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FOREWORD

The 4th Annual Conference on Atmospheric Contamination in Confined Spaces
was held in Dayton, Ohio on 10, 11, and 12 September 1968. Sponsor was the
Aerospace Medical Research Laboratories, Aerospace Medical Division, Air Force
Systems Command. Arrangements were made by the Toxic Hazards Research Unit
of SysteMed Corporation under the terms of Contract F33615-67-C-1025. The Toxic
Hazards Research Unit is located at the Toxic Hazards Division, Wright-Patterson
Air Force Base, Ohio and the papers presented at this Conference by personnel of
SysteMed Corporation represent research conducted under the cited contract. Dr.
Anthony A. Thomas, Director, Toxic Hazards Division, served as Conference
Chairman. Mr. Edmond Vernot served as Conference Coordinator for SysteMed
Corporation, and Mrs. Mildred Pinkerton for the Air Force.

Acknowledgment is made on behalf of the Aerospace Medical Research Lab-
oratories to Major General Charles H. Roadman, Commander, Aerospace Medical
Division, Brooks Air Force Base, Texas, for his Introductory Remarks and support,
to the session chairmen and speakers, and to all those who actively participated in
the discussions. Special thanks are due to MSgt W. F. Hunt, Jr., TSgt H.D. Stull,
Sgt B.N. Holcombe, SSgt J.L. Hall, and Mrs. Linda Evans of the Toxic Hazards
Division, and to Mrs. Lois Doncaster, Mr. Dean Carlson, and Mrs. Marilyn
Collins of SysteMed Corporation.
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ABSTRACT

This report is a compilation of the papers presented and the Proceedings of the
4th Annual Conference on Atmospheric Contamination in Confined Spaces, sponsored
by the Aerospace Medical Research Laboratories and held in Dayton, Ohio on 10,

11, and 12 September 1968. Major technical areas discussed included toxicological
evaluation of atmospheres and contaminants, histopathological evidences of toxicity,
evaluation of cabin materials, instruments and detection, and life support systems.
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WELCOMING REMARKS
Clyde H. Kratochvil, Colonel, USAF, MC

Commander
Aerospace Medical Research Laboratories

Welcome to the 4th Annual Conference on Atmospheric Contamination in
Confined Spaces. We are hosting a Fall meeting this year because we were shut
down after the tragic Apollo and Brooks Air Force Base fires. However we have
been on line since last September, and you will hear the data which we have
developed since that time. We also have new construction and we are very ex-
cited about that. The new Thomas domes will be in operation, we think, this
January, plus some new laboratory space.

The sessions look very good to :ne. I'm not going to go over them with you
since you all have programs and can read. I would suggest, however, that you
address yourselves to the subject of tolerance because this is a subject that has,
if you will, "bugged" all of us. Tolerance can be defined as survival by some
people, by other people as no detectable effect, and somewhere in-between there
must be a pragmatic working definition. Those of us who are concerned with
human exposure are very much involved in this, both from an operational point
of view and an ethical point of view, so I would hope something would come out of
this.

I am proud to be associated with Dr. Thomas and his group here because
this is an outstanding Air Force effort. It's an effort that [ personally feel
deserves much more attention, and it's a subject which I think all of us need to
work much harder on than we have in the past. So, let me wish you success for
this session. Let me ask that if you have any comments, criticism, anything
that you wish to direct to me as Comnmander, or to Dr. Thomas, please make
these comments known to us and we will do our best :v incorporate these into
the future sessions. There has been more time allowed for discussion after the
papers and in addition there ie an open forum. Since I'm one of these pecople
who comce to meetings with two guns on my hip, [ hope you have come this way
also and that there will be a hot and heavy discussion. [ think this is a criticism
all of us have at meetings. Papers are presented and they're shut off and you
don't have enough time to really dig in and get to the meat of it. Dr., Thomas
hes deliberately built this into the schedule so I would hope you would make good
use of this. We have the comparative morphological data from a group of animals
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on enriched oxygen atmospheres. I think this is an acute preoblem to which I
would hope you would turn your attention. We also have the electron micro-
scopic findings from the reduced pressure 5 PSIA, mixed gas environment, and
this, we think, will be of great interest to all of you. So, again, my welcome
from the laboratory, from myself personally, and gentlemen, have at it!
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INTRODUCTORY REMARKS
Charles H. Roadman, Major General, USAF, MC

Commander
Aerospace Medical Division

As our plans for prolonged duration manned space flight missions become a
reality, our concern for providing a habitable environment for the crew is ever-
increasing. This concern is clearly evidenced by two recent publications from
the Space Science Board of the National Academy of Sciences. The first,
"Physiology in the Space Environment”, Volume II, concerns itself with the
problems of respiratory physiology and points out many gaps in our knowledge
which must be filled and many questions resolved before we can commit ourselves
to artificial atmospheres that are markedly different from our earthly environ-

ment,

The seond publication, titled "Atmospheric Contamination in Spacecraft”,
addresses itself specifically to the toxicology aspects in a perspective of 90 and
1, 000-day mission durations and, again, points out the need for a vigorous re-
search program to define the character and peculiarities of long-term continuous
exposure to toxic substances in the atmosphere.

The most eloquent evidence of this concern is your presence here today., The
Aerospace Medical Division, in sponsoring this conference for the fourth year,
waiits to provide you the opportunity to learn of all new developments brought
about by research at the Aerospace Medical Research Laboratories and elsewhere
on a timely basis, so that this knowledge can be applied toward the solution of
our present problems in a most expeditious manner.

As our knowledge broadens in the area of toxic effects of basic cabin atmos-
pheres and trace contaminants, our approach to research becomes more specific
in order to solve existing and anticipated bottleneck areas which have major
impact on the design of future systems. The Aerospace Medical Division has
been, and is, a leader in the exploration and definition of human tolerance to all
kinds of stress presented by the aerospace environment. The area of chemical
stress is a relatively new one, and systematic research was started but five
years ago. There are still many basic answers needed concerning chronic
toxicity during continuous exposure and about the influence of other environmental
stresses on the outcome of toxic effects. With the completion of several new
facilities here at the Aerospace Medical Research Laboratories, the opportunity
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and capabilities to study such combined stress effects will be greatly enhanced
and facilitated. These unique facilities will represent a national capability to
study the toxic effects of atmospheric contaminants, not only in the closed
environment situation, but also from the standpoints of atmospheric pollution
and public health, which is, as you know, a mainstream problem today.

There is a great deal of common interest among various Government
agencies on the effects of such common air pollutants and pulmonary irritants
as hydrocarbons, carbon monoxide, etc. not only from the toxicological stand-
point, per se, but also from the preventive occupational medicine and public
health effects. To mention only one such area of common interest, recently a
great deal of attention has been focused on the role of carbon monoxide in
eliciting cardiovascular changes in cigarette smokers. I'm sure that much of
the information which the Air Force research program generates in this area
will help to understand the impact of toxicological mechanisms on our everyday
life and will further the wellbeing and overall health of the entire population at
large.

I wish you a very profitable and productive meeting, and I hope that the
information that will be disseminated here will help to mold your thinking when
you approach your specific problems related to the closed environments of the
new generation of space vehicles, and that it will stimulate the generous exchange
of scientific information and discussion.
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PAPER NO, 1

PHILOSOPHY OF 100-DAY AND 1000-DAY LIMITS FOR
SPACE CABIN ATMOSPHERES*

Ralph C. Wands

National Academy of Sciences
Washington, D.C.

Recommendations for conditions of exposure of people to potentially harmful
circumstances are the result of a balanced judgment. Each of us arrives at
hundreds of such balanced decisions every day of our lives. They are always
based upon an evaluation of risk versus benefit. The decision may be merely
one of whether or not to use cream and sugar in our coffee. The benefit might
be improved palatability and the risk might involve considerations of whether
the individual was overweight, diabetic, or had a cholesterol problem. These
balanced judgments which we make routinely usually only affect the individual.
However, when we make decisions or recommendations involving the exposure
of other people to a risk we have an obligation to be particularly careful. It
is this situation to which these remarks are addressed. It is intended that
they should have special applicability to recommendations for atmospheric
contaminants in space cabins but the basic philosophy will be the same for
all problems whether they involve community air pollution, drug evaluation,
food additives, or pesticides.

One limiting characteristic of air contaminants in space cabins is that
their presence in the air is of no direct benefit to the exposed individuals.
The contaminants arise from processes or sources which may be beneficial
but their presence in the atmosphere is only incidental to that benefit.

The first step in recommending an acceptable concentration for exposure
to an atmospheric contaminant is to describe the dose-response relationship.
What effects will result from exposure to various concentrations for various
periods of time? Such descriptions of exposure versus effect are sometimes
called air quality criteria. In theory, with sufficient experimentation they

*The opinions expressed herein are those of the author and do not necessarily
represent those of the National Academy of Sciences or any of its affiliated
Boards and Committees.
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can be determined quite precisely. Of course in practice, at any given moment
in time, one must use the information available from a review of the literature,
both published and unpublished.

The second step in recommending a concentration for human exposure to
an atmospheric contaminant is to determine the acceptable level of effect which

can then be matched against the dose-response curve to establish the concentration.

The acceptable level of effect is almost completely dependent upoa the circum-
stances of exposure, Will the exposure occur during bird watching in Central
Park?--in which case an objectionable odor might be limiting--or will it occur
during armed combat?--in which case reversible hypertension might be acceptable
but temporarily decreased visual or auditory acuity would not.

Let us consider briefly how others have defined an acceptable effect and
proceed to what might be acceptable for 100 and 1000-day space flights. After
that we will return to the first step of dose-response relationship and discuss
some of the critical variables.

There is a wide spectrum of acceptable effects from air contaminants. At
one extreme of the spectrum are the Emergency Exposure Limits which are re-
commended by the Committee on Toxicology of the National Research Council or
by a committee of the American Industrial Hygiene Association. Both of these
committees accept any reversible effect that (a) will not interfere with the
performance of tasks to be accomplished during the emergency, (b) will not
significantly reduce vision or visibility ur interfere with breathing or prevent
self-rescue, and (c) will not expose the individual to additional risks such as
fire and explosion.

The Threshold Limit Values of the American Conference of Governmental
Industrial Hygienists accept the fact that an occasional individual n:~y suffer
some discomfort, aggravation of pre-existing condition, or even occupational
illness. The recommendations of the NRC Committee on Toxicology for nuclear
submarine atmospheres accept effects such as increased respiration, provided
the effects are reversible and do not impair performance of normal duties. For
high performance tasks of relatively short duration, as in the Mercury and
Gemini earth orbital missions, no performance decrement, either direct or
indirect such as slight eye or respiratory irritation, could be accepted. Even
odors were kept to a minimum to avoid olfactory fatigue or confusion with other
odors which might be first indicators of mechanical malfunctions. Thus as we
shift from one end of the spectrum of acceptable effects to those of more stringent
requirements, we find the definitions relating to what is not acceptable instead
of what may be tolerated.

Acceptable effects for 100 and 1000-day space flights are certainly best
described by what is excluded.

First, we cannot accept any permanent adverse health effects; second, we
cannot accept any effects, even temporarily, which will impair the ability of the
individual to carry out assigned tasks; and third, we cannot accept any effects
which will interfere with the purpose of the mission, such as the effects of
weightlessness on man.
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With these broad specifications in mind, let us return to the first step and
consider the dose-response data. As we review the literature we are looking
especially for data on human exposures, most of which come from industrial or
community air pollution studies. However, unlike the air pollution control
people, we do not have to consider exposures to all of Shakespeare's seven ages
of man. We can ignore the problems of "the infant mewling and puking in the
nurses arms', and we can ignore the oldster in second childishness "“sans teeth,
sans eyes, sans taste, sans everything''. We must concentrate on collecting
dose-response data for that age of man described as "a soldier full of strange
oaths and bearded like the pard'. This is not really a very bad description of
our astronauts, especially after their flight.

What we actually find in the literature is all kinds of data except that which
would be most useful. We find extensive animal data, some of which is by
inhalation exposure but with very little from long term continuous experiments.
Information gathered from other routes of exposure may be useful especially if
they reveal mechanisms of effects. We are seldom concerned with skin contact
effects except where aerosols are possible in the spacecraft. One of the kinds
of data for which we most frequently search in vain are doses producing no
effects in humans. Industry could make a valuable contribution by providing
hard data from industrial hygiene surveys showing actual levels which produce
no effects. The Navy could make a highly significant contribution by a thorough
documentation of air analyses during a submarine cruise accompanied by a
detailed medical workup before, during, and after the cruise. The work of
Dr. Schaeffer and his co-workers on carbon dioxide was an excellent start in
this direction. We need many more such studies.

Having collected all the available data on an atmospheric contaminant, one
must try to construct a dose-response graph or table which will relate directiy
to the astronaut and his expcsure conditions. This involves a great deal of
transference of data frorn several species to Homo sapiens. It involves conversion
of such transferred data to hypobaric conditions. It involves estimating the
respiratory rates and volumes. Ultimately one arrives at whole body dose rates
or perhaps dose rates for a critical organ with the associated effect levels.

Before using this tabulation of dose rates versus effects, one must estimate
its reliability or its shortcomings which arise from the estimates, conversions,
transferences, etc, that went into its construction. One must then give considera-
tion to such other variables as the unique responses of which humans are capable.
None of the animals have told us they have a headache, and on the other hand,
teratogenicity per gse is not yet a problem for our astronauts.

One of the major deficiencies of the thinking process which I have described
is that, sn far, no consideration has been given to the effects of exposures to
mixed contaminants. With a few very notable exceptions this reflects the real
world of existing recommendations for atmospheric contaminants. For example,
we know that physical or emotional stress, or carbon dioxide will increase the
cespiratory minute volume. This, in turn, will increase the rate at which the
body becomes saturated with an air contaminant such as carbon monoxide. In
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some of its recommendations the NRC Committee on Toxicology has taken such
factors into account but there are practically no data for considering other
potential interactions. A start on this problem has recently been made in the
laboratories of the 6570th Aerospace Medical Research Laboratories and before
that in the Public Health Service laboratories in Cincinnati by Dr. Stokinger.

Along this line an area in which research is sorely needed is whether or
not mixtures of respiratory irritants act independently, additively, synergistically,
or perhaps even antagonistically. It would seem to be a fairly straightforward
task to develop the necessary quantitative data. The results would be of treraendous
value in recommending levels for space cabin contaminants since so many of them
are only primary irritants.

In conclusion, the process of recommending levels for air contaminants in
space cabins is not unique. It involves the twe steps of determining an acceptable
effect and of matching this to a dose-response description. As the mission duration
becomes longer and the opportunity for an abort or rescue diminishes, the accept-
able effect of an air contaminant decreases. This coupled with the uncertainties
of the dose-response relationship requires conservative judgment. Without more
data from additional research, thease judgmental processes may result in re-
commendations which are unnecessarily restrictive. Everyone involved in these
processes is acutely aware and concerned about the problems of over-engineering
and the associated delays and increased costs. Nevertheless, it is inconceivable
in our society that the health of our astronauts should be secondary to engineering
exigencies.

10
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DISCUSSION

DR. HODGE (University of Rochester): Now, we have had a fine example.
We are ahead of time, and Mr. Wands has not used up his actual allotment as
originally scheduled, so that we can begin by having an opportunity for comments
or questions. The floor is open.

CAPT. SIEGEL (National Naval Medical Center): I would like to ask Ralph
Wands what the difference between a 100-day and a 1000-day philoaophy is.
That's the subject of the paper. 3

MR. WANDS (National Academy of Sciences): Well, Jack, these two, in my
thinking, were almost identical in that we have the actual experience of the Navy
with 90-day submersions which probably can be directly applied to 100-day . - :
When we go to 1000-day, however, we must become even more careful. With :
the Navy's experience in submarine activities, whenever they get into a really
serious problem, (and to the best of my knowledge they have not had too many of
these) short of a wartime situation, they can always get up to the surface very
quickly and ventilate the submarine or do whatever else is necessary. With this
difference in mind, it is not always easy to translate the Navy experience in
submarines to a spacecraft situation. Even in an earth orbital mission, it is- ‘
not always easy to come right back down in a hurry. So that we do have that
additional restriction. Certainly, as we consider the longer flights of a thousand
days and places where this will take us, the opportunity for a rescue or a return
to a safe normal environment is terribly remote. Therefore, we cannot take very
much of a chance, so from this standpoint, you just cannot take any chances on the

health of these people.

QUESTION: If I'm not being too specific, may I ask you this question,
something you mentioned just a few moments ago. You mentioned that you would
recommend toxicity studies of mixtures of materials in order to determine if
the effects are additive, synergistic or antagonistic. Would you have a few
specific materials in mind at this time?

MR. WANDS: When | was thinking of this, I had primarily in mind things
which are upper respiratory irritants, --the acid gases, and specifically the
aldehydes. We have the feeling tha* there are some concentrations of each of
these which do not produce any sp ~cific irritation, no response, no cough response
or anything like thig, but we don't really know whether half of the no-effect level
of sulphur dioxide, for example, added to half of the no-effect level of HCL might
produce an effect. We don’t know this. It's the sort of thing which seems tobe a
fairly straightforward experiment to perform, one which would be most critical

to the spacecraft.

11

MY

-~ [p—— B N —




AN W AT AT AN TN R ST

e

P T

AMRL-TR-68-175

As the Space Science Board Committee, under Dr. Norton Nelson, was re-
viewing its recommendations for space flights, about which you will hear later
from Dr. Albert, they were impressed with the number of just simple primary
irritants that had been observed in the atmosphere of these confined spaces, both
the flight simulation studies and some of the earth orbital things, as well as some
of the Navy experience. This was the sort of thing that I had in mind.

FROM THE FLOOR: Philosophy is an explanation of the universe and man's
role in it, usually identified as idealism or pragmatism, etc., and I'm just kind
of curious as to what is the philosophy recommended in this paper.

MR. WANDS: I think, basically, the philosophy is in the final statement.
Let me reread that. It is inconceivable in our society that the health of our
astronauts should be secondary to engineering exigencies. We cannot tolerate
any injury to these astronauts.

DR. BENJAMIN (NASA): Considering the more than 30Q contaminants that
had been found in the Mercury program, and the permutations and combinations
associated with a synergistic effect, I wonder whether, within this coming
centry anyhow, one might be able to determine their effect on man. It is more
likely that if one were to find contaminants in a space cabin environment above
background level, I sort of have the feeling that the engineer will simply attempt
to remove them down to background level rather than attempt to rely on data
which is probably not likely to exist. I was wondering whether you might comment
on that. '

MR. WANDS: I have tremendous faith in the engineering profession to come
up with any sort of gadgetry that may be necessary to perform a given task that
has been assigned. I think th is one of the functions that the Space Science
Board report has served, that is to give the engineer a target toward which he
may design. I have a great deal of faith that this will be achieved. I have tried
to give you a littie of the thinking that went into some of those levels, Dr.
Albert will expand upon this in more detail. Does that cover the whole question?

DR. BENJAMIN: I have one more question as far as your acceptable level
is concerned. We have the problem that sometimes you want to determine some
unknown environmenta) factor, say, as the effect of weightlessness. In that
case, in order to eliminate any possible efiect of contaminants, you have to
determine some level where they are quite sure there is no toxic effect, which is
really probably lower than anything you specified so far.

MR. WANDS: Well, Dr. Benjamin, idon't think I have specified anything
here. What you are saying, really, is that we must have a standardized, normal
astronaut. Each of our astronaute is an individual and there are a lot of varia-
tions among them so that, in effect, each individual must be his own control.
I'm not suggesting that we take each of our astronauts and put them in the Thomas
Domes aiong with chimpanzees for company, but we do need a course, a very
thorough definition of their own physiology, metabolism, this sort of thing, and
we need to have sufficient knowledge so that we can be assured that their physiology

12
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and metabolism will not be affected by the levels of contaminants which we are
going to have, assuming that the engineers will be succeesful. This does not
ignere the possibility of an emergency of any sort coming up. We do have to
try to plan for tnese emergencies. We have to try to eliminate the poasibility
of sudden leaks, sudden malfunctions, etc., but on the other hand these are
going to occur. Where these can be foreseen and emergency techniques developed
to control those which are going to interfere with the medical aspects of the
mission, (for example, weightlessness) we must of course plan for these. In
any exploratory pioneering program like this, even when you go back to the days
of Daniel Boone, he never knew when an Indian or a bear would come cut of the
bushes. Our astronauts don't know whether there's going to be an Indian or a
bear in the woodwork either. There are some risks involved. We have to
minimize these to the fullest extent of our abilities.

13
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PAPER NO. 2

REVIEW OF TENTATIVE ABORT, ALERT, 100 AND 1000-DAY
LIMITS FOR SPACE CABIN CONTAMINANTS

Roy E. Albert, M.D.

New York University Medical Center
New York, New York

This presentation summarizes the report, "Atmospheric Contaminants in
Spacecraft, " which was made by the Panel on Air Standards for Manned Space
Flight of the Space Science Board, National Academy of Sciences (October, 1968).

The Panel was asked to examine the likelihood of adverse effects of air con-
taminants on the health and performance of space crews on prolonged missions.
Subsequently, the charge was expanded to include consideration of limits for ex-
posure to air contaminants under emergency conditions. Realistic air quality
guides are essential for prolonged spacecraft missions, and standards must be
formulated early in mission rlanning because of the complexity of the operational
systems. Contamirants in the spacecraft armoephere may be life-threatening,
others merely irritating. The contariinants may be produced by the occupants
themselves, by structural materials making up the spacecraft, by equipment
under normal or abnormal operating conditions, and from atmospheric regenera-
tion systems.

The criterie used in establishing provisional limits were that the contaminants
not produce significant adverse changes in the physiological, biochemical, and
mental stability of the crew. The spacecraft environment should nct contribute
to a decrement in performance of the crew that would endanger the mission ob-
jectives »ar interfere with physical or biological experiments or with medical
monitoring.

The uncertainties in establishing even provisional limits for prolonged manned
missions are many, involving engineering, environmental and toxicologic consid-
erations. Since the materials to be used in future spacecraft construction or in
the type of regenerative and environmental control systems to be employed have
not been determined, there are major uncertainties regarding the kind and amount
of air contaminants that might be present. There is also a major uncertainty as
to how reduced atmospheric pressure may alter the toxicity of contaminants.
These uncertainties are relatively minor compared to those due to inadequate or
incomplete toxicologic information. Industrial threashold limits have not been
established for many of the compounds identified ir spacecraft tests 2nd very few
contaminants have documented 90-day limits values. Data relevant to continuous

14
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exposure are few, and information on continuous exposure to muiltiple compounds

is virtually non-existent. Most of the available toxicological data has been ob-
tained on subjects in a "normal” physiologic state. The effect of stress, prolonged
confinement, weightlessness, and other factors which might tend to alter normal
physiology and thus change the responses to any given compound cannot be accurately
predicted at this time. For all of these reasons the limits that have been recom-
mended are provisional and subject to revision.

