illustrated in Figure III-1 is a next logical step in the
formal analysis of shelter overloading.
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Z. Population Variables

A very significant aspect of the fallout shelter loading problem
is the heterogeneityof the population to be sheltered. The
population variables of age, sex, body mass and area, incidence
of morbidity, ethnic group, occupation, education and the like,
will have an important bearing on the kinds and extent of psycho-
logical and physiological effects of overloading in a shelter
environment.

Unfortunately, most of the literature reporting experiments
on response to environmental stress is directly relevant only
to special populations--usually to healthy, young men or to

special occupational groups. Even shelter habitability experi-
ments usually have been restricted to a carefully screened
population to reduce certain sources of undesirable variability.
A direct application of such data to the problem of shelter
confinement for the general United States population should not
be attempted without considering the effects of population
variability. One must keep in mind the fact that population
variability can lead to large differences in such factors as rate
of heat production, water consumption, and production of gaseous,
liquid and solid waste, all of which contribute directly to the
extent and duration of survivable overloading.

In the absence of much needed experimental data, adjustments
for population variability are difficult and frequently speculative.
In some instances where the source of response variability
aptears to be due largely to such factors as body mass or surface
area, population differences can be allowed for by applying
correction factors derived from standard tables of anatomical
and physiological values. Fortunately, a considerable body of

such data has been compiled for much of the population of interest.

To aid in making adjustments for population variability, a
base-line description of the population is provided with respect

to a number of characteristics which were felt to represent
important sources of response variability. The primary table
(Table 111-3) relates some essential dimensional and functional
characteristics to the population descriptors age and sex and
provides a base-line for computations in subsequent sections.
A number of other tables have been included to provide a pre-

liminary characterization, of the population which will have to
be sheltered in the event of an emergency. However, we have

accomplished only a small part of the task which needs to be
carried out, namely, consolidation into a usable form of the

large and scattered body of physiological and psychological data

characterizing all segments of the United States population.
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Extensive account of variation of physiological characteristics
throughout the population was not feasible during the course of this
study. It is felt, however, that the major variables have been
accounted for in such a way that further extension of the study
to account for variability is possible. Indeed, consideration
of the variation in response of special groups within the popula-
tion is crucial. Considerable differences in loading limits are
expected between young adults, children, the aged, hospitalized
patients and the like. The problem becomes particularly important
in homogeneous groups such as one might expect vhen entire
shelters are populated by school children, inhabitants of retire-
ment communities, patients in hospitals and so on. Such factors
as incidence of disease, heat production, oxygen consumption,
carbon dioxide production, weight loss with undernutrition,
heat tolerance and acclimatization, etc., can be expected to vary
greatly among such special populations.

Further sources of variation can be expected. For instance,
respiratory and cardiovascular response to lowered oxygen or
increased carbon dioxide concentrations depend in part on the
partial pressures of oxygen and carbon dioxide in the lungs
(alveolar pO2 and pCO2 , see the section on atmospheric variables).
Alveolar gas pressures, in turn, depend on the altitude of resi-
dence since significant biochemical adjustments are made by the
body during long stay at altitude. Figure 111-2 provides an esti-
mate of the numbers of people residing at various altitudes
within the United States.

Similar problems exist with heat; the greater the heat and level
of work to which people are accustomed, the greater their toler-

ance for heat.

Obviously, to account for all such sources of variation, consider-

able further work needs to be done.
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ALTITUDE ALV. P C02

OM1000-3000' 3

EM3000-6000' 3 4
M 6 000'-900V' 32

Sea Level 30001 6000' 9000'

Barometric Press. nrn 760 681 609 543

Alveolar Po 2  103 89 77 66
Pco2  38 36 34 32

Alveol. Ventil. Ratio 1. 00 1. 05 1.12 1.18
Breath Holdinig Time-% 100 78 60 50

HbOz - % Saturation 96. 1 94.5 93,0 91.5

02 Capacity - lo100 102 104 108

No. of People in the 94 32 41
U,.S. x million

Figure III - 2 Numbers and cardiorespiratory characteristics of residents
at altitudes from sea level to 9000 feet (Rahn, 1955)
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TABLE 111-3

(continued)

SOURCES OF BASIC DATA

1. For the column"Total Percent of Sex, " World Almanac and Book of
Facts, New York World-Telegram and Sun, 1963, pp. 254 and 256

2. For the columns "Mean Height" and "Mean Weight, " Spector (1956)
pp. 178-180.

3. For the column, "Mean Area, " Spector (1956) pp. 178-180 plus
Sendroy and Cecchini (1954) p. 4.

4. For the column "Mean Basal Heat Production," Sargent (1962) for
first year infants; Spector (1956) Table 239, p. 259 for all other age
groups.

5. For the column "Mean Resting 02 Consumption, " computed from

mean basal oxygen consumption, assuming one Kcal is equivalent to
4. 9 liters oxygen consumed, expressed at 00 C and 760 mm Hg (STP).

6. For the column "Mean Resting CO 2 Production, " computed from
mean resting oxygen consumption, assuming R. Q. = 0. 85.

METHOD OF CONSTRUCTION

Since Source No. I (above) lists actual numbers of population, the
percentages under "Total Percent of Sex" had to be calculated to derive
the values presented in the table. Similar calculations were performed to
obtain the percentages under "geographical area" from values listed in

Source No. 4.

All the entries in the "Mean Height, " "Mean Weight, " and "Mean Area"
columns were derived from figures given for the U. S. A. white population.
To have averaged in the non-white population would have taken more time
than the resulting increase in accuracy would warrant. The maximum

error obtained by not including statistics for non-whites in the height column
was calculated to be less than 0. 3 percent.

Since the age groupings in the above table and that in Source No. 2 are
not identical--the latter presents data for each year through age 19 --
weighting procedures were necessary. Based on the population statistics
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TABLE 111-3 (continued)

for each age, found in Source No. 4, each of the height and weight values
in Source No. 2 were weighted and averaged within each of the tabulated
groups. * Where age groups did correspond (e.g., the last group, 65
years and older), the values were taken directly from the table in Source
No. Z.

The derivation of "Body Surface Area" was still more complex. First,
the height and weight figures given in Source No. 2 for each age group
were used to enter the graph in Source No. 3. Therefore, a body surface
area table like that in Source No. 2 was derived. Then the values in this
second table were treated in the same way as the height and weight figures
to obtain weighted averages for the age groups in the final table. Thus,
the "Mean Area" values do not necessarily correspond to those values wii:h
would be obtained from the corresponding height and weight averages in
the Table, but are weighted values of the predicted surface areas for each
year within an age group.

Basal heat production for the first year age group was based on the formula
given by Sargent (1962) for both boys and girls:

Kcal/hr = 2. 18 x wt. in kg. + 0.737

Basal heat production for the I - 4 year group was actually based on the
3rd and 4th year data from Spector (1956) Table 239. All other age classes
were computed using Table 239 from Spector after applying weighting
factors to adjust for distribution of ages within each class interval. Basal
heat production was computed by multiplying the weighted basal metabolic
rate in Kcal m- 2 hr "I times the mean body surface area for each age class.

For example, the height and weight values for the 5 - 9 group of males
was calculated as follows:

[(5) x 1.11] + [(6+7) x 1. 055] + (8+9)

5.22

where numbers in parentheses represent the value for that age given in

the Source No. 2 table; (6+7) is shown this way because the number of
6 year old boys in the population is about the same as the number of
7 year old boys.
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TABLE 111-4

PROBABLE NUMBER OF SHELTEREES ENTERING

WITH SPECIFIC DISABLING DISEASES

PER 100 PEOPLE

Average
Probable Number of Shelterees

Disease Yearly Case Rate Entering with the Disabling
(diagnosis) per 100 People Disease per 100 People

Minor Respiratory:

Influenza & grippe 7.44 . 1676
Bronchitis 5.11 .1016
Coryza & cold 5.88 .0648
Tonsillitis & peritonsillar 1.78 .0352
abscess

Sore throat 2.18 .0319
Laryngitis .214 .0034
Croup .203 .0027

Other Respiratory:

Sinusitis .488 .0114
Pneumonia, all forms .774 .0503
Pleurisy .248 ,0091
Tonsillectomy & . 159 .0367
adenectomy

Other .204 .0109

Allergy & Related:

Asthma .396 .0171

Urticaria .079 .0008
Eczema .068 .0021
Contact dermatitis, by plants .087 .0014

Infectious, General:

Measles 1.87 .0578
German measles .515 . 0080
Whooping cough .893 .0754
Mumps .860 .0233,
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TABLE 111-4

(continued)
Average

Probable Number of Shelterees
Disease Yearly Case Rate Entering with the Disabling
(diagnosis) per 100 People Disease per 100 People

Infectious, General (contd):

Chicken pox .110 .0361
Scarlet fever .477 .0313
Dyptheria .100 .0054
Erysipelas .046 .0022
Tuberculosis, all forms .264 .1358
Smallpox .031 .0019
Reactions to smallpox .167 ,0016
vaccination

Other .451 .0268

Noninfectious, General:

Malignant neoplasms, .203 .0391
all site s

Benign & unspecified tumors .296 .0165
& cysts of female genitals
& breasts

Other, benign & unspecified .120 .0040

Thyroid gland .160 .0118
Diabetes mellitus .119 .0331

Anemia, all forms . 170 ,0108
Debility & malnutrition .151 .0050
Other .175 .0024

Nervous System & Mental:

Cerebral hemorrhage, . 203 .0473
embolism, thrombosis

Neuritis & neuralgia .466 .0146
Nervousness .279 .0151
Psychoneurosis .269 .0358

Other .440 .2109

Eve & Ear:

Inflan, mation of conjunctiva .329 .0049

& eyelid
Other, eye .188 .0180
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TABLE 111-4

(c ont inue d)
Average

Probable Number of Shelterees
Disease Yearly Case Rate Entering with the Disabling
(diagnosis) per 100 People Disease per 100 People

Eye & Ear (contd):

Earache .365 .0028
Otitis media .794 .0167
Other, ear .115 .0012

Mastoid .095 .0076

Heart & Circulatory:

Rheumatic fever . 193 .0700
Heart 1.03 .1716
Hypertension & arterio- .423 .0434
sclerosis

Hemorrhoids . 142 .0072
Varicose veins & ulcers .121 ,0172

Lymphatic system .389 .0084
Other, circulatory .220 .0083

Digestive:

Minor digestive:

Functional digestive 2.67 .0273
disturbances

Diarrhea & enteritis 1.68 ,0210

Other, digestive:

Teeth & gums .586 .0058
Mouth .057 .0012
Ulcer of stomach & . 163 .0209
duodenum

Appendicitis .842 .0494
Hernia & abdominal cavity .218 .0259
Cholecystitis & biliary .409 .0208
calculus

Other, gallbladder & liver . 158 0052
Other, digestive .553 .0173
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TABLE 111-4

(continued)
Average

Probable Number of Shelterees
Disease Yearly Case Rate Entering with the Disabling
(diagnosis) per 100 People Disease per 100 People

Kidney & Urinary:

Nephritis .240 .0483

Pyelitis .149 .0057

Other kidney .244 .0109
Cystitis & urinary calculus .23Z .0072
Other, urinary .069 .0019

Skin & Cellular Tissue:

Furuncle & carbuncle .272 .0067

Abscess, cellulitis, & ulcer .151 .0037
Other local infection .286 .0071

Impetigo .114 .0049
Scabies .087 . 004Z
Other, skin .280 .0087

Bones & Organs of Movement:

Arthritis & chronic rheumatism . 854 .2559

Lumbago, myalgia & mnyositis .349 .0072

Female, Menstrual: 1. 23 .0083

Total Acute: 1. 3718

Total Chronic: 1.3976

SOURCE OF BASIC DATA

The source of illness data was the study published by Collins et al. (1955),
which is the most comprehensive compilation that has come to our atten-
tion, representing five surveys with 80, 768 full-time person-years of
observation. The column "Yearly Case Rate per 100 People" was taken
directly from their "appendix table 2" which is included in this report
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TABLE 111-4

(continued)

Source of Basic Data (contd):

for reference purposes in Appendix B. The second column "Average
Probable Number of Shelterees Entering with the Disabling Disease
per 100 People" was computed by dividing the yearly days of disability
per 1000 people by 365 times 10. The yearly days of disability was
taken from Table 9 of Collins et al. (1955), which is also included for
reference purposes in Appendix B of this report.

Considerable seasonal variation exists in the incidence of certain ill-
nesses, which should be accounted for in analyses specific to a particular
time of the year. To provide a basis for adjusting the values in the
second column for seasonal variation, a set of curves from Collins
et al. (1955) is included in Appendix B of this report.
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TABLE 111- 5

ANNUAL INCIDENCE OF ILLNESS AND MORTALITY

AMONG WHITE INFANTS OF EACH SEX

Illness Cases Mortality Cases
Disease Under 1 Year (%) Under 1 Year (%)

All Causes, both sexes 100 100

Male 53 58
Female 47 42

Respiratory, both sexes 49 11

colds, in- Male 54 57
luenza, Female 46 43

pneumonia,
etc)

Digestive, both sexes 16 6

(diarrhea, Male 52 58
enteritis,etcr) Female 48 42

Communicable, both sexes 12

Male 49
Female 51

Malformations and diseases 3 73
of early infancy, both sexes

Male 53 58
Female 47 42

All Other, both sexes 19 11

Male 53 57
Female 47 43

Source: Collins et al. (1955). Illness and mortality among infants during
the first year of life. Public Health Monograph No. 31.
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TABLE 111-6

INCIDENCE OF PSYCHOLOGICAL DISORDERS IN THE

GENERAL POPU LATION- PERCENTAGE

Disorder Coleman Pasamanick Public Health
Monograph No. 25

Psychotic 0.5 1.7 0. 2
Psychoneuroses 4.6 5. 1 0.4
Psychophysiologic, auto-

nomic and visceral 11.1 1.8
Character 1. 1
Chronic Organic person-

ality 0.6
Chronic Alcoholics 0.4
Mental Defectives 2. 3 z. 6 0. 2
Children with emotional

and behavioral problems 5.6 (of children
13 yrs & under)

Nervousness 0.8

Coleman, James C., Abnormal Psychology and Modern Life,
Scott, Foresmen and Co., Chicago, 1956. Values on pp. 2, 3, &17
were used to derive percentages per 175 million population.

Pasamanick, Benjamin, "A Survey of Mental Disease in an Urban
Population V: An Approach to Total Prevalence by Sex, " J. of
Nervous and Mental Dis. , 133, 1961, pp. 519-523. These percen-
tages were taken from the table on page 521, "Prevalence of Mental
Disorders in Baltimore 1952-55.

Collins, Selroyn D. , etal. , "Sickness Experience in Selected Areas
of the United States, " Public Health Monograph, No. Z5, 1955,
pp. 9 and 21.

Rates per 1000 were divided by 10 to obtain percentage figures.
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TABLE 111-7

U. S. MAJOR OCCUPATIONS BY SEX

Percentage of the Population 14 Years and Over

Major Occupation Both Sexes Male Female

Primarily sedentary

Professional, technical, etc. 10.8% 10.8% 10. 7%
Managers, officials & pro-

prietors (except farm) 10.8 13. 6 5. 1
Clerical and kindred workers 14.6 6.8 30.4

Light to medium labor

Farmers and farm managers 3.7 5. 3 . 6
Sales workers 6. 1 5.6 7. 1
Craftsmen, foremen, etc. 13. 1 19. 1 • 9
Operatives, etc. 17.4 18.8 14.7
Private household workers 3.4 . 1 9.9
Service workers (except pri-

vate household) 9.4 6.5 15.4

Heavy labor

Farm laborers and foremen 4.5 4. 4 4.8
Laborers, except farm and mine 6.1 9.0 .4

TOTAL employed (of population 53.6% 73. 5% 34. 7%
14 years and over)** (of IZ9. 76 (of 63.34 (of 66.42

million) million) million)

Reference: 1963 World Almanac and Book of Facts; New York World-
Telegram and the Sun, New York, 1963, pp. 251 and 256

Groupings were not taken from any reference; they were added for
differentiating job types.

Percentages in this row were calculated from the "total employed" row
on p. 251 and the "14 years and older" row on p. 256.
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TABLE 111-8

SCHOOL ENROLLMENT

(Public Schools only)

TOTAL Average No. Students Average No. Students

(millions) per Teacher* per School* 4'

Elementry
Students 24. 69
Teachers 0.87

Secondary
Students 12.82 218 500
Teachers 0. 59

Reference: 1963 World Almanac and Book of Facts, pp. 539 and 541.

*
These values derived by dividing the total number of students by the
total number of teachers (shown in the first column).

These values derived by dividing the total number of students
(from p. 539) by the number of U.S. public schools (p. 541).

TABLE 111-9

MARITAL STATUS OF THE POPULATION 14 YEARS AND OLDER

TOTAL Single Married Widowed Divorced
(in millions) % % % %

MALE 62.8 25.5 68.8 3.6 2.1

FEMALE 66.0 19. z 65.8 12.2 2. 8

Reference: U.S. Census of Population for 1960, PC(1)-IB-U. S., p. 1-155.
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3. Environmental Variables

This report is primarily concerned with physiological and psycho-
logical factors limiting shelter loading; however, such limits can-
not be expressed without reference to environment since the human
factors of concern are primarily response to environment. To
complicate the matter, the environment in a shelter is at least
partly determined by the human response which was itself a product
of the environment. In other words, the shelter is a semi-closed
system in which the response of the occupants and the shelter are
intimately related as functions of each other.

Of particular concern to this study is the fact that the degree to
which the occupants influence the shelter environment or, to state
it differently, the proportion of the shelter environmental charac-
teristics attributable to human characteristics, increases with

degree of loading. In very severe overloading the shelter environ-
ment is almost entirely a function of the human contribution -
particularly when the environment was marginal even at normal
loading.

For example, in the unoccupied shelter the temperature and humid-

ity are determined by ambient wet and dry bulb temperatures, the
rate of ventilation of the shelter by ambient air, the temperature of
surrounding soil, and so on. The thermal environment in the

shelter is completely determined by ambient conditions. At the
other extreme, if the shelter were packed to its geometrical capac-
ity with people releasing 300 to 600 Btu per hour, the thermal en-
vironment would become intolerablc within a few minutes and it
would matter little whether the ambient environment was very hot
or very cold. But of course the condition of interest to this study
lies considerably short of packing to geometrical capacity. The
main point is that in overloading the interaction of man and environ-
ment becomes of greater significance than for normal loading; and
that the results of design studies, simulations and experimental
studies at normal or near-normal loading (i. e. , design conditions)
do not necessarily provide the kind of environmental information
which can be used directly in an analysis of loading limits.

However, we did not attempt to construct a sophisticated man-
shelter environmental model in the analysis reported here. Such
an undertaking would have required extensive use of a computer to
account for the multitude of interactions and an analytical approach
which was clearly outside the feasible scope of the present pre-
liminary study. Rather, we have attempted to arrive at some
interim estimates of loading limits while laying the groundwork
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for a future study of greater analytical scope. We have considered
human response to environmental extremes which might be achieved
in the overloaded shelter, or the extremes to which humans might
be exposed without permanent damage - without regard to the
specifics of the man-shelter interaction in arriving at those ex-
tremes. We have also considered the contribution of the occupants
to the environment, but again without fully defining all interactions.

Both quantitative and qualitative aspects of each of the more impor-
tant environmental factors are discussed in subsequent sections in
terms of their physiological or psychological effects. The follow-
ing discussion, then, is intended to provide an overview of the
environmental factors thought to be particularly important in con-
tributing to the stressfulness of overloading.

a. Air Temperature

Given a fixed ventilation rate of three to six cubic feet per
minute per person, shelter air rapidly becomes saturated by
water vapor in overloading so that it is usually sufficiently
accurate to determine physiological response as a function of
saturated air temperature. Holding other factors constant,
shelter air temperature increases as a function of overloading.
Figure 111-3 shows approximately how the steady-state air
temperature of a representative 100 man underground shelter
might increase as a function of overloading. Appendix C
discusses the basis for Figure 111-3 and includes additional
illustrative material.

b. Atmospheric Composition

The constituents of the shelter atmosphere tend to act on the
body synergistically or antagonistically and thus should be con-
sidered in terms of their combined effects. This is especially
true for carbon dioxide, oxygen and carbon monoxide as well
as for certain toxic atmospheric contaminants. The more im-
portant gaseous constituents which will likely be present in the
shelter atmosphere are as follows:

(1) Oxygen

Oxygen is present in normal, ambient air at a concentra-
tion of about ZO. 93 percent, and its partial pressure,
which is actually the more important measure, is depen-
dent on altitude. Since it is utilized by the human body,
its concentration in the shelter tends to be lower than

-35-



Ventilation Air
1-70°F WB 300 ft.3min
2-60°F WB
3-70°F WB 600 ft3/min.
4-60OF WB

I I II I

100 2 3 4

00

• 90-

< 80

0 0

80 100 120 140 160 180 200 220 240

Number ol Occupants for Which Steady-Sta.'e Shelter
Air _< 95°F (Satxrated)

-36-



normal, and is a function of ventilation rate and rate of
utilization, which in turn is a function of overloading,
among other factors. The equations derived in Appendix
D can be used to determine its concentration in the shel-
ter. Insufficient oxygen leads to impairment and even-
tually to death if the concentration is reduced below critical
limits.

(2) Carbon dioxide

Carbon dioxide is present in normal, ambient air at a con-
centration of about 0. 03 percent. Since it is produced by
the human body, its concentration in the shelter tends to
be higher than 0. 03 percent and can be calculated by using
the equations in Appendix D. In excess, carbon dioxide
has toxic effects.

(3) Carbon monoxide

Carbon monoxide is a toxic gas which is produced by the
incomplete combustion of hydrocarbons and other organic
compounds. It is produced in small quantities by the
human body and in larger quantities by smoking and by
fires in the vicinity. The equations in Appendix D can be
used to calculate its concentration in the shelter given
assumptions about its rate of production.

(4) Trace contaminants

A number of trace contaminants are likely to be present
in shelter atmosphere in addition to carbon monoxide.
The ones considered in this study are waste products of
the human body and include skatole, indole, methylmer-
captan, hydrogen sulfide, methane, hydrogen, ammonia,
and other constituents of feces, flatus, sweat, urine,
vomitus and exhaled breath. Many of them are toxic in
rather small concentrations.

c. Noise

While not expected to reach damaging levels, noise will tend
to increase as a function of loading and is expected to add to
the overall stressfulness of the shelter environment.

d. Lighting Level

While lighting level is important in terms of visual require-
ments, it is not expected to vary significantly as a function of
loading.
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e. Fallout Radiation

The presence of fallout radiation is a given in this analysis.
Its major importance to the overloading situation is the fact
that ambient radiation level determines the required duration
of stay in the shelter and has implications for foraging and
rescue strategy. Furthermore, if some of the shelter entrants
receive large doses, additional stress is added to the shelter
situation which has implications for loading limits.

f. Provisioning

The provisions of food and water can be considered a part of
the shelter environment, and are crucial in determining the
loading limits which must be placed on shelter occupancy.
For instance, limited water reduces the tolerance of shel-
terees to heat stress.

g. Sanitary Facilities

Sanitary facilities must also be considered a part of the environ-
ment since they determine in part the probability of disease
epidemic and the extent to which trace contaminants from
human waste enter shelter air.

h. Physical and Mechanical Configuration

Sleeping facilities are among the more important aspects of
the physical configuration within the shelter. Mechanical
hazards should also be considered, as well as such considerations
as air duct design and distribution of outlets, provisions for
muscle - power operated fans, placement of showers and
drains for possible re-circulation of water, etc.

The following sections contain a more detailed examination of the
foregoing factors as part of the consideration of physiological
response to probable shelter environments.
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4. Physiological Variables

The human is a relatively adaptable organism which, through highly
complex processes, is able to maintain functional effectiveness in
the face of considerable variation in the environment. A large body
of research literature exists which defines and describes innumer-
able adaptive responses to environmental change. In this study, we
have applied the more relevant of those findings to the definition of
human response to environments anticipated in the shelter.

However, certain limitations exist in the literature which place
limits on the precision with which we are able to predict human
response to shelter life - particularly in the case of the stressful
situations anticipated for the overloaded shelter. The major limi-
tations are as follows:

a) Data on response to combinations of stressful environments
are rare.

b) While data were often available for relatively short-term or
intermittent exposures, data on chronic exposure to many

stressful environments were simply not available.

c) A closed or semi-closed environment is characterized by a
more or less gradual increase in the level of stress, where-
as most physiological response data are based on constant
level exposures.

d) Relatively little relevant physiological response data exist
for the complete range of age, sex, and physical condition
found in the general population. By far the greatest share
of the well-developed, quantitative data refer to special
populations such as Air Force cadets, male college students
and the like.

In the face of such limitations in the literature on experimental find-
ings, it was necessary to resort to theory or to be satisfied with
rather large safety factors in predicting the maximum stress to
which shelterees could be subjected without permanent damage.

In the following sections, physiological response to possible shelter
environments is discussed. Particular emphasis ib given to the
effects of excessive heat, carbon dioxide and certain toxic atmos-
pheric contaminants; and to the effects of inadequate oxygen, food
and water. Other factors such as disease, sleeplessness and the
like are also discussed.
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a. Thermal Variables

In any enclosed space with limited ventilation and a high density
of occupancy (particularly beyond normal design limits for load-
ing), one of the most important sources of danger to life is
inadequate heat removal. This fact arises from the irreversible
nature of the failure of body systems when internal temperature
exceeds by more than a few degrees its normal operating level.

As the number of occupants of a shelter increases, the rate of
increase of effective temperature as well as the maximum effec-
tive temperature at the steady state condition will increase.
Limits on occupancy will be achieved by either of two conditions:

The effective temperature exceeds tolerable limits, even
with adequate water;

Water balance suffers due to an insufficient water supply
and results in dehydration and collapse even at otherwise
tolerable effective temperatures.

(1) Prelirninar)r considerations

The spectrum of human response to heat and humidity is a
broad one, ranging from the state of complete thermal com-
fort to the upper extremes of pain-limited exposures to
radiant and convective heat gain. One useful way of dividing
this broad spectrum into manageable segments is on the
basis of a time parameter. We can define a thermal zone
in which a life-time of continuous exposure should cause no
special effects, and bordering on it a zone in which expo-
sures lasting up to months are tolerable by the general
population, occasional relief being required to prevent the
accumulation of deleterious effects (e. g. , seasonal heat
waves in tropical countries).

A third zone of thermal environments relate to exposures
which are tolerable or survivable for days to weeks, and
a fourth zone includes conditions which lead to breakdown
of some sort within a very few hours. At the extreme end
of the spectrum are those environmental situations in which
a human is never able, unaided, to establish a thermal
equilibrium, so that the duration of exposure which he can
survive is determined either by the rate at which his body
stores up heat or by the development of pain on the surfaces
of the body.
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The boundaries between the zones postulated are necessarily
vague, but it is reasonably clear that our concern in the
shelter overloading context is with the third and fourth zones,
in which the time factor extends from several hours to sev-
eral weeks. The first and most significant observation to
be made about these thermal zones is that the problem of
individual variation between healthy individuals is most
acute here. At less severe environmental stress levels
differences in response between people tend to be mainly
dependent on differences in the state of health, or the pre-
sence of distinct physical disabilities, while at more severe
levels individual differences begin to disappear as the exter-
nal elements in the physical heat transfer situation assume
a more and more controlling role.

Before undertaking a discussion of the sources of individual
variation, which we anticipate as our central problem in
setting survival limits for shelters, it would be well to re-
view briefly the nature of the general physiological adjust-
ment to environmental warmth. This is most easily visualized
if one imagines a person subjected to successively increased
levels of temperature and/or humidity in successive one-hour
periods while maintaining a constant activity level and meta-
bolic rate, If the initial condition is one which meets the
criteria for perfect thermal comfort, sweat production will
be at a minimum for the particular work rate concerned,
and absent for a person at rest, The skin will be relatively
cool, with a spatial distribution of temperatures such that
the extremities are in the eighties, and skin temperatures
increase as one moves closer to the central trunk areas of
the body.

If the environment is now stepped up to one corresponding
to the upper end of zone 1 of the scheme outlined above and
diagrammed in Figure 111-4 the following changes will occur
over the succeeding hour:

- skin temperatures in the peripheral areas will rise,
decreasing the variability from place to place over the
body.

- blood flow to the extrcmities will increase slightly.

sweat production may be initiated or increased, the
degree depending on the capacity of the environment
to accept heat from the body by convection, radiation
and conduction.
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- the heart rate, and possibly the cardiac output, will
increase slightly.

The steps to zone 2 and 3 conditions lead to further increases
in heart rate, peripheral blood flow, skin temperature, and
sweat production; but in no case do the levels reached in
these physiological measures approach the maximum values
of which the organism is capable, even if the exposure is
prolonged to the point where the subject collapses. Only in
zones 4 and 5 does one see near-maximal heart rates,
sweat rates, and blood flow rates, and even here one dis-
covers that each increase in severity of the stress leads to
a further increase in the compensating adjustments such as
sweat rate. (It is intriguing to realize that it is the control
system which is deficient in these ultimate storage-limited
heat exposures, not the protective mechanisms themselves;
more capacity for combating external heat load is always
available, but it cannot be elicited at the stress level where
it might effectively cancel out or compensate for the load.
Rather, still more load must be added to elicit an additional
compensatory response.)

Having constructed a hypothetical experimental situation as
a means of illustrating the gross physiological adjustments
to environmental heat load at a constant metabolic rate, we
are unable to predict with any certainty what the final out-
come or end-point of this experiment would be in a real case.

To recapitulate, we have described an exposure of one hour
under comfort conditions, followed by one hour in each of
zones 1, 2 and 3; in each progressively warmer environ-
ment the subjects' defense mechanisms have been called
into play to progressively greater degrees. In the language
of engineering, the physiological strain has increased in
proportion to each increase in the environmental stress.
The question which is much more difficult to answer for
the human organism than for physical systems is this;
"what degree of strain is associated with a high probability
of failure?"

As a matter of fact there is no simple answer to this ques-
tion a. all; if our hypothetical experiment were to be extended
into zone 4, where tolerable exposure duration is measured
in hours, we would be unable to depend on any single physio-
logical measure, or combination of measures, as a basis
for deciding whether collapse was imminent. An exception
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to this situation would be the case of a person with a dis-
tinct impairment of some function vital to thermal regula-
tion - e. g. , a limitation in sweat capacity the steady rise
in body temperature which this would cause, reflecting the
internal storage of heat, would be translatable directly into
a reasonably accurate prediction of the time of collapse.
By definition, however, in the case of the impaired indivi-
dual the test environment would fall in zone 5 for him rather
than zone 4.

The question of the relationship between thermal strain and
probability of collapse is best approached in stages, with
consideration limited initially to individuals or groups which
are homogeneous with respect to age, previous experience
with heat, and general physical condition.

(a) Body temperature

Traditionally, medical prognosis in caser of over-
heating has been based on the rectal temperature, which
is representative of internal, or "core" conditions.
Heat death or heat stroke, as it is usually called, is
characterized by a sudden increase in core temperature
as a result of abrupt failure of the homeostatic control
systems of the body. When the body is exposed to a
homogeneous environment, the danger of heat stroke
increases progressively as the level of rectal tempera-
ture rises.

A rectal temperature of 106°F is generally accept,,d
(according to Ladell, 1952) as carrying a high prob-
ability of heat stroke. In the South African gold mines,
the carefully selected and acclimatized Bantu workmen
are not asked to work beyond the point where their
rectal temperature has reached 104OF. In setting up
"safe" limits for the duration of work in mine rescue
operations, the time to reach a rectal temperature of
1020F was used in Britain. It should be noted that all
three of these "rules of thumb" have a common context,
namely the situation of men working relatively hard.

It is much more difficult to find reliable evidence for
ultimate limits of core temperature in the resting nor-
mal individual. After reviewing an extensive medical
literature on heat death, Herrington concluded that the
absolute limit, beyond which recovery cannot be effected,
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lies above 1080F and probably is close to 109. 50F.
He notes that in fever therapy procedures, patients
are maintained at a rectal temperature of 105. 80 for
several hours; however, the fact that ice packs or
other means are frequently used to cool the head dur-
ing such treatments seriously reduces the pertinence
of this finding to the present problem.

A critical element in dealing with the question of lethal
probability associated with various levels of rectal
temperature is the availability of therapeutic treatment.
It is of little practical value to know that a person may
recover successfully from a rectal temperature of
108°F when given the correct medical treatment (heroic
cooling with ice-water immersion or the equivalent) if
the situation under analysis is one in which no facilities
or competence will exist to accomplish such treatment.

(b) Special factors in the group exposure problem

A second element of possibly even greater practical
significance, concerns the social circumstances sur-
rounding the cases of heat stroke for which we have
quantitative data. In almost all cases the individuals
concerned were either isolated during the period of
heat accumulation or under restraint and careful super-
vision, or members of a highly motivated and disci-
plined military unit. In a large heterogeneous group
such as that with which we are concerned in the shelter
situation, psychological factors such as anxiety, fear,
compassion, ignorance and the like may be decisive in
determining the consequences of attaining a level of
heat accumulation or body temperature elevation which
is even far below the actual lethal threshold.

When one considers the many case histories involving
severe thermal stress under uncontrolled, crowded
conditions, it seems likely that, for essentially undis-
ciplined people confined together in large numbers, the
critical danger point is that temperature or thermal
state at which individuals believe they are facing immi-
nent death from "suffocation" or overheating. This
point is probably not far, if at all, above the level of
"1voluntary tolerance" at which many experimental stu-
dies of heat stress are terminated. At the typical
"tolerance end-point" of such experiments subjects
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are extremely restless, displaying writhing movements,
deep sighs and irregular breathing; they may feel nau-
seated or faint, and some may vomit.

It is clear that various measures might be taken which
could delay the outbreak of pitnic; these could range
from indoctrination to sedation to punitive disciplinary
control by a policing group. In general, however, the
strong possibility of deaths and casualties from may-
hem must be carefully weighed against \ ny theoretical
scheme of estimating mortality on the basis of simple
death from overheating. As a matter of fact, even if
an assumption is made that total discipline is maintained
(so that milling and trampling are prevented) the dis-
turbance of the heat balance within the shelter through
increased metabolism associated with growing muscle
tension, convulsive movements, excessive respiration,
etc. would create a discontinuity in any calculated
environmental temperature history based on near-
basal metabolic rates. Such a discontinuity might
easily lead to a sort of fulminating or exponentially
increasing thermal load and acceleration of deteriora-
tion ("vicious cycle").

(C) Epiderniological approach

Alternative to the use of a direct physiological criterion
for assessing probable mortality rate in a particular
shelter situation is a system based on occupational
health survey data and experimental studies which
attempt to define the limiting environments in which
thermal equilibrium can be maintained. As an exam-
ple of the former, we have the analysis of Wyndham
(196Z) for South African native mine workers giving
the number of fatal and non-fatal cases of heat stroke
per thousand exposed individuals at various wet-bulb
temperatures. The following table summarizes the
data:
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Wet Bulb Temperature (OF) Number of heat stroke cases
(essentially = dry-bulb, saturated) per thousand exposed

fatal non-fatal

84 .05
90 .30 (. 38)*
91 1.0
93 2.0
94 1.08 (1. 45)
95 1.5 (2.) 6.0

*Value in parenthesis = 95% confidence

limit

These figures pertain to highly acclimatized natives,
working at moderate to heavy rates; the two factors
tend to cancel each other in relation to an unselected
American shelter population at rest. It is of some
interest to compare the highest temperature for which
Wyndham gives mortality and morbidity rates with the
widely accepted upper limit for the maintenance of
thermal equilibrium in resting young men, namely 97 0 F
saturated, or more generally 0.85 (wet bulb temp) + 0. 15
(dry bulb temp) = 97 0 F.

When the thermal stress of the environment, in terms
of the above weighted average of wet and dry bulb temp-
erature, exceeds 97 0 F, the tolerable duration of expo-
sure is limited. That is to say, physiological break-
down will become serious after some finite period of
exposure. Provins and Hellon (1962), of Oxford Univer-
sity, have derived the following expression from the
collected data from a large number of tolerance time
experiments covering a very wide range of thermal
environments.

y = 8.65 *3.51 + 175.11 *60.34 Eq. 1
x - 36. 06 L 0. 32

where y = tolerance time in minutes

x = weighted average environmental temperature
in °C, .85 tW. B. + .15 tD. B.
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Notice that the value of the constant in the denominator
of the fractional component is equal to the upper limit
of equilibrium maintenance referred to above, on the
Centigrade scale. If a temperature index of one Centi-
grade degree (1. 8F) higher than this limit is postulated,
the tolerance time predicted by this equation is almost
exactly three hours. This prediction is confirmed by
at least one experimental point in the data of Provins
and Hellon.

The significance of these findings to the shelter surviv-
ability problem is startling. To begin with, the predic-
tion equation assumes a neutral or cool thermal state
prior to beginning the heat exposure; if the 370C or
98. 6°F environment is experienced after a prolonged
period of exposure to an environment on the borderline
of physiological compensability, with a resultant accu-
mulation of stored body heat, the point of collapse is
certain to be reached more quickly than the three hours
indicated by the equation. As a first crude approxima-
tion, it is reasonable to postulate that three hours of
exposure to 98. 60 F weighted average environmental
temperature under such circumstances might result

in death for many unacclimatized individuals.

The essential point to be made here is that only a "hair's

breadth" separates environments which can be endured
indefinitely by well "acclimatized" and physically fit people
(as long as the water and salt balance and the effective-
ness of the sweat mechanism can be maintained), and
those which swiftly lead to disruption and death for a
normal, healthy, but unacclimatized individual. Simi-
larly, referring again to the case of the African mine
workers, a difference of only 4 Fahrenheit degrees in
saturated or weighted environmental temperatures
separates conditions in which heavy work can be under-
taken at moderate risk of death and those which are
survivable for less than three hours while sitting
quietly. This in turn leads to the implication that a
change in the activity level of shelter occupants, such
as fear induced struggling or the like, could suddenly
alter the prognosis for survival from good to desperate.

Actually, none of the currently used thermal indices
seem entirely satisfactory for use in resolving the
question of heat tolerance in a mixed population. How-
ever, in addressing ourselves to that problem in a
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shelter overloading context, we immediately encoun-
tered the problem of acclimatization in the population
at large. In considering the wide range of natural
acclimatization which might be expected in the shel-
terees, and in speculating about the possibility of adapt-
ing shelterees to heat, a concept was formulated which
seems to us to represent a new and fruitful approach.
The sections which follow are intended to lay the ground-
work for that approach with full realization that much
remains to be accomplished.

(2) The "neutral boundary concept"

A British physiologist, A.R. Lind, has recently proposed
a new criterion for the identification of an upper limit of
acceptability for hot climates in which men are expected to
work for up to 8 hours each day (Lind, 1960a). His scheme
is based on the fact, first described in 1938 by the Swedish
worker Nielsen, that in a given individual there is a charac-
teristic value of the rectal temperature associated with any
particular level of energy expenditure, which does not vary
over a wide range of environmental conditions from cool to
warm. In environments of increasing temperature or humi-
dity, this chp.racteristic equilibrium value of the rectal temp-
erature (which may take as long as an hour or more to be-
come established after the start of work) is achieved at the
cost of increased sweating, higher skin temperatures and
higher rates of blood flow to the skin. The "Neutral Boun-
dary Condition" (NBC) defines the environment beyond which
the rectal temperature no longer stabilizes at the same
level; for each succeeding increment in environmental temp-
erature the equilibrium rectal temperature is correspondingly
increased. These relationships are illustrated in Figure 111-54
which is based on data from Lind (19 6 3a) for three men walk-
ing on a treadmill at an energy expenditure level of 300
Kcal/hour.

Figures III-5b and 111-6 illustrate how the Neutral Boundary can
change as a function of the energy expenditure or-work level,
when the environmental conditions are defined in terms of Effec-
tive Temperature. * It should be noted that the nature of the

Effective Temperature is defined as the saturated air temperature
which produces the same thermal sensation, when the air is still, as
the actual combination of temperature, humidity and air movement.
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relationship between the NBC (Neutral Boundary Condition)
and metabolic rate is heavily dependent on the particular
index which is chosen to represent the environmental stress.
This will be discussed in more detail later.

In the evidence presented so far, there is no particular
proof that the point of discontinuity in the plot of final rectal
temperature versus heat stress index has critical signifi-
cance. Up to this point, Lind's argument was based mainly
on the fact that no other parameter showed an abrupt and
distinct change as the severity of the environment was in-
creased, although common sense and general experience
tells us that somewhere between the Effective Temperatures

of 20 and 32°C (68 and 89. 50 F) there must exist a limiting
condition of some sort. The significance of the rectal ternp-
erature discontinuity can be rationalized on the theoretical
ground that it represents the point at which a simple increase
in the flow of blood directed through the skin is no longer
sufficient to compensate for the increased obstruction to
heat loss represented by an increased environmental heat
stress index.

Another way of looking at the meaning of the NBC is that
the rectal temperature has been deliberately regulated by
the body's thermoregulatory control system at all milder
environments (presumably to a value which is efficient for
the particular work involved) - but at more severe environ-
mental conditions (beyond the NBC) the control system is
limited in its ability to regulate rectal temperature. The
latter therefore is driven to some value determined pri-
marily by the physical factors involved in the heat balance
equation, and the control system functions only to prevent
a rise of rectal temperature beyond this necessary mini-
mum, as distinguished from having selected it.

That both the above rationalizations have merit is indicated
by observations of the influence of acclimatization and train-
ing on the characteristic neutral-zone rectal temperature
on the one hand, and on the NBC on the other hand. Before
proceeding to a discussion of these points, however, we
must establish the empirical validity of the NBC concept
by reference to several additional studies of Lind, only one
of which has been published as yet.

The most significant result comes from a study performed
at Natick using 128 U. S. Army volunteer subjects who were
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neither trained in treadmill walking, physically fit to any
particular degree, nor acclimatized to heat (Lind, personal
communication). The men were divided into four approxi-
mately equal groups, and exposed once only to one of four
environments. Of the two groups who experienced climates
in the neutral zone all the men completed the prescribed
three hours of marching at 3. 5 mph, and displayed essen-
tially identical average rectal temperatures at equilibrium.
In the group exposed to the climate just beyond the NBC (as
established by previous experiments) five of 29 men failed
to complete the second hour, and an additional three men
were removed during the third hour. The average rectal
temperature of those completing the second hour was 0. 5
degrees Fahrenheit higher than at the same time in the groups
exposed to the climates in the neutral zone.

In the most severe environment the average rectal tempera-
ture at the end of the first hour was 0. 8 deg. F higher than
that for groups 1 and 2 in the neutral zone; three men were
unable to continue past that point, another ten had to be
taken out during the succeeding hour, and only 13 men
finished all three hours out of the original 29 who started.

Thus 25 percent of the men in group 3 were unable to com-
plete a three hour exposure to an environment just beyond
the NBC, and 53 percent of a similar group failed a more
severe environment, although the conditions were no more
severe than were tolerated by a group of British coal miners
for a full eight hour day, working seven of those hours at
the same rate of energy expenditure as the military subjects
at Natick.

The general principle of the Neutral Boundary Concept can
be applied to intermittent work and to resting conditions as
well as to continuous work at a fixed rate. Data for such
conditions are more sparse, but suffice to show that a
boundary can be established on a basis analogous to that
used for continuous work (Lind, 1963b).

The single most important question remains to be grappled
with, namely, what determines the location of the NBC for
a large mixed population and what factors can be manipulated
to reduce the probability of encountering heat casualties in
environments bordering on the NBC? This leads naturally
to the discussion of acclimatization.
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(3) Acclimatization

The characteristic ability to withstand the stress of heat
which a particular individual exhibits at any point in time
is the net resultant of his anatomical, physiological and
psychological characteristics, plus his state of condition-
ing or training. The former group of factors is primarily
related to genetic influences and long-term developmental
history, while the latter factor is a function of his imme-
diate past history with respect to activity and climatic
exposure. Studies of the heat stress tolerance of various
ethnic and socio-economic groups in Africa and Australia
(Strydom and Wyndham, 1962) have indicated strongly that
of the two elements, the conditioning factor is of far greater
significance than the ethnic or genetic factor, and the
activity history is far more important than the climatic
exposure history in determining the conditioning factor.

In Figure 1II-7, the average responses and standard devia-
tions of five very dissimilar groups of human beings to the
same environment and work regime are shown. These
data were obtained by taking a portable environmental
chamber, resembling a tent, to various parts of the world
where groups of subjects of a distinct definable ethnic and
social background could be gathered together. The figure
presented illustrates only a few of the startling contrasts
revealed by this pioneering investigation. Notice, for
example, the great difference between white Australians
and white South Africans; the latter live under a social-
economic system in which the performance of muscular labor
is considered demeaning. The Australians, on the other
hand, take great pride in their physical prowess, their
strength, and their ability to endure hardship. These men
are generally heavy and florid in appearance. According to
the senior author, Dr. Strydom, who was interviewed in
Holland in September of 1962, the Australian men appeared
to be highly unsuited to withstand the stresses of a hot
climate; they tended to be overweight, red of face, and to
perspire freely.

When the South Africans subjected themselves to the formal
process of heat acclirmatization, in which they worked for
extended periods in severe heat day after day, they displayed
a rectal temperature pattern with time closely comparable
to that of the native laborers who are brought from the
hinterland and put through the same acclimatization process
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for the purpose of enabling them to perform manual labor
in the extremely hot conditions deep within the South African

gold mines. The intermediate position on the chart of the
data for the Australians and French soldiers assigned to
African duty in Morocco, iiiustrdtes the diiifrcaue between
so- called "natural acclimatization" and the carefully organized
kind of "artificial acclimatization" which is carried out by

the applied physiologists of the South African mining industry.

The notation on four of the data bars in Figure 111-7 indicates
that the number of subjects has been reduced by the collapse
of one or more of the original subjects during the preceding
hour. The continuous upward trend of the upper two curves,
therefore, is due to the failure to maintain equilibrium on
the part of a portion of the test group and should not be inter-
preted as meaning that all of the subjects were storing heat
fromr the second hour on. Only by detailed examination of
the raw data for individual cases will it be possible to relate
these findings precisely to the neutral boundary concept of

Lind. It is hoped that in the future, this type of analysis
can be carried out.

Haldane and Priestley, in their book, Respiration, published
in 1935, observed that:

"It is somewhat noteworthy that men accustomed to hard out-
door work seem to be much less sensitive to heat or cold
indoors than other persons. This is probably due to the
fact that, although they are not accustomed to external heat,
they are accustomed to what in this reference comes to
much the same thing, namely, greatly varied internal heat
production, which involves the same capacity for vasomotor
adaptation as exposure to external heat or cold. Those who
are most affected by external heat or cold indoors are
persons who are not only unaccustomed to external heat,
but are also unaccustomed to hard muscular exertion. "

As was pointed out by Nielsen in 1938 and reaffirmed in
recent years by him (1962) and by Lind (1960-1963) there
is a distinct deep body temperature level associated with
any given activity of fixed metabolic cost in the trained
individual, which is independent of environmental tempera-
ture over a broad range. In an untrained individual the
deep temperature reached by the body at equilibrium for
the same work will be distinctly higher, and will decline
steadily in successive periods of work as training pro-
gresses. Figure 111-8 collects data from several sources
to indicate the nature of the relationship between rectal
temperature at equilibrium and metabolic rate, and shows
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the effect of acclimatization. It should be noted that the
data pertain to cool and mildly warm environments, falling
within Lind's 'prescriptive" or neutral zone where rectal
temperature is not influenced by the environment. In the
case of the Bantu miners particularly, the acclimatization
period was concurrent with their initial training for the
work involved; the effect of muscular and general fitness
training, therefore, cannot be separated from that due to
the exercising of the thermoregulatory function.

In various classical studies of the acclimatization phenomenon
it has been customary to complete a period of training in
the experimental task, under cool environmental conditions,
before initiating a series of combined work-plus-heat expo-
sures (Eichna, et al., 1950; Horvath and Shelley 1946;
Robinson, et al.' 1943). Figure 111-9 is taken from Eichna,
et al. , (1950) and Horvath and Shelley (1946), and illustrates
the dramatic reduction in the body temperatures and heart
rates in the first few successive daily exposures cf about
one hour each.

Even more dramatic is the picture presented in Figure III-10;
the work involved here is walking at a speed of 3. 5 miles
per hour up a grade of 5. 6 percent, which involves between
450 and 575 Kcalories per hour of energy expenditure. These
men had trained themselves to this activity by daily prac-
tice, and had completed a 40-mile hike in one day. On the
other hand, none of them had been exposed to heat since the
preceding summer when they experienced their initial heat
experiment on February 20 and March 24 respectively. On
this first day, they walked on the treadmill until they were
exhausted, which occurred for the two subjects whose re-
sults are illustrated at about 90 minutes. Two months later
for one man and one month later for the other, they walked
at the same speed and grade for four and a half hours "with
ease, " and were maintaining thermal equilibrium when the
experiment was terminated with no sign of an end point,
although no rest periods were taken during any of these
experiments.

A clarification of what happened to these individuals between
the two exposures to identical environments and work loads
to cause such an enormous difference in their responses is
crucial to our understanding of the general problem of
setting tolerable limits for thermal stress. In the case of
subject S. R. , there were 23 work periods in the heat
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between February 20 and March 20 (included in the data
for Figure 111-9); from that time until the endurance test
on April 28 he was exposed only once, on April 16.

Subject W. H. experienced only I I exposures during his
acclimatization processing, the last one on April 8;
thereafter he also was exposed only once, on April 22,
before the endurance test.

In the twenty years that have passed since those experi-
ments were conducted, a great deal has been learned about
the acquisition of acclimatization, its rate of decay, and
the procedures which are most efficient in achieving reton-
tion of the acclimatized state with a minimum of heat-stress
exposure. As will be seen later, these findings indicate
that subjects S. R. and W. H. in Figure 111- 10 were not highly
acclimatized by modern standards at the end of their pre-
scribed acclimatization regime, and had probably lost a
considerable proportion of that acclimatization in the three
to five weeks which elapsed from that date to the endurance
test. Using modern techniques for producing and retaining
a high degree of acclimatization it should be possible to
achieve a far higher degree of tolerance for heat than these
men possessed at the time of these tests; it is difficult to
imagine what the ultimate achievable improvement in the
ability to work in the heat might be, considering that S. R.
and W. H. showed far less physiological strain at the end
of four and a half hours following their acclimatization than
after one and a half hours before the treatment.

(4) Physiological basis of heat acclimatization

It has been well known for many years that a person who is
"acclimatized" to the heat is able to work under hot condi-

tions without undue elevation of heart rate or development
of fatigue, whereas the identical conditions of work and

environment led to a state of complete heat exhaustion on
the first occasion that he experienced it after a history of
cool living and working conditions.