The Panel reviewed reports of the analyses of atmospheric contamination
detected in a variety of closed environments: seven manned space flights (Mercury
and Gemini series), seven ground-based simulated cabin atmospheres, both
manned and unmanned, (SAM and MESA series, Mercury malfunction, and "Inte-
grated Life Support System Test"), nuclear submarines and Sealab experience
and analysis of off-gas products and cabin materials. About 200 compounds that
could be considered as possikble space contaminants were identified, While the
total number of contaminants is impressive, relatively few reached levels of
serious concern. Soie of these contaminants had been subject to critical review
by the National Academy of Sciences-Nation Research Council Committee on Toxi-
cology, and limits have been recommended for 60-minute emergencies and 90-day
continuous exposure in submarines. Because of the substantial differences in the
conditions of exposure, the subinarine standards were used as guides to the 90-day
exposure but not for the 1000-day limits. Of the remaining compounds, there were
about 50 of possible concexrn because of potential toxicity. The Biomedical Research
Office of the NASA Manned Spacecraft Center reviewed these compounds and indi-
cated ten as being of first-priority. The Pancl was also asked to recommend
emergency limits for 3 of the 10 compounds and 2 others.

The limit values were derived from the air concentration which produced the
earliest significant toxicological response (threshold response), as determined by
the most sensitive, reliable measure obtained for that contaminant to date. The
nature of the threshold responses produced by the compounds under study is given
in table I. The duration of exposures beiore the threshold effects occur differed
greatly in the reports of investigations and in some cases, the "no effect" con-
centration for a particular response was not available. Differing sensitivity among
individuais to the different contaminants was also common,

A safety factor was appiied to each 90 and 1000-day limit value because of
(1) the inadequacies of the data mentioned above, particularly the fact that most
current toxicologic data are based on non-continuous exposures, (2) because of
uncertainty as to synergism among chemicals, and (3} to allow for the pcesibility
of minor excursions above the ceiling limit. The magnitude of the safety factor
differs according to the toxicologic category of the contaminant. If the contami-
nant is an irritant at the threshold of response, an estimated factor of 5 was in-
cluded in the limit. If the contaminant is capable of producing systemic, irrever-
sible injury, a factor of 20 was included.

15

T i s a2 ST

e g (5 T L b e - - - R . P R I——"
" P, - C e e e e s -~ kA s An




s 0 . b . A e

£ e ar st i i . s

AMRL-TR-68-175

TABLE 1
NATURE OF TOXICOLOGIC THRESHOLD RESPONSES TO "LIMIT" COMPOUNDS

Compound Nature of Threshold Response
n-Butanol Irritation of mucous membranes (man)
2-Butanone Irritation of mucous membranes (man)

Carbon monoxide COHb formation, decreased CNS performance (man)
Carbonyl fluoride Pulmonary irritation (animals)

Chloroform Fatty infiltration in liver (animals)
Dichloromethane Reduction voluntary activity (animals)

Dioxane Kidney injury (animals)

Ethylacetate Objectionable odor (man)

Ethylene Glycol CNS depressant (animals)

Formaldehyde Irritation, increased airway resistance (animals)
2-Methylbutanone Irritation of mucous membranes (man)

Trichloroethylene Growth depression (animals)
1,1, 2-Trichloro, 1, 2, 2- Irritation, central nervous system depression
trifluoroethane and and performance decrement (man)

related congeners

The duration of exposure to which a limit value applies was determined by the

type of response induced by a given contaminant: if a local irritant (e.g., the
butanones), the Panel felt that so long as the concentration was kept below the
irritant level no cumulative effects would occur. In such cases, the 90-day limit
applies equally to a 1000-day mission. When, however, the contaminant has the
potential for cumulative action, albeit at an exposure level well above the pro-
visional limit for 90 days, a reduction appropriate to the seriousness of the re-

sponse was made for the 1000-day mission; in such instances a five-fold reduction

in the 90-day limit was arbitrarily made (e.g., chloroform, dioxane).

Table II gives limits for continuous exposure for 90 and 1000-days to air con-

centrations of 11 contaminants for normoxic conditions. These limits are the
result of informed judgments which often had to be made in the face of a paucity

of reported toxicologic information. For this reason and the fact that the number

and nature of the substances of concern may change, the limits are provisional.

The limits are expressed in millimoles of contaminant/25M®, This unit was
selected since it gives a numerical value which at 1 atmosphere pressure and at
25 C is the equivalent of parts per million (ppm) by volume (the units used for
submarine standards and by the American Conference of Government Industrial
Hygienists). At the same time it expresses the molar concentration per unit of

space volume and is, therefore, equivalent to partial pressure of the coataminant.

16
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TABLE II

. PROVISIONAL LIMITS FOR SPACE CABIN CONTAMINANTS
FOR 90 AND 1000 DAYS*

Air Air Limit in Millimoles
Contaminant per 25 M? (ppm)
90 1000
Days Days
n-Butanol 10 10
2-Butanone 20 20
Carbon monoxide 15 15
Chloroform 5 1
Dichloromethane 25 5
Dioxane 10 2
Ethyl acetate 40 40
Formaldehyde 0.1 0.1
2-Methylbutanone 20 20
Trichloroethylene 10 2
1,1, 2-Trichloro, 1, 2, 2-
Trifluoroethane and
related congeners 20 No Recommendation

“¥Applicable to atmospheres with normal oxygen tensions.

These limits, except for carbon monoxide, refer to "'ceiling" values of single
substances below which all concentrations should fluctuate. They are, therefore,
maximal values and efforts should be directed to keeping the contaminants as far
below the limits as possible., The carbon monoxide limit is based on an integrated
exposure over a 12-hour period.

Carbon monoxide, among all the spacecraft contaminants presently known or
envisaged for the immediate future, held a preeminent place of concern to the
Panel as possibly the limiting toxicant. Carbon monoxide (CO) is contributed by
materials, by some regenerative systems, and by man himself. CO from materials
arises from the oxidative degradation of organics, while in regenerative systems
CO is associated with the incomplete reduction of CO,. In man, CO is produced
from normal degradation of hemoglebin at a rate of 0. 4 ml/hr/man. Because of
its capacity to interfere with oxygen transport to the tissues and thus to affect
cardiovascular and central nervous system function, CO has a broad capacity to
synergize or potentiate biologic responses by altering host susceptibility. More-
over, recent investigations indicate that exposures to very low concentrations of
CO can cause a subtle but significant decrement in high-level performance.

17
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TABLE III
PROVISIONAL EMERGENCY LIMITS FOR SPACE CABIN CONTAMINANTS*

Air Limit in Millimoles

Air per 25 M3 (ppm)
Contaminant for 60 min
2-Butanone 100
Carbonyl fluoride 25
Ethylene glycol 100
2-Methylbutanone 100

T. 1, 2-Trichloro, 1, 2, 2-
Trifluoroethane and
related congeners. 200

¥Applies to a single exposure during the mission.

Emergency Limits

Table IIl provides allowable limits for peak exposures, not to exceed 60
minutes, for five substances which might accidentally be released within the
spacecraft. In developing these limits, the Panel followed the principles used
by the NAS-NRC Committee on Toxicology in establishing emergency inhalation
exposure limits for military and space chemicals. Foremost among these prin-
ciples as applied here is that the exposure not seriously interfere with the per-
formance of a task or result in irreversible injury, although transient effects may
be experienced. The emergency limits contain no safety factor. They are con-
sidered to be tolerable for a single emergency during the duration of the mission.
In addition to solvents (the butanones), carbonyl fluoride (COF,) can provide an
acute, short-term hazard from two material sources: pyrolytic decomposition of
carboxy nitrosofluoride rubber at and above 450 F, and of polytetrafluoro ethylenes
at and above 850 F. Accidental air contamination by ethylene glycol (CH4OHy),
can arise from leaks in heat-exchange fluid systems or from its projected use as
a space-suit coolant. Accidental contamination of the air with 1, 1, 2-trichloro,

1, 2, 2-trifluoroethane and its pyrolysis products could occur from other uses,
Trichloroethylene and 1, 1, 2-trichloro, 1, 2, 2-trifluorcethane pose special hazards
in the event of subnormal operating temperatures of the catalytic burners.
Dichloroacetylene (CIC=CCl), which is highly hazardous to health at extremely

low levels, arises from the temperature degradation of trifluoroethane.

It is of interest to compare the recommended limits derived independently by
this Panel with those suggested by others for different conditions. Table IV shows
the limits recommended by this Panel for 90-day continuous exposures, the thres-
hold limit values recommended by the American Conference of Governmental
Industrial Hygienists (ACGIH, 1966) for industrial environments, and the Soviet
maximum allowable concentrations for industrial premises. The Panel's limits are
considerably lower than the ACGIH limits, but in a few cases they exceed the in-
dustrial limits estahlished in the U.S.S. R.
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TABLE IV

PANEL'S 90-DAY CONTINUOUS LIMITS COMPARED WITH INDUSTRIAL
LIMITS FOR NON-CONTINUOUS EXPOSURES (mM/25 m? or ppm)

e e nit s g e e ¢ A1 . —_— -

Committee  ACGIH® U.5.S.R.P

Recommended Industrial M A C's for

90-Day Limit TL V's Industrial Premises
n-Butanol 10 100 67
2-Butanone 20 200 68
Carbon Monoxide 15 50 18
Chloroform 5 50 --
Dichloromethane 25 500 1.4
Dioxane 10 100 2.8
Ethylacetate 40 400 37
Formaldehyde 0.1 S 0.83
2-Methyl Butanone 20 200° 58°¢
Trichloroethylene 10 100 9.3
1,1, 2-Trichloro, 1, 2, 2- 20 1000 --

trifluoroethane and
related congeners

a. American Conference of Govermental Industrial Hygienists, 1966, threshold
limit values.

b. Approximate conversions from mg/m?® supplied by Dr. Herbert Stokiager for
Soviet maximum allecwable concentrations.

¢. Based on limits for methyl propyl ketone rather than methyl isopropyl ketone
(2-methyl butonone).

Soviet scientists ordinarily recommend (or report) "nominal concentrations"
of space cabin contaminants by chemical groups rather than individual compounds.
A "package" limit for total organics, although useful as an engineering guide, has
not been set,owing to the large variation in toxicity among the organic space cabin
contaminants: common practice, which places the limit for the package on the
mosat toxic substance, often leads to unnecessarily severe engineering controls
for some contarninants (e.g., formaldehyde vs. other saturated aldehydes).

These comparisons with the U.S.S. R. levels have no real value without full
knowledge of the meaning of the term "nominal concentration, " that is, whether
these are measured average values in flight or whether they are recommended limit
values. U.S.S.R. limits for air contaminants are generally lower than those used
in western countries primarily because Soviet health scientists when establishing
industrial limit values frequently appear to base their limits on subtle, often
transitory, changes which do not necessarily reflect significant adverse effects
on health or performance.

19

I e AR R 1  s 14 AS  Yraele M LA S




[ S

AMRL-TR-68-175

The Panel had a number of general and specific recommendations for research.
The general recommendations included the following. It was considered essential
that work now underway to identify the nature and concentration of spacecraft air
contaminants be continued and expanded. Research is needed to validate the 90-day
limits for continuous exposure and to verify projections of thege limits to 1000-day
exposure. Studies should be initiated to determine the long-term effects of con-
tinuocus exposure to selected single and multiple contarminants at various altitudes
and under different oxygen partial pressures.

A major difficulty in establishing permissible limits for air contaminants in
prolonged space voyages is the undetermined effect of weightlessness on toxico-
logical responses; for example, it has been suggested that the cardiovascular
effects of weightlessness might indirectly but strongly influence the action of
dichloroethylene in producing cardiac arrhythmias, It is therefore desirable to
compare the action of selected toxicants in the weightless state with results ob-
tained under ground-based conditions, particularly at the various atmospheric
compositions to be used for space missions.

Another major problem in establishing permissible contaminant levels for
prolonged space flights is the lack of detailed information on the mechanrism of
toxicity of many of the compounds of potential importance. In most cases, the
information on which judgments are based is too restricted. Such data cannot sup-
port more than gross estimates of permissible limits. Intensive efforts should
be made (1) to characterize the mode of action of some of the important toxicants
under conditions of chronic low-level exposure, in order to determine the nature
of injury, its rate of production, and the physiological mechanisms and rates of
repair; from these data, it might be possible to evaluate the net rate of accumula-
tion of damage for various exposure levels, and (2) to obtain much more detaiied
information on human exposures, particularly in industry, to relate exposure
level to long-term toxic effects.
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DISCUSSION

DR. HODGE: Dr. Albert's paper is now under discussion.

QUESTION: There is a term mentioned in your slide--normoxic conditions.
Could you explain the derivation of that term?

DR. ALBERT (New York University Medical Center): This refers to an
atmosphere which maintains the partial pressures of oxygen and carbon dioxide

within the alveoli at a sea level equivalent, resulting in normal oxygen saturation

of hemoglobin.

DR. HODGE: I'm glad you asked. I thought it simply meant the atmospheric
concentration or the usual percentage of oxygen.

FROM THE FLOOR: I noticed in the first priority compounds the absence
of compound gases, particularly ammonia, and halogen acids. I was wondering--
I imagine there might be some reasonable amount of toxicological data on these
species in the literature. I was wondering why one example of each is not indi-
cated in the priocrity compounds.

DR. ALBERT: The selection of the compounds was not made by the
committee. The compounds were chosen in terms of their likely occurrence in
spacecraft, and they weren't considered because they weren’t thought to be of
primary concern.,

FROM THE FLOOR: I think it was Ray Saunders of the Navy Research Lab,
about a year or two years ago, who poirted out the toxicity of dicxane, which
gives rise to dioxyethylene toxicant that was really responsible for abort by one
indust~ial company in a manned 30 day simulator mission. I notice your level
is four times that of the Russians, and I wonder if the Committee feels that this
particular compound is not as toxic as was discussed previously.

DR. HODGE: Do you want to comment on this, Roy, or doee Ralph want to?

MR. WANDS: I wonder if, perhaps, we don't have both of the experts in
the nation, or in the world, on this subject in our audience, and perhaps it
might be better to refer the question to them. Ray Saunders frcm the Naval
Research Laboratory is here, and so is Captain Siegel froin the Navy Toxicology
Unit, who has done some experimental work with this compound. Do either
of you care to volunteer and stand up? Captain Siegel, would you care to comment
on your experience with dichloroacetylene?

CAPT. SIEGEL: We've done quite a bit of work with dichloroacetylene. It's
gort of an explosive material and there is difficulty in just generating it. The
toxicity has been set at about a teath of a part per million for 90 days, We are
still working on it. We don't have a total answer.
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DR. HODGE: May I ask Mr. Wands if he has some comments he'd like to
inake now, from the philosopher's standpoint, perhaps, on these specific con-
siderations?

MR. WANDS: One of the things that has impressed me as I have had the
privilege of sitting with Dr. Albert and the others of this Space Science Group
is that there is a tremendous need for close liaison between the toxicologist and
the engineer at the early stages of engineering design. You saw that one of
the critical compounds that Dr.  Albert mentioned was ethylene glycol. This
was chosen as a conventional heat exchange mediurn in a mixture with water,
such as most of us drive around with in the winter time in our radiators. It
works beautifully, and they do have a heat exchange problem requiring an anti-
freeze, There are some unknowns associated with ethylene glycol which could
probably be avoided if a propylene giycol had been used as the antifreeze.
However, by the time this question became known to the toxicologist, the hard-
ware was long since locked-in and one could not change the designs of the heat
exchange fins and the pumps, so we were stuck at that moment, then, with a
potential problem in the spacecraft. We do bave to be extremely careful about
leaks and we are concerned about the toxicology of ethylene glycol. There are
at present some rather extensive studies underway which might have been
avoided if we had had an opportunity to review this specific point in the beginning.
There are any number of things which come up in the choice of materials for
construction where toxicology can be of assistance, at least to the engineering
personnel in their choice of materials of construction, 1 think, also, some of
the problems in choosing means of controlling bacterial contamination of the
drinking water, the choice of bacteriostatic or bactericidal agent which may be
added can be varied fairly widely in terms of bacteriological effectiveness, but
there must be some very critical choices made in terms of effects upon materials,
and here is a direct instance where the engineer and the toxicologist, or in this
cage, the microbiologist, must work very closel, in the carly stages of design
80 that one does not end up with a piece of hardware thet is so far down the road
you can't back up and modify it in order to reach a particularly critical stage in
the mission.

COLCNEL KRATOCHVIL (Aerospace Medical Research Laboratories): May
I make a point here? 1'm'not an engineer, but I would like to dispute this a little
pit and defer< the engineers in that ethylene glycol, I think it is 37% glycol in
water, slushes at the specific temperature which they want in the cooling system.
It allows for the design of a cooling system which is valve free. That is, when
you reach this critical temperature, the formation of the slush shuts down the
radiator tubes; so from an engineering point of view, it's a beautiful design.
These gentlemen were limited by weight considerations, valving considerations,
thermostats, and all the other things you can envision, and this is why they went
to it. I agree with you completely that perhaps there should have been consul-
tation earlier in the game because they didn't realize the trade-off between
ethylene glycol and propylene glycol; but from the engineering point of view,
they have got a lot going for them. We argued this point with them and lost com-
pletely because of the engineering considerations.
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DR. HODGE: With regret, I feel we must leave this topic. Dr. Albert,
there was the question about dioxane and I don't think it was answered. I think
; it may not have been apparent that--As I recall the point, the point was that the
; Committee's recommendations were substantially lower than the Russian levels--

FROM THE AUDIENCE: Higher. Higher.
5 DR. HODGE: Four times higher.

¥
4
f

DR. ALBERT: And the question is what? Why? I can't put my finger on the
‘ answer. [ will have to run through my notes and come up with the answer later. p

QUESTION: I was unable to see the slides up there in their entirety. There
was a .imit for carbonyl fluoride I noticed. What was that limit? For how long
a time? I think it was the list of five compounds, I'm not sure.

A s,

? DR. ALBERT: Well, it was one of the emergency limits which is for 60
minutes.

QUESTION: And another thing, please, how would it be possible to obtain
copies of these limits before the proceedings of this meeting are published? ,

Will this be possible?

DR. ALBERT: Yes. The report of the Committee has aiready come out
and there are a couple of minor corrections, mostly typographical, and I'm sure
that it can be made available to you from the National Academy of Sciences.

FROM THE FLCOR: Could I comment just briefly on the Soviet limits?
When our delegation visited the USSR to study the problem, about five years ago,
the one thing we agreed on, I think, was that in general the Soviet limits are
much closer to ours when you're dealing with primary irritants such as acids,
and so forth. We are talking here about chronic toxic effects. It is in this area
that their limits seem to be in general lower than ours for the various reasons
which we explained in our report. 1 would like somebody to tell me what the
evidence is that dioxane causes renal injury in humans at low levels. I'm not
aware of any documentation of this.

e R AT T

DR. HODGE: Can you speak to this, Dr. Albert?
DR. ALBERT: We have the documentation which 1 can show you.
FROM THE FLCOR: All right. I'll see it later.

QUESTION: Can I come back to this normoxic problem? Did I understand it
right that you defined it in terms of hemoglobin saturations, or was this the pO,
prevailing in the atmosphere?

DR. ALBERT: It would be hemogliobin,
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DR. HODGE: I would like to caution somewhat on that. We are told in these
conferences all the time about oxygen toxic effects, mainly of the lung, but I
would think one would also have to define normoxic in terms of the pO, in the
atmosphere that was used, because even a higher concentration in the atmosphere
would give vou normoxic conditions in the hemoglobin.

FROM THE FLOOR: just one real quick comment. Normoxic, of course,

ideally, would be the partial pressure of oxygen delivered to the mitochondria
in the cell at . 04 millimeter .
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PAPER NO. 3

EFFECTS OF AIR POLLUTION ON ANIMALS EXPOSED TO
STREET ATMOSPHERES IN DETROIT

Ralph G. Smith, Ph.D.

Wayne State Uriversity
Detroit, Michigan

I must confess that I have wondered how the topic about which I'm going to
speak would conform to your symposiumi title ("Atmospheric Contamination in
Confined Spaces™), but after thinking about it, I guess Detroit could be considered
a confined space. Many people spend 90 days there, and some have been known
to spend up to 90 years in the city. Escape is not always easy or possible, so
perhaps we have many problems in common with those in space cabins. Toxicolo- ‘
gically, we are concerned with the net effect of many things acting together,
usually in unknown quantities, varying with time, and containing a mixture at any
given time of a great number of chemical compounds which, if sought, covld be
found.

Cur purpose in conducting a study of the type I'm going to Jescribe was to
attempt to determine whether health effects, or indeed any effects, attributable to
ordinar- levels of air pollution could be detected by a study involving laboratory
animals. I think you will agree that if one wishes to answer questions relating to
air pollution aud health, it can b2 approached several different ways. People
livirg in cities can be studied directly. This is the epidemiological approach
being used by many investigators. Laboratory animals can be exposed to controlled
concentrations of pure subsrances or to mixtures such as Mr. Wands suggests are
necessary, and certainly rauch more research of this kind is required. Animals
may also be exposed to synthetic or naturally occurring mixtures, such as auto
exhaust, which contains a large number of substances, not all of which are neces-
sarily known. But, finally, if it is desired to determine whether urban air pollu-
tion such as is found in Detroit or other large cites exerts an effect on health,
there is a certain obligation to try to measure the efiect directly, and this is
what we attempted.

Instead of creating the exposure conditions, our animals lived in normally con-
taminated air in the city of Detroit. We modifiad this air to some extent by en-
riching it with vehicular exhaust products from a nearby street. 'L'he exposure
facility was maintained for approximately four years, and the animals breathed
air from the street 24 hours a day throughout this period, with only minimum
modifications which were required to keep the animals alive. Because Detroit
is not located in the tropics, it was necesgary to heat the air in the winter in order
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to prevent the animals from dying, and it was also necessary to cool it somewhat
in the summer to prevent overheating. Both of these functions, however, were
accomplished in such fashion as to minimize the alteration of the aerosol or the

gases present in the polluted air.

I should like to stress, however, that the insult, or challenge, to the animals
was a mininial one, for the air was essentially the same as many people in Detroit
breathe daily. The results of exposure, therefore, should be indicative of the
kind of effects ore might anticipate from exposure of humans to 2 similar environ-
ment. One major difference between human exposure and our animal study was that
our experiment was limited in time, People may live an entire lifetiine in city air,
and we cannot necessarily extrapolate our findings to pxedict the resuits of 70 years

of such exposure,

The Wayne State University Medical School laboratcry from which we operated
is located quite near the center of Detroit, and happened to be ideally located for
a study such as this. Probably the fact that this area was reasonably well-polluted
was one of the reasons why the U.S. Pubiic Health Service selected our facility for
such a study. I{ad we been an ivy league campus out in the ceuntry, we could
never have nerformed it.