Only recently, however, has the concept of degree of accli-
matization become clarified. The classical technique for
producing "heat acclimatization" experimentally has been
to repeatedly expose the subject under study to the same

duration and amount of work in an identical hot environment
for one hour or more per day, for from 9 to 14 days.
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Usually, the conditions were chosen so that on the first
day most subjects had considerable difficulty in getting
through the ordeal without collapsing; by the fifth or sixth
day they wovld find the task relatively easy, and changes
in their response patterns would be only minor from then
until the last treatment day.

What most investigators failed to point out, or to grapple
with in a quantitative sense, was that the degree of accli-
matization must vary according to the severity of the work
level chosen and the environmental heat load selected.

In the last year or two, two English scientists have inde-
pendently attacked the mystery of acclimatization by another
route; David Kerslake at Farnborough has been exploring
the effectiveness of hot baths (40 minutes in 39 0 C water
(99. SOF)), (Brebner, et al. , 1961) while Ronald Fox at

the Medical Research Council, Hampstead, has pioneered
a system of "heat treatments" in which oral temperature
is maintained at a constant elevated level in a reclining
man by means of under-ventilation of a simple plastic
sealed suit after being driven up rapidly in a steam bath
(Fox, et al., 1962).

From the academic point of view, these latter experimental
techniques permit the separation of the mechanisms of fit-
ness training by repeated exercise from those of "thermo-
regulation training, " which seems to be just as real. It
should be noted that no substantial exercise regime can be
maintained for an hour or more without a distinct and sub-
stantial increase in rectal temperature. It is thus reason-
able to say that a certain, though small, amount of heat
acclimatization, or thermoregulation training, occurs when
prolonged exercise is undertaken day after day, even in
a cool climate.

According to Fox, the essential element of heat acclimatiza-
tion is the training of the sweat response mechanism; what-
ever apparent cardiovascular system improvements may
occur in the classical type of acclimatization process, he
feels, are due to the physical fitness training aspect and
to the steady reduction from day to day in the degree of
elevation of body temperature caused by the fixed exercise.

The sweat response training which takes place is in two
categories:
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1) improvement in the sensitivity of the sweating

control mechanism and a reduction in its thres-
hold (i. e., sweating starts at a lower skin temp-
erature);

2) improvement in the capacity of the sweat gland itself
to secrete sweat under a particular stimulus.

These characteristics of the process involved in acclima-
tization are revealed in a positive and repeatable manner
by Fox's technique of holding body temperature (oral)
constant throughout the heat exposure and from day to day.

Data from the earlier literature describing the conven-
tional work-in-heat procedures can be organized to illus-
trate the gradual improvement of sweat response from day
to day, and also to reveal the increased improvement
achievable when a more severe work regimen and a higher
temperature or humidity are used as the controlled environ-
ment.

Figure I1-11. represents such data, taken from the work of
Eichna, Horvath, et al. , carried out at the Army's Medical
Research Laboratory at Fort Knox during World War II
(Eichna, et al, , 1950) and(Horvath and Shelley, 1946).

Each symbol is identified by the number of the day in the
sequence of repeatcd exposures; two different levels of
heat stress are involved, the difference in severity result-
ing from differences in clothing, wind speed, humidity and

type of work. Techniques and experimenter3 were largely
the same in the two studies, and the assumption has been
made for the purposes of this illustrative figure that the
two groups, numbering three in one case and sixteen in the
other, can be treated as samples of the same population.

Several interesting points may be noted from Figure IIl-11.
In the dry environment (circles) the adjustment of the
sweating response entailed the production of only slightly
more sweat on successive days of exposure, but this was
accomplished at progressively lower skin temperatures.
In the humid environment, in which relatively heavy cloth-
ing was worn the adjustment entailed an increase in the
amount of sweat secreted, but little improvement in skin

temperature. The reason for the latter situation, of course,

is the fact that additional sweat production is relatively
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ineffective in improving the heat loss by evaporation when
the hurnidity in the air is high (34 mm Hg vapor pressure
in this case), the body surface is already wet, and clothing
is worn.

Note that the skin temperatures and sweat rates were the
same for the nude group before and after their heat accli-
matization experience and from day to day. It is suggested
that this evidence supports the assumption (in the absence
of data to the contrary) that the clothed group would have
had essentially the same sweat rate at the "cool" (78 0 F)
condition when nude and working at the rate of the nude
group.

The most significant point about the figure is the changing

slope of the lines joining the cool condition and successive
days in the hot room. Increasing slope means increasing
sensitivity of the sweat response mechanism - more output
per unit change in skin temperature at a given metabolic
rate. The decreasing intercept value on the zero line of
the ordinate scale means a progressively lower threshold
for sweating.

Finally, the co-linearity of day five at the less severe con-
dition and day two at the more severe, and of day nine in
the dry heat and day five in the humid environment, tells
us that the same degree of acclimatization is reached in
approximately half the number of days under the more
severe condition. Furthermore, it Is clear that considerably
more 'acclimatization" is achievable after the plateau has
been reached In the milder condition (days six to nine). The
significance of the relationship between sweat rate, metabo-
lism, and skin temperature will be explored in considerable
detail subsequently.

(5) Relationship of sweat rate and oral temperature during
conventional acclimatization

At the Medical Research Council laboratories in London
the standard procedure for acclimatizing subjects to heat
was for years a routine in which brief periods of stepping
onto a 12 inch stool alternated with periods of rest (Macpherson,
1960). The average metabolic rate over the four hours for
which this routine was followed amounted to about 110 Kcal/m 2

hr or 200 Kcal/hr for an average-sized man, or twice the
resting metabolism for an alert seated man.
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In Figure 111-12 the average results are presented for a
group of 15 soldiers who were being prepared for the large-
scale British Army field trials in Aden in 1961 (Edholm,

et, at96- ach symbol i de sti 4 Fed by Ay nube,
number one being the first day of the acclimatization period
of 23 daily exposures (week days only), and number 24 the
final uniformity trial for comparison with the first one,
labelled "-45", which was carried out a month and a half
before the acclimatization process began.

The method of presentation in this chart emphasizes the
magnitude of the concurrent improvement (i. e. , reduction)
in body temperature and the increase in sweat output. Un-
fortunately, skin temperature data were not provided in the
report of these experiments, but it can be assumed with
certainty that it fell progressively along with oral temperature.

The slight increase in sweating and decrease in oral temp-
erature between the original uniformity trial and the first day
of acclimatization represents the moderate effect on thermo-
regulation of general military training activities. Between
day one and day five the major change is in temperature;
the increase in sweat output develops later in the process,
when changes in body temperature are minimal. The cluster
of points for days 16, 22 and 24 indicates that a plateau has
been achieved, that is, that the work routine is now being
accomplished with no more increase in body temperature
than is called for in a cool environment.

In terms of the Neutral Boundary Concept discussed earlier,
the 23 days of acclimatization brought the test environment
within the neutral zone for this group of men, whereas pre-
viously it was distinctly beyond the neutral boundary, lying
in the stress zone. To complete the picture, it should be
mentioned that the post-work heart rate declined from an
average of 175 beats per minute on day -45 to 120 on day 22.

The estimation of a reference datum point representing sweat
production and body temperature under cool conditions (square
symbol in Figure 111-12) allows us to represent the state of
acclimatization at successive stages of the process by means
of the slope of lines joining the cool datum to that day's
sweat output and oral temperature. In effect, this slope
expresses the amount of increased sweat output which is
asso-ciated with one degree of oral temperature elevation.
We might conceivably term this an "acclimatization index,"
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and plot its value as a function of number of accumulated
days of acclimatization. Figure 111-13 shows such a plot,
and reveals several reasons why this parameter is un-
suited for the role u an index of acclimatization.

To begin with, the slope parameter changes least in the
first few days, whereas we know very well that the biggest
improvements in actual acclimatization occur then; con-
versely the slope is increasing rapidly in magnitude at the
end of the period when all other evidence indicates a plateau
or stable condition. Not so obvious is the fact that the slope
index refers only to one particular level of activity and has
no generality of meaning for other environments and other
tasks.

To find a suitable quantitative measure for acclimatization
we must return to a further consideration of FigureIII-l1
and its implications.

(6) Skin temperature and sweat rate

In 1954 Kerslake demonstrated that surprisingly straight
lines were produced when sweat rate was plotted against a
calculated subcutaneous skin temperature parameter which
was derived from the measured surface skin temperature
and the calculated rate of heat flow through the skin: the
regression lines for the data obtained on four subjects are
reproduced in Figures 111-14 and 11-15. The equations of
these four straight lines have the general form

S = K(t + . C) 2
a K

where S is the latent heat equivalent of the sweat output, in
Kcal/hr;

H is the heat flow through the skin, obtained as the difference
between heat gain by convection and radiation, and heat loss
by evaporation;

t S is the mean surface skin temperature;

K is a proportionality constant for sweat rate as a function
of temperature;

C is an intercept constant representing some reference or
base-line skin temperature.
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Kerslake' s experiments involved short periods of heating
at a variety of work levels, environmental temperatures
and humidities, in which the steady state was usually not
reached. While notine the consistency of his results with
a hypothesis that swcat rate is controlled through sensory
nerve endings responsive to temperature and located near
the sub-cutaneous blood vessel plexus, Kerslake did not
specifically propose a control system based on this assump-
tion.

In 1961 Hatch (1963) analyzed a number of data collections
from the war years dealing with sweating men in thermal
equilibrium, and showed that respectably linear correlation
was obtained by plotting the parameter (S-M) against skin
temperature. (S-M) represents the difference between the
latent heat equivalent of the sweat output and metabolism.
At equilibrium, the heat flow through the skin is equal to
metabolism, so that the equation form proposed by Hatch,
viz.

S-M = K (t -t) Eq. 3

(where t is a reference or base-line temperature) is directly
convertible to that of Kerslake in Equation (Z) above, viz.

M
S = K (t +- - t) Eq.4

Hatch also analyzed a few experimental series involving non-
equilibrium conditions, and simply introduced a term for
body heat storage, which is subtracted from M to give the
heat flow through the skin.

It should be noted that if there is a net heat gain from the
environment, so that the rate of storage is actually greater
than the metabolism term, the heat flow through the skin
is reversed in direction from the usual case, and the sub-
cutaneous temperature is lower than the surface skin temp-
erature rather than higher, as is usual.

The general expression, attributable to steady state and
storage situations alike, becomes

S - (M-Os) = K(ts-to) Eq. 5

where Q) represents the body heat storage rate in Kcal/hour.
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In Figure 111-16 Hatch's curves for five individuals and
one group are presented to indicate the degree of scatter
about the line of regression which is typical of these kinds

of data. taken from work done many yearR in th,. ptat anel

unsegregated as to chronological order of acquisition,

special conditions, etc. In the same figure are plots for

two individuals, taken from a more recent study (Belding

and Hertig, 1962). It is of interest to note the range of

variation in the numerical values Hatch obtained for these
five individuals and the one group; K varied from 307

Btu/hr, OF for the group of British Naval ratings studied

in Singapore to 548 Btu/hr, OF for one of the U. S. Ar-ny

soldier subjects studied at Fort Knox, Kentucky. The

corresponding reference temperature values associated with

these regression lines are 91. 5 to 93. 60 F. Converting the

slope coefficient to the metric units used as the main sys-

tem in this report, the range reported by Hatch is 138 to

246 Kcal/hr, °C; he suggests as an average value 430 Btu/hr,°F

or 194 Kcal/hr, °C.

All the subjects chosen by Hatch for analysis were "accli-

matized" to some degree. In the case of the Singapore

soldiers, it was a "natural" form of acclimatization, ac-

quired in the course of living and working in a tropical

climate. In the case of the three Fort Knox subjects in
Figure 111-16, it was probably a very high degree of accli-

matization indeed. Before starting these experiments, the

men completed an intensive series of 10 daily four hour
work periods in environments of increasing severity from

day to day, ranging from 89 to 940 E. T. This "artificial

acclimatization" regime of the Fort Knox group (Nelson,

et al., 1947) followed a preliminary period of training for

the marching work involved in the tests; each week during

the gathering of the data shown in the figure, the men spent

Monday performing a "re-acclimatization" four-hour march

in environments similar to the original ones. Tuesday

through Saturday the men spent 7 1/2 hours of each day in

the heat chamber in a variety of environments ranging from

70 to 940 E. T., marching in the morning and standing

quietly in the afternoons.

All things considered, it is not too surprising that the sub-

jects chosen by Hatch have the highest degree of acclimati-

zation (according to the new criterion which we are about

to introduce in this report) of any individuals or groups for

which suitable data have been available for analysis.
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In the next series of figures, we present data extracted
from many diverse reports in the literature representing
a wide range of male subjects and a few females, which
are arranged to indicate the value of K in the equation

S- M - s K(t - to )  Eq. 

It is this term K, the proportionality constant which ex-
presses the sweating response as a function of subcutan-
eous temperature (or of a slrin temperature and heat flow
across the skin) (see page 68) which is proposed as the
essential yardstick by which the state of heat acclimatiza-
tion of individuals or groups may be compared. Since, as
was expressed in the introductory remarks to this sub-sec-
tion (page 55) the state of acclimatization is considered by
us as merely a special case of the general fact of individual
difference due to various causes, the parameter K becomes
more broadly a measure of the ability to resist heat stress.

(7) The sweat response coefficient (K) as a measure of
"acclimatization"

If the proposition put forward in the preceding paragraphs
is valid, then an attempt to assemble data on sweating and
skin temperature in the form suggested by Hatch would be
doomed to failure for analyses involving:

(a) data for a group or individual whose state of
acclimatization changed during the period of data
collection;

(b) data for a group whose size and composition
varied from one condition, for which an average
response was plotted, to another. (The prob-
ability of finding a group which was homogeneous
with respect to acclimatization or sweat response
is extremely low. )

(c) a group whose state of fitness training changes
during the investigation.

Recent conversations with colleagues of Dr. Hatch at the
University of Pittsburgh, Drs. Belding and Hertig, have
indicated that, in fact, several attempts to apply the
analytical technique to certain blocks of data gathered in
their own laboratories, as well as elsewhere, have been
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largely unsuccessful. It is strongly suspected that one or
all of the factors enumerated above were involved; thus the
failure of the approach in the hands of the Pittsburgh group

is taken to be an indication of the basic soundnesmA of the

theory advanced here rather than as casting doubt on the
validity of the relationship originally suggested by Hatch.

It should be noted that the theoretical reasoning in the origi-
nal paper (Hatch, 1961) visualized the K factor as repre-

senting the conductance of the layer of bloodless skin exter-
nal to the capillary plexus and did not make any consideration
of the acclimatization question, much as Kerslake's discus-
sion of seven years before had similarly ignored this factor,

In Figure III- 17 we have taken some raw data filed by
Belding and Hertig with the Auxiliary Documentation Insti-

tute of the Library of Congress, and drawn eye-fit lines to
roughly relate experiments at the beginning and [. -yards
the end of the period of study, which lasted some'two months.
The authors state that all four subjects "had previously been

acclimatized for work in the heat, " but do not say how or

when. This analysis indicates that from start to finish there

was a consistent reduction in the threshold of sweating, as
indicated by the reduction in to, the skin temperature where
S = M. As is emphasized in the composite plot of Figure 111-18

there is very little difference in the final K values (slopes)

between the two individuals who experienced 14 and 15 experi-

ments each, although their initial slopes or K factors were
quite different. This indicates the development of either
fitness or acclimatization or both.

A further indication of individual differences is provided in
Figure 111-19 which presents the data of Ferres, Fox, et al.

(1954) for so-called "naturally acclimatized" men, that is
to say, soldiers who had been in Malaya for six months or
more. An attempt was made to prevent the men from ac-

quiring any further acclimatization in the course of the experi-
ments, and since each pair of men experienced two environ-

ments, an approximation of their joint K factors can be esti-

mated for those pairs whose test environments produced
distinctly different levels of sweating. As can be seen from
the figure, the sweat responses within this g'oup varied
over a very wide range, and they were therefore very differ-

ent in their states of acclimatization according to our new

criterion.

The question of sex differences in heat resistance is a

perennial one, and has never been settled. Figure 111-20
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presents data from two parallel studies of small groups
of female volunteers (Hertig and Sargent, 1963) and, for
direct comparison, a group of three males studied in one
of tht- Rayne 1ahoratorit-s imr tip. shqmt-. tconclitin. This

was an investigation of acclimatization, aimed at answer-
ing the question of whether women can in fact be acclima-
tized in the same way men are. The answer was "yes",
but the authors failed to note that the degree of improve-
ment in the resistance to heat stress of the women was
somewhat disappointing, and after the acclimatization they
were far below a group of men before their acclimatization
processing. The figure is semi-diagramatic, in that an
assumption has been made that both groups of women had
identical responses to the work regime in a cool environ-
ment, whereas in fact only the Pittsburgh women were so
measured.

Using this same relatively safe assumption, and detailed
data kindly supplied by Dr. Sargent at the request of the
writer, Figure 111-21 was constructed to show the develop-
ment of acclimatization during the ten days of processing,
in terms of the K factor for sweating. It will be noted
that the change in K for each girl was very- similar - essen-
tially identical for three of them - although the initial
values were quite variable. On the average, there was
roughly a doubling of the K factor, as is illustrated in Fig-
ure 111-22 which presents the mean data for the group. It
is worth noting here that Hertig's group at Pittsburgh
showed only half the increase in K factor in their ten days of
effort that Sargent's Illinois women achieved. This may be
explained, at least in part, by the following factors:

a) the Illinois treadmill speed was 0. 8 kilometers
per hour faster;

b) the air velocity was 280 feet per minute lower;

c) the Oxford index (0. 85 wet bulb temp. plus 0. 15
air temp. ) was 5 degrees F higher;

d) the Effective Temperature was 3. 5 degrees F higher;

e) the Illinois experiment was performed in summer,
that at Pittsburgh during the winter.
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(8) Summary of findings regarding individual differences in
acclimatization

We have been able to uncover data on whicli to ba se es-
mates of sweat response K factor (which we propose as a
measure of resistance to heat stress and "acclimatiza-
tion" to heat) for six different groups of adults, at several
different stages of acclimatization. Those data are assem-
bled for easy inter-comparison in Figure 111-23.

It must be pointed out that there is no reason to suppose
that 180 Kcal/hr, °C is the highest value that has been
obse:rved in thermal tolerance research. As a matter of
fact, the values quoted by Hatch for three wartime subjects
at Fort Knox are considerably higher - up to 246 Kcal/hr,
°C. Of more practical significance in the present context
is the startlingly low value exhibited by the women - especially
worrisome in that these were relatively active, athletic
women. From the poorest individual reported in the litera-
ture we have covered, to the most heat resistant so far
encountered, is a range of almost ten times in K factor.
Accepting for the sake of argument the hypothesis advanced
in this report, that the K factor does in fact reflect numeric-
ally the relative resistance to heat stress of an individual,
it is not surprising that the prediction of the incidence of
heat casualties in a large mixed population is so difficult
a task.

In Figure 111-24 we present some of the enormous collection
of statistical data on heat casualties in the Marine Corps,
gathered and reported by Yaglou and Minard (1957). It will
be immediately apparent that there is no sensible answer to
the question: at what environmental temperature will heat
casualties reach a particular value? Notice the similarity
in the shape of these curves to that of the Lind diagrams
presented earlier (see Figures III-5 and 111-6 ). For
comparison, Figure III-Z5 is presented as a reminder of
the characteristics of the "Lind diagram" which illustrates
the Neutral Boundary Concept. In Figure 111-25 we have
taken data obtained on two individuals studied in Singapore,
and thought to be at a more or less consistent level of
acclimatization throughout the study. We have simply
plotted the tabulated data for the rectal temperature at the
end of their period of four hours rest in the heat against
the effective temperature to which they were exposed. It
must be borne in mind that other individuals of other
physical and anthropological characteristics would yield
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data differing from those shown in the figure, both in the
absolute level of the horizontal portion of the curve and in
location of the discontinuity, or NBC. Only in the context

geneous in acclimatization can one generalize from a graph
o! this type.

Referring back again to Figure 111-24, the differences be-
tween the three curves presented are primarily due to
differences in the acclimatization status of the quite different
populations concerned. Those differences emanate from
the way in which the work activities of the individuals were
scheduled as a function of the climatic temperature at the
particular camps concerned. It is of interest to note that
the method of analysis used by the authors of the original
source of those data did not include that which lies behind
Figure 111-24; the very clear information which is derivable
from Figure 111-24 was completely obscured by the more
conventional way in which the data were organized originally.
Since our concern in this report is not with Marine trainees
on the parade ground, we will defer any further discussion
of Figure 11I- 24.

In Figure 111-26 we have selected certain of the data pre-
sented previously and displayed them in a manner designed
to emphasize the alteration in the parameter K, which we
have identified as synonymous with the "state of heat resist-
ance, "t or "state of heat acclimatization. " It is immediately
apparent that one individual or group may be far more heat-
resistant before acclimatization than another individual or
group after they have been "acclimatized." The problem,
of course, is the difficulty of defining what degree of
acclimatization has been achieved.

By measuring the factor K on any individual, or any group,
their relative position in the total heirarchy of heat stress
resistance can be expressed numerically. The effective-
ness of various routines of processing, by exposure to
heat, with or without work, can be expressed by plotting
the change in K factor achieved by the routine against some
combination parameter which expresses the relative severity
of the stress imposed during the process. In Figure 111-27
various of the blocks of data presented in this report have
been related in that way, using the very simplest con-
ceivable index of acclimatization treatment severity - the
product of the number of exposure days, elevation of
metabolic rate above the resting level, and elevation of
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the effective temperature of the environment above a com-
fortably warm level for a resting man. It is somewhat
astonishing to see the degree of linearity which this quite
arbitrary relaton~hlrp appears m pose_ Coni0*-nI• Wa - .- .- - - - - -- _ _ 0

that the groups of individuals involved in this analysis are
extremely diverse in their characteristics, that a great
variety of philosophies lay behind the designing of the
various treatments, and that there was a factor of four
separating the least group-average improvement and the
greatest such improvement which we happened to come
upon in our relatively restricted and accelerated review
of the literature, the natural conclusion from an exami-
nation of Figure 111-27 is an extremely powerful one.
This is that there appears to be no upper limit in sight to
the amount of improvement in resistance to heat stress
which is achievable, providing we are able to conceive
and define the ultimate, optimum "acclimatization" pro-
cedure.

In general terms, one can readily state that the optimum
procedure is one which produces the desired state of accli-
matization or resistance to heat stress in a minimum
length of time, with a minimum of discomfort to the Indi-
vidual, and with the minimum risk of heat collapse in any
individual. One of the more significant consequences of
the present analysis will be the designing of an experimental
investigation to determine optimal procedures for various
classes of acclimatization requirement, including that of
the overloaded shelter case; in the same investigation,
the feasibility of using the K factor as the criterion for
monitoring and controlling the rate of progress of a par-
ticular individual through the acclimatization process, will
be established.

(9) Indices of environmental warmth

In the words of R. K. MacPherson (MacPherson, 1962):

"... The assessment of the thermal environment is not
primarily a matter of the selection of some thermal index
in which to express the results. Expressing the results
in the form of an index may be a convenience, but the
assessment of the environment is essentially the measure-
ment of all the factors concerned, whether they are attri-
butes of the environment, such as air temperature and
humidity, or attributes of those exposed,
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such as their clothing, rate of working, and length of
exposure. Remedial measures cannot be undertaken unless
all these measurements have been made and the situation

e bn +,e 1_gliht of t1ht fin i. A _ itphlt _nr
then be of help in determining the effect of the proposed
remedial measures.

"Indices of thermal stress do not provide a substitute for a
sound knowledge of the mechanisms of heat exchange and
the physiological adjustments to a thermal environment. "

In this most thorough review by MacPherson, no less than
19 indices for assessment of the thermal environment have
been listed and described. They fall into three main classes:
those based on the measurement of the physical factors in
the environment, those based on a measurement of the
physiological strain produced by the environment, and those
based on the calculation of the heat exchange between the
body and its environment. Obviously, it is important that
the right selection be made when choosing an index for the
purpose of co-relating environmental factors in a particular
type of situation,

The oldest and in some ways perhaps the most respectable
of the heat stress indices is the "Effective Temperature, "t
which was developed from the research work of McConnell,
Houghten, and Yaglou in the 1920's, supported by the
American Society of Heating and Ventilating Engineers.
While this venerable device for the combining of air temp-
erature, humidity, and air velocity into a single number
was originally based on the sensations of comfort or dis-
comfort experienced by people within the first few minutes
of exposure to various combinations of these three factors,
the originators later presented evidence to indicate that
equal effective temperatures in general produced similar
physiological results. Unfortunately, however, the com-
putational nomograms which were constructed cover a much
wider range of conditions than the original research had
explored in any thorough manner. In recent years there
has been a rising tide of criticism of the assumption that
the physiological effects of two combinations of environ-
mental factors would be equal providing the Effective
Temperatures for those environments were equal, and
before his recent death, Yaglou himself had found that
lines of equal skin temperature had a very different slope
on the psychrometric chart from the lines of equal Effec-
tive Temperature.
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The classical Effective Temperature scales are shown in
nomograph form in Figures III-Z8 and 111-29. Actually,
although the concept is classical, these particular charts
are somewhat more modern, origindting at they do from,
the set of charts for the prediction of environmental
warmth prepared for the Royal Navy by the late Tom Bedford.
Bedford proposed the term "Corrected Effective Tempera-
ture" for an index in which the globe temperature was sub-
stituted for the dry bulb temperature as a means for adding
the effect of the radiant temperature to those of the other
three parameters normally combined in the Effective Temp-
erature number. Bedford's concept assumed the use of a
blackened globe, whose emissivity for the long wave radia-
tion associated with moderate temperatures would be close
to one; however, there is no theoretical barrier to the use
of a globe with any other surface emissivity characteristics
to produce a globe temperature, therefore providing a
"Corrected Effective Temperature" appropriate to some
specific situation.

For example, Yaglou and Minard (1957), in their "ETR"
used a globe temperature obtained by covering the six-inch
copper sphere with the fabric from which the uniforms of
their test subjects were made. The rationale for this
modification of Bedford's black globe is simply that Yaglou
was dealing with an outdoor environment where the effect
of solar radiation is crucial, and the color of the outer
garments may be highly important, even though the long

wave infra-red emissivity does not vary significantly from
one fabric to another. In any indoor situation such as the
one we are dealing with in the shelter problem, the normal

blackened globe is perfectly adequate for determining globe
temperature and "Corrected Effective Temperature. "

Just as the Effective Temperature scale is probably the
best index for convenient comparison of environments bor-
dering on the zone of comfort, a quite different index,
devised in the 1940's and exhaustively examined and eval-
uated in the 50's, is probably the most reliable means of
comparing severe environments in which high humidities,
and temperatures up to 1 10°F or so, cause people to sweat
at substantial rates of between 0. 1 and 6 kilograms per four
hour s. This is the P4SR (which stands for Predicted 4-Hour
Sweat Rate) of McAxdle, et al., (1947).

Figure 111-30 presents the nomogram by which the P4SR

can be computed if one has a knowledge of the dry bulb and
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wet bulb temperatures, the air movement, the metabolic
rate, and the kind of clothing worn. The nomogram itself
does not handle completely the full range of all these param-
eters; for persons sitting at rest wearing shorts only, the
quantity yielded by the nomogram ii thl P43R. For all
other conditions the end result of computation with the nomo-
gram is referred to as the "Basic 4-Hour Sweat Rate, " or
B4SR. In such a case an increment to be added to the actual
or measured wet bulb must be determined by use of the inset
graph in order to get the B4SR for a working man; then a
further increment to be added to the B4SR must be computed
by means of the following two formulae which pertain to men
wearing shorts and coveralls respectively:

Shorts: P4SR = B4SR + 0. 014 (M-54)

Coveralls: P4SR = B4SR + 0. 25 + 0. 02 (M-54)

where M = metabolic rate in Kcal/mrn hr.

(If heavier clothing is worn an appropriate further
factor must be added. )

In Figures 111-31 and 111-32 families of curves have been
presented to assist the reader in visualizing the direction
and magnitude of the effects of work and air velocity under
maximal humidity conditions such as we may expect to
obtain in the shelter environment. Remembering that the
P4SR index system is based on the most painstaking and
intensive study of "acclimatized" naval ratings and soldiers,
and was checked and re-checked on similar personnel living
and working in the tropical regions of Singapore and Malaya,
one cannot fail to be impressed by the very strong effect of
air movement on the one hand and of metabolism on the
other to change the magnitude of the index, representing
the severity of the stress, at equal temperature. In con-
trast to the picture presented by these charts, we have the
anomaly, illustrated in Figure 111-33 of no consistent change
in the P4SR index for a shift of Effective Temperature from
about 84 to about 900F.

The tentative conclusion drawn from this comparison of ET
and P4SR is this: it will be necessary to explore much more
intensively the specially limited range of conditions pertinent
to our concern for the upper allowable limits of shelter over-
loading, before we will be able to establish with any degree
of certinty the relative reliability of these two types of
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index. A more immediate consequence of this comparison
is the illustration of the fact that, while 4. 5 may be the
P4SR index value which marks the threshold between gen-
erally acceptable conditions and those in which an increasing
number of "acclimatized" naval ratings will have difficulty
in completing a 4-hour period of exposure, an index value
of P4SR = 1 will probably produce one or two casualties
per hundred persons after a week or so of continuous, unre-
lieved exposure (Navy advance report on 1961 shelter tests).

At this point, it should be emphasized that the two indices,
ET and P4SR, are quite different in concept, approach, and
interpretation First of all, the P4SR value which charac-
terizes a particular combination of environmental variables,
clothing and work level, is supposed to be equivalent to an
equal P4SR value which may have been obtained for a
different combination of environmental variables, activity
levels and clothing. That is to say that a man subjected to
a P4SR of 5 when working hard is theoretically no more
likely to collapse within a 4-hour exposure period than a
man exposed to the same P4SR while sitting quietly in shorts.
This is in contrast to the situation relating to the use of
Effective Temperature, which does not distinguish among

different metabolic rates.

Parenthetically, in addition to its superior integrative
capability, the P4SR index is useful as a rough index of
water requirement - division by four provides an estimate
of the hourly sweat output. If to that quantity is added a
value for average hourly urine production and water con-
tent of feces or other avenues of water lose, the total water
output is derived. To avoid dehydration, water intake
(including water of oxidation) must equal water output. The
following equation defines the terms which should be accounted
for in determining water requirements:

HZ0req = Sweat loss (P4SR) + Urine H 20 loss

+ fecal H 2 0 loss + other sources of H 20 loss

- gain from H 20 of oxidation

In planning for hot environments, it is usually sufficiently
accurate if water requirement is computed by determining
the P4SR and adding a constant estimate for all the re-
maining terms.
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In view of the foregoing discussion we may conclude that
the P4SR constitutes the best available integrative thermal
index for our purpose. Having said this, we must not lose
sight of the fact that there it nlo iiubstitute for the ..cie
description of the heat transfer between the human body
and its surroundings as a means of determining the physio-
logical state which is called forth by the environment.

It might be well at this point to explain the reason why the
newly-developed parameter, the Oxford Index, has been
dropped from consideration in this discussion. The primary
reason is the absence of an air velocity term in the equation
for determining the Oxford Index, and the obviously crucial
importance of this factor in the shelter context. A further
factor in the decision was the realization that the agreement
between Sid Robinson's upper limit for the maintenance of
equilibrium at rest, and the asymptote of the predictive
equation for tolerance time as a function of Oxford Index,
is apparently fortuitous, in view of the fact that Robinson's
subjects were highly acclimatized, while those Involved in
the various tolerance experiments were practically un-
acclimatized.

(10) A prediction matrix based on the sweat response K factor
and the P4SR.

The analysis reported in these pages has served to establish
with little doubt that the present state of the available data
relative to physiological response to heat, upper acceptable
limits of stress, and duration of tolerable exposure, is not
adequate for the task of constructing a meaningful, flexible
prediction tool of reasonably significant reliability. On the
other hano, it is felt that the analysis has opened the way
to the methodical collection of experimental data on a highly
efficient and effective basis insofar as its applicability to
future prediction is concerned. The prospect of the advance
which could very well be made in the science of predicting
thermal stress and physiological strain, is a breathtaking
one; the unifying theory that has been developed under this
program may well permit the attainment of truly important
forward steps in the next year to 1 8 months, both in terms
of thermal physiology and in terms of shelter stress predic-
tion.

For the immediate future, it appears feasible and desirable
to marry two elements of the problem - represented by two
tasks.
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The first task is to establish firmly the relationship be-
tween the K factor and other characteristics of the shelter
population. A preliminary start on this task can be made
by means of an intensified search of the raw experimental
data which lies in the files of experimental scientists
around the world, in the specialized archives of the U. S.
Government, and at the Auxiliary Documentation Institute
activity of the Library of Congress. However, the biggest
advance on this front will come from the measurement of
the K factor on a carefully selected sample chosen to match
the distribution of various characteristics in the population
as a whole. One of the charms of the theory which has been
developed is the utter simplicity of the field measurement
which is required - skin temperature and weight loss. Skin
temperature can be measured by radiometer without re-
quiring contact with the skin of the subject; weight can be
determined before and after a period of exposure to a con-
trolled environment, utilizing a high precision balance,
which can be made completely portable and rugged. A
traveling mobile environment laboratory for gathering such
data in numerous urban and rural centers throughout the
country is one concept which should be considered for
gathering information about the distribution of the K
factor in the general population - information which is
badly needed if we are to predict shelteree response to
heat stress with reasonable reliability.

Concurrent with the collection of data on the existing K
factor in the general population, there should be an inten-
sive experimental investigation utilizing a small group of
subjects whose K factor is deliberately kept at a constant
value from one experiment to another, to determine the
exact nature of the relationship between skin temperature
and air and wall temperature on the one hand and humidity
on the other - a critical "refinement" which had never, to
our knowledge, been introduced into the otherwise similar
experiments of the past. One important parameter which
needs to be established more firmly than is possible now,
is the point at which the skin becomes "totally" wet. If
one visualizes a line of constant sweat rate plotted upon a
psychrometric chart (with dry bulb temperature as the
abscissa and vapor pressure as the major ordinate), we
would expect the line to follow a constant dry bulb tempera-
ture until it approaches the condition of 100 percent wetted
area, whereas coming the other way from its origin on the
saturation line, the line of constant sweat rate would follow
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a fixed slope until it approached the same "drip point. I

The goal would be to determine experimentally a family

of constant sweat rate lines, one set for each of several
ctiv v.6 y levels, air veA Ioci.w, and K factor intervals.

Having obtained the foregoing data, it would then be desirable

to relate them to the thermal tolerance data of the past
(wherever possible) and more particularly to measures of
physiological strain. Having determined the variation of
K. within the population, and having more accurately de-

fined the quantitative aspects of the biophysical mechanisms
as they relate to the K factor, it should then be quite
feasible - and extremely useful - to construct a thermal
tolerance prediction matrix for the general populition (or
for special groups within it) based on the sweat response K
factor and the P4SR. Given a definable median, mean, and
distribution of the K factor in the population at risk in a
particular shelter, the proposed technique would make it
possible to predict the range of skin temperature and sweat
rate to be expected as a function of environmental load (or
index of heat stress).

By reference to a series of psychrometric charts bearing
parametric curves of equal skin temperature, the probable
boundary condition separating the dripping sweat region
from that where all the sweat is evaporated, can be esti-
mated. If the predictive material is suitably arranged, it
should be possible to prescribe the minimum rate of air
movement which is required at any combination of wet bulb
and dry bulb temperatures to prevent the wastage of sweat
(i. e. , dripping). This value for required air movement
can then be compared with tabular or graphic material
which indicates the energy cost to achieve such an air
velocity, whether by manpower or in more conventional
ways.

(11) An index of physiological strain, and prospects for its

experimental determination

A theoretical rationale has been advanced by Hatch to
justify the aelection, as a measure or index of physiological
strain due to thermal stress, the ratio:

skin blood flow/total cardiac output.

At the time Hatch made this suggestion, neither element
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in the ratio was amenable to direct measurement, and he
offered the suggestion only for the value which it had in
clarifying thoughts about the problem of quantifying thermal
strain. With the rapid advance in the state-of-the-art of
bio-instrunontation1 which has occurred in the past year or
two, it can be anticipated that within six months of the date
of writing this report it will be possible to estimate, if not
to measure directly, cardiac output, and a means of quan-
tifying the skin blood flow parameter should have been
worked out. Research is currently under way to determine
the feasibility of measuring cardiac output by an indicator
dilution method without penetrating the skin in any manner. *

The technique, the potential of which is being explored
experimentally as well as analytically, is that of using
heat as the indicator (in the same manner as dye or radio-
active material might be used if one were willing to puncture
the skin and vessels), with this heat being added in an
extremity and detected in an artery on the other side of
the body. The conclusion from another study performed
by the same group was that the prospects are excellent for
resolution of the final remaining problems to make the
direct measurement of blood pressure by external arterial
tonornetry an accurate and reliable measurement on the
relatively active man. Should this prediction be confirmed,
the product of pulse rate and an integration of the arterial
pressure curve could be used as a fairly reliable index of
cardiac output.

Irrespective of the degree of reliance we are able to place
upon our estimates of cardiac output and skin blood flow,
the concept can be used to advantage in interpreting the
meaning of experimental measurements taken in the course
of moderate to severe heat stress experiments. When a
heat collapse occurs, it seems to be due to a failure of the
cardiovascular control system to adequately adjust the
distribution of the flow of blood between the central nervous

system, the metabolically active tissues, and the skin. As
far as we have been able to determine, this is still true
whether the collapse occurs at the end of several days of
continuous exposure to a moderate stress (such as after
seven or eight days in the two week 100-man shelter test con-
ducted by the Navy) or the acute failure which occurs

*Work being performed by Webb Associates under contract to NASA

Manned Spacecraft Center as of the date of this writing.
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at the end of about two hours when a man is exposed to
130OF air and wall temperature with a water vapor pres-
sure of 10 millimeters of mercury.

It does not seem likely that a simple difference in the
ability to sweat between acclimatized and unacclimatized
people would be a sufficient explanation for both of those
empirical facts; apparently, a great deal more is involved
in the acclimatization process than that - and the skin-to-
total blood flow ratio may well be the index which provides
the needed correlation between strain and diverse thermal
stresses. Suffice it to say that any effort expended toward
the quantification of this parameter should be richly re-
warding in improving our understanding of past and future
experimental results pertaining to heat collapse.

(12) Conclusions

From the foregoing analysis, the rather startling conclusion
can be reached that perhaps the best way to improve the
habitability of shelters under oppressive circumstances is

to improve the physiological characteristics of the shel-
terees. In large degree, arrival at this conclusion has
been heavily influenced by the discovery that people in
general differ so enormously in their heat stress resistance.
Since we have found that this resistance is quantifiable by
means of a parameter which relates sweat output, metabo-
.dsm, and skin temperature, and that an increase in the
numerical value of this parameter - the K factor - is asso-
ciated with a vastly improved ability to tolerate heat in the
individual, we have recommended that primary attention
be given to the task of modifying this characteristic in the

specific individuals who constitute the occupants of a given
shelter.

A still more radical approach could be offered as an alter-
native, namely eliminating the need for sweating by main-
taining a wet garment and thus a relatively cool skin. Thus
the probability of encountering heat casualties will be vastly
reduced if the operation of the sweating mechanism is made
less onerous for the body or eliminated as a requirement
altogether. The additional benefits to electrolyte balance,
hydration, maintenance of sweating, and modesty, together
with the beneficial effects on water economy, make this
approach the distinctly favored one. More detailed com-
ments on the various methods for increasing the thermal
stress which can be survived, are offered in Section IV.
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b. Atmospheric Variables

(1) Oxygen, carbon dioxide and respiration

The level of oxygen and carbon dioxide in the shelter atmos-
phere is intimately relaterd te% the. rate nf oVyen ,,* 14 .atin

and carbon dioxide production of the inhabitants and the rate
of ventilation of the shelter. Oxygen utilization and carbon
dioxide production, in turn, are functions of number, age,
sex and state of health of the occupants; activity level; diet;
environmental temperature, and other factors. Maintenance
of an adequate respiratory environment in the shelter is
vital to survival of the occupants, and requires that oxygen
and carbon dioxide in inspired air be maintained reasonably
close to their normal proportions in the atmosphere. To
define the contribution of CO 2 and 02 levels to the stresses
present in an overloaded shelter, physiological background
and tolerance limits for oxygen and carbon dioxide in rela-
tion to their expected concentrations in the shelter atmos-
phere are discussed in the following sections.

(a) Physiological background

In measuring tolerance limits In the human to decreased
oxygen, the closer to the tissue level one measures the
partial pressure of oxygen (pO2), the less will be the
variation in the observed PO2's corresponding to given
physiological changes. Thus, in specifying tolerance
limits, the measure of choice would be tissue pOZ and
pCO2 . However, since such measures are generally
difficult or impossible to make under practical conditions,
blood gas measurements are usually made due to the rela-
tive ease with which blood is withdrawn. However, more
variability exists in the correspondence between blood
gas measures and physiological response than between
tissue gaseous tensions and response.

Even easier, but introducing even more source of vari-
ability. is the measurement of exhaled gases - which, if
properly taken, closely correspond to alveolar gases.
And, of course, ambient gas tensions are easiest of all
to measure, but are the least reliable of those mentioned
as predictors of physiological response - even though the
most popular in the general environmental literature.
Although for many purposes standards based on external
environmental measures are satisfactory, the analysis
of effects of environments in which both oxygen and car-
bon dioxide vary outside normal limits requires physio-
logical standards based on blood gas measures such as
arterial p0, pCO2 and 02 content or saturation. Such
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blood gas predictions require a knowledge of alveolar
partial pressures of 0 2 and CO2 as well as the gas com-
bining properties of blood. For many toxicological
predictions, pulmonary ventilation rate (minute volume)
must be known as well. Therefore, a brief review of
the methods for computing these values is given below.
To provide a general idea of the magnitude of the gas
pressures involved, Figure 111-34 is included to show
the normal values for pO2 and pCO2 at various points
within the cardiorespiratory system beginning with
ambient air and progressing to the tissue level.

(I) Alveolar and blood gas composition

Air brought into the lungs is saturated with water
vapor and mixed with carbon dioxide to produce
alveolar air. The partial pressure of oxygen in
alveolar air for subjects in the steady state is given
by the following equation (Fenn, et al, , 1946; Hanifan,
1958):

0 f(p B - 47) Q - p'C[1-fO(l-Q)] + fC(PB 47)

fC(l-0) + Q
Eq. 6

which, in the absence of significant quantities of CO 2
in the inspired air, can be simplified to:

p'O = fOlPB -
4 7

) - p'C I-fo(-Q) Eq. 7

where:
pO = alveolar PO 2' mm Hg

p'C = alveolar PCO2 , mm Hg

fO = fraction of 0 in inspired gas (0. 2093
for normal atmospheric air)

PB = barometric pressure, mm Hg

Q respiratory exchange ratio (metabolic
quotient for the steady state, 0. 82 for
normal diet, 0. 90 for diet which is
largely carbohydrate)

fC = fraction of CO in inspired gas
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Figure III - 34.Diagram of the Hluman Respiratory and
Circulatory Sys temn Showing Normal
Values of p0 2 and pCO z for Adults (Taken

from }anifan, 1958).
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In addition to alveolar pO2 and pCO2 it is frequently
desirable to compute pulmonary ventilation, a quan-
tity which is dependent on the rate and depth of
.. ,thiag. 'Je pbyaluougicai mechanisms which
control rate and depth of breathing are not com-
pletely understood. Nevertheless, the effects on
pulmonary ventilation of many conditions of the gas-
eous environment are well known. In particular, the
effects of carbon dioxide in the inspired air, hypoxia,
and exercise have been investigated. Such factors
as anxiety are also recognized as affecting pulmonary
ventilation but are difficult to quantify.

To a first approximation, pulmonary ventilation is
regulated in such a manner that the alveolar carbon
dioxide tends to be maintained at a more or less con-
stant value of 5 percent at sea level (equivalent to a
pCO of 38 mm Hg). Normal resting pulmonary
venthation is on the order of 10 liters par minute
BTPS (gas volume expressed at body temperature
and pressure, saturated with water vapor). Addi-
tion of carbon dioxide to the inspired air increases
the ventilation, which may reach 50 to 80 liters per
minute when breathing CO 2 at a concentration of 8
to 10 percent at sea level pressure. (Experimental
values are presented in Figure 1II-35). The increased
ventilation may be ascribed to the effort of the regu-
latory mechanism to maintain a constant alveolar
carbon dioxide partial pressure. However, increase
in alveolar carbon dioxide cannot be avoided com-
pletely, but only minimized. At concentrations on
the order of 10 to 12 percent carbon dioxide in the
inspired air, pulmonary ventilation begins to be
reduced due to the anesthetic effect of high concen-
trations.

In relatively short exposures (such as would be ex-
pected in the shelter during initial "button-up, " ven-
tilation system failure, etc. ), reduction in oxygen
content of inspired air will also increase pulmonary
ventilation, although the concentration must be re-
duced to about 12 percent in acute exposures before
significant increases occur. Consequently, in
shelter exposures of concern here, the increase in
pulmonary ventilation observed will be due primarily
to increased carbon dioxide. Although the process
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of acclimatization to lowered oxygen tension would
change this picture significantly, it is not likely
that lowered oxygen tensions will exist in the shel-
ter for periods sufficiently long to bring such alter-
ations about.

During muscular exercise both oxygen consumption
and carbon dioxide production are increased. Thus,
the increased demand of the body for oxygen, which
calls for an increase in pulmonary ventilation to
supply that demand, is accompanied by an increase
in the rate at which carbon dioxide is built up in the
blood and released to the alveoli. This, in turn,
stimulates the breathing mechanism to increase the
pulmonary ventilation to maintain the carbon dioxide
at its normal level.

Equations for computing alveolar ventilation are as
follows (Fenn, et al., 1946; Hanifan, 1958):

v 0 o. 863 Xo [Q+f c(l -a)] Eq. 8
a -- p'C-fC(PB - 47)

or

=. 863 X,. [1-fO(l-Q)] Eq. 9a fO (P B - 47) - p'O

where the barometric pressure is 760 mm Hg, and:

V' = alveolar ventilation, liters/min BTPS
a (alveolar ventilation is that part of the

total pulmonary ventilation which is effec -
tive at the alveolar level)

X0 = 0 2 intake, cc/mnn STP

0 = respiratory exchange ratio

fC = fraction of CO 2 in inspired air

fO = fraction of 0 2 in inspired air

pC = partial pressure of CO 2 in inspired air

pO = partial pressure of 0 2 in inspired air
-llZ2



p'C = partial pressure of CO in alveolar air

p'O = partial pressure of 0 2 in alveolar air

Alveolar ventilatic,., -.a , can be convert'd to total
pulmonary ventilation, VI, if breathing frequency
and deadapace ventilation are known. Deadspace
ventilation is equal to frequency times deadspace
volume. Thus

Vt' = V' + V' liters/min BTPS
t a d

where Vt = deadspace ventilation. For calculations
involVing shelter occupants, reasonable approxima-
tions for the non-environmental terms used in the
above equations are as follows:

X = oxygen uptake (cc/min STP) computed as

0 equivalent to heat output or metabolic rate,

taking into account age, sex, activity, etc.

Q = 0. 90 (largely carbohydrate diet)

p'C = 38 mm Hg at fC = 0; see Figure 111-36
for values at fC greater than zero

p'O = value computed by I iuation

V d = 150 cc

In the ideal case, blood which has passed through
the lung capillaries is in gaseous equilibrium with
the mixed alveolar air. However, due to the pre-
sence of shunts, unequal distribution of pO among
alveoli, and incomplete diffusion, this ideai is not
achieved for oxygen (although equilibrium is very
nearly achieved for carbon dioxide). According to
Farhi and Rahn (1955), the alveolar-arterial differ-
ence in pO can bc related to alveolar pO2 , such
that the arterial pO is lower than alveolar p_ by
6mm Hg at 60 mm Ig pO alveolar, by 8 mm g at
100 mm Hg pO2 alveolar and by 8 mm Hg at 48 mm Hg
pO alveolar. An average value of 7 mm Hg for the
alveolar-arterial oxygen difference should be satis-
factory for most computations involving shelter en-
vironments.
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By using the foregoing equations 2As allowing for the
alveolar-arterial oxygen difference, it is possibie to
predict the pO2 and pCO2 of arterial blood.

Most of the oxygen carried by blood is in the form of
oxyhemoglobin, or hemoglobin combined with oxygen.
Hemoglobin combines with oxygen at higher partial
pressures and gives if off at lower partial pressures.
The curve(s) relating the percent saturation with
oxygen of hemoglobin in blood, and the partial pres-
sure of oxygen in a gas in equilibrium with it is
known as the oxyhemoglobin dissociation curve, and
is given in Figure 111-37 for various levels of pCO.
A convenient form of the same relationships to be
used for predicting %HbO 2 is given in Figure 111-38,

The oxyhemoglobin dissociation curve is useful to the
present analysis because it enables the arterial blood
oxygen saturation to be determined when arterial
pO2 and pCO2 have been computed as described in
the foregoing discussion. The importance of knowing
%HbO2 is due to the fact that the difference between
the blood oxygen saturation at arterial pO and at
tissue p0 2 (approximately that of venous bood) is
proportional to the amount of oxygen which is avail-
able for tissue consumption, a quantity which is of

prime significance. Of course the levels of tissue
pO 2 and pCO2 would be of greatest value since these
determine the basic adequacy of the cellular environ-
ment as well as the potential against which oxyhemo-
globin unloads oxygen and accepts carbon dioxide.
However, for our purposes a knowledge of arterial
blood oxygen saturation (%HbO 2 ) and alveolar pO2
and pCO will be sufficient since %HbO and alveolar
pO and pCO have been reasonably wehl correlated
with levels ofperformance for various tasks and with
various physiological and psychological changes.

Utilization of blood oxygen saturation and alveolar
p0

2 and pCO2 instead of ambient oxygen and carbon
dioxide concentrations has a number of advantages
for analysis of shelter environments:

1. Effects of 02 and CO 2 can be combined, a factor
which is important since CO. tends to increase
in cases where 0 2 decreases in the shelter.
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2. To compute the combined effects of low pO 2 and
pCO (carbon monixide), it is necessary to con-
sider 0 oHbO in conjunction with %HbCO (see
section on ('O).

3. Less variability is expected to exist in the corre-
lations between blood and alveolar measures and
physiological effect than between ambient oxygen
concentration and physiological effect.

4. Population variability can be expressed conven-
iently in terms of alveolar or blood gases.

Unfortunately, the greatest share of the generally
cited data on physiological and psychological response
to decreased pO2 and to increased pCO2 have been
taken from experiments on healthy, young men. For
reference purposes, the more important of those data
are included here. Figure III- 36 provides a basis
for estimating the alveolar pCO which accompanies
the breathing of CO in shelter air. Along with the
breathing of CO there is also an increase in respira-
tory (pulmonaryi minute volume, which is given in
Figure 111-35. These data provide a basis for choos-
ing a value for p' C when computing alveolar pO2 by
Equation 6.