Figure 1, QCCUPATIONAL AND ENVIRUNMENTAL
HEALTH LABORATGRY
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Figure 1 is a picture of our laborarory and the facility erected across the -
nearby street tc inhale somewhat increasad concentrations of vehicular exhaust g
products. This rather dramatic-appesring truss system across the street had a g
number of air intakes which took in a large amount of air, as much as 10, 000 ’
cubic feet per minute when the temperature was optimal. The air tempering sys-
tem was located in the small hexagonal structare, and directed air into our expo-
sure chambers inside, which accommodated as many as 2000 small animals. The
rate of change of air in the room was quite rapid, up to one air change per minute,
or more under certain conditions, so that the air in the exposure rooms reflected
changes on the street very quickly. ‘

TABLE 1

TOTAL SUSPENDED PARTICULATE MATTER
HIGH VOLUME SAMPLERS
W.S.U. -~ AIR POLLUTION STUDY
DETROIT, MICHIGAN

Year Mean Maximum Daily Loading ;
1962 | 179 pg/m? 818 ,g/m? ‘(
1963 200 ug/m® 457 g/m? .
1964 263 g /m? 502 g,/ m® i
1965 202 yg/m® 381 pg/m* ‘

The animals were exposed constantly to air containing particulate matter and
gases, and table I summarizes the degree of contamination by particulate matter
as sampled by conventional high volume filtcrs. The mean of more than two-
hundred micrograms per cubic meter is typical for a large city, and maximum -
levels are considerably in excess of this, s0 exposure to particulate matter can
be considered conventional for a big city.

TABLE 1I

AIR LEAD ANALYSES
MARCH 1960 - JUNE 1966

Number of
Samples Range of
Analyzed Values Mean Values
Weekday 48 0.90-5. 30 pg/m* 2,67 yg/m*
Weekend 15 0.20-2.03 yg/m? 1.57 ug/m?®
Total 63 0. 20-5. 30 yg/m?* 2.46 4g/m?
27
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The lead content of the particulate matter is presented in table II, and it
can be seen that the air contained approximately 2-1/2 micrograms of lead per
cubic meter. Such a lead level is also typical of city air, and presumably the
body burden of the animals would be expected to reflect this exposure in a manner
similar to humans,

Table III summarizes some data resulting from the analysis of lung tissue
of exposed animals. The "clean air" animals were the controls that lived in a
room identical to that containing the exposed animals, except that the air supply
was passed through absolute filters and activated carbon. This removed the
particulate matter completely and decreased the concentration of some of the
gases,

It might be expected that the difference in exposure to particulate matter
would result in differing tissue levels of various metals, including lead, in the
two groups of animals, and the analyses summarized in table Il represent an
effort to detect such differences in lung tissue. It does appear that some of the
exposed animals contain increased quantities of several metals, but statistically
the small number of samples and the large variability combine to make the ob-
served differences of low significance. Additional analyses to permit more
positive determination of significance are presently in progress.

Table IV is a brief summary of gas analysis data from the study resulting
from continuous recording instruments of the type presently used in U.S. Public
Health Service network sampling program. The air is typical of that found in a
great many streets in Detroit and in many other cities, and contains the usual
amounts of the several gases measured. Detroit air contains relatively little
oxidant and average concentrations of most other gases. The air purification
system did not remecve carbon monoxide, so the findings cannot be considered
related to carbon monoxide in any way.

The study was conducted for several years during which time animals breathed
the atmospheres described, and every effort was made to measure any effects
which could be attributed to air pollution. Presumably, any differences had to
be air pollution-related because other environmental factors had been contrr..ed.
The handlers were the same, the food was the same, the water was the same,
the surrocundings were the same, insofar as possible, so that any effects which
were found could be assumed to be air polluticn-related. The problems were
the same as those encountered in determining no-effect ievels--what effects are
to be expected and how can they be measured? This is very difficult, for it is
not to be expected that severe damage to any organ will result from daily ex-
posure to urban air. Hence, a number of variables were measured, including
physiological and biochemical measurements which could be made on living
animals, and, of course, histopathological examination of tissues after sacrifice.
It seemed probable that the tissue studies would be mest informative.
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TABLE III

CONCENTRATIONS OF THE ELEMENTS
IN LUNGS OF TWO EXPOSURE GROUPS OF ANIMALS
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TABLE IV

CONCENTRATIONS OF GASES CONTINUOUSLY MEASURED
WAYNE STATE UNIVERSITY

i DETROIT, MICHIGAN
; 1962 - 1965
Highest Highest :
Recorded Recorded ;
Mean Conc. Conc, Conc. :
(1 Hr. Average) (1 Hr. Average) Instantaneous
co 3.2 PPM 33 PPM 98 PPM "
{ COq 305.0 PPM 643 PPM 851 PPM
NO 8.6 PPHM 209 PPHM 215 PPHM
NO, 6.1 PPHM 68 PPHM 102 PPHM
f SO, 5.1 PPHM 85 PPHM 198 PPHM

Figure 2 is a combined mortality curve for all of the animals in the study,
and is a plot of the number of deaths cumulatively plotted against time. The
rates at which the animals died were practically identical, indicating no air
pollution effect. The curves are also a tribute to the success of the efforts to
prevent epidemics and diseases not air pollution-related.
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Figure 2. CUMULATIVE DEATHS ALL SPECIES
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It is generally agreed that rate of weight gain, or growth, is a sensitive
indicator of challenge to laboratory animals, and figure 3 presents a typical plot
of data from a colony of male rabbits. Figure 4 is a similar plot for female
rabbits, and variations due to pregnancies may be noted, but no evidence of re-
duced weight gain attributable to air pcllution is apparent in either sex. Actually,

if all curves were presented for each sub-group of animals in the study, it would
be noted that some appear to exhibit an effect, but it is almost certainly not re-
lated to air pollution. Sometimes weight depression is observed, while in other
groups there is an apparent enhancement in the weight of exposed animals.
GROWTH CURVES X-539 Dutch Rabbits M Clean Air —m——
AVERAGE WEICHTS X-643 Duich Rabbits M Auto Exhaust s esw eas
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Figure 3. RATE OF GROWTH (MALE RABBITS)
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Figure 4. RATE OF GROWTH (FEMALE RABBITS)
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Physiciogical testing during the study involved the following measurements:
pulmonary function, electrocardiogram, cardiac function and body temperature,
Hone of these parameters showed any valid differences. The pulmonary function
studies of pulmonary compliance and tidal volume were made on our capacitance
respirometer which was under development during the study. The calibration

techniques were not perfected and, consequently, changes of pulmonary compliance

or tidal volume with time are not available, However, comparisons between the
two colonies for any particular time were probably valid and showed no statistical
difference or trend.

The biochemical study program consisted of plasma acid and alkaline phos-
phatase determinations and paper and starch gel electrophoresis determinations
of serum, pulmonary and tracheobronchial lymph node extracts for esterases and
proteins. The electrophoretic work showed no statistical difference between the

" exposure colonies. The plasma alkaline phosphatase exhibited a rather debatable

difference. Figure 5 shows plasma alkaline phosphatase levels against time for
a Dutch rabbit colony. The decline with time is normal and is a result of aging.
For no ore time period is the difference between the means for the exposed and
control groups statistically different, and yet nearly every time period shows a
greater alkaline phosphatase plasma level in the exposed group. This is true

for two generations of rabbits. Th= differences in mean acid phosphatase levels
of the two animal colonies were not statistically significant. Furthermore, there
was a compietely random pattern of values with respect to which colony had the
highest mean.

DUTCH RABBITS
SECOND GENKERATION
kLI KING-ARMSYRONG UNITS/100 ML
MONTHLY MEANS
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Figure 5. PLASMA ALKALINE PHOSPHATASE
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Histopathological studies were conducted on lung tissue from rabbits, guinea
pigs, rats, mice and hainsters. The tissues were prepared and presented to the
* pathologist without his know!edge of which colony they represented. Each tissue
" specimen was examined and graded for amount of particulate matter present, )
degree of emphysema, degrec of chronic inflammation, degree of fibrosis and i
acute pneumonitis. An arbitrary grading scale was used, ranging from 0 for
none evident to 4 for severe generalized change. The only parameter regularly !
higher in the exposed colony is the amount of particulate in the lung (figure 6). “
The amount of empkysema present is higher among the rats in the exposed colony,

but not statistically different amnong the other species.

Exgosurs Coloay
Coatral Colony

T A e b, a "

Figure 6. PARTICULATE IN LUNG5 ALL SPECIES

Blood was drawn on a regular basis from raubite, rats, and guinea pigs. The
following tests were done routinely: hemoglobin, henwtccrit, red blood cell
count, white blood cell count aad differential count. The latter test divided the
, white blood count into percentage neutrcphils, €osinophils, basophils, lympho-
! cytes and monocytes. The differential count was combined with the white klood
L cell count to give absolute counts per cubic millimeter of the various cell types.
The only consistent difference between the colonies appears to be in the white blood
cell count. This is nearly always higher in the exposed colony and usualiy signi-
ficantly 8o. A study of the differential count shows that this is predominantly due
to an increase in lymphocytes. The statistical difference in the lymphocyte count
is sometimes more significant than the total white cell count. The neutrophil and
eosinophil counts are consistently lower in the expcsed animals, although the
difference 18 not always statistically significant. The monocytes and basophils
show po regular difference. An increased white cell count is general, and the
lymphocyte portion in particular is usuiily & response of the organism to microbial
infection. While the levels observed were not high enough to indicate acute infec-
tion with particle-borre microorganisms, it is also poesible that they represent
an increased phagocytosis in response to a higher particulate loading in the respi-
! ratory tract.

- g a4
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It should be pointed out that there may be as much importance in these tests
which were perfcrmed and which gave no difference as in the others. It is of
soine interest to note that there is not a statistically provable difference in some
of these things oiten associated with air pollution. This study was conducted on
rodents for periods up to four years. The validity of extrapolating the findings to
humans breathing & similar atmosphere for seventy years is hazardous. The pro-
blem of agsessing the health effects of a combiration of toxic agents, each present
at a relatively low level, over a long period of time, is a very complex one.
Epidemiological evidence, the toxic effects of these substances at higher levels,
their possible potentiation on cne another, ard the differing biological responses
of diffevent species are only some of the considerations which must be kept in
mind when considering the ¢vidence presented here.

34
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DISCUSSION

FROM THE FLOOR: I have one comment and one question. The comment
relates to the study which is presently being conducted in Los Angeles. Idon't
knuw whether vou know about that.

DR. SMITH (Wayne Strate University): Yes, I do.

; QUESTION: They had an interesting finding. They located rats above the

! freeways and I have heard recently that they found reduced incidence of malig-

nancies in the rats above the freeways. The second question was, in your slides
showing the slight elevation of the alkaline phosphatase activity, I noted your

starting point on the ordinate. Is that the control value? .

DR. SMITH: Yes, the green line was the control value.

QUESTION: Is this the starting line before exposing the animals, because
this is sigpific: 1tly higher, considerably higher than the control animal level.

! Was this just a group difference?

; DR. SMITH: No, we noticed this, too, of course. All I can tell you is that

; if you study this and all the data that go to make up the curve, you can toss a coin
as to whether there is a significant difference. First of all, at any given point,
there is no significant difference. It is well within the normal rate expected.
The only thing that ! pointed out is that the one line is consistently above the
other. It can be, as you suggested, that for some reason we had a biased group
and that the one group started out higher and simply stayed there but we have
reason to think this isn't really the case, although the curve supports that point
of view. In any event, we don't consider the finding very significant. This
happened to be one of the few things that differed.

QUESTION: On the activity of the polluted animals versus those of the clean
: air, is it possible that this might be related to some pharmacological action of
: the pollutants? Do you think the difference is real enough in your estimation
i that this night be considered?

DR. SMITH: This, of course, was our hope in finding if there were a dif-
ference it would be so related. To my knowledge, the analysis of that curve
and all the other data supporting it did not make the difference attributable to
air pollution. It appears so at first. Again, there is not a large number of mice
involved here, a couple of dozen, and one ought to make the animals be their own
contrcl. This is not the case here. We were attempting to compare one group
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with another. We took certain measures to minimize the differences. I'm not
sure we succeeded. I don’t think the difference we saw is attributable to pharmaco-
logical or toxicological effects of air pollutants.

QUESTION: Did you do particle size analysis? if so, what were the ranges
that you might have gotten there?

DR. SMITH: Yes, we did a fair amount of air sampling, including visual
and electron microscopy. One finds the entire spectrvm of sizes. The inhalation
system, if I may call it that, was such that the aerosol was almost unchanged
except for the very large particles. The room was 13 feet wide and if air con-
tinued to flow through it, the grosser particles, certainly 10, 20, 30 microns
on up, succeeded in getting irto the system. Usually they fell on the floor some-
where in getting from one side of the room to the other. Beyond that, one found
a spectrum of sizes from the submicroscopic, as small as you can see, up to
several microns. There is nothing any different from what street air would be
expected to be,

DR. SMITH: There has been a similar study supported in Los Angeles, part
of which was along side the freeway, if not over it, and identical in design to
ours with the exception that they were dealing with photochemical smog. They
ran into problems including one rather severe one. They weren't going to air-
condition and the first heat wave killed the animals so they had to start over
again in airconditioning.

QUESTION: Did you not say, Dr. Smith, that you had noticed an increase in
weight in the animals that were exposed to the polluted air?

DR. SMITH: No, what I said was that of the many curves I could have shown
you, I elected to show you second generation rabbits, male and females. I think
the male Dutch rabbits appeared to increase in weight. This is a chance thing,
because any small group of animals may show a difference. All of this added
together, there was no difference, no.

MR. GISCLARD (Flight Dynamics Laboratory, W-PAFB): I thought it was
significant. From the point of view that when you speak of physiological response
to many of these gases and vapors, I wonder if the toxicologist iias taken into
consideration the possibility of gain in weight from the standpoint that you may have
these solvent vapors acting ar carbohydrate sparers. We have found in a study
done long ago that men, for example, exposed to amyl acetate, all these men
in the course of a year's time secmed to gain weight and the doctor could not
attribute it to anything but the constant exposure to amyl acetate, He felt, when
you got right down to it, amyl acetate actually acted as possibly a carbohydrate
sparer. If that is the case, you have another response which you have to con-
sider in 100--day or 1000-dav exposures. You may have some, to use the ex-
pression, "fat astronauts".

(Laughter)
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I don't know if this is a particular point to bring out,but in long term exposure
I believe that this is a possibility that should be considered, because you take a
substance acetone, which we say, "Oh, there's no problem here, " but the constant
exposure to a high concentration of acetone may produce this effect.

DR. SMITH: Some of the handlers were exposed to ethanol, but the animals
weren't.

MR. WANDS: I would like to respond to Dr. Slonim's comments on what
fouled up on the MESA project. The MESA project was aborted primarily, as
Ray Saunders showed, because there was a dichloroacetylene problem. However,
as Ray also showed, there was some dioxene which presumably came by degrada-
tion of dioxane. Dr. Slonim was concerned about levels the Gpace Science Board
recommended for dioxane and wondered whether or not basically dioxene had
been considered at that time. Dicxene was not considered. It wes not one of the
50 materials which the NASA sdministration felt was of prime concern to the
Apollo flights. The recommendation for dioxane is for dioxane aud dioxane only.
It does not consider any problems of decomposition. This general consideration
is true of all the recommendations of that committee. They did not concern
themselves with possible degradation products of these unless they were specifically
identified as compounds in their list of recommendations.
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PAPER NO. 4

A METHOD TO PREVENT AIR POLLUTION BUILD-UP
IN POPULATED AREAS

Lester M. McKay

University of Nevada
Reno, Nevada

INTRODUCTION

I would like to pay tribute to Dr. Luther L. Terry for his contributions in
air pollution control and to use a portion of his speech presented to the National
Conference on Air Pollution in 1962 while he was Surgeon General of the United
States Public Health Service. ‘

Quote: "Since modern man can determine the nature of his environment, he
must learn to accept responsibility for its deficiencies in much the same way that
he accepts responsibility for his individual acts. Otherwise, our repeated pleas
for cooperative effort and shared responsibilities have a hollow sound. If a crime
is commitied, we are quick to bring the immense weight of civilization to bear
upon the guilty one, but what about the crime that we commit as a group? These
are offenses we commit against ourselves--often in good faith and with the most
highly sanctioned of motives,

From this point of view, Donora was a crime. The deaths from chronic
diseases associated with environmental factors which occur daily are also crimes.
Who is to blame? Where are the culprits? What should we do to apprehend them?
Where?--Everywhere. WE ARE ALL GUILTY --not health officials alone, nor
legislators, nor businessmen--but ALL of us!

Certainly now, wnen we can and do determine--by chance or by choice--the
structure of our environment, we cannot blame the vagaries of nature for its
defecte. The time is past. WE are responsible. Let's get on with it! Let's
clean the air!"

End Quote
Thank you, Dr. Luther Terryl!
Hundreds of millions of dollars have been and are now being spent to research

cause and effects of air pollution. Many facts have been documented and there is
now no doubr that man must search diligently for the solution.
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Senator Gaylor A. Nelson (D. -Wis.) told the Senate, when he introduced

S5-2410, bill providing $500 million a year to assist abatement of air pollution,

"The majority of our state and local governments have done nothing in the past
twelve years".

We know the causes and many of the effects. --It is imperative that we come
up with a workable solution!

This proposal offers a plan, though unique, which could very well prove to
be the "woods" we have failed o see because of the "trees"!

CAUSE

Air is the most important substance in your life. You might exist many days
without food and a few days without water, but without air you could not live long
enough to read this paper.

Science is radiant with farflung successes and clouded by the ever-increasing
difficulty in providing the most necessary of all commodities for life (clean air).
As the outcry against pollution rises to its highest pitch we hear increasing
demands for controls even where no control devices have been developed. The
chalienge is great, for the problem of air pollution is an inseparable part of one
of the most important needs of our time: the creation, in our era of accelerating
change, of a healthful environment worthy of our high level of economic develop-
ment and scientific achievement.

It is not necessary to recapitulate all of the contributors to air pollution. The
better known sources in order of the magnitude of their contribution are: A
1- TRANSPORTATION, 2- MANUFACTURING, 3- ELECTRIC POWER GENERATION,
4- SPACE HEATING, 5- BURNING OF REFUSE. These five major sources alone
are dumping one hundred forty two million (142, 000, 000) tons of garbage into the
American atmosphere every y=ar. We might compare this to one train of standard
50-ton coal cars 36, (Y00 miles long--or 12 unbroken trains the length of the United

States! (figure 1)

Nature has provided man with a limited amount of life sustaining air--No more
and no less is available. Nature has algo provided an atmosphere dispersion
system which has handled the job of cleaning our air supply very well until the
past few decades. However, we have arrived at a point in time when the capacity
of tlie atmosphere to assimilate air-borne wastes is much too frequently over-
wielmed.

With all of our technical know-how and ahility to travel, communicate, and
live and work in comfort during the most adverse of weather conditions we are,
as of this date, ENTIRELY at the mercy of the elements to dispose of the aerial
garbage we continue to dump into the atmosphere. If the yardstick of man's
achievement is based on his degree of independence of t..c elements, our score
in this one area is ZERO and falling even more,
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Figure 1

EFFECTS

The adverse effects of air pollutants are by no means limited to the health
of man. The most timid estimate of economic losses due to air pollution suggests
that the cost to the United States alone exceeds Eleven Billion Dollars
($11, 000, 000, 000) each year *($65. 00 for every man, woman, and child). This
estimate DOES NOT include costs of medical care for people who have respiratory
diseases associated with air pollution, nor do they include factors such as lost
earnings or reduced productivity, which are almost invariably associated with
illness and absence from work.

In addition to its effect on health, air pollution causes extensive economic
damage through its effects on animal and plant life, through corrosion and soiling
of materials and buildings, depreciation of property values, interference with
air and surface transportation through reduction in visibility and losses of unburnt

fuel.

Damage to "Salad Crops" has actually forced many truck farmers out of
business along the eastern seaboard. Los Angeles smog drifts into the fertile
San Joaquin Valley blighting Ten Million Dollars (10, 000, 000) in crops annually.
Crop damage in many industrial areas including Spokane, Washington; Anaconda,
Montana; Ducktown, Tennessee; Chicago, Illinois; St. l.ouis, Missouri; Tampa,
Florida, and others were well documented by Thos. L. Kimball in "Air Pollution"

in 1966.

¥0.5.P.1.S. Bulletin #1560 |
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Dr. Morely Kare, a University of Pennsylvania researcher, indicates that
entire species of animals may be lost as a direct result of air pollution.
This is especially true for our wildlife where feeding, breeding and environment

cannot be controlled. (figure 2)

THE JERSEY JOURNAL, TUESDAY, SEPTEMBER 10, 1968

Could Kill Entire Species
Air and Vloter Pollution

Called Peril to Animals

ATLANTIC CITY (UPI) — A University of Pennsylvania re-;
starcher said today thet air end water poliution in our environment;
Is cawsing arimals %0 lose mating end cating instincts and could
wipe out entire species.
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Air pollution soils and damages buildings and other structures, as well as
clothing and home furnishings, thus adding to expenses for cleaning and replace-
ment. Some things, Liowever, cannot ever be replaced. During my recent tour
of Europe, 1 sadly viewed the effects of airborne chemical attack on many of the
beautiful buildings and statues. Many of these internationally famed treasures,
which have thrilled millions for generations, will completely disintegrate and be
lost to the world within a few years unless the rate of deterioration is checked
substantially. This tragic loss could not be estimated in dollars.

In our own American cities the effects on buildings can best be realized by
the frequent painting requirements and by comparison during the cleaning pro-
cess as 80 evident in figure 3.
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Figure 3

Nowhere is the paradoxical effect of scientific progress on the welfare of man
more acutely revealed than in the problem of environmental pollution. Our know-
ledge of health effects of air pollution has been amplified considerably through
three types of investigations:-

1. STATISTICAL STUDIES OF PAST ILLNESS AND DEATH
AS CORRELATED WITH GEOGRAPHIC LOCATIONS AND
OTHER FACTORS ASSOCIATED WITH AIR POLLUTION.

2. EPIDEMIOLOGICAL STUDIES OF DEATH AND RESPIRATORY ; g
FUNCTION AS RELATED TO VARIATIONS IN AIR POLLUTION. '. !
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3. LABORATORY STUDIES OF RESPONSES BY ANIMALS
AND, IN SOME CASES, BY HUMAN BEINGS, TO EX-
POSURE TY VARIOUS KNOWN POLLUTANTS OR
COMBINATIONS OF POLLUTANTS.

There is no longer any doubt that air pollution is a hazard to health and that
it is causally related to many chronic and acute cardiopulmonary diseases. Right
heart failure is a direct result of pulmonary disease, *

Figure 4 shows what a normal lung should look like, This particular lung is
from a mouse. The ideal pink color, free from discoloration, is not often seen
in the human lung.

Figure 4

*1.S.P. H.S. Publication #1560
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Figure 5. A MORE NORMAL LUNG OF AN ADULT HUMAN

Evidence that this person was a cigarette smoker is commonly accepted;
however, this condition exists in most adult humans living in industrialized areas. *

Figure 6. AN EMPHYSEMATOUS LUNG

"Fric . Cassell, M.D. NTA Bulletin - January, 1965
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] Figure 9 shows a list of the more commonly known contaminants and their
known effects on health. [ would like to cal: special attention to the fifth item
i which is 3, 4 - Benzpyren.. This is the compound generally accepted as the
carcinomatous producing by-product of cigarette smoke. * However, a nonsmoker,
¢ living in cities such as Birmingham, St. Louis, Chicago, and others, by merely
§ breathing, inhales an equivalent of this compound as is present in the smoke from
: over 50 cigarettes, or 23 packs per day!
: Pollutant Health Effects
SO2 vt 0 mamaerteations o Tom s 18 parts pon millions
‘ s]"'"‘" dioxide in the hronchillmlubes. the lining ma!::hnv!: becomes
r Sulleric acid sto‘ ::::I;r.l ::;l ::::d and clotting may occur in the small
Curbon monoside co et ot oy o b, blon and the. bty sas
C{I)zone 03 g’:vtn:u‘of hr:::fh.i:n;i nausea. inK chest pain. cough.
Exp te high ¢ i of nitrogen dioxide ca
Nopen sonse NO2. el st chtcion f e i g and
i 3. 4 henzpyrene @ Thi: and similar compounds are known 10 cause ¢ riain
: types of cancer under laboratory conditions. P
H U HH L
Olefins () These substances have an injurious cfirct on certain hody
H—-Cw=(- 1t H-C=C-H cells, and are eupecially apt to cause cve irritation.
Figure 9

Death and morbidity resulting from intense air pollution are well documented.
The classic examples of intense air pollution "episodes” are well known. They
include the episodes in the Meuse Valley of Belgium; Donora, Pennsylvania; in
New York City and in London. During these periods of intense air pollution,
brought about by stagnating weather conditions, the number of deaths attributed
to air pollutants, not to mention the survivors which were affected, ranged from
twenty fatalities in Donora to nearly 5, 000 in London. **

¥ Dr. Luther Terry's Report
**N. T. A. Bulletin - January, 1965, Franklin Field, O.D.
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SOLUTION

The solution to complete air pollution abatement cannot be resolved by one
simple system. It will take a number of contributing factors working effectively
together toward the same goal - CLEAN AIR FOR SURVIVAL!

Limiting the types and amounts of contaminants which can be discharged into
the atmosphere by improved heating methods, more efficient engines, atomic
power, electric autos, better methods of trash disposal and other means are
necessary and very important steps in the right direction. However, merely
placing limits on the amounts of contaminants is not the complete answer. This
is especially true during prolonged inversion periods when the air is trapped in
an area permitting even small amounts of contamination to build up to a dangerous
level of concentration.

A system of evacuating significant amounts of low level contaminants at or
near the source, and even more effectively during inversion periods, can be
accomplished in most cities by modifying already existing facilities. Since 90% +
of the pollutants are dumped into the atmosphere at, or below, 25 feet off the
ground and most of this within one foot, as in the case with automobiles, it
appears logical that an effective system would be one which would take advantage
of the ideal time (when the total volume of affected air is minimal and close to
the ground), and to dispose of the problem before it raised to contaminate such a
great volume of air that we become entirely at the mercy of the elements and the
dispersing mechanisms of nature. Figure 10 shows the problem during a frontal
inversion period.

Figure 10
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COOL AIR

COOLER AIR
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Figure 11. CONDITION DURING NIGHTTIME INVERSION

At nighttime, when the surface of the earth radiates its warmth out to space,
the ground cools quickly. In turn, the air in contact with the earth's surface is
chilled. By morning, the lowest layers of the air have been considerably cooled
while aloft the air temperature has changed little, The result as shown in figure
11 is a temperature inversion which will begin to break up as the ground is once
more warmed by the sun's heat. This type of inversion is usually one of lower
altitude level than a frontal inversion.

The nighttime inversion holds all of the auto exhaust, heating exhaust and
other contaminant buildup. We are entirely dependent upon the sun to come up
to warm the ground which, in turn, warms the surface air causing an upward
draft.

Figure 12 shows how the heaviest concentrations are held close to the ground,
especially at street surface levels.

Now, let us make the picture even a little clearer by showing a container
or tub for this lid of inversion air to cover. Figure 13 demonstrates the condition.
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Figure 13

Assume, for the moment, that we have & tubful of dirty water and it is to our
advantage to replace it with clean water. How would we do it? Would we boil the
water, causing it to steam and eventually evaporate away? That is exactly the
process which takes place when the sun comes up to warm the ground (bottom of
the tub), which warms the air (water in the tub), causing it to become lighter and
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rise upward--hopefully, taking the filth with it. Or, would we attempt to bail the
dirty water out over the rim as we would a sinking boat? We would do neither of
these. We would simply "PULL THE PLUG". Figure 14 shows this practice
being put into use. How would this work since we are really concerned with air,
not water?

Figure 14

During an inversion period the air trapped under the inversion layer is quite
stable and usually free from turbulence or wind currents. Since air has weight,
the gravitational attraction of this stable air is toward the center of the earth.
Figure 15 illustrates the condition which exists under most streets in planned
cities. Note that the heaviest concentration of contamination is close to the
street surface. The buildings between the streets act as barriers, funnelling
the contaminated air toward the street. Note, too, the storm drains which have
been installed to carry off rain and flushing water. These drain pipes range in
sizes up to 20 feet in diameter in some cities. The drains are connected to the
street surface by curbside catch basins and connecting pipes. Since the storm
drains are closer to the earth's center than the street surface there is a greater
natural gravitacional attraction for the stable polluted air toward the lower space.
HERE IS OUR DRAINPIPE FOR LOW LEVEL CONTAMINATION.

Unfortunately, most of the time this avenue of escape is plugged up with cool
dormant air. So, how can we utilize this system? Nature, again, has shown us
a way in a limited manner by providing rain. As the rain water enters the storm
drains via the catch basin inlet and flows through the storm drains it provides the
motivating power through surface tension, cohesion and adhesion, which causes
the air in the drainpipe above the water level to move. As the air moves in the
drainpipe, the air from the street surface rushes in to take its place carrying
with it air-borne contaminants. Even this limited movement of air has a signi-
ficant effect on the smog condition which existed before the rain.

8




Figure 15

There are several additional factors which play important roles in the over-
all effect of this lower-than-street-level system.

1. As the air passes through the small catch basin opening and into the
smaller connecting tube, the velocity of the air is INCREASED. When it then
enters the larger opening of the drain pipe the velocity is DECREASED suddenly.
This causes an immediate drop in temperature as a result of the "venturi” effect.
Coincidentally, Daniel Bernoulli discovered this effect while working in the sewers
of Paris in the 1700's. Bernoulli’'s venturi effect is one of the standby's of engine-

ering today.

2. In addition to the drop in temperature which may result from the venturi
effect, there is usually an additional drop in temperature in the underground tubes.
This accelerates condensation which, in turn, enhances the coalescence of molec-
ular bodies causing them to become heavier than air and sink.

3. When the contaminated air enters the storm drain, we now have the air,
with the air-borne contaminants, contained where we may apply our skills toward
reducing the contamination level through water baths, electronic precipitators,
filters, or whatever. This was impossible to accomplish so long as the contam-
inated air remained in the atmosphere.
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4. Reclamation of valuable components which, when permitted to be dispersed
by the atmosphere were hazardous to animals and plants alike, now becomes an
economic feasibility. Air pollution represents a prodigious waste of pocentially
valuable resources. The harmful sulfur dioxide that is vented into the American

: atmosphere, for example, contains well over three hundred million dollars
($300, 000, 000) worth of sulfur at today's prices. *

This engineering approach toward reducing significant amounts of life-threaten-
ing air-borne pollutants can be included in City, State and National planning at
construction and power requirement costs consistent with our current demands
for personal convenience, social advantages, and technological standards. In many
metropolitan cities the existing storm drains would require minimal modification. -

£
3
1
:
i
4
.

Our next step is to determine how we might achieve the most effective results
utilizing underground conduits as combination storm and air pollution sewer
systems. Two methods might be employed to effect control:

1. Since many cities confronted with an air pollution problem do not have
access to lake, ocean or river water, we must, in those cases, depend on elec-
tricity to move the air. This is not the overwhelming task it might first appear
to be.

A good-sized street (including the sidewalks) would be 100 feet wide. Assum-
ing there are 10 city blocks to the mile, this means that the total street and side-
walk area in each block is equal to 100 feet x 528 feet or 52, 800 sq. ft.

We mentioned earlier in this presentation that automobiles emit their con-
tamination within one.foot off the ground. Domestic space heating wastes are
emitted usually within 25 feet, and in Fall and Spring most of this is during the
cool of night. Let us establish, as a starting point, that we desire to lower the
street level air at the rate of one foot per minute. This means that every city
block would require electric power enough to move 52, 800 cubic feet per minute.
With this minimal amount we would be lowering the street fevel air 60 vertical
feet per hour, or 720 vertical feet during the nighttime hours, or 1440 vertical
feet in 24 hours. ‘

Figure 16 demonstrates one possible method of installing the system in a
city., Note in the drawing that we have installed the evacuating tube in an existing
building, and that the space required is comparable to an elevator shaft.

*FORTUNE, November, 1965, Faltermayer, Edmund K.
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Figure 16

By placing the exhaust fan near the top of the evacuating tube as shown, we
gain added air flow through venturi effect, i.e., a 72" fan enclosed in a 73" tube
can move 44,900 C. F. M. of free air with a 2 h.p. motor (Robbins & Myers
"Propellair" Model 6504-K as certified by A.M.C. A.). By suspending a short
section of the 73" tube with the fan enclosed in an evacuating tube 12 feet in dia-
meter, the fan still moves 44, 900 C. F. M. through the short section of 73" tube.
However, the air which is forced to move through the smaller (venturi) tube now
becomes the force which caused the surrounding air in the larger tube to move.
The rate at which the total volume is moved by this "venturi effect" is proportional
to the velocity of the venturi tube air (ti:e inner tube), the temperature of the air
and the resistance within the complete system.

Between the storm drain and the exheust end we have removed the troublesome
contaminants and evacuated the air back into the atmosphere above the low level
contamination. Again, note that we are not attempting to change all of the air in
the city, but merely "collecting" the low level contaminated air where it originates,
and staying ahead of the problem so it cannot contaminate too much air.

2. In those areas where water is plentiful it would be advantag:2ous to pump
water to the highest points in the storm drain system, permitting gravity to re-
turn the water to the lowest point, thereby supplying a form of water power.
Creating turbulence in the water on its return trip would increase the movement
of air. A combination of water and electric power would have the added advantages
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of maintaining lower temperatures within the storm drains, accelerating conden-
sation of the contaminated air, and supplying water baths where necessary.

In addition to supplying a movement of air, it will be necessary to redesign
our catch basin inlets into the storm drain and to install a greater number than
is usually installed to control storm water alone. The new design would neces-
sarily include the most effective venturi features whereby we might take all
advantages the venturi effect affords.

For you who might question the cost of this type of future city planning, con-
sider what it could mean to the economy of the world and the number of jobs it
would create which would not be dependent on war or peace: construction, fans
and motors, cement and metal pipes, filters, precipitators--I could go on and on.
In addition, atomic power is in our future to supply the added need for electricity.
If we don't look ahead toward clean air, we will have nothing to look ahead to !!

SUMMARY

A method for significantly reducing concentrations of low-level air-borne
contaminants in populated areas has been described. Advantages leading toward
the healthy well-being of man, plants and animals, and the influence toward cc-
onomic improvement include the following:

1. THE ATMOSPHERIC PHENOMENA REFERRED TO AS FRONTAL
AND NIGHTTIME INVERSION WHICH NOW PREVENTS THE
NORMAL ATMOSPHERIC DISPERSION MECHANISM TO EFFECT -
IVELY MAINTAIN A CLEAN AIR CONDITION WOULD, IN THIS
METHOD, BECOME AN ANCILLARY FORCE ENHANCING THE
EFFECTIVENESS OF THE METHOD DESCRIBED.

2. THE CONTAMINANTS WOULD BE "COLLECTED" AT OR NEAR
THEIR SOURCE. THIS WOULD PREVENT THE BUILD-UP OF
CONTAMINATION AND THE SPREADING OF TOXIC MATERIALS.

3. VALUABLE COMPONENTS WOULD BE DEPOSITED IN STORAGE
TANKS OR CONTAINERS MAKING SALVAGE OPERATIONS
ECONOMICALLY FEASIBLE.

4. DETERIORATION OF BUILDINGS, HOMES AND STRUCTURES
DUE TO AIR-BORME CHEMICAL REACTION WOULD BE GREATLY
REDUCED.

5. THIS SYSTEM, IF PUT INTO GENERAL USE, WOULD CREATE A
NEW DEMAND FOR PRODUCTS AND SERVICES OF MANUFACTURERS,
BUILDERS AND SUPPLIERS. THE MAGNIT'JDE AND DIVERSIFICATION
OF THIS NEW DEMAND WOULD RESULT IN A PEACE-TIME ECONOMIC
CONDITION NEVER BEFORE ENJOYED BY MAN.
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6. MOST IMPORTANT--THIS SYSTEM WOULD HELP MAN IN HIS
EFFORT TO MAINTAIN AN ATMOSPHERE IN WHICH HE, HIS
PLANTS AND HIS ANIMALS COULD EXIST.
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DISCUSSION

QUESTION: I presume all of your pollutants are carried along in an cirstream
which blows the water stream, is that right?

MR. MC KAY (University of Nevada): Well, I think, primarily, what I'm
bringing about, as long as somebody called it air pollution, I don't know why
we are keeping it in the air, but for some reason we're keeping it up there.
All I'm advocating is that we should get it in a confined area where we can do
something with it. We are dumping in this country 150 millio:: tons of pollutants
into air every year. That represents a train of coal cars coupled, end to end,
36, 000 miles long, or twelve times across the United States, so I may not be
answering your question exactly the way you want me to but I want to get this
underground, whether it's going to take water baths, electronic precipitators
or a lot more power than we are now able to produce to clean the air up. At
least we could put it in a confined area where we can do something with it.

QUESTION: All I was asking, sir, what happens to these air pollutants when
they hit the water stream?

MR. MC KAY: It depends. It depends on what the pollutant is. Some of
them are not water soluble and we have a problem there. We have to croes each
bridge when we come to it. Water soluble pollutants, of course, are washed
down, go through a sump or a common sump system, and we can capture them
and recover thcm and use them for industrial fertilizer purposes, or whatever.

D2. PIERSON (Lockheed Aircraft Corporation): I'm kind of curious. This
assumes that the air is being evacuated immediately over the city. However,
I don't think the problem is quite that simple. A lot of plants which produce
particulate matter have been built away from cities deliberately. Would this
system not draw these types of emog back into the city? For example, the real
problem now in the San Bernardino Mountains is the fact that the smog and the
pollutants in that area are destroying the vegetation clear up as far as Arrowhead
and Running Springs. Would you not be pulling that back into the Los Angeles
basin itself? .

MR. MC KAY: Bill, I think that as far as industrial plants are concerned
that this is really no problem. It may be presently but legislation is being passed
and it's becoming more and more necessary for each industrial plant to take
care of its own problem, and we have very efficient scrubbers and types of
mechenical and electronic devices so that they can be prevented from this. How-
ever, it's automobiles, and even domestic heating. We're using chiinneys on our

57




AMRL-TR-68-175

housing that are as antiquated as those of the Indians. Why do we need a chimney
on our house when with a controlled fan we can not only capture more heat from

.our fuel but we can rurn it through our precipitator and dump it down into a septic

tank, which I'm doing at home, and never dump this into the air. This is our big
problem, the automobiles and the homes and the type of things that we can't
control. We are going to have to face facts; if we don't and we don't limit these
industrial plants from dumping all this garbage in the air, we are not going to
be around very long.

MR. WANDS: I think one of the important things about this proposal is that
it is very apropos for the spacecraft. In the case of an unbearable condition
of air pollution within the spacecraft, it has already been proposed that we
simply pull the plug and evacuate the thing, that is to put on EVA equipment and
open the hatch and let all the contamination out, so that this suggestion is directly
applicable to our problem at hand here today, contamination in spacecraft.

Before I introduce our next speaker, I would like to make one other announce-
ment, Earlier this morning there was some discussion following Dr. Albert's
paper about the availability of the recommendations of the committee on which
he sat and for which he spoke today. It was suggested at that time that this might
be available from the National Research Council. I think it might be better for
those of you desiring copies of the report on Air Pollution Criteria for 100 and
1000-day Space Flights to request this from NASA, Reports from the National
Academy of Sciences are normally made to their sponsoring agencies and are
the property of the sponsoring agency for distribution. On occasion, the Academy
will undertake to issue these as publications from the Academy at the request
of the agency, but until such time as that is done, I suggest you direct your re-
quests for that committee's report to Dr. Walton L. Jones of the Office of
Advanced Research and Technology, National Aeronautics and Space Administration
Washington, D.C.
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PAFER NO. 5

A COMPARISON OF EXPERIMENTAL CONTROL ANIMALS
HOUSED IN ALTITUDE CHAMBERS AND ANIMAL ROOMS

Gerard F. Egan
and
Gary L. Fogle

SysteMed Corporation

Wright-Patterson Air Force Base, Ohio

INTRODUCTION

Thomas Domes are unique inhalation exposure chambers designed to study the
toxicity of various atmospheric contaminants to animals in simulated space cabin
atmospheres and pressures. Since their inception, these domes have been
utilized for exposures ranging in duration from one week to several months.
Dome atmospheres of pure oxygen, pure air, or oxygen-air mixtures have been
used at pressures ranging from 260-760 mm Hg for these experiments. In those
studies lasting more than three months, it was impractical to maintain control
animals in altitude chambers since these were continually used for exposures.
This then precluded the possibility of subjecting the control and test animals
to identical environmental ccnditions. Among the environmental conditions
are operational factors peculiar to the dynamic altitude chambers, such as
elevated noise and odor levels and high animal population density which might
influence the health status of the animals.

When a temporary halt was imposed on research conducted at elevated oxygen
concentrations in order to establish rigorous fire safeguards, an opportunity arose
to investigate the nature of the Thomas Dome environment as it affects animal
growth and health. To this end, a long-term ambient study was carried out in a
dome for a period of 165 days.

MATERIALS AND METHODS

An altitude chamber, one of the Thomas Domes, in the AMRL facilities was
used in this test. The altitude facilities were previously described in detail
(Culver, 1966; Fairchild, 1967, and Thomas, 1965). In short, these specially
designed chambers can be operated at reduced pressure with either a single gas
or gas mixture of any desired oxygen-air mixture. The chamber can be auto-
matically controlled to within 5 degrees of the desired temperature and 0%, of
the desired relative humidity. The chamber is operated in the dynamic mode
with no attempt to recycle the exhaust gases.
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Experimental Conditions

i tag‘lheloperating conditions of the chamber used for the experiment are listed
n el.

TABLE 1
EXPOSURE CHAMBER OPERATING CONDITIONS

Atmospheric Composition Ambient Air

COq 0. 25 (0.12-0. 78 %
Total Pressure 720 mm Hg

Flow Rate 37 (20-47) cfm
Temperature 72 (67-76) F
Humidity 51 (44-60); RH

Experimental animals used in these tests were Beagle dogs, Rhesus monkeys,
rats, and mice. At the start of the study, their weights were: dogs, 3.9-5.5
kilograms; monkeys, 2.7-5.0 kilograms; rats, 154-186 grams; and mice, 20-25
grams. All animals were subjected to routine examination and placed in quaran-
tine upon receipt from commercial sources. The appropriate biweekly clinical
baseline measurements of hematology, blood chemistry and body weight were
made 10 times before beginning the actual test.- The large number of preexposure
examinations resulted from the suspension of experimentation with oxygen-enriched
environments and the subsequent reassignment of animals.

During the course of the experiment, all animals were observed routinely at
30-minute intervals. Mice were maintained for mortality and pathology informa-
tion only. Body weights of rats, and blood chemistry determinations made on dogs
and monkeys, were recorded biweekly. The blood chemistry examination included
the following parameters: hematocrit, hemoglobin, red and white blood cell counts,
sodium, potassium, calcium, total protein, albumin, SGOT*, SGPT**, alkaline
phosphatase, and total phosphorus. Twelve blood chemistry determinations were
made during the exposure period. At necropsy, tissue samples for histopatholo-
gical examination were taken from all species except the mice, Organ weights
of rats were recorded at necropsy and used in calculating organ/body weight ratios.

* Serum glutamic oxaloacetic transaminase
** Serum glutamic pyruvic transaminase
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Table II is a summary of the animal population involved in this study.

TABLE II

Exposed Control

Mice 40M 40M

Rats 25M, 25F 25M, 25F
Dogs 4M, 4F

Monkeys 2M, 2F

Experimental Results

1 The study was conducted without interruption and all dome atmospheric factors
! were maintained within the limits of the experimental protocol. No auverse

3 effects due to exposure conditions were demonstrated by any of the animals in the
test or control group. The health status of the experimental population remained
as before the onset of the study with the exception of one male test rat that died _
10 days following the initiation of the study. :

Organ and Body Weight Data

E Mean body weights of male rats showed no significant difference between test

and control groups. Female rat body weights for the control and test groups were
comparable during the early stages of the test. As the experiment progressed
(from the third month on) the growth rate of the control group was slightly above
the test group., Comparison with similar groups of female rats indicated that the
growth of the control group was above average while the growth rate for the test
animals was identical to previous control groups. Growth rates of the dogs and
monkeys were normal.

TG AN NP

Examination of rat organ weights and organ to body weight ratios, shown in
table III, exhibited no differences between the exposed and control groups with
the exception of kidney to body weight ratio in the female rat. The small differ-
ence significant at the 0, 05 level is unexplainable since there were no demon-
strable pathologic differences.

PATHOLOGY

Gross and histopathologic examination of the experimental animal tissues did
not show any differences between the exposed and control groups. Although the
rodents showed some evidence of chronic murine pneumonia, the incidence was
identical in the two groups.
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TABLE III
MEAN ORGAN/BODY WEIGHT RATIOS OF ALBINO RATS

MALE FEMALE
Test Control Test Control
Heart X 0.299 0.311 0.338 0.337
S.D, * 0.050 0.026 0.028 0.030
Lung X 0.439 0,442 0.600 0.602
S.D. 0.060 0.069 0.093 0.115
Liver X 2.987 3.137 4.020 4.217
S.D. 0.562 0.756 0.456 0.309
Spleen X 0.283 0.263 0.292 0.268
S.D. 0.053 0.083 0.067 0.068
Kidney X 0.636 0.659 0.761 0.719
S.D. 0.058 0.067 0.057 0,057

*= Standard Deviation

1

Dogs and monkeys housed in the chamber showed a lower than normal inci-
dence of the usual enzootic pathologic changes seen in these species and were
considered to be unaffected by the environmental factors to which they were ex-
posed.