Given alveolar pO and pCO and adjusting pO for
the alveolar-arterial oxygen2difference (usually about
7 mm Hg), arterial blood oxygen saturation (%HbO )
can be estimated by referring to the oxyhemoglobin
dissociation curves given in Figure III- 37 and in
Figure III- 38.

The values which are computed using the foregoing
data will be most relevant to resting, healthy, young
men. The computation of values for different ages
and sexes and particularly for diseased states, re-
quires adjustment of those data in many cases.
Vigorous exercise will also impose a requirement for
adjustment, but at the activity levels expected in the
shelter, resting data appear to be sufficiently close.

Experimental values for alveolar pO and pCO2. and
arterial blood oxygen saturation (%HO 2 ) at various
levels of inspired oxygen concentration are given
in Table I1- 10, which is a compilation of data for
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relatively short exposures of half an hour or less.
For longer exposures and a greater range of ages,
one of the most comprehensive studies of the effects
of exposure to oxygen concentrations from 14 percent
to about 11 percent was reported by McFarland (1938),
who observed responses of over 200 male subjects
between the ages of 18 and 72 years. He made many
physiological and psychological measurements during
exposure durations of two hours (plus time of onset).
Observed values for alveolar pO z and pCO 2 at ten
levels of percent oxygen in inspired air are given in
Table ILI-11. It should be noted, however, that car-
bon dioxide was present in greater than normal con-
centrations (0. 36 to 0. 90, mean 0. 53%). However,
the presence of carbon dioxide does not invalidate
the results for our purposes, since greater than nor-
mal concentrations of carbon dioxide are expected in
the shelter as well.

(ii) Response to 0? and CO? concentrations

A feature of particular interest in McFarland's inves-
tigation was the observation that slowly reducing the
oxygen concentration was more tolerable than rapidly
reducing the concentration even though the terminal
concentrations were the same. For instance, a num-
ber of subjects who could be decreased to 11. 2 per-
cent oxygen in 75 minutes and stay for two hours
would collapse if the decrease was made in 30 min-
utes. Apparently, a short term accommodation can
take place if the oxygen concentration decreases
slowly, a factor which is important in determining
the tolerable limits of oxygen deficiency in the shel-
ter. Tolerance limits to hypoxia have generally been
derived from data in which the onset of hypoxia was
sudden rather than gradual. Consequently, lower
concentrations of oxygen can be tolerated than has
generally been supposed for the shelter situation, and
the use of most tolerance data provides a built-in
safety factor. In addition to that factor, small con-
centrations of carbon dioxide seem to result in an
elevation of alveolar pO due, in part, to increased
pulmonary ventilation. 2 1n McFarland's experiments,
chamber carbon dioxide concentrations were higher
for slow onset than for rapid onset (see Table III- 11)
a factor which may also have contributed to the
greater tolerance for slow onsets.
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It is known that a well-controlled rise in pulse rate
is a favorable response to lowered oxygen tension
and that many persons in poor physical condition
respond with either an unusually large increase in
pulse rate or with no change at all. For normal sub-
jects the picture of increasing pulse rate with decreas-
ing oxygen concentration is particularly clear-cut for
the faster onsets. The average blood pressure re-
cords do not show definite trends although at moderate
concentrations of around 12 to 13 percent most sub-
jects react with an initial increase in either the
systolic or diastolic blood pressure, or both, followed
by a well-controlled fall to normal values. A more
reliable objective indication of the physiological state
is the level of hypoxia as measured by the alveolar
oxygen and carbon dioxide pressures.

Objective physiological measurements are difficult
to interpret unless they are accompanied by some
measure of performance. In the shelter, measures
of general discomfort and well-being are particularly
relevant. In an effort to measure the "general dis-
comfort" accompanying prolonged exposure to reduced
oxygen concentrations, McFarland asked each subject
to write a running account of his subjective reactions.
The most frequent complaints recorded voluntarily by
each subject are shown in rank order as to frequency
in Table 111-1 2.

TABLE 111-12

MOST FREQUENT COMPLAINTS NOTED VOLUNTARILY BY SUBJECTS
AT THE OXYGEN CONCENTRATIONS SHOWN FOLLOWING RAPID ONSETS

02 Concentration
Complaints 14% 13% 12% 11. 2%

Headache 10.5 33.3 62.4 66.7
Respiratory changes or difficulties 26.3 16.7 42.5 60.0
Excessive sleepiness 21. 1 50.0 37.5 30.0
Vertigo or dizziness 5.3 0 32. 5 53.3
Difficulty in concentrating 21. 1 16.7 5.0 46.7
Sensory impairment 5. 3 16.7 30.0 33.3
Lassitude, Indifference 21.1 16.7 25.0 13.3
Fatigue 5.3 0 27.5 33.3

Adapted from: McFarland, (1938).
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McFarland's objective tests showed significant im-
pairment of performance at oxygen concentrations
only at 12 percent or below on the average. For
instance, handwriting tests showed significant deter-
ioration in motor control at 12 percent and less, being
fairly great at 11 percent following rapid onset. Hetero-
phoria tests in which the amount of ocular muscle
imbalance was measured showed a significant differ-
ence from controls only when concentrations fell
below 12 percent. Likewise, choice reaction times
were not significantly lowered until concentrations
lower than 12 percent were used. Color naming tests,
code transliteration tests, and memory for paired
associates tended to show impairment at concentra-
tions between 14 and 12 percent.

McFarland's results indicate that reasonably healthy
shelterees from the ages of 18 to 72 can be subjected
to oxygen concentrations as low as 12 percent for at
least two hours without significantly deteriorated
performance except for memory and concentration.
However, at only 14 percent oxygen as many as 10
percent may complain of headache and over 20 per-
cent may complain of respiratory difficulties, exces-
sive sleepiness, difficulty in concentrating and lassi-
tude and indifference (Table 111-12).

Otis, et al., (1946) studied the effect of varying alveo-
lar pO2 and pCO2 on performance as judged by a
steadiness test and a test of contrast discrimination.
Figure 111-39 summarizes their data. In comparing
the data of McFarland with those of Otis, et al., it
is interesting to note that McFarland's alveolar gas
observations at 14 and 13 percent inspired oxygen
fall within the Otis, et al., '"Region of Normal Per-
formance," and that the observations at 12 and 11
percent fall within the region of "Impaired Perform-
ance, " thus demonstrating a good general agreement
between the two bodies of data within the range of 11
to 14 percent oxygen in inspired air.

Correlations have also been made between arterial
oxyhemoglobin saturation and performance measures.
Values given by the Corrmittee on Aviation Medicine
(1944), are as follows:
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that a subject's experimental score was not different from
his control score. The blacker the symbol, the lower the
probability and the greater the certainty of abnormality.
Solid circle with cross, P < 0. 01; solid circle, P = 0. 01 to
0.05; half solid circle, P = 0.05 to 0. 1; open circle with dot,
P = 0. 1 to 0.5; open circle, P > 0. 5.(Taken from White, 1954;
after Otis et al, 1946.)



%HbO2  General condition of subject

85 Appreciable handicap
75 Considerable handicap
70 Serious handicap

60-65 Imminent collapse

To determine the degree of general agreement be-

tween McFarlandts data and the above scale, four
of McFarland's sets of mean values for alveolar
pO 2 and pCO (first hour, slow onset) were con-
verted to %Hi02 assuming a 7 mm Hg oxygen differ-
ence. The results are tabulated below:

Alveolar gases Assumed arterial gases Predicted
%00' chamber p0 2  pCO2  pO2  pCO2  oHbO

14.06 59.3 37.6 52.3 37.6 85
13.25 53.7 37.7 46.7 37.7 82
12.16 43.9 38.8 31.8 38.8 63(72w/o O2 -diff)
11.10 43. 2 34.6 31.2 34.6 64(72w/o 0 2 -diff)

In general, the agreement is reasonably close. On
the basis of predicted %HbO for McFarland's data,
the values at 14 and 13 percent (85 and 82 /01HbO 2 )
correspond to appreciable (just noticeable) handicap
and the values at 12 and 11 percent correspond to a
state of serious handicap or Imminent collapse,
depending on the assumption one makes about alveolar-
arterial oxygen difference.

Short exposures to CO 2 of up to an hour and a half
or so have been fairly well explored and tolerance

times at various concentrations of up to 10 percent
or more have been well reported. Figure 111-40 is
one of the generally accepted curves. Note that up
to one percent can be tolerated for at least 100 min-

utes without noticeable symptoms, and that about two
percent is the threshold for distracting discomfort.
Six percent for 100 minutes is the concentration
which leads to dizziness, stupor and unconscious-
ness.

Nuclear submarines operate at a concentration of
about one percent CO . In "Operation Hideout, " Z0
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Figure 111-40 Time concentration curves for reaction to carbon
dioxide in inspired air. Curves based on an
analysis by King (1949).
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young men were exposed to one and a half percent
CO 2 for over 40 days with some shift in chemical
balance, but no subjectively noticeable effects. At
higher concentrations, hyperventilation, headaches
and other effects may be produced (Gates, 1962;
Schaefer, 1960). A summary of the findings of various
researchers on effects of carbon dioxide at various
concentrations Is presented in Table I1- 13.

Schaefer (1960) proposes three levels of response
which may be used as tolerance limits for chronic
CO 2 exposure, as follows:

% Inspired COZ Response

3% and above Level producing performance deterio-
ration, alterations in basic physiolog-
icP1 fiinctions as expressed in changes
of weight, blood pressure, pulse rate,
metabolism and finally pathological
changes.

1. 5% Level at which basic performance and
physiological functions are not affected.
Produces adaptive changes in elec-

trolyte exchange and acid-base balance.

0.5 - 0.8 % Level at which no significant physio-
logical, psychological or adaptive
changes occur.

(iii) Production and utilization of CO 2 and 02

The concentration of oxygen and carbon dioxide in the
shelter will depend on the rate at which shelterees
utilize oxygen and produce carbon dioxide, and on the
rate at which fresh air enters the shelter via the ven-
tilation system, This section is concerned with the
rate of utilization and production of oxygen and carbon
dioxide under various conditions and for various seg-
ments of the population.

Table 11- 3, already presented in the section on
population variables, shows the mean resting oxygen
consumption and carbon dioxide production for age
and sex groups in the general United States population.
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TABLE 111- 13

REACTIONS TO CARBON DIOXIDE

No. of
cases Exposure Observer Effects

pCOZ Time
min.

(Bodily compensatory reactions, below level of perception)

6.0 Haldane & Priestly 1176 increase of respiratory
minute volume (R. M. V. )

16 7.6 17-32 Schneider & Truesdale Slight increase of systolic

and diastolic blood pressure,
247o increase R. M. V.

15.2 ? Brown Unaware of increased
breathing, dyspnea only
on exertion

16 15.2 17-32 Schneider & Truesdale Small increase of blood

pressure, 500/ increase
of R. M. V.

(Bodily compensatory reactions, level for perception, distraction)

-- 22.8 -- Macleod Depth of breathing doubled,
increase is perceived

8 22.8 1 Spealman Perceptible for most
subjects

37 exp. 22. 8-26. 6 1-2 Gellhorn & Spiesman Small loss in threshold of
hearing at 128, 2048 and
4096 cps

(Bodily compensatory reactions, distracting discomfort)

? 22.8-30.4 300-400 Brown Mental depression, headache,

dizziness, nausea; 1-30F
fall in rectal temperature

16 30.4-38.0 17-32 Schneider & Truesdale "Breathing fails to satisfy
intense longing for air"

16 38.0 17-32 Schneider & Truesdale Headache, dizziness,
hiccoughing

45.6 1-2 Gellhorn Decrease in visual discri-
mination

? 53.2-60.8 60 Tomaszewski et al. 1 hour inhalation per day
tole rated
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TABLE 111-13

(continued)

No. of
cases Exposure Observer Effects

pCO2 Time
min.

(Failure of compensatory reactions at or near limit of maximum voluntary
tolerance)

38.0 lZO Davis, Haldane and Limit of tolerance
Kennaway

3 45.6 20-1/2 to 22 Brown Much discomfort, severe
symptoms impending

5 45.6 30 or more Alexander et al. 5 headaches; 2 vomited
(13% o)

6 57.0 3-1/2 to 6 Brown "Symptoms urgent"

2 57.0 15 Barcroft & Margaria "Highest quantity that could
be endured over 15 minutes:

16 60.8 17-32 Schneider & Truesdale Maximum tolerated

5 66.9 7-10 Brown Very near tolerance limit

? 76.0 Few min. Barcroft & Margaria Maximum endured

(Marked deterioration, inability to take steps for self-preservation)

42 57.8 2-1/2 to 10 Dripps & Comroe 13 dyspneic; 14 dizzy,
1 unconscious; headache,
head fullness; sweating

7 79.0 1/ZtoZ-1/4 Brown Serious symptoms impending

31 79.0 2-1/2to 10 Dripps & Comroe Only 2 tolerated 5 min.
exposure; 18 dizzy;
10 dyspneic; 7 faint

7 94.2 3/4 to 2 Brown Severe dyspnea, dizziness,
drowsiness; I collapse

2 141.0 2 Haldane & Smith Imminent unconsciousness,
dullness, cyanosis, throbbing
in head

6 over 182 1-1/2 to 2 Air Transport Assoc. 3 groggy--escaped; 1 almost

collapsed, escaped; 2
unconscious (flight trials)

(Webb Associates, 1962; after King, B.W.; J. Ind. Hyg. & Toxicol. 31:366, 1949)
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These data form the basis for determining the general
effect on oxygen consumption and carbon dioxide pro-

duction of differing the composition of the population
in the shelter. However, the values must be adjusted
for activity level. This can be done in an approximate

way by referring to Table 111-14 which presents
typical data on activity levels for men and women in
terms of the percent increase in oxygen consumption
over supine. These values can be used to arrive at

approximate adjustments of the values given in Table 111-3
for activity level. Although the percent increase over
supine for adults may not be precisely the same as for
children for the same activity due to different muscle
efficiencies and body masses, the error introduced by
use of the adult data for children will probably not be
significant in the shelter context. Since oxygen con-
sumption can be converted to heat production and vice
versa, the percent increase over supine (resting or

basal) can also be used to adjust the heat production
values given in Table 111-3 for different activity
levels. The same is true for carbon dioxide produc-
tion if one assumes a constant respiratory quotient
(Table 111-3 assumes 0. 85).

(b) Computation of shelter atmospheric pO2 and pCO2 and

resulting alveolar and blood gases

Using the equations derived in Appendix D the concen-
trations of oxygen and carbon dioxide in shelter air for
various levels of overloading were predicted assuming
(1) a shelter population in which age and sex are distri-

buted in the same proportions as in the general United
States population; (2) an average 24 hour activity level
which results in oxygen consumption rates equal to 1. 72
times basal; (3) ventilation of the shelter with fresh air
at a rate of 3 cubic feet per minute per person for the

planned number of occupants (ventilation rate does not
increase with loading);and (4) a barometric pressure of
760 mm Hg and a temperature of 85 0 F. The results of
the computations for overloading up to 10. 0 times planned
loading are presented in the first three columns of
Table 111-15.

Using the techniques and data presented in the section on
physiological background, alveolar and arterial pO 2 and
pCO2 , arterial %HbO and alveolar ventilation rate were
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TABLE 111- 14

ADJUSTMENT FACTORS FOR OXYGEN CONSUMPTION,
CARBON DIOXIDE PRODUCTION AND HEAT OUTPUT IN
TERMS OF TYPICAL PERCENT INCREASE OVER SUPINE
(BASAL OR RESTING) FOR VARIOUS ACTIVITIES*

16 Increase
Activity Over Supine

Men

Sitting at ease 54
Standing at ease 69
Dressing, washing, shaving 204
Walking (indoors), 2. 4 mi/hr 268
Laboratory work 174
Washing dishes 182
Carpentry, joining floorboards 276
Carpentry, sawing soft wood 439

Women

Sitting 11
Standing 13
Washing, dressing, undressing 237
Horizontal walking, 1. 1 mi/hr 103
Horizontal walking, 2. 2 mi/hr 190
Washing dishes, top of pan 42 in. from

floor (ht of subject 66 in.) 40
Bedmaking, stripping 451
Typing, mechanical, 40 words/min 51

*Values taken from Spector, 1956; Table 315, pg. 347.
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TABLE 111- 15

COMPUTED EFFECT OF OVERLOADING ON SHELTER,
ALVEOLAR AND BLOOD GASES: NORMAL VENTILATION-

Overload Shelter Air Alveolar Air Arterial Blood Alveolar
Factor 02 CO 2  pO2  pCO 2  pO2  pCO Z HbO 2  ventilation

____m_ % % mm mm mm mm liters/min

0 20.93 0.03
1.0 20.5 .39 114.4 38.0 116.1 38.0 >97 6.8
1.5 20.3 .56 113.9 38.1 115.7 38.1
2.0 20. 1 .74 113.6 38.2 115.4 38.2
2.5 19.9 .92 113.2 38.3 115.1 38.3 " 8.1
3.0 19.7 1.10 112.8 38.4 114.8 38.4
3.5 19.5 1.27 112.4 38.5 114.4 38.5
4.0 19.3 1.45 112,0 38.6 114.1 38.6
4.5 19.1 1.63 111.7 38.7 113.8 38.7
5.0 18.8 1.81 110.4 39.0 112.5 39.0 9.9

10.0 16.75 3.59 104.5 42.0 106.8 42.0 97 15.8

Assuming ventilation by outside air is 3 cfm/person for the planned
loading (1. 0) and that total ventilation does not increase with loading.
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predicted for each level of overloading and are presented
in the last six columns of Table 111-15.

in no case do alveolar or arterial gas values fall outside
normal tolerance limits, although alveolar ventilation
rates become unpleasantly high in the shelter loaded to
ten times its planned occupancy - a loading which, how-
ever, seems highly unlikely. Carbon dioxide concentra-
tions do not exceed one percent until overloading reaches
3.0.

In examining the predicted values for alveolar gases, it
seems surprising at first glance that pO is so high even
at 16. 75 percent oxygen in shelter air. 'However, inspec-
tion of the general alveolar equation and of the alveolar
ventilation equation reveals that the high pO is due largely
to the presence of carbon dioxide in the inspired air, which
stimulates alveolar ventilation. Since oxygen consumption
does not increase as ventilation increases, less oxygen
is removed from a unit volume of mixed gas than is the
case for lower ventilation rates, Performing the compu-
tation for 16. 75 percent oxygen in the absence of carbon
dioxide, the predicted alveolar p0 is 77. 9 mm Hg In-
stead of 104. 5 mm Hg which is ob'ained when 3. 59 per-
cent carbon dioxide is also present.

The worst case is one in which the shelter is closed
tightly with no ventilation by outside air. For a 100 man
shelter containing 6500 cubic feet air space, the computed
time required for oxygen to decrease to 14 percent is only
35 minutes for a normally loaded shelter, at which time
the carbon dioxide concentration has increased to almost
6 percent, a concentration which leads to unconscious-
ness if the exposure is prolonged for as much as an hour
and a half. However, the build-up time must also add to
the stress such that the hour and a half could not be
achieved in practice.

It is of interest to note that in the foregoing illustration,
alveolar pO 2 and pCO would approach 80 and 50 mm Hg
respectively and that arterial blood oxygen saturation
would be 88 to 90 percent. It is clear that carbon dioxide
toxicity will be the limiting factor during shelter "button-
up" or ventilation failure.

-133-



(2) Trace atmospheric contaminants

While trace atmospheric contaminants do not appear to present
a serious problem (except for odor) in normal shelter situa-
tions, they can become important in overloading with respect
to their contribution to the overall stress. In particular,
flatus, respiratory exhallants, volatile skin secretions, vola-
tile constituents of fecal matter and vomitus, and products of
smoking, will have important physiological effects if present
in sufficiently high concentrations for long periods of time.
To assess the importance of trace atmospheric contaminanits,
their sources and probable amounts are discussed below.

(a) Flatus (bowel gases)

The quantity and composition of flatus principally depend
on the amount and kinds of food consumed, the bacterial
flora of the bowel and individual variation in digestive
processes. Consequently, considerable variation in
flatus production exists.

In the absence of specific data on flatus production of
subjects subsisting on the shelter rations, data on
individuals living on a normal diet were used. Various
estimates of average flatus volume vary from 500 ml per
day (Beazell and Ivy, 1941) to over two liters per day
(Kirk, 1949, cites values as high as 1. 84 ml/min).

The average composition of human colonic flatus for 45
individuals, 25 of whom were on a milk-free diet, is
shown in Table 111-16. According to Table 111-16 the
average rate of production of flatus for the sample of 45
persons was 1. 46 ml/min, which is slightly greater than
two liters per day per person or about 88 ml per hr per
person.

Although an increase in flatulence has been observed in
natural starvation during famines, no increase in flatul-
ence was observed during the extensive series of semi-
starvation experiments carried out at the University of
Minnesota (Keys, et al. , 1950; pg. 595, Vol. I). Shelter

conditions will more nearly be simulated by Keys' labora-
tory conditions than by natural starvation conditions.
Therefore, a normal rate of flatus production of 1. 46 ml
per minute per person or about 88 ml per hour per person

seems reasonable for computation of shelter atmosphere
contamination.
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TABLE 111-16

COMPOSITION OF HUMAN COLONIC FLATUS

Ml/min %CO 2  100 %CH 4  %H N2 %H2S

1.46 9.4 4.8 4.9 16.0 65.1 0.0002

Weighted average of two samples, one on 20 persons taken during the
1943-44 period, and one on 25 persons taken during the 1945-46 period.
(After Webb Associates, 1962, who cite Kirk, 1949. Also see Clemedson,
1959.)

Using the values for composition given by Table 111-16 and
the rate of production of 88 ml per hour per person, the
rate of production of each of the constituents of flatus would
be as shown in Table 111-17.

TABLE 111-17

AVERAGE HOURLY RATE OF PRODUCTION
OF CONSTITUENTS OF FLATUS (PER PERSON)*

Rate of production per person
Constituent Gas liters/hr cu ft/hr

CO 2 (carbon dioxide) 0. 00827 0. 000292

02 (oxygen) 0. 00422 0. 000149

CH 4 (methane) 0.00431 0. 000152

H2 (hydrogen) 0.0141 0.000498

N2 (nitrogen) 0. 0573 0. 00202

H2S (hydrogen sulfide) 1. 76 x 10 7  6. 16 x 10-I1

Based on 88 ml/hr/person and composition given in Table 111-16.
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(b) Feces

In the normally loaded shelter, feces are not expected to
be a serious problem since adequate, sealable storage
facilities will be available. Release of unpleasant odors
would be expected mainly for small children who have not
been toilet trained. However, in severely overcrowded
conditions it is quite possible that volatile constituents of
feces may be released into shelter air due to difficulty in
gaining access to toilet facilities, inadequate volume of
storage, increased probability of epidemic diarrhea and
the like.

The quantity of feces produced per day under the conditions
of an average diet and under normal physical activity is
100 to 150 gm (Clemedson, 1959). Small variations in the
diet have little or no effect on the nature of the feces. How-
ever, an exclusively vegetable diet tends to yield a larger
bulk and softer consistency feces, while on a meat diet the
feces are harder and the quantity is less. Feces are pro-
duced even during starvation, though the quantity is dimin-
ished (West and Todd, 1951; pg. 522). Under shelter con-

ditions the quantity of feces may be somewhat diminished
in the absence of diarrhea.

Normal feces is made up of 65 to 75 percent water, 3 to 5
percent nitrogen (mostly endogenous), various lipids such
as lecithin, coprosterol, fatty acids, and a minute amount
of neutral fats, also mostly endogenous. As much as 25-
35 percent of the total feces may be dead and living bac-
teria. Feces also contains a variety of toxic and evil-
smelling substances which are formed through the decom-
position of various metabolites by gut bacteria. Various
amines and organic acids are present as well as such pro-
ducts of bacterial action as hydrogen sulfide, carbon
dioxide, hydrogen, methane, ammonia, phenols and mer-
captans. Some of the evil-smelling substances such as
indole, skatole, phenol, mercaptans and hydrogen sulfide
are more or less toxic. Indole and skatole impart to the
feces the characteristic fecal odor. Indole may be present
in quantities amounting to 60 mgm per 100 gin.

A list of important products present in feces is given in
Table 111-18. Of those listed, indole, skatole, hydrogen
sulfide, ammonia and methylmercaptan (methanethiol)
are the substances of greatest concern with regard to
atmospheric contamination.
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TABLE 111-18

IMPORTANT PRODUCTS PRESENT IN FECES

Indole (60 mgm/100 gi) C 8 117N Odorous

Skatole C9 H 9N Odorous

Paracresol C7 H 80

Phenols Odorous

Para- Oxyphenyl-propionic acid

Volatile fatty acids Odorous

Hydrogen sulfide H S Odorous

Methane C H4

Methylmercaptan CH 3 HS Odorous

Carbon dioxide CO 2

Proteoses

Peptones

Peptides

Ammonia NH 3  Odorous

Amino acids

Some raw vegetables, unchanged, such as radishes, cole slaw,
pickles, onion, skin of fruit, nuts, berries

Mucus

Tissue remnants, epithelial cells, muscle fibers, connective
tissue

Detritus

Fats, neutral, free fatty acids or soups, approx. 2 grams daily

Starch granules

Bacteria, a great variety

(Modified from Webb Associates, 1962, who cite "Human Tolerances to
Environmental Elem~ents," Cornell Aeronaiitical Taboratory, 1960, based
on Mangelsdorf, J. E. , "Logistic Support to Man's Ecology in Space,"
lecture notes from Short Course On Human Engineering Concepts and
Theory, University of Michigan, 1959. )
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(c) Urine

As in the case of feces, urine is not expected to present
a serious problem in the normally loaded shelter. Again,
release of unpleasant odor from urine is expected mainly
for small children who are not toilet trained. However,
in severe overloading it may not be possible to confine
urine such that odor is controlled.

The major odoriferous constituent of urine of interest
toxicologically is ammonia, which will be produced at
the rate of 3 - 13 mg per kilogram of body weight per
day. Assuming a shelter population in which sex and age
are distributed in accordance with Table 111-3 the weighted
mean body weight per occupant would be 52. 0 kg. Conse-
quently, urine ammonia would be produced at a rate of
156 - 676 mg per person per day which, if all of it were
volatilized, would amount to approximately 0. 2 - 0. 9 liters
per person per day. For analytical purposes, it seems
reasonable to choose a value of 0. 5 liters per person per
day. The values to be used, then, are as follows:

Average rate of production of urine ammonia in
gaseous form = 0.5 1/day/person = 0. 0208
1/hr/person = 0. 000735 cu ft/hr/person (where
an average person weighs 52. 0 kg).

To arrive at the rate of atmospheric contamination by urine
ammonia, it is necessary to estimate the proportion of
total urine output which is likely to be spilled or otherwise
exposed to shelter air.

Other odoriferous or potentially odoriferous substances are
also present in urine. They are listed in Table 111 -19 to-
gether with their estimated amounts.

TABLE 111-19

ODORIFEROUS SUBSTANCES IN URINE

Rate of Production
Constituent mg/kg body wt/day

Ethereal sulfates 0. 95
Ammonia 3-13
Phenol 0. 4 (0. 2-0. 6)
Lactic acid 3.0 (2-5)

(Adapted from Webb Associates, 1962)
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Assuming an average body weight of 52. 0 kg, the rate
of production per person of the urine substances listed
in Table 111-19 are as given in Table 111-20.

TABLE 111-20

RATE OF PRODUCTION OF SELECTED ODORIFEROUS
SUBSTANCES IN URINE

Rate of Production
Constituent per 52 kg person per hr

Ethereal sulfates 2.06 mg

Ammonia 20.8 ml gas
Phenol 0. 87 mg
Lactic acid 6.5 mg

(d) Respiratory and other sources of carbon monoxide

(i) CO in expired gases

Aside from carbon dioxide and water vapor, which are

discussed in foregoing sections, the major atmospheric
contaminant derived from expiratory gases is carbon
monoxide.

Carbon monoxide is a highly toxic gas which is usually
formed by incomplete thermal combustion of carbon

containing compounds. However, it is also formed
within the body through the breakdown of hemoglobin
to bile pigments and, probably, through the breakdown
of myoglobin (Sjdstrand, 1950, 1951a, 1951b, 1952a,
1952b, 1952c; Malmstrbm and Sj8strand, 1953; Metz
and Sjbstrand, 1954).

The carbon monoxide formed in the body is excreted
through the lungs. According to Sj~strand (1951a) the
rate of formation of CO is about 0. 5-1. 0 ml per hour
at rest. That would be equivalent to about 12 - 24 ml

per day.

According to Bogatkov et al. , (1961), when three healthy

subjects were enclosed in a hermetically sealed room of

24 cubic meters during a daily routine of physical and

mental work for 9 to 10 days, the concentration of CO
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gradually increased to 0. 023-0. 027 mg/liter, which is
equivalent to about 0.77-0.90 mg/hr/subject or 0. 62-
0. 72 ml/hr/subject. The average value for nonsmokers
was 0. 016 mg/liter or 0. 43 ml/hr/subject and the value
for smokers was 0. 038 mg/liter or 1. 01 ml/hr/subject.

According to Russell (1962), breath analysis for three
non-smokers gave an average CO of 0. 330 ppm, and
breath analysis for two smokers gave an average CO of
2. 35 ppm for exhaled air. The equivalent rates are
approximately 0. 1 ml/hr/man for nonsmokers and 0. 75
ml/hr/man for smokers.

Physical exercise increases the rate of CO formation in
the body. An increase in inhaled CO or decrease in
inhaled 0 also seems to be associated with an increased
rate of C6 production (Malstrdm and Sjbstrand, 1953).

Considering the mechanism of CO formation in the body,
it seems reasonable to predict its output on the basis of
body weight. (Variation with activity level is not ex-
pected to be significant in shelter life. ) Table 111-21
includes a computation for output of CO per body weight
assuming a 70 kg body weight for the male, adult sub-
jects.

(ii) CO produced by tobacco smoking

Another possible source of carbon monoxide is through
smoking. Carbon monoxide content of cigarette smoke
depends on the brand and on the rate of smoking.
Baumberger (1923) reported an average of 8. 3 ml CO
per gm of tobacco smoked. Tsumura (1937) found a CO
production of ten brands of cigarettes from 13. 4 to 37. 6
ml per cigarette. De Voogd and van der Linden (1939)
reported 300 ml of CO per cigarette and 750 ml per
cigar. Saruta (1938), using a smoking machine, found
the following average values for CO production: cigarette
tobacco, 62.69 ml/gm; pipe tobacco, 119.98 ml/gm;
and cigar tobacco, 126. 75 ml/gm. On the average, a
cigarette weighing about 0. 71 gm yielded about 44. 24 ml
in the smoke, while a cigar yielded about 806. 23 ml.
With ordinary mouth smoking without inhalation, one
cigarette yielded only about 13, 1?, ml CO. (See also
Clemedson, 1959)
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For purposes of this report, the values of CO produc-
tion given in Table III- 22 will be used.

TABLE 111-22

CARBON MONOXIDE PRODUCED BY TOBACCO SMOKING

CO Production*
Type of Smoking ml/cigarette, pipe or ciiar

Cigarette 13.
Pipe (2 grn tobacco) 70.
Cigar 240.

*Based on Saruta (1938) smoking machine data multiplied by 0. 3
to convert to probable values for mouth smoking. The values
derived are probably minimal, and could likely vary upward by
as much as a factor of three.

Assuming the occupants are granted restricted smoking
privileges such that, out of 100 persons of a mixed
population, 50 smoked three cigarettes per day and 5
smoked two pipes per day, the daily output of CO due to
smoking would be a minimum of about 2700 ml (STP).
Unrestricted smoking could result in daily CO produc-
tion rates of as high as 27, 000 ml until tobacco supplies
were depleted.

(iii) CO produced by mass fires

Large amounts of carbon monoxide are produced by
burning buildings and other combustible substances.
Since CO is also released by smoldering remains long
after flames have died down, in very special instances
where ventilation inlets are located near such smolder-
ing remains, CO can be a serious problem for shelter
occupants. However, it is thought that the seriousness
of the problem will usually be over in a few hours,
during which it should be feasible to seal the shelter.

The findings of A. Broida (1962) are particularly rele-
vant here (also Wilson, 1960). Following is a quotation
from Broida's 1962 presentation at the Symposium on
Survival Shelters at the 69th Annual Meeting of the
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American Society of Heating, Refrigerating, and Air-
Conditioning Engineers in June 1962:

'The next argument is that large quantities of carbon
monoxide will be produced and will be drawn into the
shelter. Unfortunately, our experiments have shown
that this is indeed possible. In fact, we have measured
concentrations of carbon monoxide as high as 7 percent
(a concentration above I percent can cause death in 1 to
3 minutes). However, I have already indicated that the
amount of fuel available in any single location is con-
sumed in a relatively short time, an hour or two of
active burning at the most. I believe the other partici-
pants in this symposium can demonstrate that almost
any shelter big enough to get into is habitable for an
hour or two without any elaborate precautions. Thus,

if you can just close down your ventilation system for
an hour or so, you should have little difficulty sur-
viving the flaming portion of the fire burning overhead
and, provided your vent is located so that it will not be
buried by rubble, any air you draw in subsequently
should be relatively free of carbon monoxide. "

It should be mentioned, however, that small residual
concentrations of carbon monoxide will very likely be
around for long periods of time, and that even such

small amounts may be significant when added to sources
within the shelter. It is quite possible for concentra-
tions of CO as high as 0. 01 to 0. 02 percent to linger on
for several hours or even days due to smoldering re-
mains. According to Wilson (1960), "carbon monoxide
concentrations sufficient to cause mild headaches lin-
gered for several hours" after the "Briones" test
(large-scale fire test involving trees and brush). Typi-
cal records of 0. 02 - 0. 04 percent CO were measured
as late as two and a half hours after the test was begun.

(e) Miscellaneous sources of trace atmospheric contaminants

A number of other sources of trace atmospheric contaminants
will be present in the shelter. Many of these, such as mil-
dewing and fermenting organic materials, cooking odors and
the like, are not of human origin and will not be analyzed in
this section. Those substances in odors of human origin
are listed in Table 111-23. It will be our task, insofar as
possible, to add up the contribution of those substances from
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their diverse sources to determine the extent of the problem
which they may present to shelter habitability, particularly
in the overloaded case where they are most likely to be pre-
sent in significant quantities.

TABLE 111-23

SUBSTANCES IN ODORS OF HUMAN ORIGIN

Butyric acid M ethane

Caprylic acid Hydrogen sulfide

Ethyl alcohol Indole

Lactic acid Skatole

Valeric acid Phenol

Ethyl mercaptan Various volatile amines

Methyl mercaptan Ethereal sulfates

Propyl mercaptan Ammonia

(Adapted from Connor Engineering Corp., 1953)

(i) Sweat

Sweat will be produced by all occupants at the expected
temperatures in the shelter. In general, sweat will con-
tain on the order of 1. 2 - 1. 6 percent solids, the remain-
der being water. About 2.7 mg of CO (H2 CO ) is pro-
duced per Kg body weight per day. Of the solid constit-
uents, a number will give rise to odor. They are listed
in Table 111-24 with their probable (mean) amounts per
100 ml of sweat.

TABLE II- 24

ODOrIFEROUS SUBSTANCES IN SWEAT

Constituent Approximate Amount

Ammonia 3.45 mM/liter
(equivalent to 7.73 cc gas/100 ml)

Phenol 5 mg/100 ml

Lactic acid 310 mg/100 ml

(Values are adapted from Webb Associates, 96Z: Table II. C. 12)
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Sweat rate will be quite variable. However, foj adults
at 850 E. T., metabolic rate of 75 kcal m -hr , and
air velocity of 10 ft/min (see Figure 111-31), the P4S
(predicted four-hour sweat rate) is about 0. 6 liters, or
about 150 rnl per hour. For a 100 man shelter, then,
the constituents listed in Table 111-24 would be pro-
duced at the rates shown in Table 111-25 under the
thermal conditions of the example.

TABLE 111- 25

A REPRESENTATIVE RATE OF PRODUCTION OF ODORIFEROUS
CONSTITUENTS OF SWEAT AT 850 E. T. FOR 100 OCCUPANTS*

Rate of Production
Constituent per hour per 100 Occupants

Ammonia 1160 cc (STP)
Phenol 0. 75 gm
Lactic acid 46. 5 gm

*Air velocity, 10 ft/min; metabolic rate per occupant, 75 kcal m 2 hr-

(assuming steady state thermal cond i t i o

(ii) Vomitus

Vomitus as a source of atmospheric contaminants is not
expected to be important unless an epidemic outbreak of
disease accompanied by vomiting should occur. How-
ever, it is felt that such outbreaks will increase in
likelihood as the degree of overloading increases.

The composition of vomitus varies widely depending on
the presence of food particles. However, after an ini-
tial clearing of stomach contents, the composition of
vomitus will most closely resemble that of gastric juice,
which normally consiRts of about 99. 4 percent water plus
hydrochloric acid, sodium chloride, potassium chloride,
small amounts of phosphates, the enzymes pepsin and
mucin, lactic acid, and traces of other enzymes and
organic acids. After a meal particularly, peptides,
amino acids and other products of the digestive process
will be present as well as undigested food particles.
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Although the material removed from the alimentary
tract by vomiting is mainly of gastric origin, in severe
and prolonged vomiting it may also contain appreciable
amounts of intestinal material.

Although the most important implication of severe vomit-
ing to the shelter problem is the accompanying dehydra-
tion, odoriferous substances may also be added to the
shelter air thus adding to the stress of an already criti-
cal situation. The substances of particular concern are
the organic acids and breakdown products of protein.

(f) Toxicity of trace contaminants

The toxicity to humans of most of the trace contaminants
likely to be found in shelter air is not well understood, par-
ticularly for continuous exposure to low concentrations over
extended periods of time. Even where toxicities for single
substances are known, their effect in combination is usually
difficult to predict. Both synergistic and antagonistic effects
have been found.

Unfortunately, threshold limit values found in the toxicolog-
ical literature ordinarily refer to a normal work-day and
work-week for a normal working lifetime. Higher concen-
trations producing relatively rapid effects have also been
defined. However, neither of those bodies of data provide
limit values which are necessarily valid for a continuous
fourteen day exposure, a fact which has been pointed out by
Back and Sandage (1962). They state that space cabin
engineers, "lacking better data, have been using highly
speculative figures derived from Industrial Threshold Limit
Values (TLV) for tolerable contaminant concentration levels.
For example, values of 10 ppm (by volume) are being cited
for carbon monoxide, hydrogen, methane and paracresol;
50 ppm for hydrogen sulfide, indole, skatole, ammonia, and
methyl mercaptan. Statements to the effect that organic
pollutants should not be allowed to rise above 100 ppm, inor-
ganics above 10 ppm, heavy metals above I ppm, and halo-
genated compounds such as hydrogen fluoride and chloride
above 3 ppm for periods of 24 hours or more are made and
are being used as criteria for engineering purposes (Shaffer,
1961). Unfortunately, the Threshold Limit Value is only
designed to be used for 8 hour exposures for a 5-day work
week and 30 year or more work span. Any extrapolation of
these values for 30, 60, 90 or more day continuous expo-
sure is not necessarily valid even though the TLV-s may
have large built-in safety factors. "
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Until further research is carried out on continuous exposure
to trace contaminants both singly and in combinations, pre-
diction of effects of shelter air contaminants will be more or
less speculative. Nevertheless, a preliminary analysis of
the effects of trace atmospheric contaminants on shelter
inhabitants is warranted at this time to assess the order of
magnitude of the problem, Even subthreshold concentrations,
when combined with other stresses acting on the occupants,
may be significant.

To provide a basis for examining the probable effects of
shelter air contaminants, each of the more important con-
tarninants listed in previous sections is discussed below.

(i) Ammonia (NH 3 )

Ammonia is a colorless gas with a specific gravity 0. 597
that of air. It is extremely soluble in water, with which
it forms ammonium hydroxide, a fact that is important
considering the high humidity and attendant water of con-
densation which may be present in shelters in certain
instances. Not only is ammonia present in feces, urine
and sweat, it is one of the products of putrefaction of
nitrogenous substances, a factor which might become im-
portant if waste disposal facilities were inadequate (which
seems likely in severe overcrowding). Near putrefying
substances, the amount of ammonia may be of the order
of 15 to 1,500 parts per million of air (Henderson and
Haggard, 1943: pg. 125).

Fortunately, ammonia and carbon dioxide combine in air
to produce ammonium carbonate, a fact which would tend
to limit the accumulation of free ammonia in shelter air
to relatively low concentrations (depending on the rate of
reaction, among other factors). However, ammonium
carbonate, while less toxic than ammonia due in part to
its lower solubility, may have some systemic toxic effects
upon absorption. Free ammonia has both upper respira-
tory irritant effects and systemic toxic effects.

According to Henderson and Haggard (1943), the physio-
logical response to various concentrations (parts per
million by volume of air) of ammonia is as follows:

Least detectable odor 53 ppm (.0053%)
Least amount causing immediate 408 ppm (.0408%)

irritation of the throat
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Least amount causing irritation of 698 ppm (.0698%)
the eyes

Least amount causing coughing 1,720 ppm (. 1720%)
Maximum concentration allowable 85-100 ppm (.0085%-

for prolonged exposure .0100%)

A maximum permissible value recently derived for space

cabin air contamination is 50 ppm (0. 005%).

Ammonia (free and combined) may be present in shelter
air in concentrations of the order of magnitude of 3 to 17
ppm (see Table I1- 34).

(ii) Hydrochloric acid- (HCl)

Although hydrochloric acid is not expected to be a very
important shelter air contaminant, trace amounts may be
present from vomitus which is not disposed of properly.
Fortunately, hydrochloric acid will be neutralized by the
larger amounts of ammonia which will be present in the
air, producing ammonium chloride.

Henderson and Haggard (1943) give the following values
for physiological response to hydrochloric acid:

Causes irritation of throat on 35 ppm (.0035%)
short exposures

Maximum concentration allowable 10 ppm (.0010%)
for prolonged exposure

(iii) Methane (CH 4 )

Methane is a colorless gas which is one of the constituents
found in flatus and feces. Aside from the hazard of explo-
sion with high concentrations, there are apparently no ill
effects from remaining for several hours in an atmosphere
containing methane in concentrations as high as 3 to 5
percent, or from repeated exposures (Henderson and
Haggard, 1943). In higher concentrations, methane
appears to act as a simple asphyxiant. The effect of long-
term, continuous exposure apparently is not known, but
it is not likely to be noticeable at the maximum concen-
trations of 2 x 10 - 4 to 9 x 10 - 4 percent (see Table 111-34)
which may be present in a shelter.
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(iv) Hydrogen sulfide (H?,S)

Hydrogen sulfide is an odoriferous gas which is frequently
evolved from the decomposition of organic material. Its
sources in the shelter are flatus and feces. Hydrogen
sulfide is both an irritant gas and a systemic poison.
Even in low concentrations, it exerts a marked irritant
action on the cornea of the eye. Free hydrogen sulfide
in the blood acts upon the nervous system as a depressant
in small amounts, as a stimulant in larger amounts, and
as a paralytic agent in very large amounts.

Henderson and Haggard (1943) give the following response
data:

Maximum allowable concentrations 20 ppm (. 0020%)
for prolonged exposure

Slight symptoms after exposure of 70-150 ppm (. 0070-
several hours . 0150%)

According to Sandage (1961), in an experiment involving
the effects of a mixture of hydrogen sulfide and methyl
mercaptan,it was shown that more mice died than could be
accounted for by eitlher compound alone. A synergistic
action between the two compounds was apparently respons-
ible. In experiments in which ten monkeys, fifty rats
and a hundred mice were exposed to 20 ppm (0. 002%) hy-
drogen sulfide for up to ninety days, no monkeys died,
24 percent of the rats died as compared with 4 percent
of the controls, and Z6 percent of the mice died as com-
pared with 19 percent of controls. Expired mice showed
abscesses of the brain, liver and lung. Considering
these experiments, it may be desirable to lower the limit
value for prolonged, continuous exposure.

Fortunately, it does not appear likely that shelter con-
centrations of hydrogen sulfide will become as high as
20 ppm or 0. 002%. A rough estimate (see Table J11-34)
makes it appear more likely that concentrations will
probably be on the order of 8 x 10-9 to 40 x 10- 9 percent
if only flatus and fecal sources contribute.

(v) Indole (C8H 7N)

Indole is a highly odoriferous compound with a melting
point of 52. 50 C and a boiling point of 2540C. It is pre-
sent in feces in amounts as high as 60 milligrams per
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100 grams. Together with skatole, indole imparts the
characteristic odor to feces. It enters the gaseous phase
directly from the solid by slow diffusion. A milligram of
indole vaporized is equivalent to about 0. 1915 ml (STP).

The Industrial Threshold Limit Value for indole is 10 ppm
or 0. 001 percent. Although relatively little is known
about the effects of long-term, continuous exposure for
humans, recent experimentation has demonstrated that
continuous exposure to 10. 5 ppm (0. 00105%) for 90 days
produced greater mortality in monkeys, rats and mice
than in control groups (Sandage, 1961). Out of 10 mon-
keys, 50 rats and 100 mice, 20 percent of exposed mon-
keys died as compared with none of the controls, 10 per-
cent of rats as compared with 4 percent of controls, and
22 percent of mice as compared with 16 percent of con-
trols. According to the author, the presence of Heinz
body formations in red blood cells of animals exposed to
indole may be due to damage to reticulocytes (immature

red blood cells).

Although the animal data are by no means conclusive on
this point, it seems wise to not allow indole to exceed 10
ppm and, indeed, to reduce the level of concentration
for long-term, continuous exposurcs. Fortunately, it
does not appear likely that concentrations of indole in
shelter air will exceed an order of magnitude of . 08 x
10-9 to , 4 x 10-9 percent (see Table III- 34).

(vi) Skatole (C9 H9 N)

Skatole is a highly odoriferous constituent of feces which
has a melting point of 95 0 C, at which its vapor pressure
is 1 mm Hg, rising to a vapor pressure of 10 mm Hg at
1400 C. Its rate of diffusion into the gaseous phase is
expected to be small. A rough estimate of its presence
in shelter air is of the order of magnitude of . 02 x 10- 9

percent to . I x 10-9 percent (see Table 111-34). The
Industrial Threshold Limit Value for skatole is 3 ppm
(0. 0003%), which is well above its estimated concentra-
tion in shelter air.

(vii) Methyl mercaptan (CH-HS)

Methyl mercaptan is an odoriferous constituent of feces
with a boiling point of 5. 8 or 7. 60 C, consequently at
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shelter temperatures it is normally in the form of a gas
slightly soluble in water.

The Industrial Threshold Limit Value for methyl mercap-
tan is 50 ppm (0. 005%). However, recent experiments
by Sandage (1961) have demonstrated a greater than con-
trol value mortality for animals at this concentration
for continuous exposures of 90 days. Out of 10 monkeys,
50 rats and 100 mice, 40 percent of monkeys died as
compared with none of the controls, 10 percent of rats
as compared with 4 percent of controls, and 43 percent
of mice as compared with 16 percent of controls. In the
face of these results it would appear wise to reduce the
permissible maximum concentration of methyl mercaptan
for long-term, continuous exposure to a value somewhat
below the current TLV of 50 ppm. Fortunately, a rough
estimate of CH 3 HS contamination in shelter air makes it
appear unlikely that values will exceed an order of mag-
nitude of . 03 x 10 - 9 percent to . 1 x 10-9 percent (see
Table III- 34).

(viii) Combined exposure to indole, skatole, methyl mercaptan
and hydrogen sulfide

It is not sufficient to state that concentrations of each
contaminant do not exceed limit values since combinations
of substances will not only produce greater effects than
any one singly, but apparently will produce greater re-
sults in combination than can be accounted for by the total
of individual results. Sandage (1961) subjected 10 mon-
keys, 50 rats and 100 mice for 90 days to TLV values of
a combination of indole (10. 5 ppm), skatole (3. 5 ppm),
methyl mercaptan (50 ppm) and hydrogen sulfide (20 ppm).
Eighty percent of the monkeys died as compared to none
of the controls, 64 percent of the rats died as compared
to 4 percent of controls, and 99 percent of the mice died
as compared to 16 percent of controls. Death was rapid
for many of the animals. There appeared to be low-
grade hemolytic activity and all three species evidenced
lung pathology, with rats showing additional liver and
kidney pathology.

The experiment demonstrated a considerable degree of
individual difference, a fact which is significant to us
here. In the words of the author (Sandage, 1961):
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"There are a number of reasons for suspecting that
individual differences in response to simple chemical
agents such as those used here are more significant
than we might assurne. In the firiL piace, it was observed
that the monkeys which did survive in Group A (the mixed
gases referred to above) past the middle of the run ap-
peared to have adapted to the environment. The single
mouse in this group that survived (which is still living
in the laboratory) did so, apparently none the worse for
the experience, despite the fact that only one other mouse
in that group had survived beyond the 35th day of the run,
and it died on the 58th day. As a matter of fact, 70 mice
died in the first five days. Now, if we ignore the sta-
tistical evaluation of weight data, and closely inspect
instead the individual weight changes of the rate and mon-
keys surviving in Group A, we find a rather surprising
picture. The monkeys were heavier than the average
weight of those in any other group (exposure to single
gases). Those rats that survived beyond 30 days had
almost a normal rate of gain during the second 30 days,
and during the last 30 days had a rate of gain higher than
that of any other group of rats, including the control
animals.

"Twice during this experiment, we introduced small
groups of mice into the experimental groups. Of 12 mice
introduced into Room A on the 30th day, two died in 24
hours, five died in the next 24 hours, and they were all
dead in 72 hours. On the 75th day of the run, this was
repeated, with a different shipment of mice. Again, no
mouse survived more than 72 hours. Nevertheless, of
the 100 mice originally placed in this room, 24 survived
longer than a week, 13 longer than two weeks, five lived
four weeks or more, and one survived the entire 90 days.

"These observations would seem to be entirely compatible
with an assumption that there is a genuine adaptive pro-
cess operating - or operable - and that there are quite
serious and significant differences in individual tolerance
for these toxic compounds. "

The wide individual differences in tolerance to these com-
pounds among animals may suggest a similar range oi
individual differences among humans, a fact which would
dictate a considerable lowering of the limit values to pro-
vide protection for subjects with lower than normal tol-
erance. However, the phenomenon of adaptation might
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become an important alleviating factor, particularly for
instances in which concentrations build up gradually (as
in the shelier). Murc rearch needs to be carried out
to elucidate the phenomenon of adaptation to these com-
pounds.

The experiments discussed above indicate that tolerable
gaseous concentrations of compounds such as indole,
skatole, etc. , should be based on a combined value for
all those present rather than on individual values. Thus,
it is not valid to add up individual tolerance values to
obtain a total tolerance value. Nor does the proposal of
Shaffer (1961) to limit organic pollutants to 100 ppm
seem to be valid when one considers the drastic results
obtained by Sandage (1961) for a total concentration of
only 84. 0 ppm of indole, skatole, methyl mercaptan and
hydrogen sulfide combined. While Sandage's data on
animals most likely do not apply directly to humans, in
the absence of better human data it represents our most
reasonable basis for Letting upper limits for long-term,
continuous exposures to these contaminants either singly
or in combination.

Until further work is done to define the toxicity of trace
contaminants for humans singly and in combination for
long-term, continuous exposures, it might be well to
reduce the individual limit values by at least 20 percent
and, better, by even 50 percent; to limit combinations
of similar-acting gaseous contaminants to a maximum
combined total limit value which does not exceed that
established for any one of the constituent gases - or
perhaps to a value such as 20 ppm or 50 ppm; and in any
event not to allow any constituent gas concentration to
exceed its limit value taken singly.

A more valid approach might be to establish rules for
combined concentrations of gases and vapors (in the
absence of direct experimental evidence) on the basis
of an analysis of their individual sites of action and their
secondary and tertiary reactions, taking into account
that limiting concentrations of toxic substances are ul-
timately based on the allowable extent of injury at the
site of action.

The factors involved in such an analysis include: 1)
physical state and concentration of the substance in air
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(gas, aerosol, dust, fume), 2) respiratory rate and/or
rates of other processes controlling the rate of intake
of toxic substances, 3) solubility in body fluids, 4) rate
of transport within the body to site where damage will
occur, 5) tissue predilection, 6) mode of action, 7) rate
of detoxification and/or elimination, and 8) rate of re-
placement of damaged cells. Construction of a rela-
tively simple mathematical model to define the above
relations appears to be feasible for a number of toxic
substances, and would make possible a much more satis-

factory definition of the predicted response of shelter
inhabitants to combinations of shelter atmosphere con-
taminants.

(ix) Phenol (C6 H OH)

Phenols as a class are represented by phenol which is

a somewhat odoriferous compound (carbolic acid) with
a melting point of 41 0 C and a boiling point of 182 0 C,
Phenols are present in feces, urine and sweat and may

be present in the atmosphere of overloaded shelters In
concentrations of the order of magnitude of . 4 x 10 7

percent to 2 x 10 - 7 percent (see Table 111-34).

The Industrial Threshold Limit Value for phenol is 5 ppm
(0. 0005 percent). Acute poisoning in man is characterized
by action on higher nervous centers causing collapse.
Chronic poisoning results in severe systemic disorders
with gastrointestinal disturbances such as dysphagia,
ptyalism, diarrhea, and anorexia. Central nervous
disorders are common and death usually occurs when
there is extensive damage to the renal and hepatic ap-
paratus (Arnest, 1961).

(x) Lactic acid (C- 3CHOHCOOH)

Lactic acid is a metabolizable organic acid which, while

adding to the odor problem, is not expected to represent
a toxicological hazard in the shelter. It is produced in
urine, sweat and vomitus.

(xi) Carbon monoxide (CC)

Carbon monoxide is a gas with a slight garlic-like odor.
Its specific gravity is 0. 967 and its solubility in water
at 40 0 C is 0. 0178 (by volume). Carbon monoxide is pro-
duced in the body and exhaled in the breath, given off by
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burning tobacco, and may be present in air outside the
shelter during and possibly for some time after a mass
fire, Its probable concentration in shelter air is dis-
cussed in the next section.

Carbon monoxide exerts its toxic action entirely through
its deleterious effect on the oxygen carrying ability of
blood. Carbon monoxide competes with oxygen for
union with hemoglobin and, since the affinity of hemo-
globin for carbon monoxide is 200-300 times greater
than its affinity for oxygen, small amounts of carbon
monoxide can result in oxygen deficiency. The distri-
bution of hemoglobin between oxygen and carbon monoxide
tends to approach an equilibrium defined by the products
of the tensions and affinities of the two gases. The equili-
brium percentage of carboxyhemoglobin (hemoglobin
combined with carbon monoxide) in blood at sea level
and normal ambient pO 2 Is is given by the following equa-
tion:

0cHbCO = pCO x 250pO2 + (pCO x 250) x 100 Eq. 10

where:

%HbCO = percent carboxyhemoglobin in arterial blood

pCO = partial pressure of carbon monoxide in the
lungs (blood), mm Hg

pO2  = partial pressure of oxygen in the lungs
(blood), mm Hg

(In the normal case at near sea level where hyperventila-
tion is not present and carbon dioxide and oxygen con-
centration in air are normal, pO2 in the lungs is about
102 mm Hg. Although a proportional factor of 300 is
given by Henderson and Haggard (1943), a more recent
value closer to 250 is given by Roughton (1954).)

According to Henderson and Haggard (1943), the physio-
logical effects of various levels of carboxyhernoglobin in
the blood (at sea level, norinal atmosphere) are as fol-
lows:
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%HbCO Physiological Effects

10 No appreciable effect except shortness of
breath on vigorous muscular exertion.

20 No appreciable effect in most instances,
except shortness of breath, even on mod-
erate exertion; occasionally slight headache.

30 Decided headache; irritable; easily fatigued;
judgment disturbed.

40-50 Headache; slight confusion;, collapse and
fainting on exertion.

60-70 Unconsciousness; respiratory failure and

death if exposure is long continued.

80 Rapidly fatal.

over 80 Immediately fatal.

An increase of carbon dioxide in the blood decreases the
affinity of hemoglobin for carbon monoxide compared
with its affinity for oxygen and tends to aid in eliminating
carbon monoxide from the blood (Henderson and Haggard,
1943). Thus, to a small extent the presence of carbon
dioxide in the shelter may ameliorate some of the effect
of carbon monoxide. However, this might possibly be
offset by the increase in rate of production of CO in the
body when inhaled CO 2 is increased as discussed earlier.

Assuming normal breathing in an atmosphere containing
normal proportions of oxygen and carbon dioxide at a
sea level barometric pressure of 760 mm Hg, the con-
centrations of CO required to produce various levels of
HbCO in the blood can be computed by using the equation
given earlier and are as given in Table I11-Z6.

Although the "toxic" effect of CO is entirely due to its

action in reducing the amount of oxyhemoglobin available
to transport oxygen to the tissues, conversion of 40 per-

cent or more of hemoglobin to HbCO has much more

serious effects than loss of the same amount of hemo-
globin by, for instance, anemia. In normal man at sea

level, and at rest or light activity, only the upper half

of the steep portion of the oxyhemoglobin dissociation
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TABLE 111- 26

CONCENTRATION OF CO IN LUNG GASES REQUIRED TO PRODUCE
VARIOUS LEVELS OF HbCO (NORMAL ATMOSPHERE AT SEA LEVEL)

* CO in shelter air equivalent
%HbCO pCO(mm Ha) C 0 (1) to oC0 in lungsgc*

10 0.0453 0.00596 0.00671
zo 0.102 0.0134 0.0151
30 0. 175 0. 0230 0. 0259
40 0. 272 0. 0358 0. 0403
50 0. 408 0. 0537 0. 0604
60 0. 612 0, 0805 0. 0907
70 0.952 0. 125 0.141
80 1. 632 0.215 0.242

Computed by using the equation

%HbCO - pCO x 250pOz + (pCO x 250) I 100 Eq. 10

assuming pOz = 102 mm Hg and pCO is that which exists in the lungs.

Computed by using the relationship

%CO (shelter air) = P PCO Eq. II
PB -PH2 O-PCOZ q.1

where:
pCO = partial pressure of CO in the lungs, mm Hg

PB = barometric pressure = 760 mm Hg

pH2 0 = partial pressure of water vapor in the lungs
= 47 mm Hg

pCO 2 = partial pressure of carbon dioxide in the lungs
- 38 mm Hg
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curve is used in oxygen unloading, the lower part being
kept as a reserve to be drawn on during exercise. The
oxygen dissociation curves in the lower range of pO 2
are similar for percentages of HbCO within the range
of zero to 40, and therefore oxygen unloading could be
kept up to its usual value by using up more of the re-
serve available due to the shape of the dissociation
curve. In normal human subjects at rest or light work,
conversion of up to one-third of the circulating hemo-
globin to HbCO does not depress the oxygen uptake of
the body appreciably. Above 40 percent HbCO, however,
the type of reserve given by the dissociation curve soon
becomes exhausted and a dangerous situation rapidly
develops (Roughton, 1954).

Most references to tolerance limits to carbon monoxide
assume normal values for percentage of oxygen in the
inspired air (about 21 percent). However, in cases of
oxygen deficiency, two things happen to those tolerance
values. First of all, if pCO2 in inspired air has in-
creased pulmonary ventilation,the rate of increase of
HbCO to its equilibrium concentration is speeded up.
In the second place, the decreased concentration of
oxygen in inspired air increases the equilibrium concen-
tration of HbCO. The result of decreased pO2 and in-
creased pCO2 , then, is to decrease tolerance times at
a given percent HbCO and to increase the severity of
response at a given percent CO in inspired air due to
increased percent HbCO. Actually, since the actual
stress is decreased availability of oxygen (which is
proportional to %HbCO ) rather than increased HbCO
per se, tolerance levels should actually be based on
%HbCO rather than %CO in inspired air.

Muraoka (1961) states that carbon monoxide concentra-
tions should be limited to 100 ppm or less in shelter air.
Apparently, this is meant to represent the level of effect
of 100 ppm CO in an otherwise normal atmosphere.
Therefore, it is interesting to determine the effects of
oxygen depleted atmospheres on this value or, rather,
to determine how the value of 100 ppm for CO would
affect tolerance to lower oxygen concentrations.

First of all, it is necessary to determine the pO2 in the
lungs (alveoli) resulting from a reduced shelter air
oxygen concentration. This can be done (assuming
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pCO 2 of shelter air to be negligible) by using Equation 7

Assuming Q = 0.9, pC = 38 mm Hg and P. = 760 mm Hg,
the following table of equivalents was constructed:

TABLE 111- 27

ALVEOLAR pO2 FOR VARIOUS SHELTER AIR OXYGEN CONCENTRATIONS

%O in Shelter Air Alveolar (Lung) pO2, mm Hg

20 101
19 94
18 87
17 80
16 73
15 65
14 58
13 51
12 44
11 37
10 30

Similarly, the pCO in the lungs (alveoli) at concentrations
of CO in the inspired (shelter) air can be computed through
use of the following approximate equation:

pCO = fCO(PB-PH 2 O- pC) Eq. 12

where:

pCO partial pressure of carbon monoxide in
the lungs (alveoli), mm Hg

fCO = fraction of CO in inspired (shelter) air

PH 20 = partial pressure of water vapor in the
lungs (alveoli), 47 mm Hg at normal
body temperature

pC = partial pressure of carbon dioxide in
lungs (alveoli), usually about 38 mm Hg

Values computed for lung pCO equivalent to shelter air
concentrations of CO are given in Table 111-28.
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TABLE 111- 28

A T.urn(T.A~ P -r~ A ' 17 A 1 TT?Q 1-~ Tr1 A~Y'? r f~N -r%1 TTO Ly" T '. A

% CO Shelter Air pCO, mm HS Alveoli

0. 005 (50 ppm) 0. 0337
0.010 (100 ppm) 0.0673
0. 020 (200 ppm) 0. 135
0. 030 (300 ppm) 0. 202
0. 050 (500 ppm) 0. 337
0. 100 (1000 ppm) 0.673
0. 125 (1250 ppm) 0.841
0.150 (1500 ppm) 1.010
0.175 (1750 ppm) 1.178
0. 200 (2000 ppm) 1.346
0. 225 (2250 ppm) 1. 514
0. 250 (2500 ppm) 1. 683

Assuming that the partial pressures of oxygen and carbon
monoxide in arterial blood are equal to their pressures
in the lungs (the assumption is quite close for normal

subjects at rest), it is possible to utilize alveolar or
lung values equivalent to shelter air values to carry out
the computation of percent HbCO and percent HbO2 at
various shelter air 02 and CO concentrations. THe
method used here was adapted from that used by Roughton
(1954; pg. 62).

If it is assumed that the amount of reduced hemoglobin
present in a mixture of oxygen at partial pressure pO2
and of carbon monoxide at partial pressure pCO is the
same as it would be if no carbon monoxide were present

and the partial pressure of oxygen was set equal to
pO + 250pCO, the amount of reduced hemoglobin (Hb)
could then be read off the normal oxyhemoglobin dissocia-
tion curve for blood in absence of carbon monoxide (pCO2
must also be known). If it is also assumed that the
combined hemoglobin is still partitioned between oxygen
and carbon monoxide according to Equation 10, then the
following equations hold:
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oHbO2 = 100 - %Hb
1 2 Eq. 13

pO
2

250 P- (100 - %Y-b)

%HbCO = Eq. 141 + 2 50 o--
PO 

2

where pCO and pO2 are known, and %Hb can be deter-
mined by the procedure described above through use of
the oxyhemoglobin dissociation curve (Figure I-37 or 38).

The values of %HbO and %HbCO for a shelter air CO of
100 ppm and for various percentages of oxygen in shelter
air were computed by using the foregoing equations and
data, and are given in Table III-29.

TABLE III- 29

EFFECT OF LOWERING OXYGEN IN SHELTER AIR ON HbCO AND HbO2
IN ARTERIAL BLOOD (SHELTER AIR CO = 100 ppm)

.0 mm Mg %HbCO %HbO2  %HbO2
Shelter Air Alveoli (Blood) Arterial Blood Arterial Blood Arterial Blood

w/o CO

20 101 14.3 85.7 97

18 87 16.7 81.3 96

16 65 19.5 75.5 91

14 58 21.1 72.9 87

12 44 24.9 65.1 78

10 30 29.1 51.9 58

From Table 111-29 it can be seen very clearly that a
constant level of CO in shelter air becomes increasingly
important as oxygen concentration decreases, even for
such a small "subthreshold" concentration as 100 ppm.
Although the blood pO is not altered significantly (from
that which would be predicted in the absence of CO), the
presence of CO means that reserve is significantly
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decreased such that collapse comes much earlier than
for the case of oxygen deficiency alone. For instance,
while "useful consciousness" can be maintained by healthy
young men at I I to 1 2 percent oxygen for a relatively long
period of time, those same persons could do so at oxygen

concentrations only as low as 16 to 17 percent in the pre-
sence of 100 ppm (0. 01 percent) carbon monoxide, a con-
centration which has no noticeable effects at normal
concentrations of oxygen. This factor is particularly
significant in the "buttoned-up" shelter, or in the over-
loaded shelter with ventilation inadequate to maintain
normal levels of oxygen.

(g) Total concentrations of trace contaminants in shelter air

The total concentration as a function of time of trace con-
taminants in shelter air will depend on the volume of the
shelter, the rate of ventilation by outside air and the rate
of production of each of the contaminants. Given that infor-
mation, the concentration of contaminants can be calculated
by using the equations derived in Appendix D.

Reliable estimates of rates of production of contaminants
are difficult to obtain. However, a preliminary assessment
for at least some of the contaminants can be arrived at by
summing up the data presented in the foregoing sections.
A consolidated list of contaminants, their sources and rates
of production is given in Table 111-30.

Unfortunately, many gaps exist in the data. But even if
the gaps apparent in Table I1- 30 did not exist, the actual
amounts of such substances as feces, urine and vomitus
that would be exposed to the air could only be guessed.
Furthermore, the rate at which odoriferous solids and
liquids would diffuse into the gaseous phase could only be
estimated at best due to the variable form factors and con-
sistencies of the masses containing the substances.

Notwithstanding those difficulties, however, it is desirable
to make an estimate, albeit speculative, of the rates of
production of air contaminants to formulate at least some
notion of the extent of the problem of air contamination in
overloaded fallout shelters. To do this, Table III- 30
was used as a basis for constructing a hypothetical (but in
our view, quite possible) shelter situation. However, the
reader should be cautioned against using the hypothetical
situation for anything other than an illustration of the
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TABLE 111-30

SELECTED SHELTER AIR CONTAMINANTS,
THEIR SOURCES AND RATES OF PRODUCTION

Rate of Production per Person
(but not necessarily released to

Contaminant Sources shelter air)

Methane Flatus 4. 3 ml/hr

Ft-ces ?

Hydrogen sulfide Flatus 1.76 x 10 - 4 ml/hr

Feces ?

Indole Feces 2. 5 mg/hr*

Skatole Feces ?

Methylmercaptan Feces ?

Ammonia Feces ?

Urine 20.8 ml/hr

Sweat 11.6 ml/hr**

Volatile fatty acids Feces ?

Ethereal sulfates Urine 2. 06 mg/hr

Lactic acid Urine 6. 5 mg/hr

Sweat 465 mg/hr*
Vomitus ?

Phenols Feces ?
Urine 0. 87 mg/hr
Sweat 7. 5 mg/hr g

Carbon monoxide Expired air
non-smokers 0. 265 ml/hr
smokers 0. 875 ml/hr

Smoking 13 ml/cigarette
70 ml/pipe

240 ml/cigar
External sources Perhaps 0. 01% in outside air

for 1st day in fire areas

Carbon dioxide Flatus 8. 27 ml/hr
Feces ?

Urine Z. 2 ml/hr
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TABLE 111- 30

(continued)

Contaminant Sources Rate of Production per Person

Hydrogen Flatus 14. 1 ml/hr

Hydrochloric acid Vomitus

Assuming 100 gm feces per person per day

** Assuming 150 ml sweat per person per hour (85 E. T. , 10 it/min
air velocity, 75 kcal per sq. m. per hour metabolic rate)

principles involved and a first approach to defining the
orders of magnitude.

In the hypothetical illustration, it is assumed that ten percent
of feces and urine become exposed to shelter air; and that all
of the gaseous constituents, all of the liquid constituents and
a tenth of the volatile solid constituents enter the gaseous
phase. Skatole is estimated at 25 percent of indole and
methylmercaptan at 10 percent of indole. On a per person
basis, fecal ammonia is estimated at 15 ml/hr, fecal
methane at 8 ml/hr, fecal phenols at 5 mg/hr and fecal hy-
drogen sulfide at 2 x 10" 4 ml/hr. Values for vomitus are
not included. Using these assumptions and estimates,
Table III- 31 was constructed to serve as a basis for esti-
mating the concentration of contaminants in shelter air for
a hypothetical but possible situation.

Utilizing the values for rates of production of shelter air
contaminants (except for CO) given in Table 111-31, the
value for steady-state concentration of each constituent was
calculated and given in Table 111-34. It can be seen that
none of the constituents exceed limit values, nor do they
appear to do so in combination. However, the concentra-
tions shown do present a serious odor problem and are of
the order of magnitude which would lead us to expect a con-
tribution to the overall combined stressfulness of the shel-
ter environment.
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TABLE 111-31

ESTIMATED RATES OF DIFFUSION INTO THE GASEOUS PHASE OF
SELECTED ATMOSPHERIC CONTAMINANTS IN A HYPOTHETICAL

SHELTER SITUATION

Rate of Diffusion per Person
Contaminants ml/hr* cu. ft/hr*

Methane (CH 4 ) 9.2 3. 25 x 10- 4

Hydrogen sulfide (H2S) 4. 2 x 10 4  1. 48 x 10 8

Indole (C 8 H7 N) 4. 2 x 10- 6  1. 48 x 10-1 0

Skatole (C9 H9 N) 1. 2 x 10 6  0. 424 x 10' 1 0

Methylmercaptan (CH 3HS) 1. 3 x 10 6  0. 459 x10 1 0

Ammonia (NH 3 )** 16.9 5. 97 x 10 4

Lactic acid (CH 3CHOHCOO-I) 0. 13 4.59 x 10

Phenols (C6 H5 OH, etc. ) 0.002 7. 06 x I08

Hydrogen (H2 ) 15,7 5.54 x 10- 4

Carbon monoxide (CO)

No smoking 0. 666 0. 235 x 10 4

(55% former smokers)

Smoking 30.6 10.8 x 10 4

(50% smoke 3 cig/day,
5% smoke 2 pipes/day

Adjusted to 300C

Includes ammonia converted to (NH4 )2 CO 3
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The hypothetical illustration examined above assumes a
limited, constant rate of exposure of waste products to
shelter air on a per person basis. However, it is more
likely that the rate of exposure of waste products per per-
son would actually increase as overloading increased. In
fact, at some point, not likely to be reached in reality since

shelterees could leave the shelter, chaos would ensue. Only
in such an event does it appear very probable that shelter
air contaminants (except CO) would rapidly reach dangerou-

levels in a ventilated shelter.

In the case of methane and hydrogen, while no toxic effects
would be expected per se, the danger of explosion is omni-

present. As shown in Table 111-34, their combined concen-
tration in shelter air for the maximum likely overloading
(2. 0) is almost 0. 001 percent. According to Haldane (1935,
pg. 430), "when about 5. 4 percent of methane is present in
air, the mixture becomes inflammable with an ordinary
light, and explodes violently with a somewhat higher per-
centage. " However, "with more than about 12 percent of
methane the mixture ceases to be inflammable. " Consider-

ing the presence of other combustible gases such as carbon
monoxide and hydrogen sulfide, plus the probable presence
of dust particles of organic origin, the hazard of explosion

may be a very real one. Further research needs to be done
to determine the conditions under which the hazard of explo-
sion may become significant.

The problem of carbon monoxide in the shelter is more

significant than for the other trace contaminants. Six cases
were examined to determine the variation in shelter air CO
concentrations as a function of amount of smoking and pre-
sence of CO in the ventilation air due to fire or smoldering
material outside the shelter. The rates of CO production
given in Table 111-31 were used except for the case of

smoking ad lib, for which a conservative value of 106 x 10 4

cu ft per person per hour was used. The results are given
in Table 111-33.

Neither the no smoking cases nor the limited smoking cases
appear to present a serious problem, assuming ventilation

air contamination never exceeds 100 ppm and that shelter
air oxygen does not fall below 18 to 19 percent. However,
in the case of smoking ad lib, even without ventilation air
contamination, limit values for long-duration exposure are

exceeded in the shelter overloaded by a factor of two or more.
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TABLE 111-33

CONCENTRATION OF CO IN SHELTER AIR, PPM

Overloading Factor 0 hrs. 1-24 hrs. 25+ hrs.

No smoking
No external CO

1.0 0 ppm .13 ppm .13 ppm
2.0 0 .26 .26
3.0 0 .39 .39
5.0 0 .65 .65

No smoking
Ext. CO = .01% first day

1.0 100 100.1 .13
Z. 0 100 100. 3 .z6
3. 0 100 100.4 .39
5.0 100 100.7 .65

Limited smoking
No external CO

1.0 0 6 6
2.0 0 12 12
3.0 0 18 18
5.0 0 30 30

Limited smoking
Ext. CO . 01% first day

1.0 100 106 6
2.0 100 112 12
3.0 100 118 18
5. 0 100 130 30

No smoking first day
Limited smoking thereafter
Ext. CO = . 01% first day

1.0 100 100.1 6
2.0 100 100.3 12
3.0 100 100.4 18
5.0 100 100. 7 30

Smoking ad lib
No external CO

1.0 0 59 59
2.0 0 118 118
3.0 0 177 177
5.0 0 Z95 295

Ventilation rate 3 cfm/person for the design loading (1. 0) - proportionally
less for overloading (e, g. , 1. 5 cfm/person at 2. 0).

CO production rates as given in Table III-3Z.
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TABLE 11I- 34

ESTIMATED STEADY STATE CONCENTRATIONS
OF TRACE CONTAMINANTS IN SHELTER AIR FOR VARIOUS DEGREES

OF OVERLOADING (HYPOTHETICAL)

Steady State Concentration, %

Overloading 1.0 2.0 3.0 5.0
1. Methane 1. 80 x 10 - 4  3.60 x I0" 4  9. 00 x 10 - 4

2. Hydrogen sulfide 8.22 x 10 9  16.4 x 10 - 9  Z4.7 x 10 9  41.1 x 10 - 9

3. Indole 0.0822 x 10 9 0.164 x 10 - 9  0.247 x 10 " 9 0.411 x 10"9

4. Skatole 0.0235 x 10 9 0. 0470 x 10 0.0705 x 10" 9 0.118x 16"9

5. Methyl mer- 0.0255 x 10" 9 0.0510 x 10" 9  0.0765 x 10- 9 0.128 x 10 9

ceptan

6. Ammonia 3.33 x 10 4  6.66 x 10 - 4  9.99x 10 - 4 16.65 x 10 4

7. Phenols 39. Zx 10 9  78.4x10 9  118. xl0 9  196x10 9

8. Hydrogen 3.08x 10 4  6.16x 10 4  9.24x i0 4 15,4x 10 " 4

9. Total of 3, 4, 0. 131 x 10- 9  0.262 x 10' 9 0.393 x 10 "9  0. 655 x 10 "

and 5

10. Total of 2, 3, 47.6 x 10 - 9  95.2 x 10 - 9  143 x 10- 9  238 x 10- 9

4, 5 and 7

Computed using equations derived in Appendix D, assuming ventilation
rate = 3 cfm/person, shelter air volume = 65 cu ft/person, rates of pro-
duction of contaminant gases as given in Table I1- 32. In all the above
cases, time to reach 50 percent of steady-state value is 0. 25 hours, and
90 percent of steady-state value is 0. 83 hours.

If contamination of ventilation air also existed, limit values
for CO might be exceeded by a factor of two or three, lead-
ing to headache, irritability, fatigue and impairment of
judgment for normally, healthy persons, and possibly col-
lapse for persons with certain kinds of impairments

(cardiovascular disorders, etc. ).
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c. Nutritional Variables

Although not as critical as the thermal problem, undernutrition
becomes increasingly important as the degree of overloading and
the duration of enshelterment increase. The Office of Civil
Defense has established a provisioning policy which provides
each shelteree with 10, 000 kilocalories of a "survival" ration
which is primarily carbohydrate. Thus, in provisioning a 100
man shelter, rations containing 1, 000, 000 kilocalories would be
stored in readiness for an emergency. If 100 people entered the
shelter for a planned stay of 14 days, about 714 kilocalories per
person per day could be distributed under a policy of constant
level of rationing. If initial radiation levels permitted a stay
as short as seven days, 1428 kilocalories per person per day
would be available. However, if our 100 man shelter were
overloaded by a factor of two, the number of available kilocalories
per person per day would be reduced to half. In the most severe
case, the rations might have been spoiled so that no food was
available for the duration of enshelterment. Although it is
probable that in severe cases foraging from the shelter or outside
assistance might alleviate part of the problem, for purposes of
analysis we assume that initial provisioning represents the only
available food.

In overloading, two possibilities exist: 1) acute starvation for
the duration of stay (no caloric intake); and 2) semi-starvation
(a less than maintenance caloric intake). According to Keys
etal. (1950), there are several very important differences between
those two possibilities: "1) in total fasting the hunger sensation
almost disappears after a few days, but it is progressively
accentuated in prolonged undernutrition; 2) ketosis is a typical
result of fasting but it does not develop in semi-starvation;
3) famine edema has never been reported in total starvation.
There are important similarities - bradycardia and lowered
metabolism ar- two of these -but it is obvious that the two
situations are neither quantitatively nor qualitatively identical."

Undernutrition produces many important physiological and
psychological effects which will influence the well-being and
behavior of shelter occupants; they may be accentuated in the
overloaded shelter and will almost certainly add significantly
to the overall stressfulness of the experience. In a few instances,
however, semi-starvation might produce 'esirable effects.
For instance, basal metabolic rate tends o become depressed
and sensitivity to heat is decreased (Keys et al. 1950), thus both
lowering heat production in the shelter and reducing subjective
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reaction to heat. On the other hand, physical fitness is adversely
affected by semi-starvation thus reducing physiological tolerance
to heat. However, whether these results would be obtained
during a relatively short period of enshelterment is problematical.

(I) Psychological effects

The important psychological effects of undernutrition in the
early stages include nervousness and overactivity, greater
irritability and emotional instability. With large calorie
deficits and protein losses exceeding one kilogram (for
adults), behavior changes in the direction of total immobility,
apathy and depression. An increasingly self-centered sen-
sitivity underlies the apparent apathy, superseding social
and moral consciousness. However, it is not likely that the
latter effects will be obtained in normal shelter inhabitants

in a period not exceeding 14 days.

Semi-starvation has remarkably slight effect on test scores
measuring such factors as spatial relations, verbal fluency,
memory and reasoning. However, observed intellectual
activity is reduced and narrowed. The apparent contradic-
tion can be resolved by distinguishing between intellectual
capacity and volition. The latter suffers greatly under the
stress of starvation. (Keys et al. 1950).

In terms of group behavior, as semi-starvation increases
there is a progressive deterioration in socialization, humor,
conversation and sense of responsibility (perhaps shelter
managers should receive an adequate diet even in the face
of severe shortage). The observed effect is to place each
man on guard against all others and to make group cooperation
extremely difficult. Apathy and suspicion predominate.
(Keys, 1959.)

(2) Physiological effects

The physiological effects of semi-starvation include disturbed
function of the digestive system; hypotension; bradycardia
with tachycardia upon minimal exertion; liver injury in the
form of reduced protein and increased fat content, fibrosis
and increased susceptibility to toxic agents; reduced enzyme
activity; anemia; edema; disturbed nitrogen balance and,
of course, reduction in body weight. However, for the levels
and duration of undernutrition expected in the shelter situation,
it is doubtful if the more severe of these effects will occur.
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(3) Weight loss

Although weight loss is a useful measure of the effects of
starvation, it has certain limitations which should be under-
stood. First of all, the body is not a homogeneous structure
but is made up of various "compartments"- muscle mass
(active tissue), fat, bone and connective tissue, and water
is one useful classification. In the conversion of body mass
to energy during starvation, body fat is consumed more rapid-
ly than muscle mass, thus making it possible for obese per-
sons to survive a starvation regime better than thin persons.
The relatively greater loss of body fat is apparent in Figure
111-41, which shows the percentage decrements in body weight,
muscle mass, and body fat for 32 men in the Keys et al.
Minnesota Experiment involving 24 weeks of semi-starvation.
The more significant index of starvation is not total body
weight loss, but rather the percentage loss of lean body
weight (muscle mass, active tissue, cellular mass, etc. ).

In shelter management, therefore, it is important to recog-
nize the need of lean persons for more food during semi-
starvation regimes than other, more generously endowed
occupants. The significance of body weight loss is also
different for growing children than for adults; a far smaller
total and percentage weight loss can be tolerated by children.

According to Krieger (1921), the lethal level for loss of the
original body weight is about 20 percent for the young, 40
percent for adults exposed to acute starvation, and up to 50
percent in cases of semi-starvation. Morgulis (1923)
summarized the data on weight losses during experimental
fasting, the record being held by Succi who lost 25. 3 percent
of his initial weight in a 40-day fast; Levanzin lost 21. 9
percent of his original body weight in 31 days. According
to Kerpel-Fronius (1947), with the help of adequate diet and
blood and plasma transfusions, continued daily for 10 to 20
days, infants reduced to 50 percent and in some cases even
to 40 percent of the standard weight would recover . It would
appear that, except for general trends, the concept of a
definite lethal body weight loss is subject to so many quali-
fications that it cannot be applied in any general sense. This
is in agreement with the view of Keys et al. (1950) and of
Zimrner et al. (1944) who state: "In contrast to the general
belief, there is no state, except the final coma, when the
disease (starvation) is irreversible. " However, it does
not seem unreasonable to accept the values given by Krieger
as a general rule of thumb for normal, healthy people whose
initial body weights are near the average for their age, sex
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Figure [IM-41 Percentage decrements of body weight,
muscle mass, and body fat in the
Minnesota Experiment for 32 young
men on a diet of approximately 100
calories per day (Keys, et al., 1950)
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and body type. For shelter occupants, we would be more
inclined to set the allowable limits for body weight loss at
5 to 10 percent for the young and 10 to 20 percent for adults
with the full realization that many of them could sustain an
even greater weight loss - but that a very few would find
even that much weight loss intolerable.

(4) Weight loss of shelter occupants

Weight loss as an index of adequacy of shelter diet is useful
providing reasonable precautions are taken in its interpre-
tation. Therefore a weight loss prediction chart was devel-
oped as an aid to provisioning planning and analysis of effects
of overloading (Figure III-42 ).

Basic to the chart is the assumption that the energy expended
by the body in the form of heat or as measured by oxygen
consumption is derived from the utilizable calories consumed,
or from body tissue, and that a fixed, average factor can be
applied to define the conversion of body mass to energy.
The basic equation of balance, then, is:

Mt = M. +M -M I  Eq. 15

where

M t = body mass at a given time

M. = initial body mass1

M = body mass added due to "conversion" of food toa
tissue

M = body mass converted to energy

The equation could also be stated in terms of energy.

Reasoning from the above relationship, the following equa-
tion for percent weight loss can be defined:

WL KI (C 1 I K2 C 2 )t
16 WL = ff-Wx 100- BW x 100 Eq. 16

where

WL = weight loss

BW = body weight

K 1 = a conversion factor, metabolized body tissue mass
per Kcal energy
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C I = heat output for the shelter population
= basal heat production x factor for activity level

K2 = efficiency of utilization of food calories (i.e.,
ratio of calories actually utilized to calories
ingested)

C 2 = assumed caloric intake, before adjustment for
efficiency of utilization

t = time

In using the above equation for percent weight loss to
construct a set of "iso-weight loss" curves, the following
assumptions were made:

1. Initial shelter food provisioning ib 10, 000 Kcal a per
person for normal loading, proportionally less for
overloading, in the form of a wheat survival biscuit
(OCD Guide, 1962).

2. The efficiency of utilization (K ) of the wheat
survival biscuit is 81 percent of theoretical caloric
intake (Wells, 1962, pg. 31). Therefore, pro-
visioning at 10,000 Kcals represents 8100 Kcals
actually utilized.

3. The conversion of body tissue to usable energy (K1 )
is in the ratio of 0. 120 gm of metabolized (energy
producing) tissue per Kcal heat energy liberated.
The reasoning is as follows: A person with normal
weight will lose body tissia mass composed largely
of fat with small quantities of protein. We assume
that out of a gram of energetic body tissue con-
sumed, about 89 percent will be fat and only 11
percent will be protein. The mass equivalents of
a Kcal of fat and protein are 0. 106 and 0. 232 grams
respectively (Webb Associates, 1962). Therefore,
the body mass utilized in producing a Kcal of energy
is:

G per Kcal = 0.89 (0. 106 gin) + 0. 11 (0. 232 gn)
ms Kcal Kcal

0. 120 gm metabolized tissue
Kcal heat energy liberated
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The body composition and mechanisms are such
that body weight loss is a highly complex process.
With daily deficits of 1500 to 2000 Kcal, the first
days of severe undernutrition may yield higher than
predicted weight losses composed mainly of water.
As time passes, the percent of tissue water lost
decreases. Although this does not invalidate the
foregoing weight loss equation it does necessitate
a careful interpretation of the equation's meaning -

percent weight loss simply represents the energetic
mass loss and would require adjustment for water
content to make it equivalent to observed weight
loss. Such complications merely confirm what has

been known for years about the "masking" effect of
water consumption and utilization with reference to
body condition in undernutrition. In general, it
appears that variations in energetic body weight
can be a reliable index of nutritional state
and may approach the observed weight loss reason-
ably closely under normal conditions of water
consumption and utilization, and metabolism.

4. The weighted mean body weight (BW) and basal
heat production (BDP) for the general population
of U. S. males and females were used (52. 0 kg and
56. 5 Kcal/hr respectively; see Table 111-3 in the
section on population variables). For populations
which do not resemble the general population with
respect to distribution of sex and age, the conver-
sion factors given in Figure 111-43 must be used.
Further adjustment is required for body compo-
sition varying widely from normal and for activity
levels which deviate from that which was assumed.
Although this was not provided for in the conversion
charts, such adjustments can readily be made by
using the basic weight loss equation.

5. An activity level of 1. 7Z times the weighted basal
heat production of the general population has been
assumed. Keys suggests that muscular activity
can best be stated as a multiple of BMR (equivalent
to basal heat production, BHP) and indicates values
for various activities. To estimate the energy
used by the shelter population it is necessary to
determine the total time spent at various activity
levels. The basis for our assumed activity level
is as follows:
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Activity Duration (Hrs) Multiple of BHP Product

Sleep 8 0.9 7.2
Light activity 14 2. 0 28.0
Moderately vig- 2 3.0 6.0
orous activity (exercising adults,

.. playing children) 42. 2
--- --- --- - - - --- --- m ---------------------- m

The average h-ourly energy expenditure is therefore:

1
C = - (41. 2) = 1. 72 x BHP

The weight loss chart assumes C 1 =. 72 x 56. 5
97. 2 Kcal/hr.

A BMR multiple of 1. 70 is cited by Keys as being
equivalent to office-type activity, where no sports
or hobbies are a part of the individual's activity
pattern. While there is evidence that activities can
become depressed in shelter confinement and some
may respond by sleep patterns (Saunders, 1962),
it seems desirable to superimpose survival-
oriented group activity upon the range of spontaneous
confinement responses found in the general popula-
tion. A survey of recent shelter studies involving
both family occupancy and military groups shows
shelter activity levels ranging from sleep to
active (Strope, 1960, 1961, 1962; Altman, et al, 1960;
Saunders, 1962). Family groups, or groups with
mixed ages seem prone to wider activity level ranges
than more homogeneous groups. The problem
needs further study.

6. The basis for the conversion chart is the following
equation:

(= %WL KI Eq. 17

where the bracketed ratio is the conversion factor,
the primed symbols refer to the new population in
question and the unprimed symbols refer to the
general U.S. population as represented by Figure
III-42.
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Two sets of curves have been included in Figure 111-42. The
first set allows the available Kcal intake per person per day
(assuming constant rationing) to be determined as a function of
degree of overloading and the planned duration of occupancy.
The second set enables the average percent loss of initial body
weight to be determined as a function of daily caloric intake
and planned duration of shelter occupancy. Following are
examples of the use of Figure 111-42 :

1. Assuming normal loading, L = 1. 0, a planned dura-
tion of shelter occupancy of I I days will allow a
daily intake of about 910 Kcals per shelteree, result-
ing in an average body weight loss of 4 percent.

2. Assuming normal loading, if only 1000 Kcals are
consumed per day for 10 days, the general popula-
tion can be expected to lose an average of about 3. 5
percent of its body weight.

In the second example, we predicted a 3. 5 percent body weight
loss for the general population. Suppose we wished to determine
weight loss at the same level of caloric intake for I - 4 year
males. Figure 111-43 indicates a conversion factor, CF,
of about 1. 73 for males 1 - 4 years old at an intake of 1000
Kcals. Using the relation

%WL' = (% WL)(CF) Eq. 18

where: % WL' is the percent weight loss for males 1 - 4
years old,

% WL is the percent weight loss for the general popu-
lation, and

CF is the conversion factor, we have:

%WL' = (3. 5)(1. 73) = 6.05 percent for males in the I - 4
year age group.

Note that a maximum average daily intake of about 2875 Kcals
per shelteree per day should result in no average weight loss
for the general population under the conditions and assumptions
stated, but that weight may be either gained or lost by occupants
within the various sex and age groups unless their caloric
intake is adjusted in accordance with their respective conversion
factors. A maximum average of slightly more than 7.5 percent
weight loss is possible for the general population if no food
is consumed for 14 days. It is also noteworthy that the current
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4 9/ Weight loss for indicated group
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Figure 111-43 Sex and age group conversion factors for body
weight ioss. Used to convert weight loss values
of general population in Figure 111-42 to values
for sex and age groups.
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OCD provisioning policy, even under normal loading, would
result in an average weight loss of about 5.7 percent for a
shelter occupancy period of 14 days.

What are the implications of the predicted 5. 7 percent weight
loss in 14 days in the absence of overloading? Altman (1960)
fed family groups at the rate of 2000 Kcals/day for two weeks;
the study revealed no significant physical performance decre-
ments, nor psychological responses that could be linked to
undernutrition.

Food was fourth of twenty-one items on a Discomfort Index
filled in by 99 young sailors after spending two weeks in a shel-
ter eating 1850 Kcal (Saunders, 1962). Despite elevated tem-
peratures, upper respiratory infections, and low activity
levels, no critical physical or mental responses were observed.

Moderately active individuals fed 500 Kcal/day suffered slight
change in physical work capacity after 7 days. Dizziness was
observed (cited in Wells 1962, p. 4),

In the Minnesota Experiment (Keys et al, 1950), it was found that
32 young men, fed at 45 percent of their normal diets and kept
on an active schedule had lost an average of 24 percent of their
body weight after six months. The adaptation of these men to
prolonged undernutrition was complex. Psychomotor changes
within the first two weeks were negligible. There was a slight
increase in gross body reaction time with a decrease in manual
speed (p, 705). These findings suggest motivation loss. The
tendency was to reduce the magnitude and number of gross body
movements in an effort to conserve energy. About 5 percent
of the normal body strength was lost in 14 days. Deviations of
the food drive (self rating) rose sharply from the first (p. 823).
There were smaller depressions of the sex and activity drives.
Despite extreme deteriorations in their capacity to perform
severe physical work (52 percent of normal by the twelfth week),
and an increasing tendency toward irritability and emotional
instability as semi-starvation progressed into months, no
significant deterioration in either physiological or psychological
response was apparent at the end of 14 days.

The implications are that despite the immediate onset of total
caloric deprivation in a shelter, such a regime can be borne
by most normal adults without irreparable harm. The natural
tendency is to decrease the physical tasks undertaken. There
is also a reduction in the cost of physical activity due to weight
loss itself.
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Both theoretical and empirical investigations support the view
that, for the general population, a provisioning of 714 Kcals per
day for 14 days will be consistent with the capacity of most to
survive the shcltcr and function adequately in the post-shelter
environment. Even total deprivation will not be critical for
adults. However, total deprivation would result in critical body
weight losses for children.

Shelter management should be sensitive to the special popula-
tion groupings in their shelter as well -s to individual differ-
ences. Wells presents a concise analysis of the requirements
of various nutritional groups (pg. 11). Obviously those with
greatly decreased supplies of body fat, diseased individuals, or
pregnant or lactating women will have unique dietary require-
ments. Care must be taken to adjust for these. In this respect,
a "rule of thumb" tool would be useful to a harried shelter mana-
ger, permitting ready adjustment of provisions. Such a tool

could eliminate any serious inequalities in rationing. It would
extend the effect of the conversion factors available in the
present tool, and thus further optimize each individual's
survival potential under given loading conditions.

(5) Comparison of observed and predicted weight loss

An examination of the dietary levels of a number of studies ap-
pears to confirm the validity of the caloric intake-weight loss
prediction tool presented above. Under the assumptions
stated, a daily intake of 714 Kcal is about 20 percent of the
2875 Kcals intake calculated to result in 0. 0 percent average
weight loss for the general population. Figure 111-42 shows a
14 day weight loss of about 5. 7 percent. Using data from many
sources, and assuming an average daily caloric requirement
of 2860 Kcal to maintain body weight, Keys et al. suggest
a body weight loss of 30 percent in three months (or 5. 8
percent in 14 days at constant rate of los) on a diet contain-
ing 20 percent of the calories required for maintenance. Care
must be taken in generalizing from the populations referred to
in Keys to that used in this study, however, since his figures
represent average values for normal adults.

Further confirmation of the prediction tool is indicated by
Strope's studies in which weight losses in the range of 1. 6
to 1. 9 percent were observed at the end of 14 days at about
2000 Kcals/day (1960, 1961, 1962) as compared to a prediction
of slightly over two percent using Figure 111-42 .
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However, other studies appear to indicate weight losses greater
than would be predicted. Saunders (196Z) recorded 4. 8 percent
average weight lose among 100 young sailors after 14 days of
shelter confinement, whereas the adjusted prediction would
be about 3.4 percent. Feeding at a rate of Z000 Kcal/day
(or less) for 14 days, Altman et al. (1960) observed an average
weight loss of 5.4 percent.

In the light of the earlier discussion of water losses concom-
mitant with loss of energetic tissue, it is quite possible that the
discrepancy between predicted and observed weight loss in the
latter two studies may be accounted for on that basis. In
addition, calories provided and calories consumed were dis-
crepant. In Altman's studies, it was noted that not all the
food was eaten. If the actual intake in Altman's studies was
closer to 1500 Kcal per day and if a fourth of the weight loss
was water, his figures would be consistent with predicted val-
ues. Furthermore, it is difficult to make valid comparisons
without definite knowledge of activity levels and adjusting
for population composition. For instance, Saunders' young
sailors may well have been leaner than the average for that age
group, a factor which could very well make several percent
difference in percentage weight loss.

In general, it appears that the weight loss chart predictions
are within the observed range of values for weight loss of
groups confined in shelters. However, further work is
needed to fully confirm the validity of the chart and the assump-
tion of an activity level of 1. 7Z times basal heat production
needs to be evaluated further.
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d. Other Physiological Variables

A number of factors will influence the response of shelter occu-
pants to thermal, atmospheric and nutritional stresses. Among
them are such factors as noise, sleeplessness, morbidity and
physical condition of the occupants at the time they enter the
shelter.

(1) Noise

Noise level in a shelter will very likely increase markedly as
loading is increased. Anyone familiar with cocktail parties
has observed the spiraling phenomenon of increasing noise
level resulting from ever-increasing loudness of speech.
The "steady-state" noise level attained is a function of the
number and density of people present. Noise levels of 70
to 80 decibels or even more are not uncommon in such
situations, particularly in densely crowded rooms.

The presence of high noise levels makes communication (and
therefore management) difficult, increases psychological
tension and irritability, and tends to increase muscular ten-
sion, thus increasing metabolic rate. Sleeplessness may be
produced, particularly in susceptible persons. It has been
observed that high intensity "white" noise may have an
anesthetic effect, masking pain, making coherent thought
and speech difficult, and the like. However, it does not seem
likely that shelter noise will grow to such intensities.

The character as well as the intensity of the noise is important.
For instance, conversation, clanging of utensils, etc., is
usually more distracting and detrimental to sleep when super-
imposed on an otherwise low noise level background than
when a relatively high but meaningless noise level is present.
However, in either case additional stress is superimposed on
what may be an already barely tolerable level of stress from
other causes.

Figure 111-44 presents a generally accepted set of criteria
for evaluating tolerance limits for continuous exposure to
wideband noise in terms of sleep, speech interference level
(S. I. L), hearing conservation and risk of deafness, and
immediate physiological stress reactions and mechanical
damage to the ear. Judging from the curves given in Figure
111-44, it seems unlikely that actual damage will result from
shelter noise, but sleep and speech communication might be
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interfered with, particularly in an overloaded shelter - unless
strict "noise control management" is carried out. Experi-
mental study of the effects of shelter noise levels as a func-
tion of loading should be carried out in future simulated
shelter habitability tests.

(2) Sleeplessness

The significance of adequate sleep can hardly be overempha-
sized. Susceptibility to and recovery from disease are
strongly influenced by the amount and quality of sleep and
rest. In the absence of adequate sleep, physical fitness
declines and tolerance to almost all stresses is decreased.
For instance, some if not most of the increase in fatalities
during heat waves is attributed to the fact that uncomfortably
high temperature and humidity at night prevent adequate
sleep, thus critically depleting energy reserves among peo-
ple who are already marginally physically fit.

Sleeplessness is expected to increase as a function of degree
of overloading due to increasing, unrelieved thermal stress;
hard, cramped sleeping surfaces; increased noise level;
jostling by neighbors; increased incidence of disease; psycho-
logical disturbances; and many other factors. Considering
the great importance of adequate rest - which is even more
important (and more difficult to obtain) in overloading than
in normal loading - the inclusion of adequate supplies of
sedatives in the shelter medical kit might very well mean
the difference between survival and death or premature
escape for occupants of a severely overloaded shelter.

(3) Morbidity

Disease incidence in the shelter will depend on the kinds of
disease brought into the shelter by occupants, ventilation
air, insects, rodents, etc. ; the adequacy of isolation facilities,
medical supplies and medical attention; the lag between onset
and recognition with ensuing steps to prevent spread; the
physical condition of occupants; the adequacy of sanitary
facilities; and numerous other factors. Considering the
factors which increase the probability of occurrence, severity
of reaction, and spread of disease, it must be concluded that
the probable occurrence of disease will increase significantly
as the degree of overloading increases. The presence of
disease decreases tolerance to heat, excessive carbon dioxide
and carbon monoxide, toxic trace gases, dehydration, under-
nutrition, etc. Furthermore, if the disease is accompanied
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by diarrhea or vomiting, dehydration will result - and in
the face of limited water supplies the situation may become
critical within a very short time.

According to Table 111-4, the probable number of persons
entering a shelter with measles, German measles, whooping

cough, mumps, chicken pox, scarlet fever, dyptheria, or
smallpox is about . 24 out of 1 00. For influenza and grippe,
bronchitis, coryza and cold, sore throat, or laryngitis, the
probable number is about. 37 out of 100. These are signifi-
cant probabilities, considering the limited facilities for
dealing with them and considering the greater probability of
contagion in the overloaded condition. Among the other ail-
ments - totaling . 77 per 100 - which would undoubtedly lower
resistance to stress are pneumonia, pleurisy, asthma,
tuberculosis, thyroid disease, diabetes mellitus, anemia,
debility and malnutrition, cerebral hemorrhage, rheumatic
fever, hypertension and arteriosclerosis, various heart
ailments, functional digestive disorders, diarrhea and
enteritis, ulcer of stomach and duodenum, appendicitis, and
nephritis.

In all, out of 100 entrants, about 1. 4 may be suffering from

some form of acute disease and about the same number may
be suffering from a chronic ailment.

It seems quite possible that disease may become the most
important limiting factor in some shelters - particularly in
overloaded shelters. Superimposed on other stresses, even
what would normally be the least severe of diseases can
become critical. If overloading is to be accounted for in
shelter planning, serious attention must be given to means
for preventing, limiting the spread of, and/or decreasing

the severity of disease.
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5. Psychological Variables

The purposes of this section are (1) to summarize the available
data concerning psychological factors relevant to fallout shelter
occupancy, (2) to illustrate how those factors can be expected to
interact and evoke additional behavioral reactions, (3) to indicate
the significance of those reactions in the overloaded shelter, and
(4) to consider the results of some previous studies in the light of
existing theoretical frameworks.

a. Summary Charts

(1) Chart I - Environmental Stresses (Figure 111-45)

To accomplish the first goal, Chart I was constructed,
compactly bringing together available information concern-
ing psychological reactions to stressful environmental
stimuli. Since more than one reaction generally is report-
ed to result from a single stimulus, and since several

stimuli may elicit the same response, the diagram seems
best suited to illustrate the interrelations of the stimuli
and reactions at a glance. All noun categories used in
Chart I were taken directly from reports by the investi-

gators whose works are presented in the accompanying
bibliography. The only liberty taken with the data was to
group seemingly similar categories of reactions; e. g.,
nausea and vomiting; exhilaration and euphoria; and
lethargy, lassitude, and listlessness.