Hematology and Blood Chemistry

A total of 13 different hematology and blood chemistry determinations were
performed on each blood sample. Dogs and monkeys were bled biweekly prior to
and during the exposure. The results of these examinations are shown in tables
IV and V. Both hematologic and blood chemistry values remained within "normal
limits" for the population and appeared more stable than the pretest values with
a decreased variance about the mean.
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TABLE IV

BLOOD CHEMISTRY DETERMINATIONS
(Mean Group Values)

ALKALINE PHOSPHATASE (Units/ml)

MONKEY

DOG

Female Male Female

Male
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TABLE IV (Cont'd)
BLOOD CHEMISTRY DETERMINATIONS

SODIUM (mEq/1) POTASSIUM ,.mEq/1)
DOG MONKEY DOG FEMALE
Sample
Period | Male Female Male Female | Male Female Male Female
| Preexposure Mean Values
1 143 146 148 152 4.53 4,93 4,55 5.20
2 142 146 148 147 5.08 4.60 4,95 3.60
3 143 146 148 147 4.50 4,90 4,60 4.10
4 145 146 151 153 4. 40 4,60 4.80 4.90
5 145 145 145 149 4.48 4,60 4.30 4.70
6 148 148 144 150 4.43 4.70 4.45 4,15
7 145 146 147 149 4.23 4.25 5.80 4.40
8 143 144 146 150 4,65 4,60 5.80 6.70
9 141 142 146 148 4,58 4. 38 4,45 5,35
10 146 146 146 149 4,60 4,73 4,25 4,20
Exposure Mean Values
1 146 144 146 145 5.33 5.03 5.00 4.80
2 147 145 146 147 4.88 4.80 4,55 4.05
3 146 144 145 149 4,88 4,60 4,40 4.80
4 145 146 154 152 5.23 4.93 5.25 5.25
S 146 144 151 155 4.75 4.70 4.40 4.95
6 148 147 149 150 4.83 4.85 4,90 4.95
7 143 144 152 153 4,63 4.63 4.60 4.50
8 145 147 149 151 4,73 4.93 4.45 4.40
9 147 148 150 152 4.78 4.45 4,30 4.70
10 152 151 158 157 4,55 4.68 4,40 4.40
11 147 147 148 156 4,58 4,65 4.40 4.90
12 152 150 153 156 4.45 4,38 4,35 4.30
N= 4 4 2 2 4 4 2 2
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TABLE IV (Cont'd)

[T LI S S

BLOOD CHEMISTRY DETERMINATIONS

SGPT (Units/ml) SGOT (Units/ml)
DOG MONKEY DOG MONKEY
Sample
Period | Male Female Male Female | Male Female Male Female
Preexposure Mean Values ’
1 23.0 243  28.0 26.5 | 240 35.3 33.0 45.0
2 26.5 23.5 30.5 29.5 19.8 32.8 42.5 45.0
3 22.8 19.8 25.0 26.5 22.3 25.3 27.0 35.5 :
4 25.0 27.3 33.0 25.0 20.8 25.3 31.0 40.0
5 21.8 21.8 32.0 30.5 18.3 20.5 40,0 55.0
6 22.5 20.8 31.5 29.5 23.3 23.0 35,5 42.5
7 24.0 24.3 35.0 28.0 22.3 25.0 33.0 40.0
8 . 29.3 23.5 37.0 26.5 21.5 18.3 43.0 37.5 .
9 ,»25 0 23.5 26.5 23.5 24.0 26.3 24.0 11.5
10 38.0  23.5 28.5 26.5 23.5 23.5 38,0 40.0
Exposure Mean Values
1 28.8 28.0 31.5 28.5 28.8 26.0 40.0 42.5
2 35.3 32.5 28.0 33.5 23.0 32.0 37.5 47.5
3 46.0 36.8 42.5 29.5 38.8 41.3 62.0 50.0
4 32,5 30.8 33.5 23.5 21.5 15.3 26.0 24.0
5 31.8 30.8 33.5 25.0 34.3 32.8 37.5 40.0
6 32.0 34.0 31.0 25.0 25.3 27.3 28.5 26.0
7 37.8 38.8 33.0 31.5 28.5 33.3 37.5 37.5
8 39.5 36.0 44.5 31.0 30. 8 32.0 40,0 38.0
9 47.8 34.0 38.5 29.5 35.3 34.3 45.0 42,5
10 30.8 30.90 31.5 23.5 23.5 25.3 35.5 27.0
11 39.5 34.0 38.5 37.0 34.3 34.0 37.5 42.5
12 37.8 41.8 40.5 33.5 42,5 60.0 62.0 42.5
N= 4 4 2 2 4 4 2 2
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TABLE 1V (Cont'd)

FEMALE

ALBUMIN (gm %)

DOG

Female Male Female

Male

BLOOD CHEMISTRY DETERMINATIONS
MONKEY

TOTAL PROTEIN (gm %)

Male Female

Female

Preexposure Mean Values
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TABLE IV (Cont'd)
BLOOD CHEMISTRY DETERMINATIONS
CALCIUM (mEq/1)
DOG MONKEY
Sample
Period Male Female Male Female
Preexposure Mean Values
1 5.63 5. 65 6.00 5.95
2 5.65 5.75 5.95 5.40
3 5.68 5.58 5.70 5.40
4 5.58 5.83 6.10 5.80
S 5.60 5.78 5.80 5.50
6 5.68 5.60 5.90 5.40
7 5.48 5.48 5.70 5.55
! 8 5.70 5.63 5.70 6.15
£ 9 5.70 5.70 5.65 5.55
: 10 5.65 5.55 5.30 5.65
Exposure Mean Values
; 1 5.78 5.70 5.60 5.50
2 5.68 5.75 5.70 5.70
3 5.50 5.35 5.55 5.85
4 5.65 5.68 5.85 5.85.
§ 5 5.43 5.50 5.70 5.90
; 6 5.85 5.63 5.60 5.95
; 7 5.60 5.48 5.70 5.80
8 5.45 5.40 5.10 5.50
9 5.73 5.68 5.60 5.70
10 5.08 5.15 5.30 5.40
11 5.18 5.08 5.25 5.45
12 5.63 S5.38 5.40 5.70
£ N= 4 4 2 2
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TABLE V (Cont'd)

BLOOD HEMATOLOGY DETERMINATIONS
HCT (Vol %) HGB (gm %) .?
DOG MONKEY DOG MONKEY
Sample
Period | Male Female Male Female Male Female Male Female : #
Preexposure Mean Values
1 41.5 42.0 42,5 43.0 13.7 13.9 12. 8 12.8
2 41.0 43.8 44.5 42,0 14.0 14.7 13.2 12.4
3 43.3 44.5 43.5 42.5 14. 3 14.3 13.8 12.1
4 42.8 45.8 44.0 43.0 14.6 15.4 14.0 13.6
5 43.0 44.3 44.5 44.0 14.2 14.7 13.8 13.0
6 44.3 48.8 43.0 41.0 14.5 16. 2 12. 4 12.6
7 44.0 47.3 44.0 40.0 14.1 15.2 12.8 12.4
8 47.3 46.0 42,5 420 15.4 15.1 12.5 12. 4 ’
9 46.5 45.8 42.0 41.0 14.9 14,7 12.0 11.9
10 45.0 44,5 43.0 40.5 14.9 14.8 13.0 12.3
Exposure Mean Values
1 44.3 44,3 41.0 40.0 14.3 14.5 12.5 11.8
2 45.3 48.3 43.5 40.5 15.2 15.9 13.6 12.6
3 47.5 48.8 42,5 41.0 15.7 16.5 13.0 12.1
4 49.5 49.5 45.0 40.0 16.6 16.6 13.4 12.2
5 46.3 50.8 42.0 42.0 15.5 17.1 12. 8 12.6
6 47.3 48 ? 42.0 42.5 16.1 16.3 13.0 13.2
7 48.0 4y. 9 45.0 43.5 16.0 16.1 13.8 12.8
8 49.5 49.3 45.0 43.0 16.1 16.6 13.8 13.0
9 50.5 49.8 46.5 44.5 16.9 16.3 13.0 12. 4
10 47.5 48.5 48.0 45.5 16.2 16.6 15.5 14.0
11 50.5 47.8 45.5 46.0 16.6 16.0 13. 4 13.6
12 46.8 48.0 45.0 43.5 15.5 16. 2 13.6 13. 4
N= 4 4 2 2 4 4 2 2
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Discussion and Conclusions

Maintaining animals in the Thomas Dome does not appear to aiter the
health status of a mixed animal populaticn. Gross and histopathological examina-

tions have not revealed any significant differences between animal room and dome
housed animals.

There was no measurable effect on rodent or large animal growth attributable
to the Thomas Dome or its environmental parameters. Examination of rat organ
weights and organ/body weight ratios also revealed the same no-effect pattern.

Statistical analysis of blood values for monkeys and dogs showed no signifi-
cant difference between preexposure and exposure means.

Thus, the dome control experiment has shows that its environment does not
adversely influence the health status of animals caged therein. Furthermore,
the similarity between test and control animals, regardless of the biological
parameter examined, supports the present procedure of maintaining control ani-
mals exterior to the dome,
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DISCUSSION

DR. CAMPBELL (U.S. Public Health Service, Cincinnati):; This may be an
unfair question, but I wonder just how you might interpret similar differences
were you studying an atmospheric contaminant? ’

MR. EGAN (SysteMed Corporation): In terms of the pathology reports that i
we have?

DR. CAMPBELL: Pethology, any of the other statistically significant. . . ‘

MR. EGAN: Well, in the case of the patholugy reports, there seemed to be !
a fairly close correlation between what we see in the control animals and what Lo
we saw in the test animals. In terms of blood chemistry determinations, there
appears to be no significance in any of the parameters that were investigated.
In the testing of a contaminant, we would have maintained control animals - dogs :
and monkeys I'm referring to - and would the test animals be significantly different
than the control animals, regardless what the parameter, then at least we could
possibly conclude effect of the contaminant, not just the dome itself.

FROM THE FLOOR: Did you control the time of day at which you sampled
these animals? As you know, there's a well known circadian periodicity in most
of the measurements you made and also there are some periodicities which are
much longer than one day in length. This could account for some of the things
that you saw,

MR. EGAN: I think you're referring to blood chemistry determinations.
Generally speaking, all of the dome flights are made in the morning, The blood
samples taken are run immediately thereafter, so 1 wouid be fairly sure of the
fact it wae a good control on the length of time between the actual obtaining of
the sarnples and when they weie run.

FROM THE FLOCR: You missed iny point. The time they are drawn and the
time they are run is unimportant. if, indeed, you don't have degeneration of samples.
If you do not sample at the same time of day, day in and day our, and I mean not
generally just in the morning. You have to be within let's say 30 minutes; other-
wise, comparing one day to the next just cannot be done.

MR. EGAN: There are some Jimitations as to just wnen we cap get up into
the dome to do the sampling, and even with that, we do run intu some problems
actually in running the samples in the blood chemistry laboratory. I do think
that many of the blood chemistry determinations--Perhaps Dr. Sopher could be
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more helpful on this--that we analyzed don't really change that much. I might be
wrong on that point. Dr. Sopher, do you care to comment there?

DR. SOPHER (Aerospace Medical Research Laboratories): . The only thing
I could really say is that, as Mr. Egan has alluded to, these animals are generally
bled within about an hour of the same time in the morning. It's simply a matter
of the routine. Occasionally, when something goes wrong, when you have an
animal that doesn't want to be bled or something, then it can take longer, so as
far as the circadian rhythm goes, I think that the vast majority of times the
animals were bled were probably fairly close, and then again, we do either
immediately separate the sample and run it, or separate the sample and freeze
it until we are going to do the test. 1 don't think these variations would do it
and I don't think the sample handling is significantly different either.

MR. HAUN (SysteMed Corporation): This isn't a question; rather, it's a
confirmation. When the animals are bled in the domes, almost without exception,
they are bled within an hour of the particular day every two weeks. It's very
extraordinary when this isn't done. As Dr. Sopher mentioned, once in awhile we
will have a tough animal and have to go back and get him later, but I feel safe
in saying that in all the dome studies, 95% of the time the animals are bled within
the same hour on the same day every two weeks.
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PAPER NO. 6 -;

THE EFFECT OF ANTIBIOTIC PROPHYLAXIS IN OXYGEN TOXICITY IN RATS

Roger L. Sopher, M.D.
and
Farrel R. Robinson, Major, USAF, VC

Aerospace Medical Research Laboratories
Wright-Patterson Air Force Base, Ohio

Many factors have been shown to influence the mortality rate of rats in a :
toxic oxygen atmosphere. These include partial pressure of oxygen (Felig, 1965),
animal age (Dolezal, 1962), animal nutritional status, and environmental tempera- ‘
ture (Cambell, 1937). '

Robinson et al showed that the strain of rat used in O toxicity experiments
is also important (Robinson, 1967). In their study, Wistar, conventional Sprague-
Dawley, and specific pathogen-free Sprague-Dawley rats were compared and
differences in mortality rates among all three were found. One might expect
differences between animals of differing strains such as Wistar and Sprague-
Dawley but differences within the same strain would appear possibly to be due to
an external variable rather than an intringic difference. One obvious difference
between conventional and specific pathogen-free animals is their endogenous
bacterial flora. This might influence infectious disease occurring secondary to
the oxygen exposure. Bacterial pneumonia is common in rats exposed to high
concentrations of oxygen for prolonged times, probably because of the protein-
rich edema fluid in their lungs which provides an ideal culture medium. The
present experiment was undertaken to determine if the mortality difference between
SPF and conventional rats could be modified or prevented by antibiotic treatment
to determine if pulmonary infection indeed played a significant role.

MATERIALS AND METHODS

One hundred twenty-five conventional Sprague-Dawley (SD) rats and 125
Specific Pathogen Free (SPF) Sprague-Dawley rats weighing about 100 grams each
were obtained. The animals were weighed and four weight-matched groups of each
type rat were formed. Two days after the initial weighing the animals were again
weighed and those failing to hold or gain weight were discarded and the groups
were reduced to twenty-five animals each, Table I gives the mean weight and
standard deviation of each of the eight groups of animals at the two weighing periods.
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TABLE I
RAT GROUPS AND STARTING WEIGHTS*
(GRAMS)
Weights
Group 15 Sep 17 Sep
X s X 8
(Oxygen Exposed)
SPF-TET-Oq 123.8 8.8 135.2 7.7
SPF-H_,0-0, 123.8 8.8 133.1 10.0
SD-TET-O, 122,0 11.0 128. 4 12,0
SD-H 0-0, 123.6 10. 4 129.4 11.7
(Air Exposed)
SPF-TET-Air 123.6 9.1 134, 2 10. 2
‘SPF-H,O-Air 122, 3 9.4 136. 3 8.2
SD-TET-Air 122, 4 11.4 128.5 11.9
SD-H O-Air 122,5 9.4 127.1 10.0

*These weights were taken before the animals were given tetracycline or
exposed to oxygen.

Two groups of each rat type were placed in a Thomas dome in which the atmos-
phere was 100%, oxygen at 760 mm of mercury pressure. One group of each rat
type had 0. 35 mg tetracycline per milliliter added to their drinking water while
the other served as an oxygen exposed control. This was calculated to give a
therapeutic dose if the animals took water at their usual rate, about 20 ml/day
(E &S Livingston, Ltd., 1967). The other four groups, two each SPF and SD,
were housed in the vivarium as non-oxygen exposed controls. These animals
were treated in the same fashion as the exposed groups, i.e,, one SD and one
SPF group received 0. 35 mg/ml tetracycline in their water while the other two
groups received only water. All animals were fed a prepared commercial rat
pellet diet ad libitum.

If an animal died during the exposure period it was removed from the Thomas
dome at once and necropsied, or if at night, placed in a refrigerator and necropsied
the next morning. The pleural effusion from animals that died was cultured by
routine methods. At the end of the 28-day exposure period all of the oxygen ex-
posed animals and two each of the air exposed animals were killed with an over-
dose of intraperitoneal sodium pentobarbital. The lungs from 10 animals randomly
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selected from each O exposed group (40 total) and the sacrificed air exposed
animals were cultured by routine methods for aerobic and anaerobic bacteria

as well as for pleuropneumonia-like organisms. If growth occurred on a primary
culture appropriate subcultures were made to identify the organism(s) present.
All of the exposed animals and the sacrificed air controls were necropsied, in-
cluding histopathclogic examination.

RESULTS

Table II is a summary of the mortality in each group by exposure days. As
can be seen, deaths occurred only in the O, exposed animals. The SPF-TET-O,
group had three to five times as many deaths as did any other single group. - At
the end of the experiment all of the air control animals were weighed. Table III
shows the mean weight of those animals by growp. The SPF animals on tetracycline
weighed considerably less than did those not on tetracycline. This phenomenon
was not seen in the SD animals. The reason for the difference in standard devia-
tion in both tetracycline fed groups as compared to the controls is another inter-
esting finding but its significance is not known.

TABLE II
MORTALITY BY DAYS

Exposure Day

Total

Group 1 2 3 4 5 6 7to28 Dead
SPF-TET-O, 0 0 8§ 1 1 0 0 10
SPF -H,O-O, 0 0 2 0 O 0 0 2
SD-TET-O, 0 0 3 0 O 0 0 3
SD-H,0-0, 0 0 1 2 0 0 0 3
SPF-TET-Air 0 O 0 0 O 0 0 )
SPF-H,0-Air 0 O 0 0 O 0 0 0
SD-TET-Air 0 o0 0O 0 O 0 0 0
SD-H,O-Air 0 0 0 0 O 0 0 0

75

Facite e iy S 1T

o A s

S it

R,

SR NE T




MR A N S e § ey .

AMRL-TR-68-175

TABLE III
MEAN WEIGHTS OF AIR EXPOSED RATS AT 28th DAY
(GRAMS)
Group _ Weight
X s
SPF-TET-Air 246.2 27
SPF-H, O-Air 271.1 62
SD-TET-Air 236.0 - 27
SD-H, O-Air 227.6 57
BACTERIOLOGY

The pleural fluid from the animais that died spontaneously during the exposure
period was sterile. Table IV gives the results of the cultures from the animals
killed at the end of the experiment.

TABLE IV

RESULTS OF LUNG CULTURES OF OXYGBN EXPOSED RATS

Sons s fa erobi [P0
No, Initial Culturs Tet | Aercbic Subculture 10 Tet m% Culture
33 | Alphs strep, Proteus | No | Protous sp,, Alpha No NG neg
. Bpid, atrep.
43 D. pasumonise Yoo NG neg
oo, ) wmem | 3
M srep neg
N NG Hem Staph Bpid No NG neg
3 | Proveus sp., B. Coli | Yes | Pesudomonas &, No NO neg
Swuph Bpid, Awro-
bacter
8Pr-H,0-0, |09 | D. pesumoniss Yoo | D. pmumonise Yoo l.).“.pn-lm- You neg
13 NG NG Anaerobic Y neg
srep
41 | Alphe strep You | Alpha strep Yoo NG neg
SO-TET-0, |4y Alphs anterococc! No | Alphs emte ococct No NG neg
»| Apa Proeus | No | Alphs etrey, No NO oy
» Protes o .,
B sultilia,
80-H0-0, Suph Epud,
04 | Alphs atrep. You | Alpha mr p, Yeu NG neg
16 [ Hem, Staga Bpid, Yeu NG nog
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The SPF-TET animals had more growth than did any other single group but
the type of organism found was equivalent. Many of the organisms {(e.g., the
Bacillus species) were probably contaminants. Since tetracycline sensitive
organisms were found in tetracycline fed animals, it raises doubts as to whether
the dosage of the drug was sufficient.

PATHOLOGY

All of the animals dying spontaneously had the typical gross and histologic
lesions of acute oxygen toxicity, i.e., heavy, congested, edematous lungs with
marked pleural effusion. No differences among the groups in type of lesion,
incidence of bronchopneumonia, or murine pneumonia were seen.

The animals killed at the end of the exposure period typically showed atelec- :
tasis, emphysema (both destructive and compensatory), increased fibrous tissue, 3
and varying degrees of murine pneumonia. A few animals also had broncho- :
pneumonia. There was no set pattern of pathologic changes in any group and no :
real differences existed among the several groups.

We were unable to repeat the mortality curves of previously reported studies
(Robinson, 1967; Felig, 1965; Roth, 1964). The reason for this is obscure but
possibly resides in the fact that we used very young animals which are known to
be much more tolerant to the toxic effects of oxygen (Dolezal, 1962). To test
that hypothesis we placed our surviving air control animals in the Thomas dome {
when they averaged about 250 grams and had 100% mortality in about four days. ;
This fits the established figures much more closely than the animals did at the
younger age. In this exposure no diiference was noted between TET and control

groups.

From the weight data it would appear that the SPF rats were affected unfavor- i
ably by the administered tetracycline, This insult plus the oxygen environment :
possibly explains the three to five fold increase in death in the SPF-TET-0, group.

Why the SPF animals were ill affected by tetracycline is not at all clear. They
were ordered from a different dealer than the conventional animals. Kydd (1963)
has reported differences in susceptibility to chronic oxygen effects in rats of
the same strain when obtained from different sources. The results of the path-
ologic studies and bacterial cultures tend to show that antibiotic prophylaxis,

at least at the level we administered, is ineffective in preventing pneumonia in
oxygen intoxicated rats: a higher dose may have been effective.

Perhaps this experiment also once again shows that a rather innocuous drug
used in abnormal environments can cause unexpected and untoward results.
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SUMMARY

Rats exposed to oxygen at 760 mm Hg and ambient air were given tetracycline
prophylaxis in an attempt to modify the usual mortality pattern. This was not
accomplished; the antibiotic appeared to be ineffective at the dose level used for
that purpose. Indeed there is evidence that the combination of oxygen and tetra-

v b o e e

cycline may cause increased mortality in some strains of rat.
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DISCUSSION

DR. WEIBEL (University of Bern): I have a number of questions to Dr.
Sopher. First of all, were these specific pathogen-free rats in the same dome
with the other rats?

- v R

DR. SOPHER: Yes, they were, but they were caged separately. i

DR. WEIBEL: Yes, we still have to ask how pathogen-free they will be when
you have them together in the same dome, and these specific pathogen-free
animals will not have the immunological baseline if you want to cope with all the
infections that come from these regular Sprague-Dawley rats. This may be one
of the factors you may have to take into account.

The next question is how does tetracycline influence metabolism of these
animals? Does it interfere with protein synthesis or lipid synthesis, which would
explain, perhaps, why these animals might be more damaged than the others and
might die earlier than the others.

DR. SOPHER: Well, first of all, the animals were housed in the same dome
and there very well could be a certain amount of interchange of bacterial flora,
An experiment of this type was-run in the domes and was reported out by one of
our personnel a couple years ago where he reported he had a marker organism
and he could follow this organism being transferred between dogs and monkeys.
However, the dogs and the monkeys were all caged in the same area, the dogs
all together in the pen, constantly biting each other and playing around and so
one could expect to get an interchange there. Now, the flow in a Thomas Dome
is approximately laminar so the amount of cross flow between the cages them-
selves is probably not very great so I don't think it's going to carry too many
organisms to affect the immunologic status of the animals. These animals were
not gnotobiotic, they weren't germ-free. They did have a bacterial flora but it
was specific pathogen-free, sol don't think their immunologic status would have
been affected as much as it would be in true gnotobiotic animals as you've
seen in germ-free mice or this sort of thing. As far as the pharmacology of
tetracycline is concerned, some of the effect, possibly the effect that might be
most expected to be in play here, is that it has, in cellular suspension, been
known to interfere with oxidative phosphorylation, Certainly interference has
been shown to occur somewhat with oxygen toxicity as well. There is probably
uncoupling of oxidative phosphorylation. These two together may well account for
part of this. It has other unknown things, for example, it causes acute fatty liver
in some pregnant women. No one knows exactly why that is. Degradation pro-
ducts can be quite toxic. Inthis case, we used fresh antibiotic, changed water
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daily, so I don't think we are getting into that. [ frankly don't know what the
mechanism is. We didn't expect this result and I just really can't explain it to
my satisfaction.

DR. ROBINSON (Aerospace Medical Research Laboratories): 1'd just like
to add a little more background as to why we got into this. In some of the earlier
experiments the rats that we exposed and subsequently examined were quite
obviously infected with, at least from a histopathologic standpoint, various bacteria,
and we felt that by using the tetracycline we could possibly avoid some of this
type of interference with the expression of oxygen toxicity.

DR. SMITH: I don't remember that slide showing mortality perfectly, but. —
it seemed to me that you had eight deaths. Was that on one day?

DR. SOPHER: Yes, on the third day.

DR. SMITH: This looks rrore like an episode than a trend. I wonder if this
could explain it, because it looks completely out of line with the records there-
after and of other groups being carried parallel with it.

DR. SOPHER: Well, Dr. Robinson can correct me on this if I'm wrong, but
if I recall the data correctly, in a typical situation with oxygen toxicity, your
mortality, your greatest mortality, generally, will occur very early, in approx-
imately 72 hours, and this clustering effect was seen very well when we put the
adult animals back in the dome, and we had the vast majority of animals dying
at approximately two days, and then a few more filtered down over the next two
days, and then they were all gone.

DR. RIESEN (IIT Research Institute): I could concur with the clustering of
oxygen toxicity within two or three days after. The mass of evidence from many
labs now, including Wright-Patterson data, supports that point of view. I think
the cascade of oxygen from the atmosphere to the interior of the cell in relation
to the cascade that you have from tetracycline to the interior of the cell should
be considered in terms of the joint interaction between oxygen and tetracycline at
the mitochondrial level. Certainly, we know that many antibiotics have very
specific effects on either electron flow or coupling of phosphorylation, so that
I would suggest some in vitro experiments in an attempt to determine how much
tetracycline gets into the cell, if you wish to pursue that further.
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PAPER NO. 7

PSYCHOPHARMACOLOGY OF CARBON MONOXIDE
UNDER AMBIENT AND ALTITUDE CONDITIONS

Kenneth C. Back, Ph.D.

Aerospace'Medical Research Laboratories
Wright-Patterson Air Force Base, Ohio

and
Abel M. Dominguez, Lt. Col., USAF

Armed Forces Institute of Pathology
Washington, D.C.

INTRODUCTION

Duiing the past two or three years, it has become increasingly evident that
carbon monoxide might become one of the major problems associated with long-
term space flight. By long-term, I mean to imply missions of greater than 90
days duration. For longer missicns, the space vehicles must be tighter to de-
crease leak and conserve the cabin atmospheres. In addition, present day thinking
promotes the ideas of uring regenerative oxygen producing systems such as the
Sabatier reaction and others which utilize carbon monoxide (CO) in the cycle.
These sources of CO plus our previous findings that almost all space cabin
materials gas-off CO and the fact that man also produces CO make it imperative
to study the effects of long-term exposure to relatively small amounts of the
compound. There is a vast amount of literature pertaining to the acute effects
of high doses of CO and even some on chronic effects of work-day exposures on
man such as with personnel in traffic tunnels. However, there is little pertinent
data on continuous exposures to either animals or man.

The experiments which I shall describe, then, are in a serizs designed to
study the effects of carbon monoxide on the central nervous system in terms of
the biochemistry involved at the cellular and subcellular levels, the effects on
the electrical activity in the brain, and the total effects on performance. These
specific experiments were designed to correlate performance with carboxyhemo-
globin levels of exposed animals since there have been reports that exposures of
CO 10 levels around the Threshold Limit Value of S0 ppm have caused performance
decrements in human subjects.
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Methods

The subjects used in these experiments were 12 adult Macaca mulatta monkeys
which were trained at Holloman Air Force Base and shipped to Wright-Patterson
Air Force Base. All animals were trained on the performance tasks to a stabilized
level during 2 period of several months.

Since most of the participants at this conference are familiar with our altitude
facility, it is only necessary to indicate that the animals are placed in 12 individual
working cages especially designed to fit in front of each of 12 windows within one
Thomas dome. The psychopharmacology programming equipment is solid state
and has been described in further detail in the 2nd Conference Proceedings by T. L.
Wolfle and by K.C. Back in the 3rd Conference (Wolfle, December 1966, Back,
December 1967).

The performance panel in each cage includes two stimulus lights over each of
two response levers (left and right). These levers are used fcr a continuous
avoidance task. Mounted between and slightly abeve these levers are two response
push buttons. The upper push button contains a white lamp which flashes for a
discrete visual response, while a lower button is the response object for a discrete
auditory response to a 2800 cps tone mounted to the upper left of the panel.

The animals are programmed to work eight hours each day. They work for
15 minutes each hour starting on the hour, five days per week, for as long as the
experiment is in progress. They do not work on weekends. The animals are fed
at the end of the last session on each work day. When blood is obtained or when
any other procedure involving “he handlirg of the animals takes place, it is
scheduled before the first weik session in the morning (0800).

Each 15-miaute work schedule includes three tasks. The monkeys must press
each right and left continucus avoidance lever at least once each 15 seconds or
they receive a light shock. In adeition, they are presented 12 randomized visual
and 12 randomized auditory cues during each 15 minute work period. The response
to these cues must be made within two seconds or the animals receive shock.

In addition to carboxyhemoglobin levels, (Dominguez, 1957), the battery of
tests accomplished on most of our chronically exposed animals is indicated in
table I.
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TABLE 1
ROUTINE CLINICAL LABORATORY TESTS

Hematology Chemistry
WBC - Sodium
RBC : Potassium
Hemoglobin Calcium
Hematocrit Total Protein
Differential Count Albumin
(when needed) Total Phosphorus
SGOT
SGPT
Alkaline Phosphatase
A/G Ratio
- TABLE II
EXPERIMENTAL EXPOSURE CONDITIONS
USING TRAINED MONKEYS
Duration
Atmosphere Altitude Ambient and Dates
1. Air plus X 160 Days
55 mg/m?2 CO 14 Aug - 21 Nov 1967
2. 68% 0,/3%% N, X 105 Days
plus 4 May - 16 Aug 1968
55 mg/m?3 CO
3. 68% 0,/32% N, X 7 Days
plus 16 Aug - 23 Aug 1968
110 mg/m3 CO
4. 68% 0,/3%% N, X 7 Days
plus 23 Aug - 30 Aug 1968
220 mg/m*CO
5. 68% O,/3%% N, X 7 Days
plus 30 Aug - 6 Sep 1968
440 mg/m3CO
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As may be seen in table II, the experimental exposure conditions can be
divided into 5 phases. In the first phase and following a baseline period of
approximately one month in the dome, the animals were exposed to 55 mg/m?

.CO in air under ambient conditions for 100 days. The ambient conditions consisted

of an air flow rate of 25 cfm, 70-78F, and an RH of approximately 50%. Following
this exposure, the animals were returned to the vivarium for about 5 months while
the new water deluge system was installed and other repairs made to make the
equipment safer to use. The animals were then returned to the unit and new
baselines obtained under ambient conditions, after which they were taken to

27, 000 feet altitude (Spsia) in a two-gas system of 68% Og /32, N,. The second
phase of exposure, then, lasted for 105 days at 55 mg/m® CO. Successive phases
3,4, and 5 consisted of doubling the concentration of CO each 7 days following the
last day. of exposure to 55 mg/m®. On each successive Friday, and without
stopping the exposure conditions, the animals were presented with 110 mg/m3

CO, followed the next week with 220 mg/m?®CQO, and finally with 440 mg/m? the
last week. Blood was obtained on each Wednesday morning for carboxyhemoglobin
levels during these last three weeks.

Results
TABLE III

BLOOD CARBOXYHEMOGLOBIN LEVELS*

EXP 1 55 MG/M?3 AMBIENT
6 SEP =4.4 (4.0-5.0) % SATURATION
40CT =3.1(2.0-4.5)
9 NOV =3.8 (2.0-5.0)

OVERALL = 3.7 (2.0-5.0)
EXP2 55 MG/M® MIXED GAS, ALTITUDE
23 MAY = 4.8 (4.0-5.5) % SATURATION
21 JUNE = 4.3 (4.0-5.5)
17 JULY = 4.8 (4.5-5.5)
14 AUG =5.0 (4.5-6.0)
OVERALL = 4.7 (4.0-6.0)
EXP3 110 MG/M® MIXED GAS, ALTITUDE

21 AUG =8.3(7.0-10.0) % SATURATION

EXP4 220 MG/M?® MIXED GAS, ALTITUDE
28 AUG =19.5(17.0-21.0) % SATURATION

EXPS 440 MG/M?* MIXED GAS, ALTITUDE
4 SEP =230.1(27.0-34.0) ¢ SATURATION

*Averages of all animals (Range)
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The correlation between the dose of CO and blood carboxyhemoglobin levels is
shown in table IIL. It is quite evident that at 55 mg/m?® (50 ppm equivalent),
carboxyhemoglobin levels did not change appreciably during each of the three i
months and an overall average of 3. 7, saturation was obtained. Likewise in
phase 2 (55 mg/m?® mixed gas at altitude), carboxyhemoglobin levels averaged a
very stable 4. %, saturation which is not significantly different from that found
under ambient conditions. At the higher concentrations of CO, 110 mg/m?® CO
produced 8. 3, saturation, 220 mg/m? CO produced 19. 5% saturation, and %
440 mg/m3 produced 30, 1%, saturation. This turns out to be almost a straight
line relationship between dose and carboxyhemoglobin levels. Hemoglobin levels ,
obtained at the end of phases 1 and 2 are shown in table IV.

TABLE IV

DATE 9 November 1967 - SPECIES Macaca mulatta

ANIMAL NUMBER
TEST M82 M94 MS80 V35 6P0 ES5L 303 4P8 FO08 288 4P6 E98

HCT (vol %) 51 46 48 43 53 35 42 42 52 43 47 46

HGB (gm%) 15.2 14.4 14.8 12.8 16.0 10.5 13.2 12,8 15.6 12.8 14.0 14.4

RBC (x 108) 6.55 6.00 5.97 5.68 6.40 4.78 5.59 5.31 6.71 5.38 5.75 5.71

WBC (x10°) 7.5 6.8 8.4 9.5 10.5 7.6 4.90 8.5 11.3 6.2 10.6 11.8
DATE 14 August 1968 SPECIES Macaca mulatta

ANIMATL. NUMEBER
TEST 4 8 'V 1 4

HCT (vol %) 52 49 53 47 42 47 41 42 40 42 44 4]

HGB (gm %) 15.6 16.0 17.6 14.8 14.0 14.8 12.8 13.6 12.8 13.6 13.6 13.2

RBC (x10°%) 6.84 6.59 6.58 6.07 5.95 6.02 5.81 6.01 5.54 5.71 5.94 5.65

WBC (x102) 10.3 9.2 14.6 11.8 12.1 13.2 8.9 7.7 12,9 9.8 13.6 11.3

During all phages of these experiments, only 2 animals of the 12 showed any
significant changes in performance levels. This was true at all dose levels of CO
and despite the fact that at 440 mg/m® the majority of the monkeys showed outward
signs of toxicity during the first two days of exposure. In addition, most of the
animals reduced their caloric intake, with 3 of the 12 animals eating less than
1/3 of their normal food intake during this exposure concentration. The remark-
able finding was that although first appearing sick, by the end of the week a com-
pensatory mechanism must have been instituted because the animals looked per-
fectly normal in all outward appearances though they maintained a blood carboxy-
hemoglobin saturation of 30%,.
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The two animals that showed changes during the experiments were designated
E98 (Klutz), and M82 (Irving). Figures 1 and 2 depict the performance levels of
Klutz at the times during the exposures when maximum changes had taken place,
At the left of figure 1 can be seen the baseline lever presses and reaction times
to visual and auditory discrete avoidance cues. The baseline represents the last
five days of baseline work effort with the upper and lower limits of this animal
described from the previous month's work. At 55 mg/m?® CO under ambient
conditions, there was no significant change in visual or auditory reaction times
and only a very slight change in lever presses during the final 5 days of exposure.
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Figure 1. PSYCHOPHARMACOLOGY OF CO
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All other data during his total exposure were within normal limits. During the
second phase of the experiment and following the time in the vivarium, some
changes had taken place in baseline activity (see the center portion of figure 1).
This animal became quite sensitive to his environment and showed maximum
changes in continuous avoidance parameters as shown between days 45 and 50.

ff However, performance of lever pressing gradually increased steadily and finally
% reached the stage shown between the 95th and 100th day of exposure. Of interest

is the fact that visual discrete performance (reaction times) became faster and
actually bettered the test baseline times.

The reactions of this animal to 110, 220 and 440 mg/m?3CO are depicted in
figure 2. Remember that the 110 mg/m3 dose was presented on the.last day of
the 55 mg/m?® CO exposure. Therefore, work week #1 on this figure starts where
day 100 left off in figure 1. As can be seen, right and left lever presses have
markedly increased and auditory reaction times have slowed. This is followed
by decreased lever presses at 220 mg/m3 and further slowing at 440 mg/m3,

E et TN R MR R SR

Although E98 (Klutz) was an animal which had a more labile performance
pattern, figures 3 and 4 represent the activity of M82 (Irving), an animal which
has been one of the most stable workers of the 12, Figure 3 shows that there :
was absolutely no change in performance during the ambient exposure to 55 mg/m?
CO. However, at 55 mg/m?® CO at altitude, left lever presses suddenly peaked-

. out way off scale. The lever presses went up to about 150/minute but note that
the right lever performance and discrete performance remain unchanged. The
! reaction to the higher concentrations is shown in figure 4. Of acute interest is
the evidence of a relative slowly changing decrement of left lever presses while
all other parameters remained perfectly stable. A possible explanation for this
performance change is that the animal accommodated to an unpleasant situation
by over-~reacting. This is seen frequently in trained animals receiving shock by

f failure to perform one task and attempts to compensate by performing another
task at a more rapid rate.
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Of particular concern here is that all animals could perform well even under
conditions where carboxyhemoglobin attained levels of 30%, saturation. Further,
it is interesting to note that some sort of tolerance was apparent since the
440 mg/m? CO level produced outward signs of toxicity which tended to disappear
with time,

Summary

The Air Force has become very interested in the short-and long-term effects
of carbon monoxide (CO) since studies of gas-off products of space cabin materials
and processes (including man's contribution) reveal that the compound is likely
to be found in space cabins if not properly scrubbed. Recent investigations have
indicated that very low concentrations of CO can cause subtle decrement in high
level performance. In order to test performance changes, two continuous 100-day
CO exposure studies to 55 mg,/m? in amnbient air, and in a space cabin atmosphere
of 5 psia total pressure (27, 000 ft simulated altitude), mixed gas environment
consisting of 68% oxygen and 32% nitrogen (pO, = 160 mmHg) were performed.

At the end of the second experiment, and without stopping exposures, CO concen-
trations were increased to 110, 220, and 440 mg/m® respectively, at 7-day
intervals. The experiments were performed on 12 trained monkeys in which
operant behavior was conditioned to both continuous and discrete avoidance tasks
by both audio and visual cues. The animals performed 15 min/hour, 8 hours/day
and 5 days/week, during the continuous exposure period. Extensive clinical
laboratory determinations were performed, including blood carboxyhemoglobin
levels, throughout the test periods. In the two experiments conducted at 55 mg/m?,
carboxyhemoglobin per cent saturation plateaued after the first 48 hours' exposure
at 3.7 and 4. 7, respectively, There was no observable decrement in performance
under either ambient or altitude conditions, nor were there changes in other
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clinical parameters. Exposure to 110, 220, and 440 mg/m?® caused mean carboxy-
hemoglobin saturations of 8.3, 19.5 and 30.1%, respectively. These levels
produced performance changes in two of the 12 monkeys; the 440 mg/m?2 level also
produced changes in appetite and in outward appearance in 6 of the 12 animals.
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DISCUSSION

l

DR. ROBINSON: I think, Ken, that it may have gotten across that these
monkeys hit the right lever with the left hand and vice versa and so on. Don't
they, in fact, use the same hand for both levers?

DR. BACK (Aerospace Medical Research Laboratories): Some of them do
and some of them don't. This particular animal is ambidextrous. Some of them
stand at the console and press the left lever with the left hand and the right lever
with the right hand. Most of them do, a few of them don't, this one happens to.
Sometimes you can see, with other compounds an absolute changeover, and the
lefthanded animal can become a right-handed animal; with exposure to decaborane,
this has happened.

DK. THOMAS (Aerospace Medical Research Laboratories): This decrement
of performance showing in some animals and not showing in others certainly
points out the individual variabilities in these monkeys. Some are pretty tough.
We've seen with other agents that you practically have to kill them before you can
measure decrement in performance, which brings up the point of just how sensi-
tive these criteria are.

DR. BACK: Yes. This is not a very complicated task. The task becomes
practically automatic. This is a relatively gross test, no doubt about it. How-
ever, there are other data here that I have been unable to show and this is the
number of shocks taken. I didn't show any shocks taken here, but a number of
animals show an increase in the number of shocks that they will take, so that
it is not as gross as that. We are toying with the idea that we would like a little
more sophistication in the test, but one of the problems is that we are trying to
keep it as simple as possible. We are not able to go in the dome on a moment's
notice and fix a lever, so that we do have some logistics problems here to take
care of. The more complicated the program gets, the rougher it is to maintain
and monitor the equipment,

FROM THE FLOOK: Ken, do you feel that your carboxyhemoglobin levels
for the monkeys were relatable to or correlate with man? 1'm thinking of thres-
hold limit values, in particular, where you mentioned 55 milligrams per cubic
millimeter,

DR. BACK: In the first place, I think the carboxyhemoglobin levels are
lower than those to be expected in man, under the same conditions. For instance,
at 440 milligrams per cubic meter, we had about 29% saturation. It looks to me
that they should be up around 40%, rather than 29%, a. 'Idon't know whether
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this is due to difference in methodology in the previous studies. I know the
method Colonel Dominguez is using is more up-to-date than in the old data, but
our carboxyhemoglobins are quite a bit lower than we could expect from previous
: human data.

QUESTION: It was my understanding from some while back that about
15 to 18% carboxyhemoglobin would begin to affect the oxygen saturation and you
would be at a point where, with a man, he would not have enough oxygen When
you get up to 26%, where are you there?

DR. BACK: Well, we don't know yet. We're going to do a number of experi-
ments in the near future. Miss George is setting up to do pOg's, brain pQOy's,
because we must know what's going on in oxygen transport. We are now getting
animals ready with implanted brain electrodes to study the effect of these levels :
at altitude. We want to correlate the carboxyhemoglobin levels with mitochondrial 1
1 changes and cell metabolism changes. Maybe we'll have the answers in the next i
‘ ten years. ;

» MR. WANDS: One of the things you will want to watch for is a marginal hypoxic
; condition of stress, particularly the physical stress. Work, exercise, becomes
‘ quite critical here.

DR. HODGE: It used to be said that the human was symptom-free if he had
10% or less carboxyhemoglobin. Is that still a reasonable value? If it is, it
certainly must be reportable symptoms, and the tests, if he's like the monkey,
show that he really was suffering a decrement within that limit.

DR. BACK: Beard's paper indicates that at 50 parts per million, he got
decrement in temporal changes - a man's ability to judge the length of a tone.
Fifty parts per million of CO is our threshold limit value. This would give
about a 7% carboxyhemoglobin saturation, which means every cigarette emoker
should have a decrement in performance.

FROM THE FLOOR: You must take into consideration compensatory hemato-
crit changes with smoking.

DR. BACK: Our hematocrit didn't change an iota in these animals. You
must recognize that this is in a 5 PSIA mixed-gas atmosphere. This is an atmos-
phere in which you have an alveolar pO, quite similar to that which we have on the
ground right here,

FROM THE FLOOR: Right. We're speaking of people in a normal environ-
ment, smoking.

DR. BACK: I can't really believe that people are that much different from
monkeys as far as carboxyheinoglobin levels are concerned. I think there's
something the matter with our past methods.
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MR. WANDS: Dr. Back, it's quite true that literature on carbon monoxide
is quire ancient and was obtained with an entirely different analytical procedure
than we have available today. When we get into these fine points of differentiation
between 7% and 10% saturation, these factors of analytical methods become quite

important.
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PAPER NO. 8

RELATIONSHIP OF RESULTS OF LONG-TERM TOXICITY
S fUDIES TO THOSE OF SHORTER DURATION

Carrol S. Weil

Mellon institute
Pittsburgh, Pennsylvania

The testing of the toxicity of atmospheric contaminants ir confined spaces for
acute, subacute, and chronic exposure periods is a prime and essential function
of the Toxic Hazards Divisicn of the Aerospace Medical Research Laboratories.
The inter-relationships of the toxicity results betwzen these studies of varying
duration is important for two reasons: first, so that the results of short term
studies may be used to plan more accurately the dosage levels for longer term
studies; and, secondly, to use short term studies in place of the long term if
experience illustrates that a reliable relationship exists between such experiments.

It is obvious that atmospheric contamination in confined spaces will be a com-
bination of low concentrations of several, or many materials, This paper is a re-
port on two sets of experiments which Lear on these aspects. A formula is pre-
sented which has proved vaiuable in the prediction of joint toxic action of combina-
tions of materials by inhalation and by peroral dosing when their action is additive.
Furthermore, to indicate a potential parallel line of attack for inhalation studies,
the inter-relationship between the single peroral LD50, and the 7-day, 90-day,
and 2-year feeding studies will be preserted.