The charts are constructed similar to a schematic wiring

diagram. Except where otherwise indicated by arrow-
heads, each reaction to stimuli can be found by following
a line from left to right and either up or down. For
example, the "Primary Reactions" to food deprivation
are irritability (et. al. ), depression, apathy, and lethargy
(et. al. ). Other reactions to food deprivation as indicated
in columns headed "A" and "B" are "weakness, " "muscle
soreness, " "general fatigue, " and "dizziness" as well as
defective "coordination" and "manual performance" and
reduced "endurance, " "concentration" capacity, "interest,"
"ambition" and "self disc.ipline. " Notice that only marked
(i. e. , dotted) intersections have meaning once a route has
been selected. Intersections not marked can be treated
as if they do not exist; these crossing lines are completely
independent, for purposes of reading the charts.
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The stressful stimuli listed in Chart 1 are limited to environ-
mental (arid provisional) stresses relevant to shelter exist-
ence. Since the stimuli are to a greater or lesser extent
measurable, experimental findings and observations are
able to relate definable: resulting responses to initiating
conditions. It is assumed that in every study each primary
variable was controlled so that valid, generalizable stimulus-
response relationships can be demonstrated.

Unfortunately, psychological and psychophysiological reac-
tions frequently do not lend themselves to clear cut conclu-
sions regarding their origins. For example, Dr. Eliot
Rodnik* related some interesting complex relations he and
his coworkers found in a study performed several years ago.
When subjects were fed heated, humid oxygen through a mask
their heart rates increased; when the rising temperature of
the oxygen reached a critical level, they responded as if
fear- or panic-stricken and attempted to tear off the mask.
Interrogation and further investigation led Dr. Rodnik to
realize that not only did the heat stress cause the heart to
beat more rapidly, but the strong fear reaction which devel-
oped also produced a faster heart rate. Thus, he and his
associates were unable to conclude with certainty the extent
to which the icreased heart rate resulted from the heat
stress and the amount contributed by the fear reaction.

For the practical purpose of examining the psychological
factors pertinent to the shelter situation, it may often be
sufficient simply to know what observable behavior to
expect under various general categories of stimuli, e.g.,
that most people will frantically tear off a mask which feeds
them heated 0 Z. Why the behavior occurs, or whether it
results directly or indirectly from the hot, humid oxygen
need not enter into a description of reactions to various
stimuli. Knowledge of the intervening responses and
theories governing them will make it possible to establish
a mode of operation when it becomes necessary to do
something to alter or control behavior. Even then, one
must first define the level at which a behavioral change is
to be attempted.

Chart I simply indicates that a previously observed reaction
may result from one or more stimuli. If the reaction is

1professor of Psychology, UCLA; from a verbal discussion held with
the author on March 19, 1963.
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detrimental to individual or group survival, corrective
action might become necessary, and alleviating the
environmental stresses (if possible) could be one such
procedure.

(2) Chart 2 (Figure 111-46) and Chart 3 (Figure 111-47)

Charts two and three provide additional information regard-
ing possible interactions of reactions and some interesting
implications for control of behavior. For example, the
line connecting "panic" to "depression, apathy" etc. , would
imply that to calm a very anxious individual one might
rapidly establish a strong fear reaction by surreptitiously
cutting off power to the ventilation system and announcing

that lack of oxygen will cause general suffocation in a short
time. Panic may reign, but once the ventilation system
were again operating the relief would be likely to take the
form of an over-compensatory reaction resulting in a reduc-
tion of activity of those whose anxiety level increased during
the crisis. Similarly a very depressed person can often be
reactivated by having his worst fears repeatedly exaggerated
by someone else who can present the fear-bases with a
subtle touch of satire. Unless an individual is mentally ill,
he will probably respond with, "Well, things aren't that bad!"

(3) Psychological stresses

As stated earlier, Chart 1 begins with stressful environmental

stimuli because they are measurable and, therefore, have
lent themselves to investigation. There are, however, other
stimuli which may be equally stressful but which are not
readily measurable and which do not appear to have been
independently controlled in a simulated shelter experiment.
Those stresses include:

1. Separation from family members

2. Having observed (or been involved in) a catastrophe
prior to entering the shelter

3. Widely mixed socioeconomic, religious or ethnic
groups in the shelter

4. Poor, weak, or otherwise inadequate leadership

5. Breakdown of communication, ventilation, or other

shelter equipment
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6. Spread of disease

7. Communication that conditions outside or in other
shelters are worse than expected

Of those, the most often discussed problem is that of in-
adequate leadership. According to one study (Altman, et. al.,
1960), poor management will result in inferior adjustment
and attitude on the part of shelter occupants (p. 98). Grinker
and Spiegel (1945) list as outcomes, loss of confidence, in-
secure feelings and reduction of morale (pp. 46 and 47).
Tannenbaum, et. al., (1961) comment on the reduced effec-
tiveness of the group and the resulting management diffi-
culties which a poor leader will have (p. 30). Cartwright
and Zander (1953) indicate throughout their book that an
inadequate leader will be unable to gain full cooperation
largely because he cannot clearly define the goal of the group.
Strope, et. al. , (1961)* stress loss of interest and reduced
standards of shelter living and conduct in a group poorly led.

The extensive interest in the value of good leadership war-
rants attention. People under severe stress are usually
unable to manage their lives efficiently or effectively and
require guidance. As shelter loading increases, the
stresses will mount, and the capability of the leaders to
manage special problems as well as planned activities may
well establish the survival value of the shelter. Later in
this report, methods will be suggested by which leaders can
handle some special behavioral problems.

Inadequate communication can be expected to reduce morale
also, according to Gautney and Jones (1962). Other results
of poor communication are reduced group solidarity and
confusion among shelter occupants regarding direction of
purpose (p. 151).

Those reports indicate the general importance of adequate
leadership and communication. It seems likely that the
generalizations apply as well to the problem under con-
sideration here. To investigate the effects of faulty leader-
ship and communication specifically in an overloaded fallout
shelter would require rigid controls of those variables in

See reference No. 15 in the chart bibliography.
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a formal study, a study which might yield some question-
able results anyway without the stresses associated with
an actual holocaust.

The charts are sufficiently comprehensive that they prob-
ably include all the reactions which may be expected from
the seven uninvestigated stresses in the list as well as
those appearing on the charts themselves. For example,
a man separated from his wife whom he is not certain to
be safe in another shelter may enter his shelter anxious
or worried, so that if communication with the other shel-
ters is not achieved rapidly enough for him, he may become
angry, complaining, or aggressive; such reactions do appear
on the charts. A woman, having seen her child trampled to
death by a panic-stricken crowd would probably enter the
shelter crying and remain depressed and lethargic through-
out most of her stay; expected results from such reactions
can be derived from the charts. However, breakdown of
equipment might stimulate hopeless depression in some
people and interest in others who accept the challenge to
be useful.

(4) Interpretation of the charts

Since the latter reaction is one which would be desired
because it can lead to an effective solution, it is not includ-
ed in the charts; the primary function of the diagrams is
to illustrate negative factors - those which are detrimental
to shelter survival and which are expected to be exaggerated
in the overloaded situation. Chart 2, therefore, starts
with the Primary Reactions from Chart 1 and expands on
some of their effects. Chart 3 starts with the physiologi-
cal, psychological and psychophysiological reactions and
indicates both the interactions which may be expected and
some added effects as well.

Charts Z and 3 were derived primarily from broad clinical
and experimental psychological knowledge. A few specific
references are indicated; however, in general, Outcomes,
Energy Disposition, Secondary Results, and other effects
list information gained through familiarity with the psycho-
logical and shelter study literature.

The physiological effects of psychological reactions are
subsumed under "Energy Disposition. " In Charts Z and 3

it is interesting to note that more lines are directed
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toward "Increased" than toward "Reduced Energy Expendi-
ture. " That fact cannot necessarily be construed to indi-
cate that there will be an overall increased energy expen-
diture under adverse conditions. It is equally important
to consider the number of people which the lines represent,
a quantity which cannot at present be e~timated, If most
of the occupants revert to an apathetic withdrawal or pas-
sive depression (see Cohen, 1953), overall shelter energy
expenditure will be reduced so that less food, water, and

oxygen will be required and the heat, CO , noise and odor
production will be kept at a lowered leve.

The extent to which each of the factors included in the charts
will occur within a shelter - overloaded or not - under the
actual stress of a thermonuclear attack unfortunately could
only be conjectured at this time. Rationale will be presented
later for the belief that any or all of the reactions may be
expected to appear concurrently within any given shelter.
The degree to which leaders will be able to control excessive
responses will be a function not only of the severity and his-
tory of the stimuli but also of (1) the extent and quality of
people's previous training as to what to expect and what to
do in the shelter environment, (2) the thoroughness with
which organization and management within the shelter is
pre-planned, (3) the effectiveness of selection and training
of leaders, and (4) the characteristics (including behavioral
predispositions) of the shelter population.

-192-



REPRLNCEI REACTIONS TO STRESSFUL F

SYRESSFIJL PRIMARY REACTIONS* PRIMARY Rr.*CTIONS

ENVIRON MENTALI CH-ARACT ERISTIC OF CIIARACIERISTIC OF

STIM UIl SYMPATlHETIC NS PARASYMPATHETIC Ni

L3 14 IR1RITABILITY

14 -- ANNOYANCE;

DEPRIVATION

- - FSIIILTATIO

CO

14

HS I

NOISE;El14 

LSLSNS

14

LIGHTING

CROWDING -

LAKO EMOTTONAL .ISTURR.ANCE-S

-UZLJ----))PRIVACY

NOSI~ .Sib- ,, - il - h l .1 - . b nlr,. h, .ip

M I~ d tt.l1,



PRIMARY REACTIONS* A.

CHIARACTE RISTIC OF PRIMARILY PHIYSIOLOGIICAL. PSYCIHoI.ooGAl. b.

PARASYMPATHETIC HIS IREACT IONS PSyCHIO'IYNIOIOCICAI REFACTIOlNS

8, CCIItAIONT

S 14 4MANUAL PrUrRFoRMNcE

I REACTION lINY1WRAUNERS 0 ISVSMOTOR RETARDATION)
II 1 3 54 .~APPFTITF I, RIOF.STION

VISION

IONTONN

IO EOCRYT f

KERA C 3.14

NASE I.J VIGH ANCE

APATHY-- 4) 4IIRCINT

14AR9PR IO 
HA I I UCI>j.ATFNTI

11IL4 JJ, IXIORCIE0 O

I I~ i ATENTIOLN.S

FATIGUE 1II - 45mC4 UT

II.~~~O A)RRIACS I tI

IJ..-jRAT.T 1-I'CONTusION REFERENCED REACTIONS

12 t ~DESOCIAX IZAflON

0;O CILDREPN TO ST RESSFRUL

-~i- Jh' o- liX.pL EN IR NE-AL S IM L

S~n~: id~r~el NAIII~rn~a~on~pn.s~enI~ ~p



IFEGTS Cr

PRIMARY IHITIAL E R G OY

REACTIONS OUTCOMES DISPOSITION

'I.ESTLESSNESS...' -

IRRITABILITY (SEE CHART 3 ) Low'

AMOYAN E , ,ii E:v.RBAL. -TILITY - I
EXCITABILITY T EXCESS
QUARREI OMENES 1 -.-- 1 ENERGY

BOSTROUSNESS PANICIl EXPENDITURE

_ __ ("EAT

IOURI VIOLENP C
ANGER 10- ]~ATTACK LTIN. L _,IIGI

0STILITY __________ANIO A
REBEtLION Fri

AGGRESSION -OVERACTIVITY

IXHII.AATION OVER..PT MI.M
a, .....AA TION[

WITHVDAWAL ]LOW

REDUCED L

ENE RGY

A1PATHY lIIH rXPENDITURE

LETHARGY
LASSITUDE
LISTLE RNES

ENERGY EXPENDITURE CONTINUUM UT|L!2,kT!ON t]4

REDUCED EXCESS OFNIEKRO +

1-1GM LO LO 11014REVERSE THE +
VERTICAL ARROWS +

MINMUM MOD IRATE MAXIMUM FOR RESULTS

Or REDUCED+
I., g.. catatonil DIRECTION! .... E" r e)NERGY

OF - EXPENDITURE
CONCERN

4w



EFFECT$ OF "PRIMARY REACTIONS"

RESULTS OF MOST

SECONDARY EFFECTS OF OR ALL BEHAVIOR

RESU LTS OVERCROWDING M ENTIONED

CROWDING MAKESIMANAGEMENT & [NC.-P.RATIENEB.

INETIME N 
DISCIPLINE IFFI ULT

EXES ERSSION. CROWDING INCREASES
ENERGY. APTHY RATE OF TRANSMISSION [SOURCE OF IRRITATION

EXPENDITURE _ _l _ _ _ _, (CONTAOICN4 TO OTHERS

(HEAT I FAND/OR WIIDHAWAi.

PRODUCTION) IbIFFICULT TO CCIIFSOL

L (MANAG EMEN II

( DICIPLINE S

COMMUNICATION MOTIVATION DIFFICULT

1 DIFFICULT 
TO HANDLE

DRLAIN ON LEADER

I__ ...... ,-FORCED INTERACTIO E E00

t....o....0N5 ..... E[FECTIVENESS

[:=:F ------ J .M.. .GNJFOR ROLE IDENTIFICATION
SINDEPEDENT ACTION

E[ECREATION

SP LIMITED

FODREQUIREMENTS

WATER REOUSIRCAMENTb

+ 0, REQUIREMENTS

+ PRODUCTION OF C;
2

+ PRODUCTION OF HEAT

+ PRODUC7ION OF OFFENSIVE ODOR FIGURE I1 1 46. CHART Z

+ LEVEL ONOUE

EFFECTS OF CROWDINO

EFFCTS Of "PRIMARY RACTIONS"



INTERACTIONS AND E

PSYCHOLOGICAL, AND PS'

A. PRIMARIL-Y a. PSYCH-OLOGICA I,

PHYSIOLOGICAL AND PSYCHOPHYSIOLOGICALE

REACTIONS REACTIONS I

nl.i E T.R...AT,-,.ORS.1.11CTIVE

COORDNATIO ENE
MANUA PERFRMANC (Col
REACTIN TIMEALT

r.K.. ...AL1 APPETITE TO(

GENERAL 
l IININ

FATIGUE

I~~~~~lEE LET 1.NS ________

( RESPIRATIONN~
ATTENTIOENS

V IS U.A 
C E l.-

FATIGUEN

(REIPIOATOCI SIikTREI

DITRAC *N.A. EN

/X



IN'TERACTIONS AND EFFEC TS OF PIIVSIOLOGICAL.

PSYCIIOLOGICAL AND PSYEHOPHY SIOL,OOICA U REAL (IONS

EFFECTS

ENERGY OF POSSIBLE

DISPOSITION OVER LOADING HANDLING

.FNEPAl.

UNI'IFDICT dRl F t.~I CLUM....SS (L CON TINUOUS COMMDNICATION

E UN RGlY IXPENDITUIr~L [NTF';-.ENHCI: iE" PROLABILITY OF

(C OUI D B.I, La'I WITH OTSES UVDIVAL,

AL KRNATSH 

W OOTIH

LIH CAUSE -h ATTMPTS

TO OVERCOME DEFICENCY)T

r . 1 MPATHETIC ACCEPTANCE
MANAI IMEN3I COMIIINED WITH FIRM

I IIEI-OkcIm ENT ION
CHU1C1L.M CONTINUING DIIF.LTED

ACTIVITIES IN SPITE
If*Dr REACT IONS

FXPEN OITUJRP, EXgAGGEFRATION 3.TRN

1 -1 SYMPTMIS 
. STRONG

Rlni A L

K WATERH 0O EL IN

IPACI REQUIUEMINTS 

CONFUSION

REDUCED MINIMA ENERGY

ENIDG L AND SKILL REQUIRED

SPEIA EFFECTSPRSNA

VALUE OF EACH

- -----------~iTEi 111INCS L ACCIDENSTS UHELTEREE

]7I.RWUXED PAIN TIHRESHOLD

HAl IUCINATIONS I

PN1 ISIOLOGICAL, phTIGHOLOGIEAL AND

PSCOPIbSlwIL O IA L REACTIONS



REFERENCES FOR CHARTS

1. Altman, J. W., et al., "Psychological and Sociological Adjustment
in a Simulated Shelter, " American Institute for Research, Con-
tract No. CDM-SR-60-10, November 1960.

2. Carlson, A. , and V. Johnson, The Machinery of the Body, University
of Chicago Press, Chicago, 1956.

3. Carlson, A. J., "The Relations Between the Contractions of the Empty
Stomach and the Sensation of Hunger, " Amer. J. Physiol., 31:175-
192, 1912.

4. Cohen, Elie A., Human Behavior in the Concentration Camp, The
Universal Library, Grosset and Dunlap, New York, 1953.

5. Coleman, James C. , Abnormal Psychology and Modern Life, Scott,
Foresman and Co., Chicago, 1956.

6. Hanifan, Donald T., (citing McFarland, R. A., 1938), "Respiratory
Physiology in Aircraft Engineering, I. The Physiological Back-
ground," Report No. SM-23171, Douglas Aircraft Co. , Inc.,
Santa Monica Division, September 11, 1958.

7. Keys, A. , et al. , The Biology of Human Starvation, Vol. 1, Univer-
sity of Minnesota Press, Minneapolis, 1950.

8. Kollar, Edward, "Psychological Stress, " Journal of Nervous and
Mental Disease, 13Z, 1961, 382-396.

9. Langley, L. L., and Cheraskin, E., The Physiology of Man, Mc-
Graw-Hill Book Co., Inc., New York, 1958.

10. McCormick, E. J., Human Engineering, McGraw-Hill Book Co., Inc.,
New York, 1957.

11. Meerloo, Joost A. M. , "Emergency Psychotherapy and Mental First
Aid," J. of Nervous and Mental Disease, 124, 1956, 535-545,

12. Murray, Edward J. , "The Psychological Effects of Adverse Environ-
mental Conditions and Their Implications for Adjustment in Fallout
Shelters, " Appendix D, Disaster Research Group, NAS-NRC,
Washington, D. C., 1959.

-196-



13. Murray, Edward J. , "Adjustment to Environmental Stress in
Fallout Shelters, " Symposium on Human Problems in the Utiliza-
tion of Fallout Shelters, ed. by Baker, G. N. and Rohrer, J. H.
Publication 800, NAS-NRC, Washington, D.C., 1960.

14. Rayner, Jeanette, "An Analysis of Several Surveys Relative to
Problems of Shelter Habitability, ,1 Disaster Research Group,
NAS-NRC, January 1960.

1 5. Schramm, Wilbur, The Process and Effects of Mass Communica-
tion, University of Illinois Press, Urbana, 1955.

16. Strope, W. E., et al., "Preliminary Report on the Shelter Occu-
pancy Test of 25-29 July 1960, " U. S. Naval Radiological Defense
Laboratory, San Francisco, California, USNRDL-TR-502, 21
March 1961.

17. Wenger, M. A. , Jones, F. N. and Jones, M. H. , Physiological
Psychology, Henry Holt and Co., New York, 1956.

18. Wenger, M. A. , and Cullen T. D., "Fourteen Response Patterns
in Man, " UCLA, unpublished paper (n. d. ).

19. From a verbal discussion held with Dr. Eliot Rodnick, Professor
of Psychology, at UCLA on March 19, 1963.

-197-



b. Stress and the Temporal Course of the Behavior of Shelter
Occupants

As the charts indicate, many studies have been reported con-
cerning human reactions to stressful stimuli, such as noise,
food deprivation, excess carbon dioxide, and the like. Generally,
the findings have been consistent for any one of them. However,
the evidence is conflicting regarding the temporal course of
human reactions to the composite of constant and varying stresses
expected to exist in the shelter situation. Probably the main rea-
son findings differ is that each investigator formed his own con-
cept of shelter living so that different kinds of experimental con-
ditions were used to derive the bases for predicting reactions
under different, individually conceived complexes of stresses.

In the shelter, the occupants may not only experience food and
water deprivation, noise, crowding, and other stresses, but
they will also be faced with the necessity to cope with an actual
thermonuclear attack, possible destruction of their homes and
possessions, and very likely separation from family members
and friends. So far, no formal study has even approximately
simulated those profound conditions. The manner in which peo-
ple will respond to each of the stresses over a period of two weeks
has been estimated by several investigators; however, the evidence
is still too questionable to make confident forecasts of the overall
behavior of a shelter population in time of real danger (Meerloo,
1957, p. 361).

(1) Support of Selye's concept of stress

To understand the basis of some of the predictions to be pre-
sented later, it is necessary first to define stress. Accord-
ing to Selye (1956), stress is an internal adaptive response
to excessive or noxious stimulation (stressor), e. g. , where
cold is the stressor, the internal response (stress) is vaso-
constriction of blood vessels near the skin surface, shiver-
ing, and other reactions. The response appears to be an
attempt to maintain a stable body temperature, a process
of adaptation.

The findings from his many studies of stress reactions led
Selye to postulate a general "non-specific" response to all

stressors which he designated the General-Adaptation-
Syndrome (GAS). The GAS consists of three overlapping
phases, the Alarm reaction, the Resistance reaction, and

the Exhaustion stage.
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On the basis of those three stages of stress reactions,
Murray predicts people's reactions to becoming a shelter
resident:

"The temporal course of adjustment may be anticipated to
some extent on the basis of the work done on the general
adaptation syndrome (Selye). The initial response to stress
is a highly active one dependent on the sympathetic nervous
system. This is called the stage of alarm and may involve
fearful and aggressive responses. It is during this stage
that the person will be most likely to enter the shelter. He

will be keyed up, tense, and excited. Upon reaching the
safety of the shelter, he may be elated and relieved. A
spirit of good will may prevail in the shelter - even super-
ficial euphoria, if the area has not been bombed. This will
probably turn to inactivity, depression, and apathy as the
stage of resistence occurs. This stage is based on the para-

sympathetic nervous system, and is conservative in nature.
It may be thought of as analogous to hibernation. This is the
sit and wait period. It is almost Impossible to say just when
the stage of resistance replaces the stage of alarm, since
this depends on the nature of the stress and the individual
patterns of reaction. A guess is that in a fallout shelter
this would begin to occur within a day or two. However, as
the frustration mounted and the conflict grew in intensity,
it would be more and more difficult to maintain the passive
wait and see attitude. Outbursts of irritability would occur,
and tendencies to leave the shelter would mount. Finally,
in what is known as the stage of collapse, sympathetically
activated responses recur. The person may become more

anxious, panic-stricken, and irrational. So, it would be
anticipated that the initial period would be one of tension
mixed with relief at being in the shelter, good will would
prevail. This would be followed by a more passive, de-
pressed, apathetic reaction. Finally, as conflict mounted,
aggressive, regressive, and escape tendencies would be-
come more manifest. Here, too, it is impossible to pre-
dict, without more research, just when and in which order
these reactions will appear. In at least some cases, they
would appear within two weeks" (Murray, 1960, pp. 7 4 and
75).

At least one study of behavior in simulated shelters reports
findings resembling Murray's predictions. Within the experi-
mental shelter, five phases of adjustment were differentiated
by the investigators: (I) "Initial confusion and organization,
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(2) "Initial adjustment, Il (3) "Individual withdrawal, "
(4) "Readjustment, " and (5) "Anticipation of release"
(Altman, et al., 1960, p. 62). The first and last phases
were indeed, as Murray suggests, characterized by anxiety.
In the Altman study,

"The initial stage of habitability was noticeably characterized
by much confusion and noise. Feelings of anxiety generated
by a fear of entering the unknown permeated the groups.
This fear and/or anxious feeling was evidenced in the fact
that (most of) the subjects arrived at the American Institute
of Research as much as one hour early'p. 62). "The last
24-36 hours of shelter habitability were marked by tension
and some temper outbursts" (p. 65).

The primary limitations of that simulated shelter study are
that the occupants were volunteers under no real stress from
fear for their current or ultimate survival; they knew thy
could safely extract themselves from the experiment at any
time; and food, ventilation and bedding were not as severely
different from normal as those in actual shelters are ex-
pected to be. One single illustration from the study implies
that all three of those factors were indeed operative: "One
evening during the second, one week study a seventeen year
old boy prepared a spaghetti supper. He was very proud of
himself. Upon leaving the shelter he said to one of the ob-
servers, 'I hope you got a picture of me cooking supper
because my mother will never believe I did it! ' " (p. 64).

In a polar isolation study, stages of reaction similar to
those in the simulated shelter study were observed. Rohrer
(1960, pp. 21 and 22) distinguishes "four distinct phases of
adjustment" that precisely correspond to stages (1), (3),
(4) and (5) listed above for the simulated shelter study.
The first phase is characterized by "heightened anxiety, "

the second by depression, the third by a reduction in
depression and sleeplessness with a corresponding increase
in work activity, and the fourth by "anticipatory behavior"
accompanied by a "decrease in the effectiveness of the per-
formance of work. " Again, however, the subjects were
volunteers with no need to be apprehensive about ultimate
survival or the society into which they were finally to
emerge.
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(2) Evidence supporting Kollar's concept of stress

In the development of his theory of stress, Kollar (1961)
demonstrates the way Selye"s theory of the GAS evolved

from Cannon's theory that stress excites fear (p. 384).
Yet, Kollar also states that most other theorists have
postulated that stress leads initially to anxiety. Korchin
(1962), for example, defines stress as "that stimulus con-
dition likely to arouse anxiety" (p. 4). What then, is the
relation between fear and anxiety?

According to Grinker and Spiegel, "the feeling tone and
physiological concommitants in anxiety and fear are iden-
tical" (p. 120). Fear, they claim, is a consciously expressed
emotion arising from the possibility that "something that is

loved, highly prized and held very dear" will be lost (p. 120).
Similarly, "apprehension or anxiety" arises from a threat
"to the loss of what is loved most" (p. 121). Grinker and
Spiegel describe the progression of reactions from fear and
anger through anxiety as follows:

"The emotional reaction aroused by a threat of such a loss
is at first an undifferentiated combination of fear and anger,

subjectively felt as increased tension, alertness or aware-
ness of danger. The whole organism is keyed up for trouble,
a process whose physiological components have been well

studied. Fear and anger are still undifferentiated, or at
least mixed, as long as it is not known what action can be

taken in the face of the threatened loss. If the loss can be

averted, or the threat dealt with in active ways by being
driven off or destroyed, aggressive activity accompanied
by anger is called forth. Appraisal of the situation requires
mental activity involving judgment, discrimination and
choice of activity, based largely on past experience. If on
the basis of such mental activity it is seen that the loss can-
not be averted, the situation is hopeless and nothing can be

done, then anxiety develops" (p. 122).

Thus, Grinker and Spiegel appear to take the stand that stress

produces fear and anger which result either in aggressive

behavior or anxiety. If depression occurs, it arises "after

a long period of struggle with anxiety when it is clear that

the fight to control the anxiety has failed" (p. 112). This con-

cept does not seem adequate to explain some findings which
will be presented later, although it is consistent with earlier
theories.

-201-



Kollar (1961), in his theory of stress, completely disregards

the intervening fear variable and places depression on an
equal footing with the excitative reactions. He proposes
that "anger, anxiety and depression represent basic psycho-
biological states' (p. 391) resulting directly from stressful
stimuli. He represents them schematically as follows:

Anger (active defense)

(non-acc eptanc e)(noradrenalin)

Excitation

Anxiety (passive submission)
Stress (uncertainty)(adrenalin)

Inhibition
Conservation

Depression (hopelessness)
(surrender) (parasympathetic)

Note the similarity to Grinker and Spiegel in his description
of the conditions under which each will be aroused:

"Thus psychological stimuli which evoke a state of stress
arise from situations which the individual interprets to mean
that a source of gratification either is threatened or has been
lost. If the individual feels his source of gratification is
threatened the response Is excitatory (fight or flight). If
the individual passively experiences this state of excitation
it is called anxiety. Should the excitatory state be actively
directed against the source of danger it is called aggression
(rage or anger). If the individual feels he is deprived of
gratification the response is depression (grief)" (p. 390).

Which will be experienced by people entering the shelter under
threat of an attack is a matter of speculation. But it would
be reasonable to expect that any or all three of those general
types of reactions might occur!

Wallace (1956) lists the following adjectives to describe the

initial reactions of the "disaster syndrome: " dazed, stunned,
apathetic, passive and immobile. These reactions may last
from a "few minutes to hours" (p. 109). After this period,
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there is a second stage characterized by extreme suggest-
ibility which "may last for days" and which is accompanied
by a recognition of the need for help (p. 117).

Similarly, Cohen (1953) remarks that the initial reaction of
most people entering a concentration camp is one of apathy
and depression (p. 170). That finding is in direct contrast
to reports of initial anxiety in other studies, and tends to
substantiate Kollar's theory of the primacy of depression as
well as anxiety. Those prisoners who lived long enough ul-
timately achieved a state of "adaptation in a narrower sense,"
(p. 173) in which they became regressively dependent upon
their guards. Thus, as time passed those people moved out
of depression rather than into it.

Cohen further relates that during the adaptive phase people

became increasingly sensitive to their lack of privacy;
"Many prisoners became very irritable as a result of....
forced daily community with people who were widely diver-
gent in character" (p. 131). Irritability appears to be a
general and widely recognized reaction to stress (see Chart 1).

c. Specific Psychological Reactions

(1) Irritability

Bartemeir, et al., (1946) state, in reference to combat exhaus-
tion, "There is almost unanimous agreement that the first

symptoms of the failure to maintain psychological equilibrium
are increasing irritability and disturbances of sleep.... It
may exist without change for days, weeks or even months"
(p. 374-376). Also in the survey by Murray (1960) reactions
to food deprivation, vitamin deficiency, heat and humidity,
cold and wind, oxygen deprivation, foul odors, fatigue, sleep
deprivation, noise, glaring or poor lighting, sensory depri-
vation and confinement, all generally included irritability.
In the Minnesota starvation study, behavior was described
as apathetic with occasional outbursts of irritability (Keys,
1950).

Interestingly, in none of the studies does a definition of irrit-
ability appear, so that it is not obvious that all investigators
actually infer the same reactions when they use the term.
For purposes of this report, the physiological definition
seems to be a most generally applicable one: "A condition
of morbid excitability of an organ or part, when it reacts
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excessively to a slight stimulation. " (Blakiston) On the
gross psychological level, human behavior resulting from a
reduced threshold to stimulation, i. e. , irritability, nmay
range from withdrawal to expressions of annoyance to overt
hostile aggression.

All of those reactions can be expected to occur within the
shelter. And it is likely that each individual will react

differently depending upon his particular predisposition,
how effectively he perceives the shelter as a means of sur-
vival, and his experiences immediately prior to entering the
shelter. However, probably the most detrimental reaction
to the crowded shelter situation would be overt aggression.
Control would be difficult - so that the leader's prestige and
management capabilities may deteriorate - the number of
people affected is unpredictable, morale would be affected
seriously, and the energy expended would be greater than
probably could be afforded in the crowded confines where
supplies are limited.

(2) Hostility and aggression

Saul (1947) has stated that, "... there is probably no impair-
ment, frustration, conflict, or friction of any kind which
does not result in hostility as a reaction" (p. 109). The work
of Rosenbaum and DeCharms (1960) on vicarious hostility

reduction suggests that the ability of the shelterees to express
their hostility via communication to external authority will
aid in the reduction of hostility. This suggestion is the basis

for some recommendations to be made later.

Janis' (1958) studies indicate a possible way of anticipating
which of the shelterees might be prone to react with overt
hostility. For that reason, his findings are especially
valuable as a basis for establishing a means of psychological

control for preventing outbreaks of aggression.

In the overloaded shelter the problems arising from overt

expressions of hostility, aggressiveness and dissatisfactions
with the leader and others become acute. There will be very
little space in which such feelings can be vented and the
probability of uncontrolled rioting and/or rebellious activi-

ties will be increased. The effect on persons whose irrit-

ability will have been covert and under control may be to

antagonize them into performing hostile acts themselves.
Needless to say, such behavior would at the very least be
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detrimental to morale of the group, to subsequent effective-
ness of the leader(s) and to carrying out of management
policies. In addition, the resulting excessive energy cxpen-
diture would increase food, water and oxygen requirements
and raise the shelter temperature. Not unrealistically,
overt hostility could conceivably result in individual and
possibly group fatalities.

(3) Reactions related to anticipatory attitudes

Because the universe of origins of behavior is so large, it
may not be possible entirely to prevent such outbreaks by
directing corrective efforts directly at the causes. However,
the literature provides clues to some means of reducing the
probability and potential number of outbreaks. Janis' re-
search indicates that the more realistically adult humans
perceive an expected painful situation before having to face
it the more readily they can accept its difficulties and re-
sulting adverse effects upon them. His study, therefore,
demonstrates the need for extensive pre-attack education
and training,

Even with prio. training, however, some people will still
inwardly refuse to acknowledge the pain and discomfort
which are anticipated for shelter existence, either because
the training will not have been sufficiently graphic for them
or because they are unable to accept the imminence of an
actual attack. It is anticipated that in response to an alert,
such persons will enter the shelter without an adequate feel-
ing or appreciation for the circumstances they will have to
endure. They are the very types of individuals who, once
reality imposes itself upon them, may be expected to respond
in an overtly hostile aggressive manner.

On the other hand, there are some individuals who will have
exaggerated the problems of enshelterment, and will enter
the shelter with excessive or unmanageable anxiety. Thorough
and realistically-oriented pre-shelter training may reduce
the expected anxiety somewhat by preventing the formation
of additional anxieties related to anticipations of the unknown.
But it appears that those who are predisposed to that type of
reaction will not readily relinquish their anxious feelings of
apprehension. Once their fears have been realized even if
only partially, it is expected that those individuals will act
as if to say, "See there, I knew it' And the worse is yet to
come! " That is to say, they will quite likely develop greater
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anxieties and neurotic reactions such as psychosomatic pains,
headaches, excessive sleepiness, anger, and depression.
The resulting detrimental effects on group morale would tend
to reduce the group's effectiveness which in turn would lower
morale further, producing a snowballing type of group reaction.

A third category of people are those who moderately fear or
worry about what will happen. With adequate preparation
prior to enshelterment it is expected that this group will pre-
dominate over the other two. Those individuals who will enter
the shelter anticipating the crowded, hot, and generally uncom-
fortable conditions will be likely to handle the problems which
arise in the most efficient manner possible. Their judgments
will be unimpaired either by anxiousness or by the forceful
unexpected imposition of the reality of shelter life,

The three groups correspond, respectively, to Janis' "low, "
"high" and "moderate" anticipatory fear groups; Janis used
measures of pre-operative fear to separate several popula-
tions of pre-surgical patients into the three categories. Taking
all his findings together, Janis indicates that the population is
divided approximately equally between the three groups. The
"low" and "high" pre-stress reactors obviously require spe-
cial handling if the shelterees are to be given the best chance
of survival. The statement is particularly true under over-
loaded conditions where discomfort and the many impositions
and restrictions of shelter existence approach intolerability.
Loss of control of the shelterees could lead to complete chaos.

In Section IV B. (Psychological Control) some methods
are presented for making practical use of Janis' findings. In
general, it appears feasible and necessary to attempt initially
to manipulate the "low" and "high" reactors so that their
demoralizing and destructive threat is minimal.

(4) The problem of premature exodus

Another threatening overt reaction, which could result from
overloading and its complex of stresses, may be that some
people attempt to leave the shelter before it is safe to do so.
It is of little practical value to speculate whether such behavior
will arise from temporary formation of ochlophobic and claus-
trophobic reactions or simply from the perception that condi-
tions within the shelter are less tolerable than conditions out-
side the shelter. There appear to be no data supporting either
of those - or any other - causative hypotheses for leaving the
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shelter situation. Specifically, pertinent data are needed to
establish the types and extents of stresses which will drive
a person to choose almost certain death in freedom over
life (perhaps) in wretched confinement. Since concrete find-
ings are not available, the problem must be analyzed essen-
tially philosophically in the light of some current psychological
theories.

(a) The "avoidance-avoidance" conflict

Within a shelter, after an attack, life may become so
distressing to some individuals that a true conflict arises:
should he remain under such piognantly experienced mis-
erable conditions or should he take his chances outside?
The rational tone of this question indicates, among other
things, that (1) the outside is not truly perceived as
disastrous (serious, non-hysterical suicide will not be
considered here, since it is expected to be a relatively
rare occurrence* and could probably not be prevented
anyway) and (2) a so-called "avoidance-avoidance" con-
flict exists.

Both Lewin and Miller describe the avoidance-avoidance
conflict as a basic one characterized by the "presence
of two repulsive goals, excape from each of which is
incompatible with escape from the other" (Helson, 1951,
p. 243). If a third more positive alternative is not possible,
"the individual will remain vacillating in conflict, trapped
between the two sources of avoidance" (Hunt, 1944,
p. 442). A shelteree in equivocal conflict will remain
inside simply because he is already there.

A person who decides to leave the shelter will have re-
solved the conflict, and with or without an "avoidance-
avoidance" theory, the shelter will have neglected to
perform its intended function. However, the theory can
be valuable if its implications are implemented effec-
tively. Ideally, the conflict should not be allowed to
gain strength in the first place, either by making the
shelter tolerable, or by convincingly and repeatedly in-
forming shelterees of the fatal conditions outside, or
both. In the overloaded shelter, the first alternative
may be exceedingly difficult, so that the incidence of
people who consider leaving can be expected to be greater
than under less stressful confinement. It will probably
be necessary, therefore, to paint more strongly and

Cohen, 1953, p. 124 and Biderman, 1959, p. 23.
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more frequently the figure of death waiting outside so
that, at the very most, the valences of the two choices
in the "avoidance -avoidance" conflict remain equal.

This solution appears simple, at first thought, and it
would be if all people were exposed to the same life
experiences, set of values, types of authority figures,
physiological stresses, and so on. Of course, they are
not. Therefore, how can shelterees be convincingly

informed of the fatal conditions outside so that they truly
perceive certain death for themselves out there? To
answer this question could involve extensive discussion

of numerous psychological theories. The approach here
will be to take as practical a point of view as appears
pos sible.

(b) A rational approach

The problem is complex, not only because the motiva-
tions directing human behavior are highly diverse and
largely obscure but also because of the highly stressful
nature of enshelterment. It would be valuable, there-
fore, to attempt to strike at some basic human charac-
teristics which are relatively independent - if possible.

According to Freud, the reality principle of a person's

ego functions to preserve the self often in opposition to
the pleasure principle of the Id (Buhler, 1954, p. 628;
Fenichel, 1945, p. 582; Freud, 1943, p. 312), The more
effective the ego, the more likely will be the person's

capability for performing effectively to save himself
(Stein, 1960, p. 75). Fortunately relatively few shel-
terees will be devoid of an operable ego (i. e. , psychotic)
(Biderman, 1959, p. 26) thus, most people will be amen-
able, to some degree, to evidence that personal destruc-
tion lurks outside. It is the nature of such evidence,
then, that is of concern here.

Since Freud, the pleasure principle has been attacked,
revised and completely overhauled, but it persists, at
least in part, in the generally accepted concept of need
satisfaction (Buhler, 1954, p. 639; Buhler, 1962, p. 445;
Murphy, 1947, p. 397). There are various kinds of
needs, some learned and some biological; for each indi-
vidual they seem to be arranged in a kind of dynamic
heirarchy which may change in time and space, but at
any moment, one need or set of needs will generally
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take precedence over others. For example, in one
person satisfaction of severe hunger may dominate the
need to be accepted by a group; at another time or for
another person the reverse rnight be true. In the shel-
ter, each person will be the victim of severe stresses
to his need system so that a new, overall need may
emerge - to get out, away from the multiple stresses.
This need then becomes as unique as the need for a
particular group's acceptance, for a Cadillac, for smok-
ing, or for any other learned value.

(c) Some findings relevant to control

To prevent the immediate satisfaction of the need would
be to withhold pleasure; therefore, once a person decided
to leave the shelter it would be difficult to restrain him.
Yet, there are indications of tools which could be used
for restraint as well as for preventive measures. Before
mentioning them, several bits of information will be laid
as groundwork.

1. Most people in a shelter will yield to the authority
of an established leader; the desire to be guided

during stress seems to be a general characteristic
of our society (Goldstein, 1962, p. 15; Vernon, 1960,

p. 72; NAS-NRC*). This finding is consistent with
Erikson's concept of the need to "trust" someone.

2. People in a shelter generally arrive there on their
own initiative; therefore, need for safety, self-
preservation and/or avoidance as well as hope that
their lives would be saved must have been operating
to motivate them. According to T. M. French, the
needful, hopeful act "stimulates the integrative
mechanism" inherent in each person (Buhler, 1959,
p. 571). That is, integrative capacity varies "as a
positive function of one's confidence of attaining
the goal" (French, 1952, p. 57). The integrative
mechanism, responsible for reducing psychophysiol-
ogical tension, includes the "integrative task" which
is roughly proportional to the combined pressures
of needs which are in conflict (French, 1952, p. 56).
Below, it will be shown how the integrative task can
be directed.

"'Behavior in an Emergency Shelter...," 1958, p. 25.
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3. Hope is brought about by the fact that,

"the living being's existence through the order-
upholding (integrative) mechanism extends into
the future. Holding out for the future encompasses
more than withstanding motivating pressures through
means of hope. It entails 'information' . Informa-
tion, the essential attribute of the feedback mech-
anism's functioning is essential for all integrative
efforts" (Buhler, 1959, p. 572).

4. Finally, according to French and Buhler, (Bubler,
1959, p. 572 and French, 1952, p. 62) hope and con-
fidence are the "dynamic factors that permit the
deferment of pleasure, " while belief that the purpose
is worthwhile is the sustaining mechanism during
unpleasant, difficult times. However, hope and con-
fidence are not quite enough.

'The motivating pressure of a need seeks discharge
in motor activity; but a well-directed effort to
achieve a goal is something more than mere motor
discharge of pressure. To achieve a goal it is not
just enough to do something. One must also know
what to do. To be of any use at all, efforts to achieve
a goal must be guided by practical understanding of
the problem to be solved, by some kind of plan for
achieving one's purpose. Efforts to achieve goals
result only when motor discharge of the pressure
of a need is integrated with the guiding influence of
a plan" (French, 1952, p. 53).

(d) Suggestions for applying findings

From such data some practical recommendations emerge.
A person's leaving the shelter will be averted if: a re-
spected leader will convince him that his original motive
in seeking the safety of the shelter was a rational move,
based on sound judgment; in that way his original hope
can be restimulated. And then, all information regard-
ing the qualifications of the leader, the data he has, and
his mode of arriving at the conclusion that external con-
ditions are fatal should be provided. In addition, what-
ever information is available regarding plans for post-
shelter life should be described to encourage the desire
to postpone the pleasure of leaving. Finally, the leader
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should stress in operational terms, if possible, the
personal and social value of each individual so that every-
one can best sustain his integrity during enshelterment.

Those points are valuable for influencing people not to
leave the shelter too soon, but they are also valuable to
boost the general morale. Shelterees will require con-
tinued reassurances that the outside will soon be safe
and that they will be able to live worthwhile lives there
(Fritz, 1960, pp. 93 and 149; Goldstein, 1962, p. 12;
Biderman, 1963, p. C-15). If those hopes are not sus-
tained, and if the integrity of each individual cannot be
maintained - due to shelter conditions - the shelter will

have failed just the same as if ventilation or food or water
had not been supplied!

In conclusion, then, people will leave the shelter when
they perceive the shelter reality as being more dangerous

than the reality of the outside. Reality, here, is used as
defined by C. Buhler: "the generator and determinant
of action not originating in the individual's own motivating
system" (Buhler, 1954, p. 64). To avert those persons,
not only must the outside danger be shown to be greater
than inside, but every effort should be made by a resource-
ful leader and crew to discover and alleviate, if possible,
the primary sources of perceived danger inside the shelter.

(5) Depression and adaptation

That which is dangerous to one individual may be perceived
by another as gratification - depriving, or to a single indi-
vidual one source can have both meanings at different times.
When the individual experiences the latter - e. g., if condi-
tions in the shelter preclude hope for survival or if he hap-
pened to observe a member of his family being killed before
he entered the shelter -he can be expected to retreat into
depression, according to Kollar's theory (p. 390). As indi-
cated earlier, there is no consistent, clear-cut evidence to
indicate whether depression will necessarily characterize
all occupants or only a few or whether it will occur at the
beginning, or later during shelter occupancy.

A type of depression likely to arise from the shelter situation
is what Freyhan (1960) calls the exogenous type, in which
somatic factors are the main predispositional causes. This
type may be evoked by "any very unusual stress which makes
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a total demand on the personality - both emotionally and
physically" (p. 11). He does point out, however, that the
form of depression prevails in people over fifty, at least
as observed in clinical practice. But again, depression is
considered to be a serious possibility in the shelter (Murray,
1960).

Janis (1958) proposes that the probability of a depressive
reaction is a function of the degree to which the stressful
conditions are perceived as deserved. They are perceived
as deserved as a function of the individual's past history in
relation to abandonment, where abandonment feelings are
said to increase with time. This chain of reasoning points
to the importance of adequate external communication, for
without it, abandonment feelings would certainly be aggravated.

(a) The positive value of depression

Murray (1960) suggests that depression may be adaptive
in that body functions are slowed and Murphy (p. 582)
proposes that depression can be an effective mode of
handling a feeling of helplessness. While depression
may have its advantages, two primary problems which

seem likely to result from the depressive reaction are
(1) its demoralizing effect on others and (2) its inhibiting
effect on the development of survival capabilities.

Depressives will tend to avoid involvement in shelter

activities and post-shelter survival tr aining sessions,
and their moping expressions of hopelessness may arouse

in others both anger and empathetic despair. It would
be pure conjecture to predict for the overloaded shelter
either that there would be a more rapid contamination
of depression or that counterbalancing forces would arise

more readily than in the shelter with fewer occupants.
However, Cohen's (1953) and Wallace's (1956) studies
permit an optimistic viewpoint to be taken, for it appears
that given sufficient time and hope people will tend to
adapt to a stressful situation.

(b) Parallel reactions in cancer patients

Studies of cancer patients' reaction to knowledge of
their illness generally support the findings noted. "The
cancer patient when informed of his problem undergoes
an understandable depression; and then, in order to

face reality, he attempts to adjust by developing a new

-212-



attitude toward life" (Miller, 1960, p. 242).

The nreciie relation between cancer patient reactions
and those of shelter entrants has apparently not been
pursued, however, there are unmistakable similarties:
(1) Shelter-seeking results from radiation attack and
is analogous to seeking a doctor's aid (possibly sur-
gery) under the attack of malignancy; (2) The efficacy
of neither the shelter nor the doctor's treatment can
positively be predetermined; (3) Cancer surgery fre-

quently alters a person's capabilities (e. g. , laryngotomy
removes speech capabilities) just as an attack may

destroy family members, friends or possessions; (4)
After surgery or other treatment or after having sur-
vived a shelter life, radical readjustments are neces-
sary; (5) What the readjustments will be is not truly
known during treatment or while in the shelter; (6) Dur-
ing treatment and when living in the shelter - particularly
if it is overloaded - disturbing conditions reign (depriva-
tions, uncertainties and pain) and confidence and hope
for survival wane. The relation between cancer know-
ledge and awareness of a thermonuclear attack suggests
that studies of the former can be helpful in understanding
the latter. A big difference between tLemn, however, is
that cancer patients are alone in their illness while shel-
terees are members of a group; thus, although tenden-
cies for individuals to react may be uncovered by study-
ing people with cancer, people's behavior within a group
will tend to be modified by the presence and activities
of others. The fact remains that we may reasonably
expect some people to respond with initial depression
which evolves in time toward adjustment to the new
situation. And if people are aware of others who are
sharing similar reactions, this fact may tend to speed
up the adjustive mechanism (Bovard, 1959, p. 274).

Neither this sequence nor adjustment can, of course,
be assured. Despair may occasionally develop from
severe depression with the result that very little if
any help can be provided to alleviate the accompanying

utter hopelessness and grief (LeShan, 1961). Such
profound reactions, however, are rare, as evidenced

by the paucity of suicides in isolation studies (see
Cohen, 1953, p. 124) as well as among cancer patients
(Miller, 1960, p. 242). If depression becomes chronic

in the shelter and if it persists, it may become vital
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to shelter success that the leader use the techniques
described earlier (for people trying to leave the shelter)
to attempt to instill a feeling of hope and confidence in
the value and likelihood of their personal survival.

(6) Withdrawal

Another type of expected reaction characterized by reduced
activity is withdrawal, Altman, et al., (1960) found in
their two-week study that the entire shelter population
seemed to withdraw on about the eighth day. While Murray
(1960) states that withdrawal is a form of reaction to frus-
tration (p. 72), Rayner (1960) mentions only that "withdrawal
as a result of starvation" has been documented.

Since deep emotional withdrawal is a severe psychological
reaction generally associated with schizophrenia (Colemen,
1956) and since extreme reactions are expected only rarely,*

it is doubtful that many people will withdraw to that pro-
found an extent. This statement is not inconsistent with
the comment by Biderman (1960) that "in the majority of
cases, the onset of extreme apathy is reported as occurring
after a longer period of incarceration than the expected
maximum time persons will be required to remain in the
shelters" (p. 33). If any shelter reactions are similar to
those of prisoners in concentration camps, withdrawal re-
actions could conceivably characterize a few people during
their entire shelter stay; there is more hope for the shel-
terees survival, however, than there was for the prisoners.
No doubt, crowding may tend to pressure some people into
a: temporary introversive type of withdrawal where day-
dreaming and excessive sleep predominate, but external
communication will still be possible so that hope and
interest could, with aggressive effort on the part of the
leaders, be aroused.

d. Some General Conclusions

The discussion thus far seems clearly to lead to the conclusion
that evidence is inadequate to predict, among the entire shelter
population, precisely what psychological factors will predomi-
nate at a given time or what course those factors will take,
either in a normally loaded or overloaded shelter situation.

See section on Population Variables.
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Experimental findings seem to be consistent within themselves,
i. e. , most observees in a study respond with similar reactions
in a similar time dependent pattern. However, there appear
to be two distinct categories of findings: (i) Those charac-
terized by the three-stage sequence, anxiety-depression/apathy -

anxiety and (2) those having the two phase pattern, depression-
adaptation/adjustment. The primary factor differentiating the
study conditions for these two categories is the reality of the
overall stress. Generally, in studies whose results indicate
the second category the people observed were actually under
real threat to their lives while individuals in the first group of
studies generally knew the duration of their confinement and
that normal conditions awaited them when their confinement
terminated.

From psychological theory, empirical findings, and reasoning
it has been proposed here that within the unique shelter environ-
ment in times of true stress it appears likely that behavior will
be highly diverse, particularly during the first few days. Indi-
viduals will have been exposed to different kinds and amounts
of preparation for attack and shelter life; people will have had
different experiences immediately prior to entering the shelter;
some people will be completely cut off from other members of
their families; and there will be varying types of predisposi-
tional responses to the emergency and catastrophic nature of
the occurrence. In previous shelter studies, there was no
stress from an actual attack, experimental subjects were about
equally prepared, and separation from family members was
not perceived as permanent. Therefore, the fact that relatively
uniform behavior was observed in these studies is not surprising.