Approximately 10 years ago the Chemical Hygiene Fellowship started experi-
ments to estimate the torxicity cf mixtures. The results of these investigations
testing 15 multicomporent mixtures by inhalation and by peroral routes and 36
paired mixtures inhaled by rats, 23 of which were also administered perorally
were previously published (Pozzani, 1959). Prior to, and concurrent to these
experiinents, we predicted and tested the peroral joint action of all practical
combinations of 27 mate:ials (350 pairs). These latter results are in press

(Smyth).
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‘The formula used to predict joint-action is:

1_pl p2 pn
i P'—fME 1+ MED, " + MED),

where: MED = median effective dose; 1.C50 or LDS0 e. g.
M = predicted MED of mixture
p = proportion of component in mixture

An example of its use is presented in table I. The formula, which is equiva-

lent to the calculation of a weighted harmonic mean, used to average rates (LD or
LCS0s are rates), is generally efficient for acute data. The coefficient of rank
correlation between the predicted LCS50 of 36 pairs of materials and that actually
observed during vapor exposures was +0. 89, where 1.0 is perfect correlation.
Similar excellent agreement was usually obtained between the predicted and ob-
served peroral joint-toxic tests, with the exception, of course, of those materials
that produce reactions significantly greater or less than additive. An additional
factor is worthy of note; the rank correlation coefficient between the observed
inhalation LC50s and the peroral LD50s of 23 mixtures was +0. 86. This is an
indication that, in general, acute inhalation and oral results are relatively similar

: in degree of toxic action. Because of this relative similarity, data collected on

? ' the relationship of single peroral LDS0 and repeated dose feeding studies is herein
presented, with the hypothesisin mind that these oral-route inter-relationships
might be similar to those which could result from inhalation experiments of varying
durations.

TABLE I
EXAMPLE Or CALCULATION OF PREDICTION OF JOINT TOXIC ACTION

LCS0;
p; 8-Hour
Percentage Inhalation,
by Weight mg. /liter
Butyl acetate 61.6 40.6 (28. 3 to 58. 3)
5 Butyl alcohol 28. 2 29.4(26.3 to 33.0)
g Isopropyl acetate 10. 2 50.6 (43. 0 to 59. 5)

L =4g. glo . 7(9)' 2282 +.0.102 _ ) 0o6oe

M = 37. 3 mg. /liter
observed LC50 of this mixture = 40. 0
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In 1963 the results of a comparison between 33 subacute and long term feeding
studies were presented (Weil, 1963). These involved materials tested during more
than 15 years by the Union Carbide Fellowship at Mellon Institute and by the Dow
Chemical Company Laboratories. The criteria of effect foliowed in these studies
were enumerated in table III of that paper (Weil, 1963), as was the frequency with
which these criteria were sigaificantly altered at the lowest dosage level in which
any effect was present in pertinent studies (ones in which at least one criterion of
effect was significantly aitered at some dosage level). It is apparent that many
criteria are very inefficient in the determination of the minimum effect, maximum
no ill-effect interval for materials, A summary presented in table VI of that
paper (Weil, 1963) illustrated that body weight change, weight and pathology of ]
the liver and of the kidney were the efficient criteria. 3

The ratios between the maximum no ill-effect levels obtained in the subacute
(usually 90-day feeding studies) and the long term, 2-year studies were presented
in tables I and V (Weil, 1963). Also illustrated in the latter table are the sensi-
tive criteria at these minimum effect dosage levels in the studies of these durations.
Of prime importance is that these ratios were low, indicating a favorable relation-
ship between 90-day and 2-year studies.

Additional experiments were recently performed, using 22 chemicals, to ¢
determine if the relationship between studies of varying duration could be extended,
i.e., whether the results of LDS0s or 7-day feeding studies could be used to pre-
dict the outcome of 90-day feeding studies. The results of 20 of these 22 materials
were previously summarized (Weil, in press). The materials covered a wide
range of toxicity, as illustrated in table II. The criteria affected, table III, were
similar to these previously presented as efficient for the subacute, 2-year feeding
study experiments (Weil, 1963). The parameters of the ratios between these
studies of varying duration are sumnmarized in table IV,

The quantitative relationship between the LD50s and the 90-day minimum
effect dosage level (MiE) was relatively poor; the median ratio was 10. 0 and to
encompass 95% of the cases, was 39.8. The semi-interquartile range, a measure
of variability between individual ratios, was 9.8, which is approximately 6 times
the variability of the one-week, 90-day ratios.

The LD50s and 7-day MiEs were somewhat better related, as three-fourths
of these ratios were 11. 4 or less, but to encompass 95%, of them a ratio of 25.8
was needed. However, 95% of the ratios between the 7-day and 90-day minimum
effect dosage levels were 6.8 or less, a 6-fold improvement from the 90-day
estimate allowed by the 1.D50s. It is worthy of note that the parameters of the
90-day versus 2-year repeated oral ratios (Weil, 1963) were almost identical
with the MIiE, /MiEg ratios. Therefore, one can predict 90-day results from a
7-day test (but not from L.D50s) with the same coafidence as he can the 2-year
results from a 90-day test.

The coefficients of rank correlation summarize these relationships. They
were all positive and significant with those for MiE, /MiF. and MiE o/MiE, -year
approach:ng the maximum coefficient of 1. 0. The cumulative frequency percentage
curves of these ratios are presented in figure 1.
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| TABLE II

DOSAGE RANGE OF THE TWENTY-TWO MATERIALS USED IN THE 5
SEVEN OR NINETY-DAY STUDIES

Frequency of Occurence
Minimum Effect Level

Dosage Range;

ml. or gm. /kg. L.D50 7-Day Study 90-Day Study
<0i 7 7 12
0.11t00.99 4 10 7
1.0t09.99 8 4 3
>10 3 1 0

Range 0. 0009 0. 0008 0. 0002

to to to
>64. 0 10.0 5.3
TABLE III

SENSITIVITY OF CRITERIA AT MINIMUM EFFECT DOSAGE LEVEL
IN SEVEN-DAY OR NINETY-DAY STUDIES

7-Day 90-Day
No. of No. of
Perti- %_of Times Perti- % of Times
nent Criterion Sole nent Criterion Sole

Criterion of Effect Studies Affected Effect Studies Affected Effect

Body Weight 22 86 41 22 64 45
Liver Weight 22 36 0 22 32 18
Kidney Weight 22 13 0 22 9 0
Mortality 22 4 0 22 4 4
Cholinesterase 4 100 75 7 71 29
[4
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TABLE IV
PARAMETERS OF RATIOS
Ratios
TZDS% Lﬁs% MIE, - Day MIE,,Day
Parameter iF, _Day Ee - Day /44113” -Day /MlE‘ -Year
25th Percentile = Q 1.2 2.8 2,0 L1
Mediar, 2.6 10.0 3.0 1.8
75th Perentile = Q, 11. 4 22.4 5.1 R
95th Percentile 2.8 39.48 6.8 5.7
Semt- Interguartile
Range =Q -Qy)/2 5.1 9.8 L6 1.4
Coefficient of
Rank Correlation 0. 860 0.799 0.935 0.946
MiL. = Minimum effect dosage level
' T
_____ P
g ___________ vl
- ,/
é - 7
RATIOS ]
ME 2 Mrorrum Effect Dosage Level ]
— My gy /M 440y p
g o M 5. gy ME g pee
. - LOSOME 1.
< — =L DS0AME o0 oy, d
K
] .
! -
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Figure |. CUMULATIVE FREQUENCY PERCENTAGE
CURVES OF ACUTE TO SUBACUTE AND TO

CHRONIC FEEDING STUDY RATIOS
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In summary, it has been demonstrated that joint toxic action of mixtures for
acute inhalation and peroral routes can often be predicted by calculation. Also,
the toxicities of these mixtures by these routes were positively correlated. Further
studies should be instigated to determine if joint toxic action of mixtures over
longer periods of exposure can also be accurately predicted from the repeated
dose toxicities of their components.

Furthermore, the results of subacute feeding studies can often be predicted
by a one-week test, as can long term results by a subacute test. These excellent
relationships between feeding studies of varying duration indicate hope that similar
correlations can be proved by experimentation between inhalation studies of short
and long term durations. If these inter-relationships are good, dosage levels for
the latter can be better predicted from the former, or short term studies might
be used in place of long term exposures.
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DISCUSSION

DR. FAIRCHILD (U.S. Public Health Service, Cincinnati): Carrol, I don't
know whether I'm asking a naive question or not. I'll let you tell me. Doesn’t
mechanism of action have to be considered? For example, if you have an agent
which produces its LD-50 within a few minutes--let's say strychnine sulphate,
which would give an LD-50 at 12 minutes and be the same one at 7 days, your
7-day there is not a true 7-day, because what you measured was something that
was happening in a very short period of time, so I think we have to be real careful
in comparing agents. For example, in our own work we have something that's
a little more recognizable, ozone. Practically everything occurs in the first
24 hours. Now, do you mean that perhaps the 7-day, which would probably
be the same as the 24-hour, would be applicable to extending it to a 90-day
extrapolation? Do I make myself clear?

MR. WEIL (Mellon Institute): Yes. First, I thought you were talking about
predicting joint action of materials, the LD-50's, we'll say, of materials that
kill at varying periods of time. You're talking about predicting the 90-day re-
sults from a 7-day test?

DR. FAIRCHILD: Yes. In other words, if someone takes data on something
that has been reported for a 7-day mortality and then he says, "Well, there should
be good correlation between the 7-day and the 90-day, " but when, in fact, perhaps
the mechanisms were different. Well, I go back to ozone-like pulmonary irritants
which can have one effect which is acute and produces its response very fast, but
if there is no pulmonary edema involved, you might have a completely different
type mechanism,

MR. WEIL: Well, I didn't mean to imply that the 7-day or 90-day or 2-year
will always hold, but on the same material, in our experience, the LD-50 (which
might be somewhat similar to your acute work) was not well-related to the sub-
acute. But even a 7-day--(these are feeding studies, of course)--even the 7-day
sub-acute was generally well-related. All of the ratios, 8 or less, well-related
to a 90-day. This doesn't mcan all materials will behave this way. On the pre-
diction of the joint action formula, remember the word "prediction”. This is
predicting what you would get. It's just that we found that we really predict very
well what a 90-day test will be by doing a 7-day. We started this testing primarily
because we wanted to choose our 90-day levels better than we were setting them
just by getting LD-50's before we started.
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DR. FAIRCHILD: Yes, that answers the question. I just wanted to point
out, I think, that something that has a delayed response, and in ingestion this is
very true, such as mercuric chloride, the one-day LD-50 is going to be consider-
ably different from a one-week or two~week, so we have to think about the mechanism.

MR. VERNOT (SysteMed Corporation): If you say that a 7-day gives good
predictability for a 90-day, and a 90-day gives good predictability for 2 years,
does it necessarily follow that a 7-day test will give you good predictability for a
two-year test?

MR. WEIL: Quite possibly, The reason why we didn't make this next step
was that many of the materials that we have done for 7 days were not necessarily
the same ones we had done for two years, It takes quite awhile to collect a group
of two-yeor data, This is one reason why we merged with the Dow Chemical Lab
in order to get a better collection and I wouldr:'t be a bit surprised, at least in
our peroral experiments, that the 7-day will give you a fair prediction for 2 years.
Of course we are not talking about carcinogenicity or anything else that might
occur late in a two-year study, but generally, yes. Generally, I would guess
that even a 7-day would predict a two-year with a fair degree of accuracy. Not
one to one. If it's one to one, all the ratios would be one, but a definite relation-
ship between the tests of varying durations.

MR. WANDS: 1was interested, Carrol, in your comments that the weight
gain was one of the most sensitive measures you could have of the chronic toxicity
of these materials.

MR. WEIL: Very definitely. At least half of the dosage levels could be
delineated if you measured only weight gain and nothing else. In cur experience
it is the best criterion of effect. Weight gain is altered, and here we are generally
talking about a decrease as compared to controls, and is the most sensitive criterion
of effect we have ever found.

MR. WANDS: You're talking entirely of ingestion studies.
MR. WEIL: That's correct.

DR. BACK: Carrol, what about a different end-point? We're talking here of
LD-50's where death is the end point. Have you tried any correlations with
other parameters for the end point, more subtle ones than death? Because death
is a rather final thing and that’s not really what we're looking for in the end.

MR. WEIL: Well, we were trying to compare with a single-dose study as
usually done, and there death is the criterion. We are looking for no-effect levels
just as you are and we wanted to find the best way we can predict no effect levels
from chronic studies. We definitely found that LD-50's were not. Anything else
that's worthy of suggestion should be tried.

QUESTION: Did your list of criteria reflect all of the criteria that you

were testing, or were those chosen from a number of criteria, and could you
tell us what types of criteria you did examine?
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MR. WEIL: Yes. We published this paper. It's in a journal. Too many
of you don't perhaps see that. It's going to be referred to in the publication of
my paper, but it's in the American Industrial Hygiene Association Journal.
We followed all of the criteria that anybody could ever follow, all of the organs
that anyone would ever look at, any pathologist. We weighed all of the organs.
We have done urine analysis, hematology, biochemistry, and all of these criteria,
of course, are affected if your dose is high enough., We are talking here about
sensitive criteria at the lowest dosage levels--those levels producing the least
effect, the least difference from the controls.

DR. TEPPER (MSA Research Corporation): Was your comment with respect
to general decreases in body weight also the case with respect to specific organ
weight changes? Are these ordinarily reduced?

MR. WEIL: No, sir, these are usually just the opposite. They are generally
increased, and these are in relation to body weight. If you get a body weight
decrease, then you would expect the organ weight to be decreased also, but these
organ weight changes, such as liver weight and kidney weight, are usually in-
creased ratios of the organ weights as percentages of body weights. Relative
liver and kidney weights increase significantly. In each case where we talked
about a difference, we were talking about the statistical comparison to the con-
trols.

DR. TEPPER: Because of the natural attempt of the body to purify what has
been placed upon it?

MR. WEIL: Why is always a good question: Sometimes it just may be due
to the excess work of detoxifying and may not be the toxic effect at all. Some-
times it is the indication of histological damage which will occur to those organs,
if not at those levels, damage at higher dosage levels. It's sometimes merely work
and sometimes it is an indication of organ damage.
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PAPER NO. 9

THE MEASUREMENT OF ANIMAL LUNG FUNCTION
UTILIZING A CAPACITANCE RESPIROMETER

Robert E. Barrow, Ph.D.
Arthur J. Vorwald, Ph.D., M.D.
and
Edward Domeier

Wayne State University
Detroit, Michigan

A new and simple method has been devised for measuring pulmonary volumes
and inspiratory and expiratory flow rates without the added errors of general
anesthesia and the trauma of endotracheal intubation or neck collars. This method
eliminates incorrect data caused by the friction and air flow resistance of con-
ventional respirometers and has the further advantage of reducing psychological
errors to a minimum, The extremely fast response of the capacitance respiro-

meter allows very small irregularities in lung ventilation to be observed and re-
corded.

The basic principle of the capacitance respirometer involves an oscillating
capacitor circuit with a known frequency. Capacitance changes, in the magnitude
of 1/100 to 1/1000 uu farads, result in frequency changes, and ultimately as voltage
changes, which are detected and calibrated as volume changes. If the test subject
is one plate of the capacitor and the other plate is constant in distance and size, then
during respiration the capacitor circuit frequency changes. These changes are
converted to voltage changes and ther recorded as respiratory volumes.

A schematic of the electronics involved in the capacitance respirometer is
shown in figure 1. The cylindrical screen (S) represents the constant plate of the
capacitor, and the animal (V) within represeats the variable plate which changes
in size and distance in respect to the constant plate during respiration. The screen
(S) is grounded and an external electrode (E) in contact with an extremity (contact
being made with electrode paste) is connected to the circuit of the variable capacitors
(A) and (B). This circuitry has an oscillating frequency which is dependent upon
how the instrument is constructed and can be varied with capacitors (A) and (B).
Changes in the capacitance between the wire mesh cage and the test subject, as
caused by surface area changes during respiration, cause a frequency change in
this circuitry. This change in frequency is mixed with the constant frequency of
a fixed oscillator (C) to produce what we ~2!i a “beat frequency'. This beat fre-
quency is then picked up by the discriminator (figure 1) where the change in fre-
quency is converted into a change in voltage. This signal is then amplified,
rectified, and filtered before it is recorded.
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Figure 1. CAPACITANCE RESPIROMETER

The frequency of the variable oscillator, which agaii. .nvolves the wire cage
and test animal, is adjusted to 200, 000 cycles per second. The normal breathing
of a test animal causes a variation of 1 or 2 cycles per second. This change in
frequency during the respiratoiy cycle is caused by (1) a change in the body surface
area with each respiratory volume, and (2) a change in the distance between the
animal’s budy and the grounded wire cage. A change of 1 or 2 cycles per 200, 000
cycles is not essily detected. For this reason the signal is conducted to the beat
frequericy generator, where the 200, 000 cycles per second is distuned to give a
resulting beat frequency of 300 cycles per second. The mixing of these two fre-
quencies is simply a method of increasing the sensitivity of the instrument.

Many different techniques were employed in an attempt to calibrate this instru-
ment. Both the direct and indirect methods were utilized, the indirect methed
being the one finally selected for calibration. The indirect method of collecting
respiratory gas volumes using a 2-way valve proved to be the most satisfactory
way of calibrating this respirometer. This involved the collection of approxi-

mately 20 tidal volumes in a gas collecting bag. This gas volume was then measured

by water displacement at a pressure which was slightly less than normal atmos-
pheric pressure and an average single tidal volume wus calculated. The volume

meagured needs a correction of 7§ due to body temperature and wairer vapor content.
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Since the surface area of all solid objects does not increase in a linear manner
with a volume increase, it was necessary to apply a correction factor to the volume
curves. This correcticn factor was based on the weight of the test animal and was
used as an estimation of body volume. Figure 2 is a general correction curve
for rabbits, guinea pigs, and rats and was constructed by using many different
weights for each animal type. From this curve it is possible to select a correction
factor which is employed in the calculation of respiratory volumes.

vours/cm'

o

b 3 . RATS

- X OGUINERA "i1G8
0231

0200

013 F

o0 A

0.2 98 9 .4 (¥ ]
WEIONTY Kg.

Figure 2. CORRECTION CURVE
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The wire mesh cage (figure 3} seen inside the hexagonal chamber is a cylinder,
42" in diameter, and 62" in length. Two windows for entry into the chamber are
located on either side; when closed and clamped, this provides an air-tight chamber
in which to perform pulmonary function tests before, during, and after an exposure
to a known gas atmosphere. This dynamic type chamber is kept under a slight
negative pressure to insure no leakage during an exposure. The outer cage is sup-
ported by foam rubber to eliminate building vibrations, and is the support for the
nylon mesh platform located in the center of the chamber. The test animal is
placed spatially in the center of the wire mesh cage on the nylon grid (figure 4) and
is secuied to the outer wooden cage. A pick-up electrode is attached externally to
an extremity, and skin contact is made with electrode paste. A coaxial cable
connects the pick-up electrode with the electronic unit of this instrument. The
electrenic unit senses the changes in capacitance between the test subject and the
surrounding cage resulting frem breathing activity, and converts these capacitance
changes into equivalent voltage changes.
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Figure 3. AIR-TIGHT OUTER CHAMBER

Intrapleural pressures are approximated utilizing an esophageal balloon to
indicate changes in the elasticity of lung tissue. For this measurement it is
necessary to keep the animal's mouth open (figure 5) to prevent it from chewing
on the fine polyethylene tubing connecting the esophageal balloon to a Strathsburg
Pressure Transducer. The insertion of the esophageal balloon is done in such a
manner as to give maximum pressure changes with a minimum of cardiac pulse
pressure change. This area is generally found to be approximately 1~2 cm. above
the cardiac end of the stomach. With the animal in this position, it is now pos-
sible to record simultaneously the tidal volumes and intrapleural pressures for
periods up to 4 hours, During this time the animal can be exposed to fumes, dusts,
or gases, and their effects directly observed. A typical reccrding of a normal
rabbit's respiration is shown in figure 6. The curves are, from top to bottom,
flow rates, esophageal halloon pressure changes, and tidal volumes. The average
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tidal volume in this spirogram is 19 milliliters with a respiratory rate of 158
breaths per minute. From curves of this type it is possible to obtain data on:
tidal volumes, respiratory rates, minute volumes, inspiratory and expiratory
flow rates, and pressure-volume relationships.

Figure 4, SPATIALLY MOUNTED RABBIT

Figure 5. SPATIALLY MOUNTED RABBIT WITH
ESOPHAGEAL BALIL.OON INSERTED
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Figure 6

Some small doubt concerning what actually was being measured and recorded
was removed when a rabbit, breathing normally (figure 7), voluntarily closed its
epiglottis while maintaining the body movements of normal respiration. As figure
8 shows, normal intrapleural pressure changes continued while the volume record-
ing shows almost no change (less than 1 cc.). The data presented in figures 7 and
8 shows that the normal average tidal volume for this rabbit was 34.6 cc., at a
rate of 40 breaths per minute, requiring an intrapleural pressure of 5.4 cm. of
water. During this breath-holding phenomenon, the intrapleural pressures were
4.8 cm, water, at a rate of 20 efforts per minute, with a volume change per
effort of less than 1 cc. These recordings are evidence of the validity of the data
from the capacitance respirometer in respect to body configuration changes under
conditions of zero air flow and constant body volume. This type of data helps prove
that the volume recordings are actually true tracings of the respiratory volumes and
flow rates and not artifacts due to body configuration changes.

In summary, it appears that valid data concerning pulmonary function can be
obtained on rabbits, guinea pigs, and rats before, during and after experimental
exposures without traumatizing the animal, thus allowing the animal to continue
in the experiment throughout its entire life span. The capacitance respirometer
also eliminates errors caused by the friction and air fld resistance of conven-
tional methods. This instrument has the further advantage of reducing psycholo-
gical errors to a minimum.
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DISCUSSION

QUESTION: Does the heart action have a trace on the recorded pattern?

DR. BARROW (Wayne State University): Yes. You can pick it up on the
esophageal balloon pattern. You have to accommodate for that. On the respiratory
curves themselves, you generally don't see the pulse pressure unless you're
using a very high sensitivity on the machine. You can pick it up.

QUESTION: Could you amplify it?

DR. BARROW: Oh, yes. I might point out, we were looking at anywhere up
to 15 to 30 cc tidal volumes here. This instrument, the or.2 I used for the rabbit
here, can measure down to a hundredth of a cc tidal volume.

QUESTION: How does it compare with the pneumograph system, which is a
band around the chest measuring expansion of the lungs?

DR. BARROW: Well, I don't know; I haven't compared this with that at all.
I couldn't answer that.