In spite of the conflicting evidence concerning the course which
overall behavior will take, in the light of the discussion of
shelter behavior and its diversification, it is predicted that,
over the entire shelter duration, greater energy will be ex-
pended in the stressful, overloaded shelter than in the less
stressful, normally loaded shelter. That is, the combined
reactions of crowded shelterees during confinement can be
expected to result in an overall "increased energy expenditure,
very much as illustrated in Charts 2 and 3. For example, a
study simulating the stresses of real attack might reveal a
general reduction in activity due to a preponderance of depres-
sive reactions; however, after a few days, adaptation and ad-
justment and its resulting activity would be expected to result
in increased activity and an overcompensatory expenditure of
energy - except in the presence of certain overriding physio-
logical stresses such as excessive heat.
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In the overloaded shelter, diversity of reactions may itself
become highly stressful, particularly if there are hysterical
women n- hrI,r ceparated from their fnmilipf while others
enter in shocked depression unable to help during the initial
organizational attempts. Whether or not the stresses of diver-
gent behaviors are offset by the comforting feeling that "we
are not alone in this" is uncertain; it would be a valuable socio-
psychological study which could provide the answer to this
problem!

But there is one characteristic which appears may be common
to all shelter entrants. The people who will enter a shelter
will do so because they have some degree of hope that it will
protect them. If they truly believed that survival was impos-

sible, they probably would not seek safety. It has already
been pointed out that the more people's hope can be made con-
scious by persuasion and encouragement, the more they will

be capable of coping effectively with the discomforts of shelter
life. It will make shelter life and management simpler if the
leaders could capitalize on this fact. Therefore, it appears
that to a large extent, the degree to which a shelter will be
able to tolerate overloading is an important function of the con-
sensus, degree, and maintainability of the feelings of hope and
confidence experienced by the shelter occupants.

e. Behavioral Characteristics of Population Subgroups

(1) Age groups

In general, the problems and recommendations presented
so far apply to most of the adolescent and adult population
of the U. S. Children probably will require special treat-
ment because of their sensitivity and the immediacy of
their needs. Howeve.r, very little data are available rele-
vant to the behavior of children in a shelter-type situation.
Murray suggests that frustrated children may refuse to
conform (1959, p. 69). Miller calls attention to the find-
ings that children place heavy burdens on parents (1959,
p. 53) and as a result "aggravate parent morale" (1960,
p. 4).

Altman, et al. , (1960) describe studies in which children
down to the age of seven participated; no unusual prob-
lems were reported. In Vernon's study (1959) three chil-
dren, ages 6, 3 1/2, and 2 years took part. The 3 1/2

year old boy "seemed to withdraw a bit, to become quiet,

-216-



and uninterested in any activities" (p. 20) during confine-
ment; a tranquilizer was employed to help restore his
normal behavior. Except for this incidence, the children
seemed to enjoy confinement, probably because the family
was drawn into warm, intimate, prolonged, cooperative
contact.

The study of Strope, et al. , (1962) also revealed no special
problems with children or infants whose ages ran as low
as three months. 'Children of all ages seemed to adapt
remarkably well to the conditions of the shelter. There
was no serious difficulty at any time related to either
their health or their behavior" (weekend family occupancy studi)

It is likely that even children accompanied by parents in
the real shelter environment will sense the insecurity of
the other shelter occupants. As a result, children may
cry - raising the noise level considerably - but otherwise
would be expected to remain close to their parents. In
time, familiarity and restlessness would tend to stir
small children to move about, thereby exaggerating the
crowdedness and aggravating angry responses of irritable
neighbors. Some hostility among other adults may be pro-
voked because children will require and demand more
water and food than might be provided; overt expressions
of this hostility could set off stormy interactions between
parents and complainers.

Children who are separated from their parents would be
likely - if they were not too young - to be strongly influ-
enced by the adults in the shelter. If, for example, chil-
dren in an elementary school were confined with teachers
who could make it appear as though shelter living were a
game, the youths might be more easily manageable than
an equal number of adults. Very young children deprived
of their parents' love and attention would be likely to with-
draw and cry; they would be expected to refuse to eat at

first (cf. Murray, 1959, p. 73), and thus produce dis-
tressed feelings in some concerned adults. Because of
the obvious difficulty in submitting small children to
highly stressful conditions in an experiment, very little

actual data may be able to be gathered concerning the
course of children's behavior and their effects on adults
in a shelter-simulated confinement.
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Adolescents, according to Stein, et al., (1960) will prob-
ably follow a strong leader ho. 57). It has been generallv
observed that adolescents tend to seek to identify them-
selves with an ideal adult who contains "all the virtues
that he hznlouf wishes to have" (Faraii , 1952,, p. 99).
That the shelter leader might become the object of "hero
worship" is not an unreasonable expectation. Need for
social identification and acceptance may prove adolescents
to be the most active - if not the most effective - members
of the shelter population. Whether they react with eager
cooperation or hostile rebellion will depend largely upon
the adults' reactions to them and the favor they find in
the eyes of their assumed leaders. "No group is more
susceptable to the need for status and prestige than are
the adolescents. " And as a result, "they are always ur-
gently seeking ways of finding.., approval and acceptance
of those around them" (Farnham, 1952, p. 93). If coopera-
tion gains them the admiration they seek, then they will
tend to contribute to group survival.

Adolescents may form cliques and establish peer leaders.
To most effectively cope with these groups, the shelter
managers should immediately establish a rapport with
those leaders. If possible, this should be done even
before the leaders have fully emerged; they can be spotted
quite readily by briefly observing some interactions be-
tween members of growing cliques. The adolescent lea-
ders can be very helpful to the managers by assuming
some of the responsibility for managing work and training
crews and by establishing their own recreation activities.

The flexibility, resourcefulness, and enthusiasm of teen-
agers was demonstrated in a study reported by Strope,
et al. , (1962). During a simulated power failure when
children and parents started to react restlessly, some of
the adolescent members began singing. "This calmed
both mothers and children" (p. 39). A shelter manager
who can quickly perceive and take advantage of adolescent
characteristics will probably be relieved of many burdens.

Elderly people are expected to cause fewer problems
than any other age group, except from the health stand-
point. Miller (1959 and 1960) and Rohles indicate that
older persons adjust better than young to isolated environ-
ments. Very likely fear of contracting an illness will be
the most important psychological problem that may arise
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among the aged. Since older people arc more susceptible
to illness than otilters, Lhe has ia realis ic basis.
The leaders can best handle this problem by isolating
sick people and restricting the elderly individuals to an
area as far away as possible.

(2) Sex

Considering man's constant quest for an understanding
of the differences between men and women, it is truly
amazing how little information is available concerning
their particular modes of behavior under stress. Is it
possible that American men and women as general
classes, do not respond differently to stressful conditions?
It is doubtful that this question can be answered defini-
tively to cover all situations. Some shelters may be com-
posed predominantly or entirely of women, while others
may contain mostly or all men. The ratio of children to
men and women will probably also have some effect on
the responsiveness of the two sexes to stress.

In the study reported by Altman, et al., (1960), some
women assumed as important a leadership role as men,
although in all studies reviewed, including Altman's,
the principal titular or nominative leader was always a
man, But no studies have been reviewed where there
was a preponderance of women over men, so it is not evi-
dent how women - in a group containing a majority of
women - would compare with men as shelter leaders.

In the presence of children, it would be expected that
women would assume a protective role. Yet, in the study
reported by Strope, et al. , (1962), when volunteers were
sought to care for the children, "not quite enough indivi-
duals volunteered and approximately six women were
appointed to serve" in that capacity (p. 40); mothers
were concerned for their own children, however (p. 41).
Cohen (1953) quotes one female concentration camp
prisoner, who, because of her extreme hunger, stated
that she "could have stolen from husband, child, parent
or friend, " in order to live (p. 136). Such extreme hun-
ger will not be likely to arise within the relatively short
shelter stay, and confidence in survival will probably
keep people sufficiently intact that they will not resort
to such extreme reactions.
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Jung's concept of the anima and animus characteristics of
the unconscious in men and women, respectively, offers
soine interesting speculations. Under severe stresses, if
the ego function weakens, other aspects of one's self must
be called upon to direct behavior. A group of men, falling
prey to subconsciously directed actions, conceivably could
be less effective (or more irrational) than a similarly
affected group of women. However, the apparent fact that
most humans have developed effective integrative capacities,
non-ego-directed behavior probably could not continue for
very long. Whether the duration of shelter confinement
would be too long for an all-woman group cannot be esti-
mated without evidence. Nor would it be expected for an
all-male group that anima-directed, instinctive or irra-

tional behavior could continue for any length of time.

The theory poses some interesting questions for leadership
in a mixed group: Under the severe stresses of thermo-
nuclear attack, might not a shelter be managed most effec-
tively by starting off with a female leader, or a man-woman
team who, after a day or two, relinquishes leadership to a
single, strong man who could assume a firm, benevolent
father role? Might not hope for survival be most rapidly
established in the initial phases of shelter life if shelterees
first experience the comfort of maternal protection then
develop courage as paternal direction gains ascendance?
These questions offer interesting research possibilities.

Most shelter populations will probably comprise both sexes.
As a result the problem of sexual interaction must be con-
sidered. In only one report has the problem of sexual
expression been reported (Altman, et al. , 1960); and it was
not obvious what effect this had on the group; however, no

significant demoralizing reactions were indicated. The
group felt greater antagonism toward the already unaccepted
leader than toward the petting teenagers. Strong leadership
and the anxieties imposed in the shelter are both likely to
deter sexual acts and feelings. Fear, anxiety, hunger and
fatigue have been shown to inhibit sexual reactivity (Wenger,
et al. , 1956; p. 333), and at least one of these four stresses
will be experienced by most, if not all, shelters.

This statement , however, is not consistent with some
findings summarized by Biderman (1963); it is possible,
he states, that "general stress of a short-term nature may
increase sexuality" (p. 33). The question of the effect of
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shelter stresses on sexual responsiveness apparently re-
mains open. But even if sexual needs do arise, it seems
reasonable that irm Leadership control plus overall feel-
ings of confidence in survival and the likelihood of accept-
able post shelter existence will make it possible for people
to abstain until after their release.

(3) Race, religion, ethnic, and socio-econornic groups

In the section on Population Variables, studies were cited
to demonstrate that there is conflicting evidence regarding
the existence of special psychological or sociological prob-
lems when members of different race, religious, ethnic
and socio-economic groups suffer severe stresses together.
That strained relationships might exist between discrimina-
tors and the discriminated seems reasonable; .iwever, to
what extent conflict might occur and how it would be mani-
fested is unknown. Undirected anger in a bigoted caucasian
might be directed toward a non-white; workers might express
hostility toward arrogant foremen and businessmen; insecure
and defensively aggressive men could conceivably attack an
introverted person; etc.

On the other hand, it seems more likely that people may
tend to relinquish their minority group habits as they identify
themselves with a shelter group struggling for survival.

(4) Other subgroups

Very little data are available concerning general psycho-
logical characteristics of particular subclasses of people...
Miller (1959) in his summary of some findings reports that
'bducated persons will experience less deprivation than will
persons of poorer education' and that persons from a rural
background are better able to adapt to an isolated shelter
life than are those from an urban background (p. 4).

f. Psychological Factors and Overloading

Overloading, as defined earlier, is conceived in a dynamic
sense, related to the total functioning of human beings; as a
result, this concept becomes increasingly complex as more
and more interacting variables are identified. And obviously
many, many variables operate in man. If only strictly mea-
surable physiological reactions resulted from one or more
measurable stimuli, very good descriptions of overloaded
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conditions could be made. However, when psychological vari-
ables are included, such as individual and social motivations,
past training, intelligence, irustLration, tolerance, ego strength,
defensive predispositions, and so on, the problem becomes
more complex. Those variables function to alter not only
reactions to physiological response but the very responses them-
selves. Withdrawal, for example, not only can remove from
awareness the discomfort of hunger, but it also tends to reduce
the requirements for food.

A crowded shelter is not necessarily an overloaded one, and,
conversely, an overloaded shelter is not necessarily a crowded
one. Crowding can be defined simply in terms of the space
allotted to each individual, whereas loading must be defined
with respect to people's reactions. It is conceivable that a shel-
ter may draw only a small percentage of its planned allotment
of occupants, yet in a very real sense the shelter would be
severely overloaded if the water had leaked from its container
(or if it were contaminated), if one of the shelterees were
severely homicidal, or if one of the entrants were afflicted
with a highly contagious fatal illness.

On the other hand, tolerance for extreme overcrowding has
been noted among European Jews migrating to Israel on small
ships (Biderman, 1963, p. 31). Because of psychological
balancing factors, viz., "enthusiasm, " "high morale" and
"confidence, " the degree of overloading could be said to have
been low in spite of the severe crowding, heat, and very small
allotments of food and water (Biderman, 1963, p. F-17). Of
4, 554 passengers on the refugee ship, Exodus, 1947, only one
death appears to have resulted indirectly from crowded con-
finement - a woman during parturition (Gruber, 1948, p. 48).
(Three others were killed and many wounded during a British
attack outside Israel but there were no other deaths or injuries
resulting from the confinement per se (Gruber, 1948, pp. 48-51
and Robinson, 1947, p. 26 2). )

Biderman (1963) summarizes quite clearly the relationship be-
tween crowdedness and loading (although he does not refer
specifically to loading) in his statement that "it is not the num-
ber of people that are together in a given space that is the usual
source of distress, but rather the products of their joint activi-
ties in that space - the heat they generate, the quarrels they
generate, the air they consune, the germs and rumors they
spread, etc. " (p. 13).
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That constructive activity is necessary to favorable morale
has been suggested by several authors. Hilmar (1960, p. 123)
suggest that tLching children will prvuidc suinc pcuple with
constructive responsibilities. Cartwright and Zander (1953,
p. 316) note that in general a sense of responsibility derives
from feelings that ones functional role is important. And
Biderman (1963) also asserts that "to be affective,... the en-
vironment must provide the essentials for sustaining a high
level of physical and mental activity" (p. 31). In the highly
crowded shelter, activity will very likely have to be restricted,
but for carrying out the essential activities, the leaders will
maintain the optimum level of morale if they carefully allocate
responsibility so that every capable person takes a part and
feels that he is contributing to his own and the group's survival.

The importance of a good leader cannot be too strongly stressed.
Under inadequate management, even a small uncrowded group
can become disorganized and ineffective; however, there is one
possible exception: assuming a fairly healthy group, if the pur-

pose and goal are meaningful and fervently desired by all mem-
bers, morale and confidence may be maintained at a high level
due to the perceived importance of the goal, and cooperation
and cohesiveness may persist without a strong or permanent
leader. Under these conditions, loading would essentially be-
come a function of environmental and physiological variables.

A leader's basic and unique functions are to (1) analyze a situa-
tion in which an action must be taken and (Z) initiate the re-
quired action (Cartwright and Zander, 1953; p. 559). In an
overloaded shelter, by its very definition, the number of problems
will be high - so high, perhaps, that leaders might be under con-
stant pressures to determine what corrective actions are needed
and to see to it that they are carried out.

Each manager will need the wisdom not only to solve the many
problems as they arise, or prevent them before they arise,
but also to perceive that his own fatigue could result in a reduc-
tion in the effectiveness of his judgment. In the overloaded
shelter it will be particularly important for him to maintain
an optimum level of psychological and physiological health.
Therefore, he will need the insight necessary to perceive his
need for rest and confidence in his temporary substitute or

alternate.

To analyze a situation requires keen perception, a broad experi-
ential background, and good judgment, . e. , the ability to relate
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observations with knowledge in order to arrive at a basis for
action. If a man becomes suddenly and irrationally aggressive,
the leader may quickly decide that unless the man is somehow
stopped, general panic will develop; the man, then, must
obviously be restrained.

Leaders will, however, be faced with more subtle types of analy-
ses. For example, a leader of a shelter holding a large popula-
tion of adolescents will recognize the potential danger of rebel-
lion and realize the ultimate value of befriending emerging
clique leaders. In a shelter holding a very pregnant woman, the
perceptive leader will recognize the need to reduce worry and
tensions by letting it be known immediately that he (or some
other occupant) has both the know-how and materials for aiding
childbirth, if necessary. The more analyses of preventive mea-
sures the leader is capable of making, the higher the loa'ing
threshold is likely to be. And as indicated repeatedly already,
the most valuable preventive procedures will be those which
succeed in providing each person with feelings of hope and desire
for a meaningful post shelter life and confidence that each one of
them can contribute toward achieving this goal.

Methods for encouraging these feelings will be presented later;
however, the effectiveness of these techniques may depend upon
providing individual attention. That will be increasingly difficult
to do as the number of shelter occupants mount, yet precisely
because the stresses of the crowded shelter will be exaggerated,
it may become especially important to give each person some
special attention. It will not always be adequate to explain or
tell a person how valuable he is or will be; the leader's crea-
tivity and flexibility will be called upon to direct shelterees in
activities in which they feel their particular skills and interest
are needed. Thus, because some problems may be very subtle
and because there are likely to be many different ways of handling
an existing or potential conflict, a superior leader - in order
most effectively to "analyze a situation" and "initiate the required
action" - must be well trained and hopefully endowed with social
insight and creative talents.

With exceptional leadership, it is conceivable that even an ex-
tremely crowded shelter might safeguard its occupants who - in
spite of their thirst, hunger, sore muscles and aching bones -

maintain a high morale, by being sustained on a vital diet of
encouragement, sincere mutual interest, purpose, activity,
hope, and confidence.
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B. COMBINED VARIABLES

Although mruch cf a . a nnt.a. l 1- 1 be feurre" d -uoutL I= IAf*nI=

in which some of the stressors in the shelter will interact in terms of
physiological and psychological response, the extent to which response
to combined shelter stresses can be predicted quantitatively is greatly
restricted both by scarcity of data and by lack of the required system
model interrelating all the response mechanisms of the human body.

Progress in the ability to predict human response to changes in the en-
vironment depends on (1) the extent to which reliable relevant quantita-
tive experimental and observational data on response become available,
(2) the degree to which the underlying mechanisms become understood,
and (3) the success with which the interaction of response mechanisms
become describable in manipulatable, mathematical terms. Although
great strides have been made in recent years in all those areas, it is
not yet possible to make reliable predictions of human response to many,
simultaneously imposed stresses.

Mathematical models are available for various portions or response
aspects of the cardiovascular, respiratory, endocrine, nervous, mus-

culoskeletal, auditory, visual and other systems. Prediction schemes
partially interrelating various of those models for response to changes
in the thermal and in the atmospheric environment have been created --
others could be mentioned as well. Unfortunately, none of them have
evolved to the point where truly reliable predictions can be made even
to single environmental stresses - except for very limited ranges - much
less for combined stresses. However, with the techniques made feasible
by both digital and analog computer technology, significant advances
could be made by a direct attack on the combined stress problem using
some of the more advanced computer techniques which are now avail-
able. It seems certain that rapid progress can be made in defining a
quantitative model for the man-shelter-environment system with respect
to physiological aspects; but constructing a total system model in which
psychological aspects are included in terms of their affect on physiological
response as well as overt behavior, requires a conceptual "breakthrough."
Nevertheless, even a model which is deficient in that regard would con-
stitute an extremely useful tool for evaluating specific shelter designs,
comparing alternative policies and the like.

During the study reported here, some of the initial steps were taken
toward the goal of creating such a useful prediction tool. A conceptual
basis for defining the man-shelter-environment interaction has been
laid, some of the more important variables and parameters have been
listed (see the section on Parametric Considerations), and the probable
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ranges and effects of environmental stressors taken one-at-a-time have
been estimated through the use of available data and theory, In addition,
the K facto'r concept f r clating thz-mal stress response to the widely
variable degree of heat acclimatization in the general population provides
a much needed missing link for quantifying the important parameters of
heat response. Further progress can be made by defining the direction
in which a second stressor would modify the physiological response to a
first stressor. A "first cut" at this for some of the important stressors
has been made and is summarized by Table 111-35.

Six environmental parameters and eleven occupant "status" parameters
are included in the table. For each stressor, six or seven physiological
effects were selected on the basis of their importance to a mathematical
prediction scheme. Many, many others exist and ultimately will have to
be treated in a similar manner.

After each stressor an arrow indicates the most probable direction of
change as a function of overloading and/or duration of stay in the shelter.
Given the direction of change in the stressor, the accompanying change
in each of the selected "effects' measures is also shown by an arrow.
For instance, according to the table, as effective temperature increases,
sweat rate increases - limited by some maximal rate - and body tempera-
ture remains constant until the limits of compensability are reached -

at which time body temperature and metabolic rate increase. Here we
are considering only the single stressor "rise in effective temperature;
therefore, it is assumed that water intake is sufficient to balance sweat
losses so that total body water and blood volume do not change. Cardiac
output, however, increases.

The stressors "PO2," "pCO," "ingested H2 0, " and "ingested calories"
are all treated in a manner similar to the treatment for "effective tempera-
ture. " For each of the stressors and their effects, however, it was neces-
sary to make many simplifications in order to make the chast manageable
for a "first cut. " In most cases, the exact shape and occasionally even
the direction of the arrows might be different depending on the rates of
change, durations, and acuteness of the exposures. Therefore, the infor-
mation given must be viewed as first approximations which provide a
general notion as to the qualitative characteristics of response most
frequently observed in medium duration exposures. Further extension
of the chart should eventually provide for any differences between chronic
and acute exposures, rate of increase or of onset, intensity or concen-
tration for constant exposures, etc. For example, short term exposure
to excessive CO z causes a decrease in blood pH, but in long term expo-
sures to concentrations of only a few percent the acid base balance of
the blood is adjusted through the mediation of the kidney, resulting in
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compensation and gradual return of the blood to a normal pH. In the
table, blood pH is shown as decreasing witlh increasing pCOa , ,;h-i 4 h
true unless the exposure is for a duration sufficient for compensation
to cccur.

Another limitation of the chart derives from the nature of the available
data. In most experiments, some contamination of response due to
uncontrolled environmental and subject "status" influences is inevitable,
making it necessary,for the present purposes, to estimate the extent of
that influence and to adjust the observed response to account for it.
Thus, some of the arrows do not correspond to certain bodies of classical
data. For instance, observations on subjects working in the heat - miners,
marching soldiers, etc. - frequently show that body water and blood vol-
ume decrease. Careful examination of the experimental conditions, how-
ever, indicates that this is due to inadequate ingestion if water - because
it was nul available or because the thirst stimulus is not sufficiently
strong under such conditions to bring about complete, voluntary rehydra-
tion. On theoretical grounds, based on experiments in which sweat loss
was completely replaced by periodic ingestion of measured quantities of
water, it was determined that body water and blood volume should not
change, although it might be redistributed among the various body com-
partments. Therefore, rather than contaminate the "pure" response to
temperature, the empirical observations were adjusted to eliminate the
accompanying effect of dehydration. In the table, the effect of dehydra-
tion is shown as a separate entry.

To show the effects of two stressors occurring simultaneously (such as
dehydration simultaneous with heat), the stressors are entered again along
the upper left hand side of the chart, thus forming a matrix with inter-
sections representing every possible combination of stressors taken two
at a time. In the space at each intersection, an arrow indicates whether
the imposition of the second stressor increases, decreases, or has no
effect on the effect of the first stressor. For instance, decreased inges-
tion of water superimposed on increased effective temperature causes a
decrease in the amount of increase of the sweat rate produced by the in-
creased temperature (but does not necessarily abolish sweat rate alto-
gether). Similarly, the arrow pointing upward at the intersection of
"decreased water ingestion" and "body temperature" response to effec-
tive temperature, indicates that the effect shown to the right of "body
temperature" is augmented, namely, that the point at which body temp-
erature may begin to rise will occur earlier, and that the rate of increase
will be greater. The arrow pointing upward at the intersection of "alveolar-
arterial P0 2" (to the right of single stressor "pO2 ") and "effective temp-
erature" (in the upper left hand row) indicates that the effect of P0 2 on
alveolar-arterial p0 2 is augmented, namely, that it decreases by a
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greater increment for a given decrease in atmospheric pO2 than would
otherwise be the case, However, in the case of no change (a horizontal
arrow) in a selected effect for 4 a snreg,,ur, ihe arrow at a matrix
intersection indicates the actual direction of change of the selected effect
given a second stressor - this is the only exception to the general mean-
ing of the matrix intersection arrows. Thus, the arrows at matrix inter-
sections ( with the foregoing single exception) indicate operations which
are performed on the response arrows in the center of the table so as to
obtain a qualitative estimate of the combined effects of two environmental
stressors. Absence of an arrow means that information was not available
or that the complexity of the interaction required a more complex matrix
for its display than was warranted here.

Most of the arrows for combined effects are based on theoretical con-
siderations; consequently, they must be considered at least somewhat
hypothetical. However, a few experimental studies wer- found which
have a more or less direct bearing on the problem of response to com-
bined environments. Some of them, such as the demonstration of syner-
gism for mixtures of trace toxic gases (Sandage, 1961) have already been
discussed. Others could be mentioned. For instance, Hale (1959) studied
human cardioaccelerative responses to hypoxia in combination with heat
by exposing subjects to each stress singly and then in combination. He
found that the mean increase in heart rate of the group exposed to heat
alone was equal to that for the group exposed to hypoxia alone (for his
particular set of conditions); and that the increase in heart rate for the
group exposed simultaneously to hypoxia and heat was equal to the sum of
the two individual exposures. In other words, a clear case of additivity
of the two stresses was demonstrated. However, the pattern of response

did not fit into such a simple scheme: where the peak value during
hypoxia occurred at the fifth minute, that for heat was at the fifteenth
minute. The peak for hypoxia-heat agreed with that for heat alone.
Furthermore, individual differences in response existed which were attri-
butable to what we have termed "population variables" or status param-
eters: if instead of comparing means we group the subjects according to
direction of response we find that only 12 out of 19 subjects showed an
increase in heart rate, whereas the other seven did not. In fact, a few
actually responded with bradycardia.

Hale's results are a clear-cut demonstration of the need to include terms
representing population variability in a physiological response prediction
model. A few such terms are included on the right side of the table,
thus creating a second matrix to deal with the effect of shelter occupant
status on "single stressor" responses. Since the arrows in the 'selected
effects" column are based on the response of healthy, young adult males,
the directional arrows at intersections in the right hand matrix must be
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interpreted in that light. Unless otherwise noted, it should be inferred
that revering the direction of an arrow for a status condition merely
reverses the arrows at the corresponding intersections below it.

Clearly, Table 111-35 represents a very pr(:liminary estimate of combined
effects and requires considerable refinement and extension before it can
form the basis for the next step, which is to translate all directional
arrows into quantitative statements. The chart is included here at such
a preliminary stage in its development primarily to illustrate an approach
to the combined variables problem which we feel holds considerable pro-
mise - namely, the treatment of all interrelated factors vectorially in
terms of their partial effects.

In a very restricted sense, the approach we suggest has certain basic
resemblances to that taken by Gray (1950) in developing his "Multiple
Factor Theory" of the control of pulmonary ventilation. Although the
number of factors he included in his model limited its predictive cap-
ability, his approach nevertheless pioneered a philosophy of approach
to physiological "explanation" or "prediction" which has deserved more
attention than it has received. Expanding the number of factors con-
sidered and "tooling up" with more sophisticated mathematical approaches
might well result in a vindication of his approach. In his very small but
admirable book "Pulmonary Ventilation and Its Physiological Regulation,"
dedicated to "those physiologists whose contributions of imperishable data
provoke perishable interpretations, " he had this to say about the applica-
tions of his theory to the problem of "explaining" or "predicting" pul-
monary ventilation:

"A third solution to this problem... is based on the principle that each
of the chemical as well as other agents, can be considered to act in its
own right as a stimulus to respiration. These various stimuli vary
according to many patterns, but each makes its own contribution to the
actual ventilatory response. The simplest hypothesis is that the indi-
vidual, or partial effects of the separate stimuli, are additive; so far,
more complex assumptions, such as multiplicative properties, have not
been required. According to this approach pulmonary ventilation should
correlate with no single stimulus, but should show a multiple correlation
with the several stimuli. It, so to speak, considers that the table top is
supported by all its legs and not by one alone, nor by a single adjustable
leg, nor an invisible leg. "

Given more sophisticated tools, Gray would not necessarily have had to
limit his approach to a consideration of additive effects. In fact, from
basic chemical reaction rate theory, such an assumption seems unwar-
ranted and unnecessary. Use of a computer should eliminate most of the

-230-



practical obstacles to approaching the problem with less restricting
assumptions. Introducing sonc of the ana!y.c-1 +e'hnjaues developed

by researchers in other fields - such as enzyme kinetics - might also

prove quite fruitful for enriching the "bag of tricks" available to the
researcher.

In conclusion, it is clear that the solution of almost any "real world"
applied problem must take into account the combined influence of many

factors. In the case of an overloaded shelter, the problem is merely

more accentuated than is normally encountered. The confidence with

which statements about one range of conditions can be applied to another

range of conditions very frequently hinges on the degree to which the two

conditions resemble each other with regard to "contamination" by "un-
accounted for" variables. In the case of the overloaded shelter, exam-

ination of the potential effects of each of the multitude of stressors - and

contemplation of the great amount of so-called synergism which is likely
to be exhibited - lead us to conclude that the results of shelter habit-
ability tests to date - if applied to thinking about overloading - would

cause us to greatly underestimate the criticality to survival of what

normally seem to be negligible influences. We also conclude that:

1. reliable estimates of shelteree reaction to overloading require

a rigorous approach to the combined variables problem which

was beyond the scope of the effort reported here;

2. such an approach, if taken, would undoubtedly be successful
from the point of view of useful products, but would not, in the

near future, result in a general solution to the formal problem

of the man- shelter- environment interaction;

3. data, techniques, approaches and conceptual bases are provided
here which may be considered to constitute the first phase of a

more formally rigorous treatment of the shelter environment

problem; and

4. the combined variables problem remains as an extremely signi-
ficant aspect of the fallout (or any other kind of) shelter environ-
ment, and until that aspect is fully taken into account, predictions

about human response in overloaded shelters must be utilized

with reservation - even if they are based on shelter habitability

simulations involving severe overcrowding, but in which the

actual psychological stress provided by "the real thing" was

missing.
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IV. METHODS FOR INCREASING SURVIVABLE LIMITS

A. CONTROL THRO'UGH UISE OF DRUGS

1. Introduction

Some types of shelter stresses can be controlled by strong and wise
leadership, by attention-diverting techniques, or by some form of
psychological or physical therapy. But frequently the simplest,
quickest, and least time-consuming - and sometimes the only effec-
tive-technique is to administer appropriate drugs and/or medication.
Of course, there are some distresses - such as those arising from
infections - which may only be relieved by some form of medication,
otherwise they normally grow worse.

Present plans for shelter provisioning already include a supply of
several generally applicable types of drugs and medicines (5, p. 18).
Pencillin G and sulfadiazine are included to relieve infections.
Aspirin is the planned analgesic which can be used for the treat-
ment of headaches. And the chronically peevish neighbor might
be calmed by giving him some phenobarbital, which is also included
in the planned medication kit.

In addition to those drugs mentioned, the kit is also slated to include
a laxative, Cascara Sagrada; a "toothache remedy, " Eugenol; eye,
ear and nose drops; isopropyl alcohol; diarrhea medication, kaolin
and pectin mixture; petroleum jelly; sodium bicarbonate, and salt
tablets. That each of these may serve to relieve some form of
discomfort - and thus the total of shelter stresses - is evident.
However, it is not immediately obvious whether (1) the drugs listed
are the best ones available to serve their intended purposes or (2)
the list is adequate to handle all the most important kinds of con-
tingencies of confinement that might be treatable by drugs - partic-
ularly for the overloaded shelter.

To evaluate the effectiveness of the planned and additional drugs,

several of the most recent and comprehensive sources of informa-
tion concerning drugs were consulted. From the data gathered, a
"Drug Table" (see Appendix E) was constructed to summarize the
uses, modes of introduction, contraindications, and side effects of

In this Section, all parenthetical references will be made only to the
Drug Bibliography appearing at the end of Appendix E. The first number
in the parentheses represents the bibliographical reference number, the
second locates the page on which the relevant information appears.
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those drugs which appeared to have potential value fror use in the
shelter. Although many hundreds of drugs are described in the
literature, only a relatively few (64 are included in the table)
appeared potentially valuable for shelter stress control. The
following are the basic criteria which were used for including a
given drug in the Drug Tables:

1. The drug appears on the OCD list of Kit C contents (5, p. 18).
(In the tables, an asterisk identifies these drugs, )

2. The drug is a possible substitute for one on the above OCD

list.

3. The drug can be stored at room temperature.

4. Parenteral administration is avoided; whenever possible oral
introduction or surface application are the preferred modes
of use.

5. The drug does not need to be accompanied by excessive intake
quantities of water, food, or any other restricted shelter pro-
visions.

6. The drug is not a "diagnostic" or a unique remedy for a
relatively obscure disease.

7. A minimum of medical attention is required.

8. The drug appears to be potentially valuable, even though some
of the above criteria cannot apply, and no substitute was dis-
covered.

2. Evaluation of Drugs in Kit C and Some Possible Substitutes

a. Acetylsalicilic Acid, "ASPIRIN" (Table Item No. 45)

Headaches are reported to be among the most common physio-
logical complaints in studies of shelter habitability. * Sore
throat and muscle soreness have also been observed. The need
for analgesic in the shelter is strongly indicated not only by
these findings, but by the very fact that in the normal American

In the General Bibliography, see Strope, et al., 1961, p. 3 5 and
Altman, et al. , 1960, p. 85.
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population approximately eight percent suffer from chronic
headaches. * That more than the normally expected number of
headaches are likely to occur would be predicted from theory;
Ostow (10, p. 56) remarks that under stress an individual's ego
libido is depleted, and a "decrease in ego libido is generally
accompanied by headache. "

As indicated in the tables, aspirin has several possible unde-
sirable side effects. In addition, because it is an acid, unless
adequate water or an antacid is taken with aspirin, gastric
hyperacidity may follow. Since water will be restricted in the
shelter, it seems advisable that a substitute be available in the
shelter for people who are especially susceptible to gastric
hyperacidity and the other side effects of aspirin. Of course,

aspirin's low cost is one of its most attractive characteristics
and, therefore, should be recommended for use whenever
possible.

By the same reasoning, Sodium Gensalate, (Item 44), is not
highly recommendable as an analgesic because of its diaphoretic
characteristic. The retention of body liquids will be important
to minimize water intake.

Item number 42, Dextro-Propoxyphene (Darvon), seems to be
the most generally useful of the four analgesics listed because
it can be used to relieve pain apparently without side effects.
While it is non-addictive, its action is said to be similar to that
of codeine (5, p. 47).

Morphine Syrettes (Table Item No. 58) are suggested for condi-
tions causing severe pain (i. e., compound fractures, crush
injuries).

b. Cascara Sagrada (Table Item No. 50)

As a laxative Cascara Sagrada is considered as a preferable
preparation (4, p. 234); there seems to be few contraindications
to its use, since it is safe for almost everyone at any age. The
tablet form is preferred to minimize the possibility of loss
through dropping or spilling.

"COLACE' or "DOXINATE" (Item 51) or the methocellulose
products (Item 52) are objectionable because of their dehy-
drating effect.

See Coleman, 1956, p. 238.
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c. Eugenol (Table Item No. 41)

As a topical anesthetic, Eugenol or oil of cloves (included in
Kit C). is a very safe medicant - however, more effective
and generally useful preparations such as Xylocaine should be
considered (Table Item No. 59).

d. Kaolin and Pectin Mixture, "KAOPECTATE" (Table Item No. 48)

This preparation is a liquid and is not specifically effective
against the bacterial dysentaries - which seem to us a likely
cause of diarrhea. A suggested substitute might be Intromycin
Powder (Table Item No. 60) or Neomycin Tablets (Table Item
No. 61).

e. Penicillin G (Table Item No. 31)

Since its discovery, the number of penicillin resistant strains
of bacteria have increased continually; allergic reactions are
not uncommon, and periodically anaphylactic shock has been
reported. Within the past decade the market has seen the addi-
tion of some new antibiotics which apparently not only replace
penicillin but have a broader spectrum of effectiveness, I. e.,
they are both gram negative and gram positive bacteriocides
(or bacteriostatics) and affect many viruses as well. Two of
these which are rarely toxic and purportedly produce no side

effects are Erythromycin (Item No. 34) and Oleandomycin
(Item No, 35) both of which can be administered orally. For
infants, Colistin (Item No. 33) appears to be an advisable drug.

Since those antibiotics are relatively new, and since penicillin
has had years of proven application, It is understandable that
the latter should have been selected for the shelter kits. How-
ever, the addition of one or more of the new drugs - if not a
total substitution by them - is considered essential to insure
overall shelteree protection from the spread of contagious
infections.

f. Phenobarbital (Table Item No. 5)

While phenobarbital has long been used successfully as a seda-
tive, its side effects require careful consideration in evaluating
its use in a shelter where medical aid may not be available.
Among its virtues, it is quite suitable as a safe sedative for
infants and children who detoxify it readily. An infant can
easily take a one grain dose of sodium phenobarbital without
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ill effects. However, in adults it may rarely reduce respira-
tion rate and increase heart rate (1, p. 391) and thereby produce
restlessness and excitement, which could set off a fear reac-
tion within the person to whom the drug is administered or in
those around him. The possible "hangover" will probably call
for additional medication. Phenobarbital is particularly to be
avoided in the elderly among whom it frequently acts as an
excitant drug. Several substitutable sedatives are available
for adults, many of which appear to be devoid of side effects
and are not habit forming barbiturates. Items 9, 10, and 11
seem particularly safe, and the Ectolurias (Cytran) might be
especially valuable in the shelter where tensions due to anxiety
may prevail.

Specifically for the shelter situation, Compazine Dimaleate
(Item No. 12) seems exceptionally well suited. It purportedly
can have a neutralizing effect on almost any extreme reaction
to stress - from aggression to lethargy and apathy. In mod-
erate doses, the side effects, even if they do occur, might be
helpful rather than detrimental for tolerating expected shelter
conditions, particularly overloaded conditions. In addition,
Compazine delayed-action capsules, 1 5 mg, should be con-
sidered as a routine aid to be given every 12 hours to all shel-
ter inhabitants during the first few hectic days of confinement.

Paraldehyde (Item No. 13) is objectionable because of the pun-
gent odor of the drug per se and as it is expelled via the lungs.

g. Sodium Bicarbonate (Table Item No. 57)

The usefulness of sodium bicarbonate as a treatment for gastric
hyperacidity is questionable. One reference source states that
it is effective, but it causes "rebound" acidity of the stomach
(7, p. 125), while elsewhere one finds the comment that it does
not cause a significant "rebound" effect; rather "its neutralizing
action is very short-lived" (3, p. 224).

It is generally agreed, however, that sodium bicarbonate can
be used to alkalinize the urine, especially valuable in connec-
tion with sulfonamide therapy. If sulfadiazine were not included
in Kit C (and that will be suggested later), sodium bicarbonate
would be relatively ineffective as a medicant.

Since shelter stomachs will be empty much of the time, more
than usual hyperacidity may be expected among the occupants.
The discomfort from gastric acidity may be as widespread as
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headaches. Therefore, it would seem advisable to include an
effective antacid in the Kit. For those reasons, two possible
substitutes, CO-GEL and DIMACIDGEL, arc listed in the
Table (Items 55 and 56), neither of which have any side
effects nor any contraindications to their application. Both
are undoubtedly more expensive than sodium bicarbonate,
but they are far more effective. Since both "CO-GEL" and
"DIMACIDGEL" are stable and available in tablet form, they
are readily stored and have long. shelf lives.

h. Sulfadiazine (Table Item No. 37)

Of all the early sulfonamides, sulfadiazine is reported as poten-
tially least harmful to the kidneys; nevertheless, it is known
that crystals of acetylated sulfadiazine can be deposited in the
renal tabules and result in partial or total suppression of urine
or in hematurea (15, pp. 125f). To reduce the probability of damage
to the kidneys, sodium bicarbonate and large quantities of water
must accompany sulfadiazine administration. The recommended
fluid intake exceeds three quarts per day (4, p. 8). Since planning
for a normally loaded shelter provides for only a quart of water
or so per day per person for a full stay of 14 days, and since
even less will be available in an overloaded shelter, it would
be strongly suggested that a substitute replace the sulfonamide.
The three antibiotics listed above in the discussion on Penicillin
G would be effective replacements for the sulfadiazine and
penicillin supplies now planned for Kit C. If one of the sulfo-
namides were to be included a better solution might be provided
in Sulfisoxazole (Gantrisin) (Table Item No. 62) in tablet form.
This preparation does not require an alkaline urine for proper
excretion nor an excess of fluid intake.

3. Additional Medicants

As shelters become more and more crowded, the probability increases
that (1) within the shelter someone is carrying a contagious disease,
(2) due to weakness (reduced resistance) and close contact with others,
contagious diseases will spread more rapidly and (3) people will
respond with a greater variety of complaints than in the less crowded
shelter,

a. Nausea and Dizziness

In Section III. A. 5, Chart I illustrates the findings that exces-
sive heat, food deprivation and offensive odors may cause
nausea, dizziness and vomiting. Children are sensitively
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prone to nausea with inadequate feeding. And, in addition,
some necessary medicants - e. g., aspirin - may cause dizzi-
ness and/or nausea. Nausea may lead to vomiting which, in
a crowded shelter, can cause a multitude of problems: (1)
others may feel nauseated at the unpleasant sight and smell;
(Z) a more than normal quantity of water would be required
due to dehydration resulting from vomiting, and water will be
at a premium; and (3) the odor may be offensive to many others
causing additional discomfort and a multitude of possible unde-
sirable reactions.

To combat nausea, two apparently safe and effective antiemetics,
Dimenhydrinate and Hydroxyzine HCl, are listed in the Drug
Tables (Items 46 and 47). Both come in tablet form and neither
seems to have any side or toxic effects. It might be noted that
since nausea is a common reaction to radiation sickness, an
antiernetic will be essential for relieving the victims, if severe
dehydration is to be avoided. It is further suggested that the
Dimenhydrinate (Dramamine) be provided in syrette form since
orally administered medications are of little use after vomiting
has once begun.

b. Colds

Biderman* reports a finding that among people confined under
stress, there is a lower incidence of common colds than in the
normal population. That observation was made in a concentra-
tion camp and no clear corroborative evidence has been found.
However, Altman, et al. , * reports contradictory findings;
in that study, about 30 percent of the experimental occupants
reported "cough or common cold symptoms. "

At some point in the future it may be possible to obtain

a drug which will kill the multifarious viruses responsible for
colds. At present, however, there are only a few drugs avail-
able which are proven virucidins, but only against a relatively
few viruses. One such drug is the antibiotic, Erythromycin
(Item No. 34); this drug will not kill all cold viruses, however.

The usual remedies for colds are rest and liquids. In the
shelter, the former will practically be forced and the latter
practically impossible. The greatest physiological danger

See General Bibliography, Biderman, 1960, p. .6.

Altman, et al., 1960, p. 85.
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from a cold is bacterial infection resulting from a drop in
resistance; however, antibiotics can be used to treat such
infections. The greatest shelter problems for which the com-
Mon Cold might be rcsponsible vill arise from the distress
created by its symptoms.

To relieve this distress, many "cold remedies" are available.
Analgesics may help relieve pain associated with a cold, but

they do not affect nasal congestion, sore throat, running eyes,
and so on. Table Items 24 through 28 list cold and hay fever
remedies which tend to reduce those symptoms. And Items

29 and 30 list four safe medications effective against the dis-
comfort of acute coughing. Treatment for all of these effects
can be obtained in tablet form, a fact which helps to reduce
storage and wastage problems.

c. Skin Rash

In the shelter simulation study reported by Strope, et al.,
the second most common complaint was skin rash. (The
first was headache, as mentioned earlier. ) Altman, et al. ,
also report some cases of skin rash among their shelter
populations.

In the crowded shelter, rashes will quite likely arise as a
result of the excessive heat and humidity. Some skin disturb-
ances (dermatitis, itching, and so on) can be expected among
many mild pechoneurotics. In addition, insects which may
have made homes in the dormant shelter may feel free to feed
on shelterees and cause other forms of skin irritation.

Finally, it can be expected that fear of contagion may become
an important social problem; an obvious but harmless skin
rash could cause more immediate and widespread fear than
a subtle virulent disease, Managers should be able to handle
the social problem by adequately informing shelterees regard-
ing the nature of the problem. Also, if treatment is available,
fears will be allayed.

Three medicants are listed for relieving various forms of skin
difficulties. These appear as Table Items 38, 39, and 40.
The most versatile and easily stored of the three is "DRONAC-
TIN: (Item 38) which may cause drowsiness. In the shelter,

See General Bibliography, Strope, et al. , 1961, p. 34

Altman, et al. , 1960, p. 85.
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this side effect may serve a useful function by reducing over-
all activity, so there are no apparent contraindications to its
use.

d. Upset Stomach

AtIman, et al. , * found that about 30 percent of the occupants
of their simulated shelter complained of an upset stomach.
For this reason, several apparently safe medicants listed as
"Laxatives, Antiflatulants, and Antacids" are included in
Table Items 49 through 56. Most of these were discussed
earlier in the evaluation of Kit C under the headings "Cascara
Sagrada" and "Sodium Bicarbonate. " Those comments will
not be repeated here since the need for them already appears
to have been considered important by shelter planners. The
need for an antiflatulent, especially for children, is suggested
for consideration, since the abnormal shelter diet may cause
unpredicted digestive problems.

e. Psychological Drugs

In Section III the point was stressed that there appears to be
no clear-cut evidence of how people will react to the stresses
of thermonuclear attack and shelter living. That various
psychological and physiological responses will be manifested
seems likely. And in the overcrowded shelter, not only will
people be likely to experience greater environmental stresses
and respond more severely than in a more comfortably loaded
shelter, but the severity of reactions may snowball and spread
because of the very nearness of people who have developed
unpleasant modes of behavior.

Immediate control of severe overt displays of aggression can
take the form of restraint; however, an aggressive individual
may not calm down. If he remains overactive, he will not
only utilize more energy than can be tolerated because of the
restricted quantity of food, water, and oxygen, but others will
have to expend more energy to hold him in check.

Psychological drugs are available for effectively controlling
overactive behavior due to anxiety. The sedatives were men-
tioned earlier in the discussion of Phenobarbital. In addition,

*
Altman, et al., 1960, p. 85.
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there are now available several new and apparently safe tran-
quilizers which can serve the purpose of calming overly ner-
vous people. One drug exDert has claimed that tranquilizers,
do not bring "peace of mind" to normal individuals (1 3, p. 86).
It is probably safe to assume that the shelter entrants under
their catastrophic stresses will not fall into this "normal"
category.

Four types of apparently safe and potentially effective tran-
quilizers are listed as Items I through 4 in the Drug Table.
To calm the active individuals, "Melleril" or one of the
Mephenoxalones would appear to be advisable.

For general use, to check many forms of anxiety reactions,
"Elavil, " Amphenidone, or Emycamate may be valuable. As
indicated in Section III, anxieties due to depression may well
be expected among many of the shelter occupants. It is not
possible to predict what percentage of people will be unable
to manage their anxious feelings, but the resulting reduced
morale of shelterees could conceivably be serious in a very
crowded shelter where everyone's cooperation will be impor-
tant to survival.

Consideration might be given to handing out "Elavil" or Com-
pazine to all people as they enter a shelter as previously
suggested. This procedure might serve to make new arrivals
amenable to initiation and training and to reduce the initial
tension connected with doubts concerning their survival. The
leader's organizing problems might be minimized and the dis-
comfort from overcrowding - if it exists - could be kept down.
Once a routine has been established, onc.e the leaders have
demonstrated that the shelter can keep the occupants alive and
well, and when the people have been supplied a basis for feel-
ing confident that they will survive, the drug will have served
its purpose. It is quite conceivable that subsequent manage-
ment and operations would be simplified if cooperation were
achieved at the beginning. The shelter might be considered
safe simply because it offers relief from anxiety right from
the start. Individuals might tend thereafter to associate pro-
tectiveness with the shelter, a fact which may help to promote
feelings of well-being and hope for survival.

Stimulants may also be classified among the psychological
drugs, although some stimulants have an almost purely
physiological value. For example, ammonia (Item 18) has
often been used to revive someone who has fainted. However,
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it is not recommended that ammonia be included among shelter
medicants; it is mentioned in the Table because it has so fre-
quently been used in the past to stinulate the heart rate or
respiration for resuscitation purposes. According To HendersuL
and Haggard, * ammonia can cause "intense congestion and
swelling of the upper respiratory passages and possibly rapid
death from spasm or edema of the larynx... the influence of
ammonia on respiration and the heart is due to reflexes from
the upper respiratory tract. If the concentration is high,
respiration may be stopped. " In the enclosed shelter, where
ventilation may already be poor, a spilled bottle of ammonia
could be dangerous.

If passive depression or withdrawal becomes a serious problem
Pipradol HCl or "Marsalid" (Items 22 and 23, respectively)
could be very helpful to regain the affected person's coopera-
tion, which at least will be needed for post shelter survival
training. Inactivity may also be a demoralizing factor. But
before an energizer is administered, the demoralizing factor
will need to be weighed against the fact that a reduced expen-
diture of energy will tend to conserve food, water, oxygen, and
space requirements. So as not to increase activity too much,
the use of stimulants will have to be carefully controlled and
restricted to severe cases.

Chart 1 in Section IIIASindicates that food deprivation, sleep
deprivation, crowding and noise may be expected to produce
fatigue. All of those stresses will be exaggerated in the highly
crowded shelter, so that fatigue may become a serious problem.
It is claimed that drugs 19, 20, and 21 produce relief from
feelings of fatigue; they may be invaluable to survival if shel-
terees become incapacitated by fatigue and are unable to respond
to post-shelter training. Also, in-shelter activities will be
essential for maintaining an effective level of physical fitness.
Again, however, caution would need to be taken not to over-

stimulate occupants of a shelter where excessive activity could
not be tolerated.

Among the stimulants are the so-called anorexiants (Table
Items Nos. 16 and 17). In the crowded shelter, they have the
advantage of reducing fatigue and the desire for food, which
will be very restricted, and at the same time of stimulating

See General Bibliography, Henderson and Haggard, 1943, pp. 1 1 2

and 126.

-24Z-



alertness and attention. In spite of frequent claims to the
contrary, there are also some disadvantages: resulting over-
activity may irritate others, increase the shelter temperature,
and make greater demands upon space. Sleeplessness and

irritability may appear in some who take the drug. And some

individuals go into a depressive state after the drug wears off
(1, p. 389).

There have been many studies of the effects of amphetamines
(Table Item No. 17) on performance; the results indicate that

these drugs may be useful to stimulate shelter occupants who
have special abilities but lack energy or motivation to use them,
e. g., the leaders and doctors. One study reports that under the
effects of d-Amphetamine accuracy of performance is somewhat
improved, but reaction time is very significantly less than

without the drug (14, p. 465). Other investigators also found
that motor performance is improved only slightly, but they added
that accuracy is not impaired (11, pp. 183f). Still others, how-

ever, report that performance is improved, and so is motiva-
tion; also it is stated that judgment is at the same time not
impaired, eventhough insomnia may be a side effect (12, p. IV-74).

Thus, in a crowded shelter at times of crises when the leader
may have many responsibilities, he will need to sustain his

ability to perform effectively if he is to handle the multitude of
problems successfully. The amphetamines could be a signifi-

cant and, perhaps, an almost essential contribution to his
functioning in an appropriate manner. The drug would help
him to perform effectively over a longer period of time and to
act quickly without having his judgment impaired by fatigue.

4. Drug-Induced Hypometabolism ("Hibernation")

Since the physical limitations of a given shelter area place definite
limits on the length of time a given number of inhabitants can sur-
vive it seems reasonable that methods of reducing individual meta-

bolic requirements should be considered. The control of excessive
motor activity and emotional turmoil can be fairly well accom-
plished by the use of sedatives, thus redvz-ing the occupants to a

"basal" state. The next logical step might be to consider drugs
that can lower the metabolism below the basal level.

Reasonably safe thyroid repressing drugs (Table Item No. 63) are

available and have had fairly extensive clinical trial in both hyper-

thyroid individuals and in persons having normal thyroid hormone

output. The latter group include patients made hypothyroid in
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order to reduce the workload of diseased hearts (Ref. 16, 17, 18,
19).

The characteristics of hypothyroidism whether due to surgical
removal of the thyroid or ingestion of antithyroid drugs include
poor appetite, a gastric juice containing little acid, diminished
sexual activity, absence of menses, drowsiness and increased
sleep requirement, indifference to heat and a general decrease in
motor activity - all of which may be distinctly advantageous in
severe overloading. The basal metabolism can be lowered to 40
percent below normal with equivalent decreases in oxygen and
nutritional requirements and in production of body heat. All three
of those factors are critical in determining the length of time and/
or degree of overloading for which a given shelter area could be
tolerated. Conversely the hypometabolic state can be terminated
in a matter of hours through the use of thyroid hormones; . e., a
basal metabolic rate of minus 40 percent can be raised to normal
within 24 hours by administration of 1 mgm of L-triiodothyronine
(Ref. 20) (Table Item No. 64).

Although the use of metabolic depressants is certainly not recom-
mended here as a "cure-all" for the ills of shelter overloading,
the technique does nevertheless offer certain attractive advantages.
It seems quite likely that survivable overloading could at least be
doubled by depressing the metabolic rate through administration
of Tapazole to all but the shelter managers, pregnant or lactating
women and the rare case of sensitivity to the drug - all of whom
could be brought back to normal in a day's time through adminis-
tration of L-triiodothyronine. Of course such a technique would
not be advised except as a sheer lifesaving measure. However,
for such a lifesaving feature to be available, a supply of Tapazole
and L-triiodothyronine would have to be pre-stored in shelters
located in areas where significant probabilities of overloading exist.

One possible scheme for "metabolic management" might be as
follows:

Severity of Overloading Control Technique

Underloading to normal No special control. Allow any activity
(planned) loading consistent with normal shelter functions.

Slight overloading Restrict activity levels to those neces-
(1. 1 - 1. 3) sary to critical shelter functioning

and maintenance of physical fitness
of occupants.
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Severity of Overloading Control Technique

Moderate overloading Use sedatives as necessary to main-
(1. 4 - 2. 0) tain environment and/or occupant

reactions below critical levels.

Severe overloading Use Tapazole or equivalent metabolic
(2. 1 - 4. 0 or higher) depressants on all but pregnant or
(For even less severe loading lactating women, infants (use pheno-
in the event of unusually hot barbital), drug sensitives, and manage-
environment, greatly limited ment personnel. Return to normal in
water supplies, durations shifts for training or other critical
much longer than two weeks activities requiring mental alertness.
with little or no food, ventila-
tion inadequate to prevent
critical rise in CO 2 concen-
trations, etc. )

Whether "metabolic management" through use of sedatives and/or
metabolic depressants should be used as opposed to the heat accli-
matization exercise regimes and/or wetted fabric "replacement"
of the sweating mechanism, depends on a number of factors, includ-
ing the economics of shelter construction and provisioning, the
relative effectiveness of the various potential procedures, the
specifics of the exposure (duration, etc. ), the probable incidence
of severe cases, and a host of quasi-political and situational factors.

5. Implications for Overloading

Clearly, the number of people who can be crowded into a shelter
before overloaded conditions exist is inversely related to the num-
ber and extent of stresses experienced by shelterees. The less the
stress, the greater the number of occupants that can be tolerated.

In the preceding pages, an attempt has been made to identify the
most pertinent physiological and psychological stresses which
might become real problems in the shelter and which could be
alleviated by the use of drugs and medicants. All the distresses

mentioned have two implications relevant to the crowded shelter
interaction: (1) an afflicted person's effectiveness is reduced and
(2) other shelter residents are bound, in one way or another, to
be disturbed by the problems of their neighbors. A very flatulent
person might feel embarrassed, and provide a source of irritation
to those around him. An individual with an "itchy" skin rash is
both uncomfortable and a source of irritation to others - and may
be a source of fear of contagion. In an extremely crowded situation,
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either of these problems could provoke undesirable movement and
reactions which might critically add to the overall stress.

It is important that behavior be under control in any shelter situa-
tion to reduce the overall feelings of discomfort and insecurity.
Particularly in the crowded shelter, where control will be even

more difficult because of the numbers of people and the increased
environmental stresses, physical and psychological distresses are
likely to be exaggerated. If these problems can be solved or alle-

viated by the use of drugs, more people will be tolerated by a
shelter before a critically overloaded condition will be reached
than if the disturbing condition were permitted to go unchecked.

In a more speculative vein, the relatively more drastic control
measures which not only return people to a "near basal" state
but essentially put them in a 'hibernation-like" state, offer possi-

bilities which warrant further investigation - possibilities which
should be evaluated within a "life-or-death" context rather than

from the point of view of the clinician.
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B. PSYCHOLOGICAL CONTROL WITHOUT DRUGS

Shelter managers will be responsible for handling whatever behavioral
problems arise in the shelter. Therefore, they will need to be familiar
with methods of controlling adverse psychological factors as well as
methods for minimizing the likelihood that the reactions will arise in the
first place. The most reasonable and probably the most effective time to
start applying preventive measures is during the orientation period when
people will probably be unorganized, uncertain, and as a result nalleabla.
To pre-set the psychological stage could be highly critical because it will
influence the likelihood and extent of later reactions which would require
special corrective attention. The recommendations for early preparation
derive primarily from the Janis' (1958) findings which were discussed
earlier (Section In. A. 5).

Pre-shelter training will minimize misconceptions regarding shelter life.
This point has been made so often by other reporters that it need not be
expanded here.

However, even with prior knowledge, some people may still become diffi-
cult to manage. In order to minimize the likelihood of damage to them-
selves, others, and general group morale, those people must be identified,
as effectively as possible, upon shelter entry and given special treatment.
The following tentative recommendations are made to accomplish those
goals at least in part:

1. Each shelteree should be introduced to everyone else. He would
be asked to state his name, age, occupation and how he feels about
his present predicament and robability of survival. Crew mem-
bers taking notes should be alert to identify the people whose
apprehensions are excessive and those who are hardly concerned.

2. The leader should graphically describe the reality of the shelter
problems anticipated, including possible individual reactions to
these problems and to other peoplc. This presentation should
include estimate, of the likelihood of survival under various
degrees of group and individual cooperation. (While the leader
is talking, crew members are busy grouping people according to
the degree of anxiety expressed in 1 above. )

3. The leader should then indicate and stress the importance of the
role which each person will have to play in carrying out his or
her responsibilities both during and after the shelter occupation
period. He should provide all possible evidence for his confi-
dence in the effectiveness of the shelter for survival.
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4. With the help of the crew members two special groups for imme-
diate independent orientation should be formed, one of apathetic
individualA anti nP of hiah1u aAle 'v1 1"
the groupings made by the crew members.

Intensively describe to the first group the specific kinds of diffi-
culties they will encounter until they seem to understand as well
as possible. The second group would benefit most from a form
of group therapy. One crew member (or a psychiatrist, psychol-
ogist, or social worker, if a capable one is available) should
gather the anxiety-ridden people together at the peripheri of the
main group and allow each person to express his feelings to the
leader and to other members of the group. Anxieties probably
will not be eliminated in this way, but a means will have been
established for relieving some of the anxious feelings either in
subsequent group meetings or between members of this group or
both, thereby reducing internal pressures which could lead to
destructive overt acts. Subsequent meetings should be held if it
is observed that initially observed worrisome reactions grow
worse.

After the shelter occupants are oriented, probably the most effective pro-
cedures to prevent undesirable acts from being committed will be to: (1)
keep the shelter occupants well informed during frequent regularly-held
meeting periods regarding all known conditions both inside and outside the
shelter, (2) focus and maintain attention on, and secure participation in,
a survival-oriented group program to keep people occupied, to train them
for the new society, and to maintain their confidence in the survival value
ol Lhe shelter, and (3) stress the value of each individual as an integrally
functioning part of the group within the shelter and as a required member
of the post-shelter society. The leader (or, if the shelter population is
large, the crew members) will be most effective if he will rapidly become
familiar with each person's conception of his capabilities. A housewife
must feel that she will be needed to take care of the children, prepare
food for the men who will be rebuilding places to live, etc. A carpenter
or laborer will be needed for reconstruction. Each member of the shelter
group must feel that he is invaluable to shelter survival and indispensable
for post shelter reconstruction.

Within the overloaded shelter, the number of people will be so large that
the task of sustaining each individual's integrity may be exceedingly diffi-
cult but even more necessary than in the normally loaded shelter because
people will be likely to feel submerged by the crowd. And loss of privacy
will tend to aggravate that feeling.
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Irrational behavior can be expected to increase with overloading; with-
drawal, aggressions, and attempts to leave the shelter too soon are a
few of the difficult-to-manage reactions. Withdrawal may be demoralizing
to others, but can be tolerated because energy is conserved. Since de-
pressed and withdrawn people require care, a leader might well capita-
lize on them by emphasizing the value of persons whose responsibility it
becomes to take care of them. Aggressive persons or those wanting to
leave may need to be restrained until they can be calmed down. A patient,
quasi-rational approach on the part of the leader or his crew members
may be effective:

1. Explain the destructive nature of the acts with non-reprimanding
comments regarding the understandable reason for the outbreak,

2. Indicate prior rational behavior, e. g., "You wisely came here
expecting safety from radiation. You are safe now because of
your good judgment; so use that good judgment to help us survive
these miserable conditions. " Note that the comments (a) are not

reproving (b) give the listener credit for wisdom and judgment
(c) prove the prior effectiveness of his judgment, (d) provide hope
that everyone will survive, and (e) acknowledge his feelings and
the fact that shelter life is wretched.

3. Explain conditions outside and inside the shelter succinctly,
accurately and in a step by step manner.

4. Make the person feel that he is needed in the shelter now and in
the post-shelter society by explaining what his duties are and will
be - based upon his unique capabilities - and precisely how his
efforts will make it possible for everyone to survive. This pro-
cedure will require some knowledge of the individual and his pre-
shelter activities.

As already indicated, even though individual attention will be difficult to
provide when there are many people and management problems mount,
some form of personal aid may be necessary if the shelter is to be effec-
tive and chaos is to be prevented. And if aggressive behavior is chronic,
continuous attention may be needed. There are, however, procedures for
handling more than one potentially or actively destructive person at a

time, if they can be influenced to cooperate by using the techniques out-
lined above. If there is anyone in the shelter who has had training in
social work or psychology, a form of group therapy can be instigated. It
would be valuable to include essentials of group therapy in the leaders'
training curriculum. The primary bases for the effectiveness of such a
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brt_,uv. ,rnmhers express their emotionR and fe 1 accepted

in spite of the fact that they tend toward or have displayed destructive
behavior, (2) they recognize their own worthiness and (3) hey a re noot

alone.

In conclusion, it is suggested again (see Section III. A. 5) that management
in the overloaded shelter will be simplified - though, very likely, not
simple - if constant preventive measures are taken to (1) maintain a high
level of hope for and confidence in survival, for under cnnditions of "high
morale and anticipations, " Biderrnan (1963, pp. 30 and 39) reports, over-
crowding has been shown to be tolerable; (2) stress the importance and
value of each individual as an integral part of the shelter society and as
a functioning member in post-shelter reconstruction. People under
severe stress need a "sense of belonging and being accepted. " (Meerloo,
1957, p. 371); (3) maintain communication with outside and with other
shelters and report all conditions frequently to shelterees (Rohrer, 1960,
p. 24); (4) keep people busy at meaningful, organized activities (Rohrer,
1960, p. 23).

All of the recommendations imply activities on the part of shelter leaders.
The responsibilities for management are so great that good leadership is
imperative; therefore, the selection criteria must be carefully derived.
It is not the purpose of this paper to describe the characteristics of the
strong and effective group leader; numerous documents and books are
available on the subject. One rather obscure study, however, is worthy
of brief comment. Smith and Goodehilds (n. d. )* have reported some
studies of the effects of wits within groups. They found that "groups with
deliberate (effective) wits as members evaluate the group more favorably.""*
Furthermore, wits have a positive effect on "morale and problem solving
efficiency of their groups. "* That a leader endowed with an effective
sense of humor may receive greater cooperation and maintain a higher
level of morale than a somberly serious person is indicated by such
findings.

C. PHYSIOLOGICAL CONTROL WITHOUT DRUGS

A number of possibilities exist for increasing loading limits through pro-
cedures based on physiological considerations. Two basic approaches
(or both) could be used, namely, to reduce the environmental stress
through rigid control of the activities of the occupants, or to improve the

*In two reports for the A. F. Office of Scientific Research of the Office

of Aerospace Research, under Contract No. AF49(638)-1216.
""The Wit and His Group"

***"The Wit in Large and Small Established Groups"
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stress tolerance of the occupants through special techniques. Although
we have suL aLtei-npted to make an exhaustive catalog of all possible
appro;ches; a faw which seemed particularly promising for further con-
sideration are discussed below.

1. Rotation to the Ambient Environment

One possibility is suggested by the fact that after the first few
days, radiation decay rates might be reasonably predictable.
Given that fact, it should be possible to modify an "Entry Time -
Stay Time Total Dose Nomogram" such as the one given in the
OCD Handbook for Radiological Monitors, so that occupants
could be allowed to leave the shelter each day for ever-increasing
periods of time to decrease the total heat output in the shelter, to
decrease their response to heat, and to perform other useful tasks
such as foraging. It has been pointed out earlier that even short
periods of relief from heat can go far toward increasing the level
and duration of heat exposure which can be tolerated.

2. Alteration of Physiological Characteristics

A second, more elaborate approach, which might be considered
if rotation to the outside environment turns out to be unfeasible
on further study, is suggested by our study of the heat acclima-
tization process. It is clear that a serious problem in the over-
loaded shelter is the detection and subsequent treatment of the
small fraction of the population which is highly susceptible to
heat stress. We therefore suggest a first attack which is directed
toward dealing with this problem. The attack is two-pronged;
firstly, the identification of the more susceptible occupants and
the prescribing of appropriate procedures to bring them up to the
level of the population median with respect to heat stress resist-
ance (or "acclimatization"), and secondly, the devising of a
regular routine of behavior, training, and exercise for the total
shelter complement, which will raise the level of the tolerable
limit for all.

a. Categorization of Shelterees as to Heat Stress Resistance

Within hours of the loading of the shelter, a record sheet
should be prepared on each individual which will contain the
data upon which to base a rough computation of his K factor
(i. e., sweat response characteristic). The initial data to
be entered on this sheet will be the body weight and skin
temperature while at rest, together with the time at which
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the dntzrrnination was made; sometime later, the exact dura-
tion b ..i ,icpendent partly on the sensitivity or accuracy of
thp balance u ed, asa c nd g . h. t and . De...... . 1 ,

taken for the record. Subsequently, on the occasion of the
first heat treatment given for the primary purpose of improv-
ing the sweat response, a second set of weight and skin temp-
erature measurements should be taken. A simple difference
calculation based on the sweat rate and skin temperature under
the two conditions described will suffice to provide, to a first
approximatiorn, the K factor for that individual.

It is not clear at this time what the most economical number
of categories would be, since we have little if any information
about the lowest K factor that we must be prepared to expect.
It is anticipated that the useful number will be of the order of
10 categories.

b. Techniques Expected to be Effective In Rapidly Increasing the
K Factor

I. The first requirement, it is believed, is for the imposition
of a regime of carefully designed and regulated exercise;
there is every reason to suppose that the design can be such
that useful external work can be obtained as a by-product,
by means of extremely simple apparatus, and utilized to
enable the remaining features of the prophylactic procedure
to be recommended in what follows. The design of the
exercise regime must have as its primary goal the maxi-
mizing of the degree to which the vasomotor control system
is exercised.

Z. Next in order of importance is the institution of a program
of at least one, and probably several, exposures daily to a
high heat stress relative to the particular individual's
stress resistance or K factor. The first of these expo-
sures will be under standard conditions, sufficient to per-
mit the determination of the initial K factor as described
above; subsequently, the severity of the heat treatment will

be tailored to the individual, and modified day by day as his
resistance improves, in the interest of achieving the most
rapid rate of increase in his K factor possible.

3. As an essential antidote or safety feature, via a via the heat
treatment procedure described above, it is necessary to
have a means of rapidly cooling at least one person at a timhe.
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The function of this provision is to produce sudden vaso-
constriction in a person whose surface skin blood vessels
are aiLated. i nus. anvone .no ne lns to ieei shit~iv taint.
nauseated, or unduly fatigued in the course of his heat
treatment, will be removed immediately to the "refrigerated
shower, " where, in a few moments he will fully regain his
sense of well being and can be transferred to the normal
shelter environment with practically no diminution in the
effectiveness of the heat treatment.

By far the more frequent, and probably more significant
usage of this facility will be for the routine daily exposure
of each shelteree, for as long a duration as is possible,
taking into account the total number of occupants and the
capacity of the "cool room, " or "cool cabinet. " The pri-
mary purpose of this daily exposure to a cooler environ-
ment is to permit the cessation of sweating and the drying
of the skin for a finite length of time each day. At present,
our knowledge of the minimum requirements for the pre-
vention of prickly heat and the various heat rashes in
general is insufficient for us to be able to relate quantita-
tively the duration of daily cool exposure and probability
of experiencing heat rash. Intuitively, the evidence seems
to indicate that any reasonable period will be better than
none at all, and the effect of brief exposures of this kind
may be of considerable significance in minimizing the ten-
dency for sweating to be reduced after long periods where
C .e skin is totally wet.

The means of achieving this limited area cooling facility
can be selected only on the basis of an engineering trade-off
study; the critical criterion is the rate and amount of reduc-
tion in skin temperature that can be achieved. Whether the
cooling means is through refrigerated water sprays, in-
creased air velocity by means of fans, or a reduced terp-
erature of the radiant surround, cannot be decided at this
stage. Presumably of central importance is the considera-
tion of the relative ease with which the exercise regime
recommended in Item 1 can be coupled to the machinery
which produces the cooling effect.

4. The final item proposed for feasibility evaluation is one
which could be adapted to meet several of the elements in
the foregoing requirements; in the extreme, it is conceivable
that mechanization of this capability might eliminate the need
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for most of the other provisions recommended above. The
facility referred to is a high velocity "needle-point" R1 _v;,r
... -...... . ........... nt flushing or cleansing of the

Such a facility, in the ultimate, could be conceived of as
replacing the human sweating mechanism altogether, thus
eliminating the need for improving the sweat response of
individuals; in this application, a light-weight, close-fitting,
comfortable, and highly-absorbent garment would be worn
which would cover most of the body surface. The shelteree
would periodically pass through the shower, retaining suffi-
cient water absorbed in the garment to provide for his
evaporative needs for the next period of perhaps a half to
two hours. Occasionally, the shower would be used for
purely hygienic purposes to remove sloughed epithelium,
sebum, etc., by mechanical means alone (i. e., without
using soap, which would complicate the filtration and re-
clamation system).

Note that the specialized garment assembly described neatly
eliminates the modesty problem which seriously complicates
the thermal problem where the sexes are mixed and children
and adolescents are included in the population.

The hygienic value of the high velocity shower cannot be
over-emphasized in view of the well-established serious-
ness of the fungal infection and general irritation problem
in a warm humid atmosphere.

5. Whether or not any or all of the foregoing special engineer-
ing provisions are introduced, some means of handling cases
of incipient heat collapse is needed. The very simplest of
such means is one which is expected to be extremely effec-
tive if a suitable technique for its utilization can be worked
out, and at the same time it is quite undemanding as to
modifications required in current shelter stocking. and equip-
ment policy. This is to store within the shelter a number
of bottles of ethylene chloride with spray dispenser heads.
The only difference from the standard medical use of this
material in the relief of pain which the proposed technique
calls for is that application should be made of the fine spray
to as large an area of the body surface, simultaneously, as
possible. It is thought likely that the design of an extended
length applicator head would present no particular difficulty.
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The effectiveness of the spray application of ethylene chloride
Lu Lhe ski n- in trat,- .n.t f icint r j-i. .. lt- i !

lies in the extremely powerfiil va nctriction srilmu.

c. Ancillary Benefits of the Special Provisions Suggested for
Thermal Control

1. Depending on the extensiveness of the exercise apparatus,
as to the number of persons doing work at any one time, a
source of emergency power is made available.

2. The organization of a serious routine of work and thermo-
regulation training will be, it is thought, far more effective
in morale maintenance than will the imposition of any "busy
work, " and can further be justified as physical fitness train-
ing in preparation for the possibly strenuous requirements
of the post-attack world.

3. The flushing off of the skin at least once a day by means of
a high velocity shower will not only cleanse the skin from a
bacterial standpoint, but will also prevent any accumulation
of salt, which would reduce the evaporative potential. If
the recirculated water system were to contain a mild bac-
tericidal agent of the cumulative effect type, such as Zephiran,
it should be possible to build up an immunity to infection of
impressive magnitude.

4. Obviously, the engineering difficulties (for specially con-
structed, underground shelters) involved in the task of re-
claiming water from that which condenses in the shelter
air-conditioning system or on the walls of the enclosure
(as a possible approach to the water limitation problem)
are vastly simplified if that water is to be mixed with a
bactericidal agent and merely sprayed upon the clothing or
skin of people, rather than being intended for ingestion.
Knowing that people can tolerate indefinitely conditions
which cause them to sweat at the rate of six quarts per 24
hours, and that they may be capable of withstanding condi-
tions associated -,-th still higher rates for very considerable
periods, it is obvious that we must either re-use the water
that is stocked or eliminate the need for reliance on the
physiological mechanism of sweating. In the latter case,
it is probably still logical to recirculate water, even though
the total quantities required per day are probably much less
when the water for evaporation is applied externally instead
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of passing through the complex absorption and excretion
systems of the body.

5. To whatever extent water is provided externally to the skin
surface, the hazards of electrolyte imbalance are reduced.
With the total replacement of sweating suggested above,
the problems of chloride imbalance and of dehydration
should be totally eliminated.

d. Effect of Exercise Regimen on Shelter Heat Balance

In recommending that regular exercise be required of shel-
terees, and that useful work be extracted from such exercise
with the maximum achievable efficiency, we have not over-
looked the effect on the overall heat balance of the shelter.

While it is true that the increased heat production associated
with exercise must tend to raise the shelter temperature, the
practical significance of this effect will be minor if the propor-
tion of the total number of occupants who are working at any
one time is kept low.

It is believed that the advantages gained by the maintenance
of vasomotor, venomotor and muscular tone, as well as the
improvement in the general fitness factor, which pertains
primarily to the cardiovascular system characteristics, will
outweigh any simple effect on the thermal load imposed on the
chamber air-conditioning system.

The question of the type, duration and severity of the exercise
will require careful and thorough investigation, taking into
account the probable entering state of fitness of shelterees,
morale, and the engineering problems of coupling to work
output devices.
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V. CRITERIA FOR ESTABLISHING SHELTER LOADING LIMITS

It has been suggested earlier that the loading limit for a fallout shelter
might be that loading which results in severe but reversible effects in
a substantial proportion of the healthy population, where reversible refers
to spontaneous recovery without expert medical assistance in a few hours
to a day - given adequate food, water and rest in a comfortable environ-
ment. In the light of the subsequent analysis of shelteree response to
overloading, we must now re-examine that criterion with regard to the
possibility of predicting the loading at which such a condition would be
obtained. A second aspect to be considered is what is implied by a sub-
stantial proportion of the healthy population? To answer those questions,
it is necessary to consider the distribution of environmental stress re-
sponse in a mixed population, and how that could be related to criteria
which have operational meaning.

Let us assume that we are able to define response of various segments
of the population to a given set of environmental stresses in terms of the
distribution of specified levels of response and associated response times.
By examining the distribution either of times to reach a specified response
intensity or of response intensities at a given time, we might discover
two modes, one which represents persons with organic deficiencies; and
another, much larger, which represents a so-called normal or healthy
population. By analyzing the constellation of "defects" found in persons
falling within the more severe response mode, it might then be possible
to separate the population into "normal" and "handicapped" responders,
and to characterize each group with respect to a mean and variance for
time to reach given response levels which have meaning in an operational
sense.

Let us next define criteria which can be related to response levels on the
one hand and to operational criteria on the other. At the outset, it is
useful to define a series of criteria corresponding to a range of responses.
One way such a series could be developed is presented in the second
column of Table V-i, which lists nine levels of "Shelteree Status Criteria"
ranging from "I. Preserve life; no decrement at any tine; comfortable"
to "9. Death. " In the column to the left are "Activities or Conditions
Consistent with Status Criteria" which are operational criteria that would
be satisfied by each of the shelteree status criteria. The operational
criteria thought to be especially relevant are: (1) the ability to perform
duties required for smooth shelter functioning; (2) the ability to perform
and/or receive in-shelter training which would increase shelteree useful-
ness and survival potential after leaving the shelter; and (3) the ability to
rapidly assume a useful role in the community after leaving the shelter.
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The corresponding status criteria, then, are the amount of decrement
during enshelterment; and the rate, conditions and extent of recovery
subsequent to enshelterment.

The next step would be to relate categories of response levels, in terms
of some integrative index, to the levels of decrement and recoverability
represented by the status criteria. The kind of information required is
obtained by careful analysis of clinical data for the more severe decre-
ments and of physiological experimental data for the less severe decre-
ments. The importance of an integrative index becomes obvious when the
enormous number of possible combinations of environmental exposures are
considered. An index, which in turn is a function of many other factors
related to environmental stresses, acts as a transducer or transfer func-
tion making it possible to translate response into statements about condi-
tion which correspond to status criteria.

Now, given (1) adequate experimental response data for various population
segments; (2) an analytical technique (most likely a mathematical model)
for applying the data within the context of a usually complex environment
which may become more severe with time; and (3) an analytical technique
for predicting the shelter environment as a function of the man-environ-
ment-shelter interaction; it should then be possible, for a given shelter
configuration, population composition, and duration of enshelterment, to
determine the probable number or proportion of each population segment
which would fall within each of the nine categories of status condition.
Note that in the third column of Table V-l, population segments are
separated into the major groupings "Normal" and 'Disabled, " with space
in a column to the right to enter the probable per cent of each population
segment for which the status criterion applies. The fifth column reflects
the fact that procedures exist which, when administered to all or some
segment of the population, would shift the more severely affected popula-
tion segments from the lower to a higher region of the table.

Except under unusual circumstances, it appears that normal loading of
shelters under current planning should probably result in the satisfaction
of Shelteree Status Criterion Number 2, more rarely 1 or 3. For over-
loading, we have suggested a limiting criterion equivalent to Number 5,
or at the most 6, for the normal, healthy population. At such a level,
the "disabled" group (perhaps 10 per cent or more judging by the incidence
of chronic ailments in the general U. S. population) would be in serious
trouble (criteria levels 7 to 9) unless remedial or preventive procedures
were applied. A number of possible procedures have been pointed out in
Section IV.

Now, having defined a reasonably systematic way to relate statistical
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response data to operational consequences within a status criterion frame-
work, the next step would be to arrive at some sensible way to decide on
the worst allowable distribution for healthy occupants - e. g. , what per-
centage ot the healthy popuIation r-n Axceed I--c-1 5, vP d nd so on.
Although we cannot hope to give final answers to what is essentially a
problem of policy involving moral considerations, we can, nevertheless,
offer the following comments:

I. It probably makes good, practical sense to establish a primary
policy based on the unaided (undrugged) response of the "healthy"
segment of the population.

2. The "handicapped" can probably be given much the same in-
shelter survival chances as the "healthy" group through control
procedures - such as Tapazole administration, special cooling,
training the sweat response, etc. However, depending on the
kind of procedure used, they might not be able to carry out shel-
ter duties or to respond well to training.

3. A mathematical examination of shelter policies indicates the
desirability of a strategy based on maximizing the number of
survivors rather than minimizing the number of shelter deaths
(see Appendix A). Furthermore, dynamic policies, although
more difficult to administer, hold distinct advantages over static
policies. Rotation of shelterees to the ambient for periods de-
pending on radiation dose rate is an example.

4. Data suitable for estimating the response characteristics of a
mixed population to a complex environment are not yet available
to make it possible to fill out the last two columns of Table V-1.
However, as provisional rules of thumb for the more important
stresses, the limiting values or methods for determining them -

discussed in Section III of this report - should be useful.

5. Until the nature of the combined stress response is more fully
explored, it would be wise to apply a safety factor to tolerance
limits established for single stresses.

Since much of the required information is missing, and since the need to
establish limiting criteria for environmental exposure is immediate, it
is suggested that somewhat modified limits, based on current data can be
used as an interim measure if at the same time a few basic remedial
techniques are made available to the shelter manager. In particular,
some of the control techniques involving administration of sedatives and
metabolic depressants should be considered as a safety measure to make
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up for current uncertainties about the extent of variation in the general
population. Given such precautionary measures, and given strong and
wise shelter leaderch'", :o'lt foiiowL., Levels oi prolonged environmental

stress appear to represent critical limits beyond which a widespread
crisis would be likely to occur in a shelter containing a mixed population:

* Oxygen concentration 12-11%
* Carbon dioxide concentration 3-5%
• Effective temperature 90-94OF
• Dehydration (predicted from 5-10% of Body Wt

P4SR, urine output and water
ingested)

* Acute starvation weight loss
children 10-1 5% of Body Wt
adults 30-35% of Body Wt

Note that these values are only for stresses one-at-a-time. For instance,
dehydration would considerably lower the effective temperature which
could be tolerated; and increased effective temperature, by increasing
sweat rate, increases dehydration.

A multitude of other factors are also involved as we have attempted to

demonstrate in the preceding sections of this report. If more than one
stress is to be imposed, the safe procedure would be to reduce the stress
levels to at least half the values shown.

In conclusion, while much can be said about response to single stresses
for limited range of the population, it is not yet possible to establish
limiting criteria in terms of the kinds of environments and occupants
expected in the shelter. Therefore, a firm basis has not as yet been
derived for limiting admittance to a shelter in the face of demands for
entry. However, considerable alleviation of the adverse effects of over-
loading can be achieved through the use of dynamic policies and remedial
measures which were discussed in Section IV, and extensive use of them
as "stop gap" measures is recommended until the analysis has been

carried far enough to enable reliable criteria to be established.
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Vi. SUGGESTIONS FOR FUTURE STUDY

Undoubtedly Lhe most critical deficiencies in the data and techniques avail-
able for defining the effects of shelter overloading lie in the areas of
response to combined stresses, population variability in stress response,
and extended as opposed to short term exposures. Research approaches
to those problems are discussed in several sections of this report. We
give special emphasis to the requirement to make a direct attack on the
combined variables problem (see Section III. B, pgs. 225-231).

Another area of investigation which we feel is vital to the shelter over-

loading problem is in the further definition of the acclimatization (K factor)
phenomenon as it relates to the distribution and improvement of heat tol-
erance within a mixed population.

Many of the ideas on thermal tolerance which have been presented in this
report are too recent in origin to have received the considered attention
of the scientific community. Many of the key experimental results have

not yet been published, or are found only in relatively obscure documents,
and data to confirm empirically some of the hypotheses which were
advanced are either yet to be generated or are buried in the files of re-

search workers who have since gone on to other areas of investigation.

Obviously, then, considerable work remains to be done before the present

synthesis of thermal tolerance data and development of a unifying theory
of acclimatization and individual difference can be brought to full fruition
in the form of positive and precise recommendations for practical applica-

tion.

The most immediate and pressing task is to uncover as much basic raw
data as possible relative to sweat production, skin temperature and metab-
olism for all kinds and ages of people, and particularly for organized
regimes of environmental exposure involving some degree of acclimatiza-
tion (see pg. 103). In view of the presumptive evidence presented in this
report that ethnic and geographical differences are minor, if not insignifi-
cant, in comparison with factors of physical conditioning, training and
activity history in hot climates, the search of contributing data should be

world wide.

Second only in importance to the need for information on how people
respond to heat as a function of age, sex, size, state of health, etc. is

the requirement to establish as quickly as possible the upper limits of
the human adaptive potential. As has been clearly indicated in this report,
these limits have only been glimpsed very recently, and this more or less

-264-



incidentally, in the course of an investigation oriented along academic lines
and aimed at elucidating the physiological mechanisms underlying the acclima-
tization phenomenon. At the time of writing, only personal nntes taken by
one of us during the delivery of a revolutionary paper by Dr. Fox at the
Physiological Congress in Leiden and in conversations with him in his lab-
oratory in London were available. In view of the critical importance Fox's
work has assumed in the argument developed in this report, a careful
examination of all his raw data and detailed discussions of the relationship
of his experimental observations to the practical questions of shelter occu-
pancy raised by this report assume central importance.

Another area which is critical to defining loading limits is the interaction
between psychological and physiological response which, in the case of an
overloaded shelter, is expected to be significant indeed. To gain some
concept of the degree of interaction, we studied numerous reports of shelter
confinement studies. While much of value to this study was reported, cer-
tain critical elements were missing.

Probably the most severe objection ubiquitously applicable to all the studies
we reviewed is that the actual threat of a thermonuclear attack is absent.
Very few means appear to lie at the researchers' disposal for attempting
to simulate the catastrophic condition. One possible approach would be to
observe a group of people who are led to believe that a thermonuclear
attack is actually imminent. The dangers of this approach, however, are
obvious: people may be hurt or killed or irrevocable damage may be
inflicted upon property. These acts would be difficult, if not impossible,
to justify.

Another procedure could employ hypnosis. A group of trained, hypnotiued
subjects could be given the suggestion that a real attack is about to take
place and they would act as if they believe the suggestion were a fact.
Furthermore, precautions could be taken, by appropriate suggestions, to
preclude anyone's expressing aggression or rage in a harmful or destruc-
tive way.

However, there are other moral problems which at this time seem insur-
mountable: (1) even though they may volunteer, subjects may afterwards
resent their behavior and the extreme stresses under which they were
placed, and (2) no one can predict what lasting effects the induced stresses
would have in the future.

Furthermore, for purposes of controlled experimentation, it is unlikely
that suggestions will remain equally effective for all subjects for a period
as long as several days. Frequent mass-hypnotic sessions could be used
to sustain the suggested attitude, but the effects of the interruptions might
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not be extractable from the totality of reactions to the perceived stresses.
This factor plus the restriction from performing harmful acts are the
main drawbacks, aside from the moral ones. in the use of hypnotic sugges-
tion.

If hypnosis were feasible for use as a tool, a simulated shelter situation
could be observed under varying conditions of crowding, leadership, and
communication. In addition, the effects of many variables otherwise not
able to be simulated could be studied. For example, a female subject
could be told under hypnosis, "The alarm is sounding, and as you, your
husband and son are rushing to the shelter, your husband and son are
separated from you in the rushing crowd, and you arrive at the shelter
alone. " An additional stress could be imposed by suggesting that she sees
her hopelessly inaccessible son trampled on by the panic-stricken crowd.
The number of possibilities for varying stresses are too great to enu-
merate here. If hypnotic suggestion could be used, a wide range of highly
informative experiments could readily be designed.

While hypnosis as a technique does not appear to be morally feasible at
present, it is conceivable that if the threat of actual attack reaches an
emotional level such that the general population experience true appre-
hension, moral objections will become secondary to the practical need for
thorough and accurate knowledge. Hypnotic procedures may then become
essential for gaining knowledge in spite of the present moral objections.

There are also some indirect approaches which were considered for in-
vestigating people's reactions to an actual attack and subsequent enshel-
terment. These procedures involved the use of projective tests, such as
a modified TAT (Thematic Apperception Test) and Rorschach Test. TAT-
type pictures of people entering and interacting in a shelter might be used
to discover how people believe they would act under the pictorial conditions.
Unfortunately, this technique is limited by the fact that a person may re-
port how he thinks he would (or should) act, and there is no basis upon
which to compare the reported anticipations with the expected, true be-
havior.

The Rorschach would provide some interesting information, such as peo-
ple's propensities toward aggressiveness or withdrawal. Ego strength
(tendency toward psychotic or neurotic behavior) and functional intelligence
could be evaluated to predict how well individuals would tolerate stress.
However, the Rorschach does not provide direct information regarding
how people act under specific conditions, and therefore, its use in shelter
studies would be limited. This test would be particularly valuable in an
investigation designed to determine how shelter conditions affect person-
ality; tests administered before and after enshelterment would be compared
for any differences.

-266-



Earlier in this report some recommendations were made to the effect that
the leader organize group discussions for particularly anxious people in
order to relieve experienced tensions. Janis (1958) comments frequently
on the effectiveness of personal communication to relieve patient!s appre-
hensions. In Kramer's (1957) discussion of group psychotherapy, he

remarks, "There seems to be a comforting feeling in suffering shared by
others, probably based on the feeling of not being left alone. " (p. 43)

Since Janis did not actually use a form of group therapy, it would be valu-
able to investigate whether surgical patients with high anticipatory anxiety

benefit from a directed form of verbal interaction prior to surgery, after

surgery, and both as compared to those who are left to suffer their
anxieties. Also valuable would be an experiment in which group therapy

is provided to cancer patients immediately after they are informed of
their affliction; the course of reactions of these people could be compared

with responses of individuals not provided the opportunity for verbal inter-

change.

In both groups - pre-operative and cancer patients - apprehension regard-

ing safety or survival is real and, particularly in the latter, probably

justified. The first study could supply information regarding the efficacy
of group discussion to relieve anxiety while the second experiment would

evaluate the use of verbal intercourse to speed up adaptation to a depressing
situation.

In neither of the experiments should a trained psychotherapist be used.
Rather, a potential shelter leader type is recommended. However, he

should have been presented the essentials of group psychotherapy as part

of his overall training. Ideally, he should be one of the patients himself,

for the shelter leader will be under the same threat to his survival as the
other occupants.

An added variable in the experiment with cancer patients could be included

to investigate the value within a leader. It was mentioned in Section III. A. 5

that morale was improved when witty persons were members of the group

(Smith and Goodchilds). The responses and progress of a group led by a

person endowed with creative wit could be compared with those of a group

led by a person having an otherwise comparable mode of operation, back-
ground, and education. To find two leaders withall characteristics similar

except for wit would be the most difficult part of performing the proposed
investigation.

One of the main points of emphasis in the discussion of psychological fac-

tors was the fact that hope and confidence increase a person's capacity

to tolerate and endure severe stresses. Some techniques were recom-

mended for providing the emotional support which will be likely to stimulate
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hope and confidence when such feelings become subrnerr,.,- the str -ins
imposed hy the shelter. The suggested techniques derive from clinical

psychological methods. But there have been no studies to show elther (1)
the extent to which the procedures will be effective in the shelter situation,
or (2) whether other simpler, more reliable, and/or more effective proce-
dures might be used.

To fill those knowledge gaps, a two-phase study would be necessary. The
initial phase would involve an intensive survey of possible techniques which
might be effective; the literature might be helpful, but the best information
sources, for pragmatic purposes, would be practicing psychiatrists and
clinical psychologists. After several applicable procedures are identified,
they can then be evaluated in the second phase by applying them to groups
under multifarious stresses and comparing their effects on behavior and
measures of attitude between groups for which all other variables are held
relatively constant. The first phase is intensive but patently practicable;
however, the second phase may appear too vastly extensive and not very
practicable because of the many, many groups seemingly required. Cer-
tainly, several groups would be needed, but a reasonable experimental
design could appropriately be conceived to minimize (within practicality)
the number of subjects necessary. For example, it may be possible - and
desirable - to combine some techniques without excessively increasing the
complexity of the procedures. In addition, the design might involve a
method of serial application such that attitudes are tested after each tech-
nique is used, and increments of changes are compared. In any case, the
design would depend upon the data collected in the first phase. Hypnosis
could be valuable here; since amnesia could be induced by suggestion, the
same people could serve as subjects in several groups without having their
behavior mnemonically affected by their involvement in previous studies.

Many other areas of research would be valuable to the further definition
of loading. Many of them we suggest are intended to fill missing gaps in
existing data or techniques, and most of them have been discussed in
preceding sections of this report. They are listed below in abbreviated
form:

Additional Study Tasks Needed to Further Define Loading Limits:

1. Estimate the probable occurrence and degree of overloading in
terms of cite, time of the year, degree of completion of the
shelter identification and/or construction and provisioning pro-
gram, and such natural factors as initial jamming near entrances

with eventual redistribution throughout the shelter.

Z. Construct a computer - programmed mathematical model to be
used for specific shelter design evaluations, representing the
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man -shelter - environment interactions which influence loading
limits.

3. Cunsolidate into usable form the large and scattered body of data
characterizing all segments of the U. S. population.

4. Evaluate the possibility of using the ratio: "skin blood flow/total
cardiac output" as a measure of physiological strain due to thermal
stress.

5. Evaluate methods for increasing heat acclimatization of shelter
occupants (see pg. 106).

6. Experimentally determine the relationship between tolerance
times for constant level exposure to CO and tolerance times for
various rates of build-up of CO concenfrations, and create an
analytical technique for relating the two.

7. Determine human tolerance to combined toxic gases derived from
human waste products. Although an experimental approach is
preferred, an analytical approach based on their sites of action
would be useful (see pg. 153-154).

8. Determine the conditions in the shelter under which the likllhood
of explosion may become significant. Include conditions produced
by overloading.

9. Experimentally validate the weight loss prediction charts given
on page 178 and 180 of this report, and alter as necessary. Extend
to include variations in activity level as well as other pertinent
factors which may be discovered.

10. Determine the relationship between perceived external threat as
balanced against stress level in the shelter to define the conditions
under which occupants will prematurely leave the shelter and
define techniques required to prevent premature exit.

11. Evaluate the use of sedatives, tranquilizers and metabolic depres-
sants to reduce shelter stresses and minimize undesirable reac-
tions (see pgs. 243-245).
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VII, RECOMMENDATIONS

The analysis of factors limiting shelter occupancy and the establishment
of shelter loading limits has by no means been completed by the study
reported here. Indeed, as the study progressed it became more and
more apparent that, in the relatively short period of time available, we
would most likely come up with many questions; define a number of pru-
mising approaches; sift through an enormous amount of data, some of
which would be utilizable; make progress in the direction of synthesis,
more in some areas than others; discover many fascinating sidepaths
which would have to be bypassed regretfully in getting on with the task
at hand; and formulate a number of recommendations immediately useful
to the shelter program, plus numerous tentative suggestions; - but it
rapidly became apparent that the sum total of our efforts would constitute
only the first portion of the work which needed to be done. And indeed,
our anticipations were confirmed: although we were able to make good
progress in directions which we think will prove to be quite significant
to a more complete understanding of the stresses of shelter living -
particularly for the sub-marginal or overloaded shelters - there is
nevertheless a great amount of progress which can and should be made
in the immediate future - both of a theoretical and experimental nature.
Consequently, our first recommendation is that the study be continued.

Much remains to be done in the collection and analysis of data, but con-
sidering the amount which has already been accomplished, even greater
emphasis can now be placed on synthesis and the creation of indices and
other tools of interpretation and application. The rate of generation of
results directly applicable to the Civil Defense program should increase
rapidly as the foundations layed by past efforts come to fruition by
incorporation into future efforts.

Although we have not as yet reached a point where it is possible to pro-
vide definite and reliable rules for establishing loading limits in our
analysis of factors influencing physiological and psychological reactions
to both normally-loaded and overloaded shelters, we uncovered a number
of ways in which either shelter environments or shelteree responses
might be improved. The ones we considered most important are sum-
marized below:

A. PRE-ATTACK PREPARATION

Greater emphasis should be placed on pre-attack indoctrination of the
general population. In particular, the public should be made more aware
of the shelter conditions which would most likely prevail and the expected
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duration of enshelterrnent. Considering the likelihood that sleeping
facilities -. 11 wIb i*,%ne n, ,-. aaiIng n1tngath r in many Rhelters and
that special requirements for medication may be impossible to fulfill,
individuals should be instructed to carry bedding and any special medi-
cation with them.

It is understood that these recommendations have been made before and
that Civil Defense planning has incorporated them. However, an informal
canvassing in the Los Angeles area by one of the investigators indicates
that few people have thought about such factors, and that increased em-
phasis on pre-attack preparation is warranted.

The importance of bedding is particularly apparent in the overloaded
shelter. It has been pointed out in a preceding section of this report
(p. 185) that inadequate sleep results in decreased tolerance to almost
all the stresses which would be present in an overloaded shelter. Conse-
quently, the importance of any measure which improves the ability to
achieve adequate, restful sleep cannot be overemphasized.

B. SHELTER DESIGN

1. Increase in the Minimum Rate of Ventilation by Outside Air

The degree of allowable loading will probably be more than
doubled by an increase in ventilation rate from 3 cfm to
6 cfm per person (see Appendix C).

2. Increase in the Velocity of Air Movement Within the Shelter

Although significant reduction in sweat rate (and thus water
requirements) does not occur in the region of 80-850 E. T. for
air saturated with water vapor, significant reductions in sweat
rate can be predicted for increased air velocity when shelter
temperatures are elevated to around 880 E. T. or higher. The
upper left hand figure in Figure 111-32 (p. 99) is a dramatic
illustration of the savings to be obtained. Comparison of the
three figures in Figure 111-32 reveals the fact that the percentage
decrease in sweat rate for a given increase in air velocity be-
comes greater as metabolic rate (activity level) and air temp-
erature increases. An effective air velocity of 50 to 75 ft/min
impinging on the surface of the occupants is a desirable mini-
mum. If this recommendation is followed, the minimum water
allocation recommended below could be re-evaluated downward.
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C. PROVISIONING

1. A Means for Rapid, Total-Body Cooling

Prolonged exposure to shelter temperatures of 850 E. T. or
higher will result in at least a few cases of heat collapse which
can be detected in the incipient phase. Therefore. a means for
rapidly cooling at least one person at a time as a preventive and
remedial measure Is recommended for inclusion in the shelter,
particularly for shelters in the warmer regions of the country
or for shelters which, due to location, are likely to be over-

crowded. As mentioned earlier, rapid, total-body cooling might
be accompliEhed by using a cold-box, a highly ventilated area
set aside for that purpose, reduction in temperature of the radiant
surround, an ethylene chloride spray unit, etc. (see pgs. 252-

255).

2. A Heat Acclimatization Kit - Tentative

Since further work needs to be done before the feasibility of con-
trolled heat acclimatization in the shelter can be ascertained,

we put forth a tentative recommendation only, that a kit for that
purpose be developed and included in the shelter provisioning.
The basic requirement for such a kit would include a means for
measuring body weight and skin temperature, a means for con-
trolled exercising (possibly coupled to another apparatus to pro-
duce useful work, such as re-charging storage batteries, running
a fan, etc. ), and a set of instructions and forms for keeping

individual records on progress. A means of rapid, total-body
cooling, definitely recommended above, would be an advisable
adjunct. Such a kit might be particularly valuable in shelters

located in hot climates or in shelters for which the probability

of overloading is significant.

3. A Means for Measuring Wet Bulb and Dry Bulb Temperatures

In the "management" section below, it is recommended that the

shelter manager monitor the thermal stress load in the shelter
to establish a basis for water allocation and thermal management.
For that purpose, a simple, inexpensive sling hygrometer or its

equivalent would be indispensable.

4. Increase in Minimum Water Provisions

Any determination of water requirements should take into account
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the predicted sweat rate at various thermal loads (see Figures
111-30, 111-31 and 111-32). In overloading with increased shelter
temperatures, water supply becomes limiting before anything
else. For instance, at a 90°F saturated air temperature and
effective air velocity of 10 ft/min (about 900 E. T. ), at even the
minimal resting metabolic rate of 50 Kcal/m 2 hr, physically
fit, acclimatized young men would lose about 6 quarts of water
per 24 hours due to sweat alone. With relatively light exertion
(say a metabolic rate of 75 Kcal/m 2 hr) that rate would double.
While at 850 E. T., with a resting metabolism of 50 Kcal/m 2 hr,
very little sweat is produced, just increasing metabolic rate to
75 Kcal/m 2 hr increases the P4SR (Predicted Four Hour Sweat
Rate) to about half a quart, or approximately 3 quarts per 24
hours. It seems clear that the provision of one quart of water
per day is inadequate for shelters In warm climates. If any
significant degree of overloading is to be anticipated, a minimum
temperature of 900 E. T. should probably form the basis for the
water requirement. At 900 E. T., allowance should be made for
6 quarts per day for adults at rest and for 12 quarts per day for
light activity. Dehydration at the rate which would occur at an
intake of one quart per day would lead to a high probability of
heat stroke within a day or so according to the evidence brought
forth by the present study.

5. Food and Water Allocation Charts for Shelter Managers

This report presents evidence that minimum food requirements
vary significantly with age, sex, state of health and particularly

with the amount of body fat. In the overloaded shelter, or for
extended durations, the satisfaction of minimum requirements
must be taken into account in rationing food allowances. Particu-
larly sensitive are children in rapid growth phase, pregnant
women, very lean people, and sufferers from some diseases. A
guide which would enable the shelter manager to determine mini-
mum required food allowances for each inhabitant might be indis-
pensable in the event of severe food shortage, and would have
the further virtue of removing the burden of blame for apparent
inequalities in food distribution from him to the "chart. "

Likewise, daily water requirement, on an individual basis, is
reasonably predictable, but would require taking into account a

number of factors which could best be left to a "chart. "

It is recommended that both water and food rationing charts,
along with record forms,be included in the shelter manager's kit.
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6. Recommended Additions, Deletions and Substitutions to the
Shelter Medical Kit

Since each of the following medications have been evaluated in
detail beginning on page 233, they will only be listed here:

Medication Recommendation

Aspirin (see pgs. 233-234) Substitute "Darvon"
Cascara Sagrada (see pg. 234) Use tablet form
Eugenol (see pg. 235) Substitute "Xyloc.aine"
Kaopectate (see pg. 235) Substitute "Intromycin Powder"

or "Neomycin Tablets"
Penicillin G (see pg. 235) Substitute "Erythromycin" or

"Oleandomycin, " add
"Colietin" for infants

Phenobarbital (see pga. 235-236) Avoid its use for the elderly.

"Compazine Dimaleate" is
preferred for adults

Sodium bicarbonate Jpg. 236) Delete if recommendation for

"Sulfadiazine" is followed
Sulfadiazine (pg. 237) Substitute "Gantrisin" or one

of the recommended substitutes
to Penicillin 0

Morphine Syrettes (pg. 234) Add to kit
Dramamine (pgs. 237-238) Add to kit in both tablet and

syrette form
Compazine Dimaleate (pgs. 240- Add to kit to combat anxiety

242) reactions, sleeplessness, etc.
(1 5 mg, delayed action cap-
sule every 12 hours)

d-Amphetamine (pgs. 242-243) Add to kit, mostly for use by
shelter leaders if needed to
maintain alertness, but also
acts as an appetite depressant.

D. TRAINING IN-SHELTER

As part of the in-shelter training exercises, a modified form of group
therapy should be considered as a technique for releasing tension and
ameliorating anxiety reactions (see Section IV. B).
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E. MANAGEMENT

1. Rationing of Food and Water

It is highly recommended that the shelter manager institute a
rationing system based on population characteristics, shelter
environment and activity level to insure that occupants with
lower tolerance or higher requirements are not allowed to be
more severely penalized in terms of physiological decrement
than the average for the shelter. As discussed in earlier sec-
tions of this report and under "provisioning" in this section, a
dynamic rather than a fixed rationing policy should be used,
based on age, sex, degree of obesity, etc. A control procedure
for both dehydration and caloric weight loss is not difficult to
carry out providing a scale is available for weighing and a rela-
tively simple procedure is followed. Adequate information
exists for developing such procedures.

F. LOADING LIMITS

No single answer can be given to the loading limit problem, since varia-
tion from shelter to shelter, from area to area and from one season to
the next are significant to the extent to which a shelter can be over-
loaded before a generally critical situation develops. Furthermore,
definition of the ultimate limits of overloading requires consideration
of combined stresses and specific population characteristics which has
not yet been accomplished. However, it should be possible to define
a "maximum" condition which exceeds normal loading but which does
not reach the limiting criterion set forth in earlier sections of this
report. Although this has not as yet been done, it seems feasible that
a nomographic shelter evaluation procedure could be devised which
accounts for local conditions, and which would enable a provisional,
but sub-limiting overload capacity to be computed for each shelter for
various times of the year. Such a procedure would need to account for
local climatic factors, specific shelter configuration and provisioning,
any significant differences in the probable occupant population, and a
number of other factors which are usually definable at least in a statis-
tical sense. The creation of such a procedure is recommended for use
in shelter evaluation surveys and should serve well as an interim mea-
sure. In the face of our current uncertainty about the way in which
some factors interact, such a procedure should lean in the direction
of conservatism.
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APP,NDIX A

INFLUENCE OF LOADING POLICY:

A Mathematical Examination of
Consequences of Different Policies

Shelter Loading Policy

Shelter loading policy will, to a considerable extent, determine
the actual loading limits. To provide a general context for
considering loading policies, a number of policies have been
explored mathematically with respect to characteristics which
are not dependent on the exact shape of the "non-survival" or
"irreversible damage" curve.

A number of criteria and attendant assumptions are described
and examined below. The emphasis is upon an investigation of
a range of policies and the implications for the meaningful
determination of quantitative survival limit functions. The
description below is supported by derivations at the end of
this Appendix.

Policy Parameters

The population elements are identified as follows:

N = population serviced by a given shelterp

N. = shelter entrants in N
2 p

N = non-entrants in N
e p

N. = survivors among entrantsIS

Nid = deaths among entrants (or irreversible damage)

N = survivors among non-entrantses

Ned = deaths among non-entrants (or irreversible
damage)

A-1



The basic relations among the above population elements are:

Np = Ni + Ne = Nis + Nid +Nes +Ned

Ni = Nis + Nid

Ne = Ned + Nes

Policies

T.he policies which could be established regarding entrance into
the shelter are:

1. Maximize the total number of survivors

Nis + Ns = a maximumn, or

Nid + Ned = a minimum

2. Maximize the number of shelter survivors

Ni s = a maximum (as will be shown below, this

is not equivalent to Nid = a minimum)

3. Maximize the shelter survival fraction

Nis/N i = a maximum

4. Admit shelter occupants until the predicted shelter
survival fraction would equal the survival fraction

for non-entrants

Nis _ Nes

Ni Ne

5. Minimize shelter deaths

Nid = a minimum
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6. Dynamic policies

Policies I through 5 can be considered as static or
dynamic. A static policy would consider the preserva-
tion of the allocation between Ni and Ne throughout the
occupancy period. An illustration of a dynamic policy
would be one whereby shelter occupants are released
when the non-entrant survival fraction decreases
below its original value.

Survival Functions

The shelter survival function may be defined:

Ni s = f(N i , t, C)

where t is the time duration of shelter occupancy, and C is a
complex factor representing shelter capacity, geometry,
ventilation, water, food and medical provisions, etc.

The non-entrant survival function may be defined:

Nes = f(Ne, Ni , t, F)

where F is a complex factor representing the severity of the
attack, protection available in non-shelter areas, facilities,
etc.

Under a given set of circumstances, non-entrant survival will
be dependent upon the number of people admitted to shelters.
Thus, the demand for partial protection is decreased by the
number of people admitted to the shelter, but provisions required
by shelter occupants subtract from those available to non-entrants.

It is the major subject of this research effort to determine the
nature of the survival curve and the influencing factors. For
purposes of analyzing policies, however, a generalized form
will be used. For a defined shelter and occupancy period, Nis
can be expressed as a function of Ni . While the theoretical or
empirically determined function can be represented by a high
order polynomial, a number of simpler representations suffice
for preliminary analysis. Linear, exponential and parabolic
non-survival functions result in the following survival functions.

A-3



1. Aqsume Nid is a linear function of Ni

Nid (I-a) Ni

Ni s  a Ni

where a is the shelter survival fraction

Nid Nis

Ni Ni

2. Assume Nid is an exponential function of Ni

Nid = ekNi -I

Nis = Ni - (ekNi-I)

where k is a constant

of

/

Nid Nis
/

N1  Ni
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3. Assume Nid is a parabolic function of Ni

Nid = (Ni)

Nis Ni - (Ni)k

where k is a constant

i/~/ "
/

Nid /7Nis 5

Ni N1

A preliminary examination of the applicable policies will be
made with an exponential function assumed for Nis and a constant
non-entrant survival function:

Nis Ni - (ekNi - 1)

Nes b Ne

where b is the non-entrant survival fraction.

These functions are illustrated in Figure 1. The folloving
values are obtained for the criterion:

1. Maximize the total number of survivors

Ni  In* ( - b) (Note: This value isk 
independent of N)

*ln represents the natural logarithm
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2. Maximize shelter survivors
1

N i In ( - )

k

3. Maximize the shelter survival fraction

Nis  is constantly decreasing function with

Ni a maximum at N i = 0

4. Equal survival fractions

Ni = (ekNi - 1) the value of Ni is determined
1-b by iteration

5. Minimize shelter deaths

Nid is a constantly increasing function with a

minimum at Ni = 0

6. Dynamic policy

As an illustration, maximizing (Nis + Nee) when the
non-entrant survival fraction varies as an increasing
linear function of time would require Ni to assume the
following value:

ln [1 - (b+t)]
Ni= kLJ

k

1-b
wheze g (- ) is the rate of increase of the non-entrant

to
survival fraction over the nominal occupancy period to.

Discus sion

For the static rnodel- considered above, the first policy, that of

maximizing the total tLumber of survivors appears to be the most
desirable.
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The second policy, maximizing shelter survivors fails to take
into account the non-entrant survival fraction and will result in

('1-b) ln(0-b) + b

more deaths in the total population over that experienced with
the first policy.

The maximization of the shelter survival fraction results in the

trivial solution, N. = 0.

The selection of an acceptable survival fraction requires an
arbitrary judgment, difficult to justify above or below that
obtained for maximizing total survival,

(1 -b-k)
1 n 1-b

The policy of admitting shelter occupants until the predicted
shelter survival fraction equals the non-entrant survival
fraction does not take into account the total life saving maximum
which occurs prior to that point. The total survival curve in
Figure 1 has a positive slope at N i = 0. This indicates that the
total survival fraction will increase above b before it returns

Nis Nes
to that point again when N- - = b. For the N func-

tion considered, such a policy would result in ln(---) - 1j -1

deaths above that for the first policy.

Minimizing shelter deaths, as does the policy of maximizing the
shelter survival fraction, results in the trivial solution of N i = 0.

The dynamic policies offer life-saving advantages over fixed

shelter assignments assuming the non-shelter survival function
increases significantly prior to the release of all shelter occu-
pants. As a general observation, the policy to maximize shelter
survivors is superior to policies 3, 4, and 5, but the maximum
total number of lives saved is achieved by considering the non-
shelter environment and in particular its temporal dimension.

A-8



The exponential function used in the evaluation of criteria was
selected because preliminary investigations reveal that it is
characteristic of the thermal environment survival function.

The linear survival function although unlikely to be encountered
in shelter occupancy is interesting in its close relation to policy
4. If the shelter survival fraction is greater than b, it should
be loaded to capacity; if it is equal to b, the life saving feature
of the shelter is negated.
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DERIVATION OF POLICV PARAMETERS

Nomenclature

Np = population serviced by a given shelter

Ni = shelter entrants in Np

Ne = non-entrants in Np

Nis = survivors amT~ong entrants

Nid = deaths among entrants (or irreversible damage)

Nes = survivors among non-entrants

Ned = deaths among non-entrants (or irreversible damage)

a = shelter survival function

b = non-entrant survival function

(I-b)
g = () rate of increase of non-entrant survival

over time to

k = constant

I = constant relating the dependence of Nes upon Ni

t = time

to = nominal time period of shelter occupancy
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Policy 1. Maximize the total number of surviv,:'rs

Nis -N i - (e k N i - 1)

Nes = b Ne = b (Np - Ni )

Nis + Nes Ni (ekNi- l) +b (Np- Ni)

d (Nis + Nes) kekNi - b = 0

d N i

kNi  1-be -

k

N 1-in
Ni .In ( -k)

k

value of (Nis/Ni) at this maximum

Ni s  (ekNi - 1) = (-b-k)

Ni Ni In k

Policy 2. Maximize shelter survivors

Exponential:

Nis =N i - (ekNi

dN 1- kekNi = 0

dNi
i= In (1k

k
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Parabolic:

k-1
d'Nis 1 -k (Ni) =0

dNi kI in (I.

Policy 3. Maximize the shelter survival fraction

Nis e kNi

Ni Ni

d(N1 8 /N1 ) kNi kNi

dN1  Nike e 0

this is true where

Ni= 0

Policy 4. Equal survival fractions

N.i 1 ( kN.

N1  N1

Ni (e b or N

Np

Note: Solution requires iteration.
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Policy 5. Minimize shelter deaths

(kNi
id= -

when Ni = 0, the function assumes minimum value

Policy 6. Dynamic policy
1-b

Nes = (b +gt) Ne where g = t---

to = nominal time period

Nis = Ni - (e -1)

Nis+ Nes= Ni - (e 1 -1) + (b+gt) (Np - Ni)

d(N 1 8  Ne.)kNj

d(Nis + Nes) =1-ke - (b+gt)
d Ni

kNi I - (b+gt)
e

k

in 1 - (b+gt) ]
Ni  k

k
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Assume non-entrant survival dependent upon number of entrants

Nes (b-I N) Ne  (b-i Ni ) (Np - Ni )

kNiNie = Ni -(e -)

N.a + Nes =N - (ek N i 1) + (b-i Ni) (Np- Ni )

d(is +1es ) 1

d(N +Ne) 1 ke kNi - b - IN + 21 Ni = 0

dN i  p

kNi = (1-b) + I (ZN i - N )e = _____________

k

Ni = In [(1-b) + 1 (2N i - Np) ]

k

k

Note: solution requires iteration
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Acute poisoning exept by plants............. 4. 2.4 . 43. 34. 2.3 1.7 1.7 .. . .
Bumn.................. ................ 19.3 3. 03342 24.23. 0.3 9.1 7.1 3.3..........
F'all ............... ........ ............... 15.2 34.2] & 449 34.2 314.2 S.0 -11.1 4 .0 1-42 42 7. 4.2 .4
Ee aen .................... ............ 47 13. 7. 2253. 47 . 0. 43 73 2 27 13

-1aedn.............:: 11.4 1(3.2 5.1 37. 3 14.7 13.3 33.0 8 001 4.0 4:0 2:7 2:7 1.3....

nuy anomal oelIsact. 2..2] k 4. .03 340 3. 00.0 0. 104 0' . . ...
Oerand 31-defloned accidents 347.0] N 14 7.4 22.4 17.1 131.4 74 03 04 44 42 42 43 .

Totl acte ..--- _ .......... 3,007.3 1033 5:.9 2.7 343100, 0.4.11. . 4.2 1. 1: 3.0 .1Total %kardt l.........._.......... ...... I. III ,' 4M4! 1 1 34.84 15.7 It.:Y 4.8 !, 4 .4:2! 5.9 710 1. .
Ttldlagnoses ............ ............. 1 0,140.3 1 j.01 0. 3 22.0 230 14.1 8.4 1 34 442 4 2. 2 3.0

From: Collins et a]., 1955; Table 9
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4B-4

Annual age-specifl disabling came rate. for detailed dlmanomeP-white families canvassed
periodlcaly In surveys' coverinlg 60,7M person-year of observation

All ages AgeSerial..o I - -i-,ll, ] - . . -- -.. . . . . . . . ... . ...
I 'm im -tr' I . I -,r •i I " , " I r... .

-un l ewr'obaf e 44, eI 1 ..4 10-14 4.-10 2U-24 2)-A 3 44 t5-3.4 ;
2I i IAlln11iai cus,. ? rath, iK-r l,(xk) Il l llaIll

24e14 tlrsir dlw : . . . .- . .. . .
M.Inor replmtory:

Influent and Irippe:
lothMi es ......... 11.1409 74.4 I.4 I; h2 A 70.1! ... 4 ,1 ?'.2 77.44 f ly, l14.4 72.4

Male .. ...... .... 4 + 77i .11 M ." l .:l .4 AS .,.47: 7, 1, 0 , 5 7.9Fem al e ........ . 57 :1 ,2 18.9 M.12 BronchitIs:
Bothaniug ..... . . 4,124 61.1 VW42 . 2 42:1 1. A 317 3A. i . .1.2 3 .&L2 Al.4Male....... ........ 2 1, 4.3 W. I 7 :111. 4 34. 3I1.5 :11.2 2N.4I .19.1) 42.0
Female .... .. 2,144 9 36.9 99.2 h'. 7 4.5.2 142.1 41.1 441. 4 ' 41,1 K 41.? si1.2:4 Coryn anti cold:
Both me ....... ....... .. 4, 747 64.4 104.9 112.1 ,.9 47. Mi.7 35..7 :1%. 1 :",:1 3W, 2 311. 1MaI................. .. 2, 8 64.8 102-: 101. 4 ".:N 4.10) z.1 1. 4 31. 2 2 a :42, X 1,7
Female .............. -... . 1 2.AN 62.7 07. 6 120.1 K4. ,i Al. 4 I. 2 3K. 7 J4. 6 42. ,i 3(4, 114 Tonsilliils and perltonsillar ab,

low:Bothiexi................. . 1,41 17.8 327 32.9 44.4A 1.5. . :4.41 17. 4 12. W X.,: %.()1 2.13
M fie ............. .. II 1& 35.4 1 29.2 17.4 12 A 11,3 1A: I, 14.2 4.,S 2.r j 2. 2Female ......... . .07 2g. 29.19 3. A V.U 17. 1. A 19.1 1,-3 I;I,;I 7.111 1.47

a 8Srs throat:
Both Bes ......... . 17. 0 221.X 2.9 39.0 44.1 2,4.4 12.:1 1,:3 14.A 12 r 11.2 1,92M e .............. 7M 14.9 29. :424 ;4U.2 Ix 4.4 12.1 I1..I 7. 4 2,:11Pem&le ............. . ( 7 24.7 27. 1 42.9 40.K 2-.. 444181- 4.9 Il, 10.711

44 lAaynlil8:
flathau l.. 13 2.44 2:.7.4 2 '2 I 411 2.41 2.3114U L I 2.4) KA44male................. I 3 1.R1 74 2.4 .31 1.4W4 4 1.72Female .................... 110 2.64 1. 71 2.:, 2.2A '1.82 2. ,.4047 Croup:

' 1  SX" .......... . .. . 1,11 2,.0.1 .41 44. 1.;1 . I .12Mali................. . ft 2. :4 10.44 7.20 1 4.444 .4.00 ,12Female ................ 71 I.4 x.:4 4,101 •o 41 ,24 .12
other ;alMtory Uleels

7 4, S..2 :4.42 ,.,47 5.40 , 44,.42 :1.2.4 1.17B male .............. 4 .44 1. .41 4.2l .10 14.734 14. 4.MI 1.41

P 'iPtneoln, il forms: 2.,4
lolhex ........... 112S 7.74 24.1 ll.i! 4,761 3.N4 .1.35 3. li C07 4.g1 .I 4.1 l. 142M ale ................ . . ... 14 94.:M 27.7 1.1 1.5443 :.72 :4.,14 4.444 2. K 11.1
1 "en le . ... ... 111 7.13 21 ).4 X. 41 :4.47 1 1. 1 2.77 4.42 4. 72 2, .'
,h ........... 2114 I 2.48 .22 .S

,  
2.901 :.24 :.12 .1.414.148 .. 2,24) .4:3 1.21 2.37 :4.1 H 2 W4 . 2. OilFe le . 112 2. 74 i, 4 3, N1 3 44 :I. :) -'I. 91I 1 Tunillectomy- and +wlenolIde4.

to y :
Blll exe... . l,2 12 . U M.4 41 1. . q.I i. UM :. No 1.04 1.00M ale ........ ....... 4i .2 .4 2.4 1. A. 1 4.3 . A.4 4.4 0 . , 2. 4 11,F l4l:l ... ............... 114 1 4 24.4 44.7 24.44 11.4 12.4 101.94 7,1: 4,79 1,214, 1.4 9612 Oter r4ltory dnMee: Ioft n seaa............... .... ,4 2.044 :4.464 2.4 41 2.2 1 4. 11 1.12 1.704 4. 4 I.3:.
Flfni ...... ......... . 2.)a 4 2I 2.0 .11 1. 2,9K4 4.4. 1.72

Allergy an1 related disorders: a
I13 Aslthm : .

240444 ..... 3420 :4.4fill 2. I2 5.4UK 4.442.1 .1 .01lg
11fale..144 4. 44 4. ' .X 7 11.1 , 1. I.3 1 . 3. 44 7-%14

'emiile.... iai 3 X2 1.44 S. Ii 1.21 4.01 i 3. OK 4.111 4.31Is rtk ria:
lNO m .. ....... ... . '14 .74, 1.112 4.,64, 1.i4 .74 . 71 . -:M ) .4 .32M a . .. .. .. . . 2.5 ..z I. All 1 .,44 I.1"P Al ,i .1 1 --T

l'ali... . . ...... 3WI .i 1. 71; Ix7 1.45 6f4 ,,'1 SO 1) .8, 1
|114,111 qleIS3 .. ..... .... . eS , AI 2. ,27 .11 110t , 2.5 .2., .42 .TMN.ale ...................... 2 .71 2. 4. 1 1A I so'.4 "Inle ................. 27 ,A I ,414 .U , 4414 .I .2444 .414

17 Contact dermalllls, by llnta 22ot iflt 2.2 7 1.24 45 .2 . 25 .4
hMale .. . .......... 40 1.141 On . .2 4.22 1.nIi . 1 69AV .4

Male. .................. 4 ; . . .22, .1 4 . , .48 . ...Peol e....................:,14 I".7 .: V. 111) , .44 .4474 4,44 14 ., .41tnet4~,f1rleral uifiejwss:

1-544 41. 4:4: 4 1744 l.4 A. 7A 2.24 : 2.444 1 44'4

Hols x N.. . .......... 41i, S'.' '.1 7.4 3..4 4.5 75 + l . , lMille .... .... ............. 214 444.4 I 1.,4 I41.? 14. 4:1,4 40 , , .12IV'l'11 A .4 . . .... . .. 2 4.2 4 2. 8N 41.4 12. 4 .1- I 1.04 2.2 1.4

11, 111 .W A 411e . ................ 8 344. 7. . , 
4  

4 .1M~e.. ................... ; 24 ..164 31. A ;33 .1 1 7. L4 1 4 i 1 .14 .12
elip nnto..... .. -... .1 9 01) 314.-0 :2, 0 7:97 4 2

21 Iflli4 ... . 2. 4 ,4 :..(2t 1xe,4 .. ........ ... I 4 860 12.2 X1. A 7.8 4 2.4 . 47 .
24 M 11I441............ .... 34 8,14. 414.0 II:4.0 ]7.497 .4 . I 44 2I , ,8 2241 9 43e 8 2e 1"7 i 4 " " 4 .0 7 2. 8 3 1 , 4 7

... .. ..... ........ ! 1317 8,99 12. : A 35,31 l :4 4.50 I. 'M :.0 :311,
Sv, 44m4ll*l h 44. 4 4(11 of table.

Public Health Monograph No. 25. 195 (Collins et al, 1955; Appendix Table 2)



Anr~ n nv-pe 'i disabling onset rullm for detald dlnmOB e0--vkit* faisaUi eanvsised
- -eroleliyin3suveeI oerng8178pa m~ewir -4 dil tAlow-C~m tinusid

I All sile Age
S~erial!ILinol - - -

No. umhel, 1 2-24 4 ! -44 48- 66and
Ilogools'Junh~r o1~ l~d~ &- 10-1 4 15-10 212 25-34 -4 4-4 554 oe

Anv~ita off I'rate per 1.011 Dopulation

lnfpcthro~ general illieav' - Cool. -

2.2 Chl"Ienfllo: 12
Ru~thltC15. Kw1010 11.0 2.0 h6. 4 10.4 .A -% TI wN

M a e42.5 lf).0 29.2 47.1 9.0 1 .74 .40 87 .12
Fell iole 4111, &.1 "0. !l.1 1.. 1M1 1.3 NO..

X1 Sltlofver;,.
IDelh mies W l~ 4.,7 H. 97 17.0 it1) 2.36 ba 100 .78.3

Mie201 A. 01 10.44 17.11 11It 2.32 40 4352
yloiftle. 194 4.01 7. 411 IT 2 fl,0 9 2.Z no9 16 .36

24 fl~h~erlL........... ll 1.18W 2.15W 3.320 1.43s .74 11 .7

Stale. 41 1.11:1 2.7 :. 70 1.41 s3 17
Feol410 ION 2.41 2. 7(1 1.45 1.12 16.1

31 1rol;oo 17 .40 .32 .29 i......... . 37 .90 10

27 3'uNarci-~. ll rs:I
nloh wo21.3 2f1 4 1.19 2.07.1 1. go 2.36 1 4.46 01.41 2.74 1.63 3.3X

stl oi 2. !0 1.21' 1.42 2..0 2. 2. 6 2.78 5.39
romflil' . 12* 2.11 IN II0 2.157 4.8h1 4.01 2.821 .5 2.6 93

3 ltOIlioll o

1111:01 11I.. 1:0. 1.117 2 49 0,71 1 2.01 ?A .74 N50 .49 .18
%7!t- 1 1. k 01. 0 fl. u ,-1.52 &88 4A1 .42 .12
Fe"IlIil I.A7 1. 111 f.05i 2.17 on .00 .48 .2

:oo 0) I I(. r In1111 ltOilr 1 3oI~4 .99 13.01 3.35 1 2,92 2.13
I: 0 h % WS 34 4.51 A. 1a 11.14 I. I

NdI Ie DL 4.71 4: 0 7.011 6.,42 3.u2 2.80 292
5.IIIII 275 3.I 1 .53 4,32 8.02 , 1. 47

Will 00'' .. 1614 2.11:1 312 .10 .00 9 1. 75 4.19 6.47 I 18.
N111 q 00&1 .85 3,014 6.25 M. 12

I'iIlulv. 11 2-) % .1 . .101 .31 2.60 4:79 665 21.3

!rIliuisi lld ri.1'4 1. 1111 2 081 .24 an'.' 3.1 1 11 O9 0.(14 5.90 4.18 1,47o

33: Il( ii i1111,?1 401 5 1 I0l..lfI ____________________

Itolao 117 1. M .43 .22 1.41 1.991 1082 I'm

* -2 1. 05 .47.1 .22 1.22 1 2.00 Ml4
M~tiI, 1. 1A!, .44 .22 1257 1.99 2.211

34 I th.o' u lyrolI vbtllIi
Blol o 129 1.15 IV 11 .30 1.23 1. 9D 3.111 3.71 1 .7U
N11111 . I M .21 . .5I .2 .15 -...

F0111314 ]111 2. 111 . 67 1,003 1 2.77 7.80 7.52 I 1.:13
Ill IN.o' I' 11l,1111S I'i ' 5 21 02 ' 0.

Mllihw~i-s.. 11 1.11Ill .32 A73 21% .42 .7I.. 12 .&
Mille .1;1 .K3 .5 1: .1 .30M . 60 2.50u 2.921 2.3&

F hil. 1uro 113 1.." .2-J .34 . .12 A4s 1.13.1 1.77 9.001o 8.01

115t1-lS ioo.......... .I17 1.7 .n 32 1.71 1.81 I 1 1. X3 1.691 2.50 1 3.4
%I Wel 10 .70 s:1 44 .3:4 .52 1.47 2.

'Flll I. 1(5d 2. i7- 4 0.2 3.21 1 2,9) 2.62 44

IZ .. 1.LI5 1 1.07 11M 21
,SII, .,410 I.10) 1.411 .77 .1 .87 17 1 94

Femal'. 02 2.01 1'.4 1.4 01.03 2.04l 1.77 2 .k

11 (1 ifew 1irliiI11 uirl
Roth M-110 . 141 1. 75 3.24 .2 5 4 .4 .2 1.41 2.16 2.92
Maole 7 7 1.03 30.21 .I 5 :039
lemlao . H0 1.57 3.2 0 .K .0 1.54 1.70 2.031

rliromlwmuI.:
Roth ie 1114 2.03 1 .22 .:1 .09 M M3 1. 2.51 3.9.I . .
Mille 711 1..46, -43 .44 -M .83 2.50 :h.

40 emale 0.0 2.1080 .,22 .16 . .31 I .93 3.62 21..4
Jeutisan aleIralifa: II

Bohsut..376 44 j12 1.10 .4 1 333 .5~ 7.1 8 1.7 t
M ale ... w 2 .' I 21 .04W .51 1. o0 3.66 0.48 1 8.8~ Female .. 2" 6.79 .813 1.45 4.01 8.02 10.85 14.31 14.2

2.781 .: 1.31 I 1.31 2.24 3. 9D 4.04M .0 1 4.17 3.s

Male ---- 40 1.0. 02 1 1.41 .87 .82 1.08 .67 1.:77 23:
42 Freurailif11. 4.3 Sss I.. 1.21 1. ED 3.46 6.32 0.63 8.03 7.93n 4.50 t

Roheu217 .0 in0 .3 1.33 2.08 4. 2D 5.74 6.21 3.73
Mile ........ M 1. 4 .21 .23 .010 1.7T2 2.108 4.10 2.0- 1.75
Femiale..... ......... 15910 3.89: ...... .4910 210 4.15 0.15 7.46 8.35 1 6.1

43 Other nervoas 10114100ii an
mntilI.dseases:

Both lietes.............55 4.40 7. all 3.02, 4. 05 I .00 3.54 210 4.'41 6.06
Male 1113 4.110 83 .95 4.71 3.89 1.8 4' 7I11
Feomale...... .. 102 3.07 01.037 2.0W) 3.00 2147 4.10 00

tie loonotles at .nut or talul.

Sickness Experience in Selected Areas of the United States

(Collins et al, 1955; Appendix Table 2)



B- 6

Aunnual megpelhffc diaabllnp case rates for detailed dlasnose-whle ramila, canvaxitwritI
periadlcally in 5 surveys I coveringe 80,7611 perscn-yestra of ohaeaatlen-4:ontinued

8er~l ')Iaei~oaloA 11 up, 44 .

Mapmmu Number R.O- I'wh~r h V III4 I 141if21 24 2-4 N 4 IA A ;

Ai4444l4 ils. I14 444 41411 4s4I~ i1141 44l1

and eyelid:
Both wites .. MI 34,2V 4. K7 it.wl 7.3%4 2.:0; ..74; 1..4 M II .91i 1414 424*1
Mle . i342 A4. A 4.IN Ill. 411 774 432 1. 62 1.17. .411 A2
Femnal .. 4... 343.2 .4444 7.44 7o4 4.7"7 474 1. 4416 4. A1 1

484 Other r a diaiira:I
Both yfee. 452 1, fix til 2.47" 1.4i 7 "A 47 2:430 2.4In2, ". 4.1

Mtal 44- - n3 .434 1.e4 4W% L ~ til 4.44211( 2 1 34. 40
Female- 447 2. :3 4 .J4 2.419 2. 42 wl4 .77 I.V" 2.2". 11.:11

Both use .... 5 1 % 9.14 1) 4.7TO 2.44i 931: 4. Oil 4.441 444 KI1
Mal .... :.42 .24 9.34 4.7 4.2 4 .4.. 40 .72 UI4 6A .444
01]a[1 416. .. 17 4.094 444A4 it.4K .3.2 3.4111 4:44 1.;43V 1.44 . 4WAI .134

47 011411 media:;
Both waees.... 41 7.94 W14 44.4 K1 3.4444 2.24 :4.41 2.4: 113 44
Male'-...R 4 "4 7.7 1' . 4IN.41 3.7 A'. 4.407 1.24 2.4IV, 4.437 Ilk.1 1. .
Female ........ 224 447 44 4 i 4 . 4 44 :.4 .7444

Of4 Other par disifales:X0 .(I 2.3 I., A11 3%1 3 1 .4 : S :.7hA
Ruoth wile.... 931 1.15 1.449A 2.17 4.. 4 .13 41491 .711444 .3
Mlek44...4.4....46 2.4' K44 .7 % .71 z.4
Female .... 47. 4.4 4414 fill 4.42.

494 Mu14toi4 disaes: 1: 144 'IV ..4U

BothMasses 77 9A4 2.44 2.44 39 4 AK A .49 5. :4 2!t
Mole .... :44 US4 7.24 4.44Al.A4 364 Al4 1. .24
Femafle.......... .... .44 4 110 1 . N I V

Heart and eircuiatairy disaes:
All Rhetumatio fever:.4

Bothles ' 44 1.9 . 4. N . 1.4"4 44 1. fl 14 l
Feal . . 4 2.20 M44 2.740 .04 2.4014.38 ,1. :444 44

54 mais~e of the-6heartl:
I Bohoexe . 4424 10.43:4 ., 1 4.40 2.34 3.119 2.24 4.444 4l.24 Xi .41: 3A. S 44..

1 Male-...........322 fl, I 44 4447 1,0( 1. IN 4.4 M 44.34 31.44 77.14
2' Female............44 4N24 0044 4,7"9 4. An 4.4WI It. 464 24.41 37.2 M4.44

.52 yportrleon 44 htrielr4

Bothmiles 342. 4.23 .21 Z2 .141 2,4141 7A24 41.5 42.31
Stale...... 127, .3.1is 4. Jil 15.4DI 42.4 4 114.4
Female .....i~a .. 24 . .4S AN4 4. 2.842 am444 24.% 9 A.41
Bothsals . 41 4.244 1 4.42 2.44 4.4 2. 33 4
%laie ....... 4444.1 I . Ii ON.44 2744 4.4111 24.12.
Female 4.... 4 .24):I 1 If 2 2 2

54 Var44.ot velin iwulloers: I I 44 4 4i 242 2%Roth sexes...... .. 4 9A .21 :4 14 1.33 2.1394 44144
Male. .. 3 .7:11 .47 IN4 4.41 4N '," . 5. 414

4444il... al 1. 67 144 .44 4. a44 4 24 W.:r2

Bothaseies.. ..--- - 1 314 34N1 140.44 42.4 H.07 1.4%1 .7A Ki1 .4
Male ....... ...... 1 442 1441 14.3 12.41 4.444 4 .102 54 It", .464

Fal. .. .. 1 444 1. 1; 1.4 4i.1 .4 I.2 .44 a47,11 .76 Z

Bloth aeu....... 1 714 2.24 .22 .443 2.24 1.42 411 "'4W IN4 442 4I 4
Mfale ........ 4..A 2.074 .21 -4 w:4 444 12 2.4414i 3
Fernale................. UK 2.404 .44 2-.04 1441 1.110 X4.4I)4.7

D~eslive diuma:

S71 Functional digestive. disturb.

Bloth sexes...........2,444.4 241.7 454.44 44.04 3N :47 47. 7 I4.A IA 7 41.4 44.4 24.44 141.2
Miale. :....... 44934 24.3 44.44 44.7 1 444. 44.4 4t 2.4V 1 3:.41 44.2 12.44 44.7 IV4.%
Female 4,........224 30. 0 444. . 4 .144.7 24.40 41. 4ll.4 4)IT. 4 24.7 " 1 42.4 40.40

344. iarrhea and enteritisi:
Bioth s4em -. - . 31.4&% 1 6. 444t 4V. 2 14.3 1:44. - V.44 Oa :4 A i i. 4441.4 13 0 42.14 444.4
Male .. . .... am 4I4 S.9 1l.4 . 24.4 14.34 W. 4IN4 7.44 7.44 K4.4 0 44 .0 4.4 4A.44

41 lliaeofeehndgsn:Female.......... 7% 17.7 47.44 14.7 A 42.4 . IN) 44.74 131 42.4 h 11; 4 44. 3

Bloth sexes.............. .... 4734 644 .4 4.40 4. 10 4. 1A .544 .41 49 4.41W) 4.117 2.14 W .44i
Sle. .....L .. 212 445.34AI 8-. 144 4 .44.41 6.44W 4.42 4A44 .11.444 3.413 4.17
Female ...... .... 281 a. 3g A.784 6.44A 44.1 Y4.490 6.7 A.4 N1.77 .494

Bioth en........ ............. 444 b-i7 1.44 1.24 1 74 X -4 414 .24 .1.5
%fale ................... .. 14Is .404 .44" .41VV .147 111; .A
Female 20.......... l . 3 .207 4.04 .32 342 .44

O44 Vk44or of stomach and4~4 dude .

Bloth sexes-. . .. ...... 43 1 .4 .. .4 4 4.42 2.714 14.444 '2.447 2.42 1.44
Male ................ t 2.4.................. fix4 ON44 &:W!14 4.71 2.33
Female ..... 7........................ ...... 4U 4.44ON 4.4ill 4.144 .4

B tlsii444 444 4.1 7.413 441.2 114.44 47.44 4I4. 7.40 3.74 . S.41 4.44
Male. W . . 47 A.44 4.24 2.3 44. 4 .1 7. 7.6 4.4Off 2,24I 2. f4 .14
Female.................473 11.5AV 4.401 441i 44.44 24.44 22.5 444.7 111.42 .5.04 5. 423 .4

.
4
.e footnotesa at end of tab7P

Public Health Monograph No. 25, 1999 (Collins et al, 1955; Appendix Table 2)



B-7

Annual age.4peclic diaablal came rates for detaied dinloeir-whilt familie. canvassed
periodically in 5 surve'ys~ I -- ziig 80,768 person-years of oibservation--Continued

A 11aget Age
seralneL urn~

No. of nibe &ilt MrH 4&9242

I a 1 M-1 111,19 ;1 M 2.o h2 M-44 W 4

AOerlgitedhbomes Con.
6316 21 .0 9 4 1.4as 1.14.3 2.52 Aj. 191 0.12Bohexni1 of u'M0ilA 3.94y 1711 2.7it) 329 0.41 AD.'.%ol Iltexs.............. ... 1421 0 .22.12.

64 Cholevystl 21 nld billiry cfIc)il

Botlh prim .. .......... W 4.14 . .011 :01 24 '1 A 0 .9 ' 7.784 11.47 1 4.062

M o b - 40 1. a)... . .11 :2 1 40 1.211 2.31 1.40
Fani 28 7.2 lu .... . R) A. In 110 I4. 2

0M Other rahlderlduue
P1oth5 0 see 2 1.&5 145 1.1.1 44 1.41 3. 50: .76 :173

...a ..l ... . 41I 14 lii Ii? .1 ..47 j.42 2.02
Female . ..... I L n .44 1.12.X .02 2.2411 A.Ait it. 2 414RV

IOth og.ole A.3. 3 1 n.4 3.42t 4. 2n 4..57 1.24I X. 17
2al.7 0.14 7.20 215171V I :52 4.0 (M A41) .A.77 7.08

F m l.......... 22t) .3D 8:.49 3.74 4,11 4.34 I 1 4 K5 1. 101 9.1.)

i? Nej~htls:I .2 214 32
Bill "e............. .... 2 2 .4 0 422 . 2 .411 24 2.414) 8 2.11 4.7 r 1)1, A

AtI .... T1 1W 4 22 A.[.4 2.4414owl 2 2 417 1 9 22.
... ..... 22N 2.24 M9 .4s. Z I 2.11 .M 1.1

fllox1 ........... ....... I 1.49 .2.0 1.14 2.23 1.W) .52 1.0A2
!4ne...............IAi . 31 .21 .l 33 04173

Femahle............ 20A' 2.07 2. K5 :2' I 1:2 :47 1 2:
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Sickness Experience in Selected Areas of the United States

(Collins et al, 1955; Appendix Table 2)
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APPENDIX C

1. A SIMPLIFIED METHOD FOR MAKING ROUGH APPROXIMATIONS OF
STEADY-STATE SHELTER AIR TEMPERATURE

To assess the effects of overloading on the thermal environment within
the shelter, it becarne necessary to establish a means for rapid esti-
mation of shelter air temperatures under different conditions of load-
ing. Starting with a model formulated by Achenbach, et al, , (1962),
a number of simplifying assumptions were made. The input data to
the simplified model were taken from a study by Drucker and Chang
(1962) who, in turn, reported on empirical data from other references.
Some of the data for this study were taken from studies by Achenbach,
et al., (1960) and from Heiskell (1960).

The 100 man shelter for the current study was assumed to be 25' x 40'
x 8', constructed of concrete, and located underground. The heat
balance equation within the shelter is:

Sensible Heat Balance 0 Q + Q (1)*
gs vs ws

Latent Heat Balances vl +wl (2)

0+Q = Q + + 0 +0 (3)
ge gi vs vl ws wl

= n

nqg v +vl + Q e+0(

Qv= 0.0018V (t -t ) (4a)

0 = 0.075V (W a-W ) X (4b)

Qwe = Ahm (tat sr) (4c)

0 w = Ahdm (Wd-WAm) (4d)

nqg = 0. 018V (ta -tv) + 0. 075V (W a-W v

+ Ahm(ta-tsm) + Ahdm X(Wd- WAm)

(5)

A list of symbols is given at the end of Section I of this Appendix.
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Empirical data have shown that the amount of heat flux through the walls
of a shelter becomes relatively constant, and that 5 Btu/hr ft? is a
good approximation to a fairly wide range of cases. Assuming Q +0
to be constant, k, obviates the necessity of attempting to solve WS wi

the multidirectional heat flow into, through, and within the walls and
soil. A comprehensive solution of this problem was not considered
to be within the scope of this study, since extensive computer calcula-
tions are required for each set oi input conditions to be analyzed. The
analysis presented here is approximate, and can be refined where
necessary as a larger body of shelter heat transfer data becomes avail-
able.

Thus Equation (5) becomes

nqg = 0.018V (t a -t v ) + 0. 075% (W a-Wv) k (6)

nqg = 0. 018Vt a- 0. 018Vtv + 0. 075V\(W a-Wv ) + k (6a)

0.018Vta = 0.018Vtv - 0.075V(W a-W V) + nq - k (6b)

t = t - 0.075%(Wa-WV) + nqg- k (6c)
a v 0. 018 0. 018V

t = t - 4, 167X(W -W ) + 55.56 (nq - k) (6d)

The value of %can be approximated for a small enough temperature
range, by taking the average of the values within the range:

t X
a

80 1048
85 1045
90 1042
95 1039

The average for the range of interest thus becomes 1044. This, in
turn, changes Equation (6d) to:

t = t - 4350 W + 4350 W + 55.56 (nq-k) (7)
a v a v V (nq

In order to express all terms which vary with t in terms of t , it
a

becomes desirable to find a conversion factor from W to k t ta. For
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the range of interest, 3. 6 x 10-4 allows a good evaluation of W ina
terms of t

a

Therefore, Equation (7) can be re-expressed as

t = t - 4350 x 3.6 x 10- 4 t + 4350 W + 5556 (nqg-k) (7a)
a v a v V g

55.56
t = t; - 1. 57 t + 4350 W +- V  (nqg-k) (7b)
a v a v V g

2. 57t t + 4350W + 55. 56 (nq -k) (7c)a v v V g

t + 4350W + 55 56 (nqk)
t 2a 57vV (8)

The use of Equation (8) requires knowing only the temperature (wet
and dry bulb) of the input ventilation air and the rate at which it is
entering to determine the shelter air temperature. This technique
makes the further assumptions that

1. Ventilation air stays at a constant temperature and flow rate,

2. The heat generated by the occupants remains constant,

3. All surfaces are at the same temperature,

4. The shelter air at "steady state" is essentially at 100 per-
cent humidity.
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SYMBOLS

heat generated by one average occupant*

Q =sensible heat transferred to the shelter air and surfaces from
ge all occupants

Q0l = latent heat transferred to the shelter air and surfaces from
all occupants

Qws = sensible heat exchanged between shelter air and shelter surfaces

QwI = latent heat exchanged between shelter air and shelter surfaces

(O = sensible heat exchanged between shelter air and ventilation airvs

QVl latent heat exchanged between shelter air and ventilation air

V ventilation rate (ft 3min)

t = shelter air temperaturea

t = ventilation air temperature
V

% = latent heat of condensation of water vapor

W a humidity ratio of shelter aira

W = humidity ratio of ventilation air
v

A - surface area (3040 ft 2 )

h = surface heat transfer coefficient

emt sm= shelter surface temperature

hdm = mass transfer coefficient

W = humidity ratio of saturated air at t
Am 5in

n = number of occupants

k = heat flux through shelter walls

kt  = a conversion constant

All heat ternis expressed in Btu per hour.
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Z. PREDICTED EFFECT OF OVERLOADING ON STEADY-STATE,
SATURATED AIR TEMPERATURE FOR A HYPOTIIETICAL

100 MAN UNDERGROUND SHELTER

To assess the effects of shelter overloading on shelter air tempera-
ture, using the simplifying assumptions discussed in the foregoing
section, steady state conditions were predicted for hypothetical 100
man shelters located in Pomona, California and New York City using
the 2 1/2 percent design criteria (according to the ASHRAE Guide
and Data Book for 1961); those conditions were:

Pomona, California 100F dry bulb
72°F wet bulb

New York City, New York 91°F dry bulb intake air
76oF wet bulb

Figure 1 in this Appendix shows the results of those computations. As
can be noted, the shelter steady state temperatures (assumed to be at 100
percent humidity) in the New York City cases are higher than for Pomona
for ventilation rates of both 300 and 600 cubic feet per minute. Empirical
data predict that the shelter temperature will be essentially steady state
before the third day. Further, decreasing the average heat flux through
the walls from 5 Btu/ft 2 OF to 4 Btu/ft2 OF causes the steady state
temperature to be between two and four degrees higher, depending on

the ventilation rate.

As can be noted, the minimum ventilation design cases (300 ft 3 /min
or 3 ft 3 /min per person for the design load) for the two geographical
areas allow for little overloading, the doubled minimum ventilation
rate allowing for more than twice as many additional people before
reaching critical temperatures.

Figures 2, 3, and 4 of this Appendix show shelter temperatures versus

various loadings for various hypothetical cases.

Figure 2 deals with three different dry bulb temperatures, 710, 810,
and 911F with a wet bulb temperature of 60OF and two different venti-
lation rates. As can be seen, the doubled ventilation rate allows a
higher overload capability than the lesser. Further, as is expected,
the lower the temperature of the ventilation air, the greater the over-
load capability.
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The statements applicable to Figure 2 are also applicable to Figure 3,
which contains similar plots for a wet bulb temperature of 70°F. The
amount of overloading allowable in this set of cases is less (for a
given ventilation rate) for each of the 70°F wet bulb cases than for any
of the 60°F cases. Figure 4 shows the effects of two different
ventilation air wet bulb temperatures on shelter steady state tempera-
ture while holding the ventilation air dry bulb constant,

Figure 111-3 (p. 36, given previously) is a plot of the maximum overload
capability for various wet-dry bulb combinations while keeping the steady
state shclter temperature <950 F.
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Curve Intake Air Vent Rate Wall Flux

1 100°F d. b. 600 cfm 5 Btu/ft2 F
72 OF w. b.

2 100OF d. b. 600 cim 4 Btu/ft° F
72OF w. b.

3 91°F d. b. 600 cin 5 Btu/ft2 F
760 F w. b.

4 100°' d. b. 300 cfm 5 Btu/ft2 F
72°F w. b.

5 100 F d. b. 300 cfm 4 Btu/ftZ F
720 F w. b.

6 91°F d. b. 300 cfrn 5 Btu/ftZoF
760 F w. b.

200 
1

3
U2

15
4-4
0

'4)

4

I 5

6
100 -,

70 0 9 10

Shelter Saturated Air Temperature (OF)
(Steady State Values)

Figure 1 Effect of overloading on saturated air temperature
for a hypothetical, 100 man underground shelter.
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APPENDIX D

DERIVATION OF EQUATIONS FOR GASEOUS CONCENTRATIONS
IN VENTILATED SPACES



APPENDIX D

-... IVAT I ON, OF.y I.. UATIONS FOR. . O... CONCENTT "A fTlIS

IN VENTILATED SPACES

The following derivation provides a set of equations for predicting the
fraction of any gas in a shelter as a function of time given shelter
volume, rate of ventilation by outside air, rate of release of the gas
into shelter air from internal sources (e. g., people), and fraction of
the gas in outside air. Air inside the shelter is assumed to be homo-
geneous at any given time.

Definition of Terms:

G represents any gas which behaves in accordance with the general
gas laws.

G V = volume of G (cu. ft. ) in shelter air at any given time, t i

a V  = initial volume of G in shelter at t i  0
0

G V  = steady-state or "equilibrium" volume of gas in shelter at ti =t

Gf. = fraction of G in shelter air at any given time t i
1

Of = initial fraction of G in shelter at t i = 0

0
f = steady-state or "equilibrium" fraction of gas in shelter at t i =t

s5

C = fraction of G in air external to the shelter, identical to

e fraction of G in ventilation air

0 = fraction of the steady-state value, G
fs

V = total air volume of shelter, cu. ft.s dV RR = dt R rate of ventilation, cu. ft. per hr. (at shelter
temperature and pressure)

dGVp
G- = rate of flow of G into shelter air from internal

p sources (people, etc.), cu. ft. per hr. (at shelter
temperature and pressure)

t = elapsed time in hours
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Let

dGv i
------ rate of change of volume of G in shelter air at t.
dt

dG 
V

-" =rate of flow of G into the shelter from external air via
ventilation

dGV

dt r rate of removal of G from the shelter due to ventilation
dt and/or leakage.

Derivation of Equations:

Since the rate of change of G in the shelter must be equal to the rate
of flow of G into the shelter minus the rate of flow of G out of the
shelter:

dOv dO v  dG V  dG V--V i + - E quation .I
dt dt +dt -dt

dGV

Assume d - V is independent of other terms or constant
p

and that
dGV

ed' V is also independent of other terms or constant.
cit R f

Furthermore, the rate of removal of G from the shelter at any time t
must be:

dv R~v.

dt RGf. V
1 S

Then

dQG
dGV RV,

= V + VRGf Equation Zdt V 
p e s

D-2

N'



This is a first order linear differential equation of the form

dy + py = 0
dx

where

Y V.y

x =t

V + VRGf
p e

P =V/Vs
p R /Vs

Integrating, we obtain:

-Px Q Px
y =e ( , e + C)

Solving for C, the constant of integration, we obtain:

Px 0 PxC = ye - e

Since at t 0, G = GV

then atx =0, y"y (whereyo = GV ,the initialvalue of Gv i
0

Therefore,

CQ

and
a 0 -Px

Substituting original terms and the equivalences GV. = Gf, V and

G V = Gf Vs, we obtain:

0~~~ 0 
-f 

h
V f. s

ef : + [Gf Go-( + e Equation 3
1 R e 0 R
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G dGv.
V. (steady- state) is obtained when dt = 0

Then, fromF.n iuit r 2 and setting G_ = G__
~, V. V1 S

' ' VR

+ + - = 0 Equation 4
V Ri V Vp e s

or

G V (-2 + ;) Equation 5
Va VR fe

Since Gv  Gf V
5 8

6
V

f+ Gf Equation 6
* a

Equation 6 can also be obtained by inspection of Equation 3.

As t-c e a _ 0 and Gf -10 ( + G ), Therefore,
I R e

the asymptote (which is also tbe steady-state value for GV) is:

#V

f f V Rf
1f s VR fe

which is identical to Equation 6.

It is frequently convenient to determine the time required to reach
a given C Solving Equation 3 for t. we obtain:

f.V

[Gf + G

t loge V e Equation 7

[Gf. - + G

I R e
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The time, tp, required to reach a given fraction p of.the steady-

state value. r i9 found by substituting pG- p ± G.. I
is s V e

for Gf which gives us:

S -- loge -0) 1 Equation 8

pp e R

If there is no gas in the outside air (Gf = 0) and there is no gas in

the shelter initially (G = 0), then the e foregoing equations simplify

as follows; 0

b V "V t

Cf *"*'r, (1- c s) Equation 9

Gf -, 0 Equation 90

6 V
" e Equation 10

V.
t a log Equation I1I

t log (- ) Equation 12P VP, "-

For the special case where the ventilation has been shut down and
no leakage exists ((R = 0), then (neglecting increase in pressure
or volume of shelterA-

dGv.
1 = Equation 13

P

and fdGV . V dt

GV =0G t.+C
V. Vi

D-5i



at t.i 0, G V.=G
1 0

Therefore

C =Gv
0

and

G V, G vt i+ G
1 p 0

Since G G~ V and G =G V
1 0 0o

then: 6

0 --- t Equation 14

and in ter~ms of t.:

t (Q -,G f Equation 15

p
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APPENDIX E

SOME DRUGS POTENTIALLY USEFUL FOR
ADMINISTRATION TO OCCUPANTS OF FALLOUT SHELTERS
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FOOTNOTES TO TABLE

*Included in "Kit C" (See Reference 16, p. 18).

**No mention made in references used.

***The numbers in the brackets indicate the apparent level of safety

with which the drugs can be used.

[1] indicates the highest level of safety.

[2] indicates a minimum degree of caution must be observed
when administering the drug.

[3] indicates that special caution needs to be observed.

(4] indicates that a high degree of caution must be observed,

****The reference source for all the information regarding a drug

will generally be located in the column headed "Toxicity and
Contraindications.
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