DR. LEWIS (U.S. Public Health Service, Cincinnati): I guess this is more
of a comment than a question. 1'm probably one of the few people in the audience
who has used this technique, and it was developed under a USPHS contract. We
did get a capacitance respirometer much more adaptable to small animals - rat,
mouse, even rabbit and the guinea pig, but when you get to the monkey and the
dog, you have a lot of different problems here. The dog cbviously can't be
tied on its back in an awake state, and we didn't want to put the dog under anes-
thesia. At first we were going to work with tranquilizers, but the problem with
this technique is that you always have tc present the same geometric shape. In
other words, the animals are always elongated. The dogs would not settle in
the same geometric pattern. One would lay out straight, another form a circle
and things like this, so these are some of the logistical problems you run into.
We finally abandoned it, and went to the pneumctachygraph, integrating flow
to volume, measuring pressures within esophageal balloons and it enabled us
to use other measurements like diffusing capacities at the same time, but always
under anesthesia. I like your method for rodents, but for monkeys and dogs it's
a little different problem,

DR. BARROW: I haven't done a dog, but we won't use the same instrument
for monkeys or humans, We actually nave an electrode which is about the size
of a sheet of paper and we don't use the complete wire cage any more. It's just
a single electrode which is variable, This works very nicely.
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DR. FAIRCHILD: Would you expect to find with this method where you are
using mouth-breathing a different response than in the normal animal which would
be really nose-breathing, especially with particulates?

DR. BARROW: We used both. Actually, when I'm working with just tidal
volumes, expiratory-inspiratory flow rates, the animal does not have its mouth
forced open. Only for the pressure measurement do we force the mouth open.

MAJOR THEODORE (Aerospace Medical Research Laboratories): I was
wondering, on the one trace there where you had essentially tracheal occlusion,
you said that the volumes didn't change within the lung. You demonstrated that
you had no volume change on your tracings. However, to generate negative
pressures within the thorax, the diaphragms would have to descend and therefore
you would have abdominal and thoracic changes even though the lung volumes are
the same. Using body plethysmography you could have measured FRC in that
fashion. I wondered why you don't get a volume measurement since the chest and
abdominal walls changed position in the capacitance field.

DR. BARROW: I said the change was less than 1 cc. There is a change,
You can see a change and it calculates out very nicely what you would expect for
that presasure for the expansion of the gas in the lung. It does come out very
nicely. You do get an expansion.
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iNTRODUCTION

Bromotrifluoromethane (CBrFy, Freon 13Bl) is of interest to the United
States Air Force, the National Aeronautics and Space Administration, and the
private aircraft industry for potential use in fire-extinguishing systems (o be
used in closed environments. CBrF, is a fully halogenated hydrocarbon of
relatively low toxicity. Exposure of dogs ard monkeys to atmospheres contain-
ing from 105 to 80% CBrFy was shown to cause a fall in mean arterial blood
pressure;, spontaneous cardiac arrhythmias, and lethargy (Van Stee and Back,
in press).

These experiments were designed to elucidate the mechanism of the initial
fall in mean arterial blood pressure which was seen prior to the onset of cardiac
arrhythmias.

Methods

Ten Beagle dogs of both sexes from 18 to 30 months of age weighing from
7.8 t0 12. 3 kg were used. The dogs were anesthetized by a single intravenous
injection -of 30 mg/kg of sodium pentobarbital. Endotracheal catheters were in-
serted and femoral venous and arterial cutdown performed. Stage III, plane 1
anesthesia was maintained by the slow intravenous drip of a mixture of sodium
pentobarbital (2500 mg/liter) and tubocurarine hydrochloride (60 mg/liter). The
animals were ventilated mechanically at a rate of 150 ml/min/kg. The respira-
tory dead space of the mechanical system was 30 ml which was added to the re-
quired tidal volume.
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Electrocardiograms were obtained from which heart rate was calculated.
Arterial blood pressure was determined with the use of a pressure transducer
(Statham). Cardiac output was determined by the indicator -dilution technic using
indocyanine green (Guyton, 1966).

Total peripheral resistance (TPR) was calculated by dividing the mean blood
pressure drop (AP) across the peripheral vascular bed by the cardiac output in
ml/sec (Burton, 1965). Mean blood pressure was estimated from the central
arterial blood pressure recordings according to the formula:

(systolic pressure) + 2 x diastolic pressure)

Venous pressure was assumed to be 5 mm Hg and thus AP was estimated to
be equal to the mean arterial pressure minus 5 mm Hg. Since TPR varies in-
versely with cardiac output values for TPR were multiplied by body weight to
provide values for TPR-kg which afforded a basis for comparisons among different
subjects.

Figure 1 illustrates the design of the experiment. The 10 dogs were divided
into two groups of five, Five determinations of cardiac output were performed at
10 minute intervals during each period. The treatments of the series of "treated"
dogs differed from the series of "untreated" dogs only during the second period
during exposure to 70% CBrF,.

Comparisons of the mean values for mean arterial blood pressure, cardiac
output, total peripheral resistance, heart rate, and stroke volume between the
treated and untreated groups were made using Student's t-test (Freund, 1960).

The myocardial inotropic effect of exposure to bromotrifluoromethane was
determined using 9 isolated cat and 2 isolated dog hearts prepared according to
a method maodificd from that of Langendorf (Locke and Rosenheim, 1907). The
hearts were perfused with continuously oxygenated Locke's solution containing,
per liter, 9.2 gm NaCl, 0.42gm KCl], 0.12 gm CaCl, 0.15 gm NaHCQs, 1.0gm
glucose, and S units cf regular insulin. The preparation was bathed in oxygenated
Locke's solution. All experiments were performed at 32 C. The force of con-
traction was measurec by ingerting a 21 ga metal cannula through the myocardium
into the left ventricle {De Geest, 1965). The cannula was connected to a trans-
ducer with a length of polyethylene tubing. The transducer chamber, tubing, and
cannula were filled with Locke's solution. Locke's solution was saturated with
SO% O, - 50% CBrF, by bubbling the gas through the solution for 60 minutes prior
to its perfusion through the heart. Both oxygen and CBrF, were continuously
bubbled through the perfusate during the actual perfusion.

Electrocardiograms were recorded from the isolated hearts by locating two
electrodes on opposite sides of the heart within the chamber in which the heart
waa bathed.

The sequence of events in the prep-ration of an isolated heart was as follows:
All solutions were equilibrated with the gases for one hour and brought to 32 C,
A pan of Locke's solution was placed in an ice bath and reduced to 10 C. Animals
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were anesthetized with intravenous thiamylal (20 mg/kg), the thorax opened and

the heart excised as rapidly as possible including about 1 cm of aorta distal to

the anastomoses of the brachial and left subclavian arteries. Excision of the

heart seldom required more than one minute. The heart was then plunged directly
into the cold Locke's solution and gently irrigated throughout with the cold Locke's
solution to remove all blood from the chambers and coronary vessels. Contractions
were arrested within one mirute of excision. The cannula was inserted into the
aorta with the tip thrust through the aortic valve and secured by ligation well above
the ostia of the coronary arteries. The pressure probe was inserted through the
left ventricular myocardium and the preparation placed into the 32 C.bath. The
perfusate, flowing freely into the ventricle from a height of 45 cm, rapidly warmed
the myocardium and resulted in a spontaneous resumption of the contractile cycle
within a few seconds. The time which elapsed between anesthetization and re-
warming the final heart preparation usually amounted to 15 to 20 minutes. The
observation was made that the heart could be manipulated without hurrying once it
had been chilled.

Seven dogs from 6.5 - 9.0 kg and five monkeys from 2.0 to 5.5 kg were pre-
pared for the measurement of left intraventricular pressure. They were anesthe-
tized with sodium pentobarbital, intubated, and placed on a mechanical respirator.
The heart was exposed by making a left parasternal incision through the costal .
cartilages from T2 to the xiphoid process. The pericardium was incised and a
plastic catheter placed in the left ventricle through the left ventricular myocardium,
The catheter was connected to a pressure transducer and the recordings made on
a direct writing oscillograph.

Results

The effect of 70, CBrF; on mean arterial blood pressure is illustrated in
figure 2. The blood pressure during CBrF, exposure was significantly lower than
pre- and postexposure levels in the treated group and during the corresponding
period (2nd) in the untreated group.

Changes in cardiac output are shown in figure 3. Cardiac output in the un-
treated group fell significantly from one period to the next throughout the course
of the experiment. Cardiac output in the treated group followed the same general
trend from the lst to 3rd period with a statistically insignificant increase during
CBrF, exposure (2nd period). No significant difference wae observed between the
treated and untreated groups.

Changes in the calculated total peripheral resistance (TPR) are shown in
figure 4. TPR rose throughout the course of the experiment in the untreated
animals whereas it declired significantly during the CBrF, exposure and then
rose again postexposure.

The effect of CBrF, on heart rate is illustrated in figure 5. Heart rate did

not change significantly in the untreated group but was significantly lowered dur-
ing exposure to CBrFs (2nd period) in the trcated group.
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The effect of CBrF, on stroke volume is illustrated in figure 6. The tendency
in the untreated group was for the stroke volume to fall throughout the course of
the experiment,but exposure to CBrF; in the treated group (2nd period) caused
a significant rise in stroke volume during the exposure period.

Figure 7 illustrates, the response of the isolated hearts to standard agents
which produce a negative or positive inotropic effect. The upper left recording
represents a control. The upper tracing is the left intraventricular pressiire
and the lower tracing is the time line (seconds). The upper right recording shows
the negative inotropic effect following the injection of acetylcholine into the per-
fusate column just above the entrance of the catheter into the aorta. The lower
left recording shows the reversal of the a2cetylcholine effect by the injection of
atropine followed by 3 or 4 cycles of gentle cardiac massage. The lower right
recording shows the positive inotropic effect of the injection of epinephrine into
the perfusate column,

The effect of CBrF, on an isolated cat heart is illustrated in figure 8. The
top tracing is the electrocardiogram, the center is the intraventricular pressure
and the bottom, the time line (seconds). The lower recordings illustrate the
negative inotropic effect reflected in the decreased pulse pressure switching from
the CBrF, -containing Locke's solution at a constant left ventricular end diastolic
(LVED) pressure. The ECG indicated a marked negative chronotropic effect.
The upper recordings show the results of switching from the CBrF,-free to CBrF,-
containing Locke's solution and then raising the LVED pressure 5 cm Hz0, a pro-
cedure which would normally be accompanied by a marked increase in the force
of contraction.

The results obtained from the cat and dog isolated heart preparations were
similar on the basis of 9 cat and 2 dog hearts. Because of this observation fur-
ther repetitions of the dog heart experiments were not considered necessary.

Figure 9 illustrates a progressive rise in left ventricular end diastolic
pressure (bottom series of recordings) during exposure to 80% CBrFy. The end
diastolic pressure returned to preexposure values postexposure. As the end
Jdiastolic pressure rose the left ventricular systolic pressure (top series of re-
cordings) fell significantly during exposure to CBrF,

DISCUSSION

Blood pressure fell during exposure to CBrF,. Cardiac output did not vary
significantly between the treated and untreated groups. A decrease in blood

pressure without a change in cardiac output indicated a fall in peripheral resistance.

Cardiac output is the product of heart rate (HR) and stroke volume (SV). Since
cardiac output did not change significantly during exposure to CBrFy and HR fell
significantly, stroke volume apparently increased. The decrease in resistance
to the outflow of blood from the left ventricle was sufficient, even in the presence
of a decreased heart rate, to allow the stroke volume to rise sufficiently to main-
tain cardiac output during CBrF, exposure. If the blood pressure fall had been
the result solely of impaired cardiac function without a concurrent relaxation of
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the resistance vessels, the TPR would have been expected to rise sharply since
the force tending to distend the arterioles would have been reduced which would
have resulted in a decrease of diameter., This in turn would sharply raise re-
sistance to the flow of blood (law of LaPlace, Burton, 1965). Finally, a decrease
in TPR accompanied by no change in cardiac output implies a decreased myo-
cardial contractility.

The experiments with the isolated hearts and the open-chested animals indi-
cated that exposure to CBrF, reduced the myocardial contractility and possibly
the heart rate also. When blood pressure falls, activation of the baroreceptor
reflexes normally results in reduced vagal tone which has the effect of increasing
both the heart rate and force of contraction. However, heart rate decreased
significantly during the exposure of the intact dogs in the first experiment
(figure 5). This supports the observation of a negative chronotropic effect in the
exposed isolated hearts.

The rise in the left ventricular end diastolic (LVED) pressure associated
with exposure to CBrFy was apparently the result of a combination of two factors:
1) decreased precapillary arteriolar sphincter tone and 2) decreased myocardial
contractility. The initial effect of CBrF; appeared to be a relaxation of the re-
sistance vessels which caused the TPR to rall. The capacitance vessels distended
in response to the flow of high pressure arterial blood into the venous system and
this shift of blood caused the pressure fall in the arterial system. Because of
the greater compliance of the venous system,the venous pressure rises approx-
imately 1 mm Hg for each fall of 24 mm Hg in the arterial side. As the right
atrial pressure rose in response to the filling of the venous system the hetero-
metric auto-regulatory response of the normal heart would increase the cardiac
output. The exposure of the heart to CBrF4 resulted in a reduced myocardial
contractility which interfered with its ability to compensate entirely for the
increased venous return and blood was pooled in the venous system resulting
in an elevated LVED pressure. A balance between the two factors of decreased
TPR and myocardial contractility was established. The increased venous return
was not entirely accommodated by the weakened heart which continued to pump
against a reduced resistance with the result that the cardiac output remained the
same and the LVED pressure rose (Guyton, 1966).

CONCLUSIONS

Exposure to bromotrifluoromethane (CBrF;) caused a relaxation of the pre-
capillary arteriolar sphincters which reduced the peripheral resistance. Simul-
taneously, the force of myocardial contraction decreased with the net effect that
blood shifted from the arterial system to the venous system. The increased
venous return was not accommodated by the weakeiied heart. Thus, no change
in cardiac output accompanied the fall in peripheral resistance and the left ventri-
cular end diastolic pressure rose.
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Figure 1. DESIGN OF EXPERIMENT TO DETERMINE IF EXPOSURE
TO CBrF,; ALTERS PERIPHERAL VASCULAR RESISTANCE.
Five determinations of cardiac output were performed on
each dog at 10-minute intervals during 3 consecutive ex-
posure periods and the means for each period reported.
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Figure 2, EFFECT OF CBrFy ON MEAN ARTERIAL BLOOD PRESSURE.
Blood pressure fell significantly during exposure to CBrF,
(2nd period, treated) and rose postexposure but remained
significantly below preexposure and untreated group levels.
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Figure 3, EFFECT OF CBrF; ON CARDIAC OUTPUT.
Cardiac output fell during the experiments.
No significant difference was observed
between the treated and untreated groups.
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Figure 4. EFFECT OF CBrF, ON TOTAL PERIPHERAL
RESISTANCE (TPR). TPR was siguificantly
decreased during exposure to CBrF, (2nd

period, treated group).
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Figure 5. EFFECT OF CBrF, ON HEART RATE. The
only statistically significant difference was
between the treated and untreated groups
during the 2nd period during which the
treated group was exposed to CBrF,.
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Figure 6. EFFECT OF CBrF, ON STROKE VOLUME. Stroke
volume increased during CBrF, exposure (2nd period,
treated) but returned to preexposure levels post-

exposure.
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Figure 7. NEGATIVE INOTROPIC EFFECT (UPPER TRACINGS)
AND POSITIVE INOTROPIC EFFECT (LOWER
TRACINGS) OF ACETYLCHOLINE AND EPINEPHRINE,
RESPECTIVELY, ON THE ISOLATED HEART PRE-
PARATIONS.

Figure 8. NEGATIVE INOTROPIC AND CHRONOTROPIC EFFECTS
OF CBrF, ON ISOLATED HEART PREPARATIONS. The
left ventricular end diastolic (LVED) pressure was heid
constant in the lower tracings and elevated by 5 cm H,O
in the upper tracings. Elevating the LVED pressure in
the untreated, isolated heart caused a marked increase
in the force of myocardial contraction but was without
effect in the CBrF,-treated he . .
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Figure 9.
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EFFECT OF CBrF; EXPOSURE ON LEFT VENTRICUL AR
BLOOD PRESSURE IN THE OPEN-CHESTED MONKEY.
The top tracing shows the fall in systolic blood pressure
during CBrF, exposure. The bottom tracing shows the
same ventricular pressure curve amplified to show the
rise in left ventricular end diastolic {LVED) pressure
(systolic pressure is not shown in the bottom tracing).
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DISCUSSION

DR. SMITH: I assume the freon is not very water soluble. I wonder how you
got it in the Locke's solution? Was it saturated, emulsified, or how?

DR. VAN STEE (Aerospace Medical Research Laboratories): The control
Locke's solution was saturated with 100 oxygen, and the test solution was saturated
with a mixture by volume of 50% oxygen and S0% CBrF,. You're right. Freon
is very poorly soluble.

QUESTION; Do you have some idea of predictable air concentration which
would have resulted in a similar tissue concentration of CBrF,?

DR. VAN STEE: We have no way of evaluating this. Unfortunately, our
methods have not evolved to the point where we are able to work with tiesue
concentrations. This is the problem. What we have to do is prepare our mix-
tures on the basis of volume and then administer them, and give our results in
terms of what the animal was exposed to on a volume concentration basis. This
is the best we can offer at the moment.

MR. WANDS: 1 was impressed with the speed of recovery of the isolated
hearts as you switched CBrF, on and off.

DR. VAN STEE: This is very true. This is obvious in both the intact
animal and in the isolated hearts. Very, very quickly there is recovery. This
requires some elaboration. I'm now finding some changes in the CNS where the
electroencephalogram changes persist for as long as ten minutes following re-
moval, but most of the changes which are observed are resolved within two or
three minutes of the removal of the gas.

DR. FAIRCHILD: Did I understand you to say there is a difference in
species of the CNS stimulation and depresasion?

DR. VAN STEE: 1 did imply that, yes. | have moved from the cardiovascular
system, working on the CNS problem right now. At the very beginning, when
we were given this gas to work with,: we had the results from a very limited
number of dog exposures. The very first thing I did was to take some wide-awake
animals and expose them to mixtures of the gas to see what would hzppen, to
see what we had to do. One of the first things we noticed was that the dogs went
into convulsions just like grand mal seizures in humians. Monkeys, on the other
hand, appeared to go to sleep. We find they can be aroused. This is more
a lethargic state. This is all 1 can say at the moment.
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DR. BACK: I might point out some things Dr. Van Stee didn't mention. These
are the changes that you see in the electrocardiogram which give some insight
into the rapidity of onset. You can titrate in and out of a cardiac arrhythmia
with certain amounts, like 50-60% of CBrF, relatively rapidly, within seconds
certainly, and recovery within seconds. Dr. Van Stee didn’t get into the blood
pressure dependency of arrhythmias. He presented a paper in Minneapolis on
this aspect. There are actually three aspects: inotropic effect on the heart;

a change in peripheral resistance; and a change in total blood pressure. Actually,
the animal can regulate himself if he is breathing CBrF,. If you regulate it with
the right amount, cause a drop in blood pressure, and the arrhythmia stops, as
soon as it stops the blood pressure continues back up and it turns it on and off.

DR. FASSETT (Eastman Kodak Company): What was the rest of the gas
mixture when they were breathing 70% freon?

DR. VAN STEE: Oxygen. In all of these experiments we performed periodic
determinations of pOy in order to maintain these within normal limits. We have
conducted other experiments under conditions of acidosis and alkalosis, which
are the subject of another paper entirely.

DR. LAWTON (Naval OrC!pance Environmental Health Center): 1 noticed
that you used 50%, as the minimum. Did you have a reason for selecting that level?

DR. VAN STEE: In this particular series of experiments, we picked this
more or less arbitrarily. We have done a number of exposures at 10% increments,
10 through 80%. Since we had a large number of experiments to do, in order to
evaluate this hypotensive response, we had to pick one blood pressure which we
felt would be representative in order to work with it, since we do run into com-
plications by varying the concentration of the gas. In a 1005, oxygen environment,
if a fire should start 50% CBrF, must be added in order to suppress the fire
so this is another thing that went into the decision to use 50%, not mentioning
the fact it's in the middle of the 10 and 80.

DR. KEITH (K-G Laboratories): Dr. Van Stee, have you tried exposure of
animals who are vagotomized or atropinized in the series?

DR. VAN STEE: We did this work with relation to the arrhythmia study,
not with relation to the blood pressure depression itself. No, not with this
blood pressure depression. The most consistent observation we made in
hundreds of exposures to various concentrations of this gas is the fall in blood
pressure and we have used a lot of drugs to modify the response to the exposure
to CBrF, and I do not know of anything which we have done which has modified
this fall in blood pressure. The drugs, of course, will modify the arrhythmias
and various things :hat have to do with that, but I believe I am safe in saying
that drug effects will not alter this blood pressure response. 1 believe this to
be a direct smooth muscle effect.

DR. BENJAMIN (NASA): Do I understand that your effect on cardiac output

was negative in the intact animal and only in the isolated heart you found this
negative inotropic effect?
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DR. VAN STEE: The evidence for a negative inotropic effect was based
upon the rise in the left ventricular diastolic pressure in the open chest of dogs.
This is the only criterion we used in the intact animals. Apparently, in the whole
intact animal, the total peripheral resistance goes down. The ability of the
heart to pump also diminishes some, These things apparently occur at the same
rate so that the weakened heart is able to produce a cardiac output which is, in
the presence of CBrF,, equal to the control values because of the decreased

resistance to the outflow of blood.
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INTRODUCTION

This study of the pharmacology and toxicology of "FREON", FE 1301, has
special reference to possible myocardial sensitizing properties of the compound,
and effects on the central nervous system. The investigation was done in two
parts. The first part involved exposure of dogs to various levels of FE 1301
under fright-producing situations in order to ascertain whether endogenously re-
leased epinephrine would cause myocardial arrhythmias. The second part was
concerned with exposure of human subjects to varying concentrations with measure-
ment of mental alertness and acuity and monitoring of the electrical activity of the
myocardium. Previous studies by McFarland (November, 1967) in animals had
elicited signs of irritation not related to concentration. He found no significant
alteration of hepatic function and no evidence of histopathologic changes in four
species of animals exposed to concentrations as high as 25 volumes percent.

Van Stee and Back (1968) had demonstrated a difference in response of rats and
dogs. No significant central nervous system effects were produced in rats ex-
posed to concentrations as high as 84 volumes percent,while dogs exhibited excite-
ment and tremors at concentrations as low as 20 percent and convulsions at ccn-
centrations of 50 percent and higher. Convulsive effects were blocked by thio-
pental anesthesia. Ninety seconds after cessation of gassing, all animals appeared
normal. Stopps (see reference S) elicited raultipie abnormal ventricular complexes

*This work was sponscred jointly by The Boeing Compeany and 1. E. du Pont
de Nemours and Company.
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in 20 percent of dogs exposed to 10 volumes percent of FE 1301 and challenged with
0. 008 mg/kg of epinephrine. Exposure of human subjects to concentrations as

high as 10 volumes percent (Haskell Laboratory Staff) produced a slight disturbance
in equilibrium of the three test subjects and subjective sensation of light headedness
after 3.5 minutes exposure. The opinion was expressed that had exposures been
prolonged, the subjects would have become semiconscious or that loss of con-
sciousness might have occurred.

The intent of this study was to obtain data which might help define those levels
which could be considered as safe for passengers and operative personnel in those
situations where there might be need for exposure to FE 1301.

EXPERIMENTAL APPROACH
Material

The test material "Freon" FE 1301 was identified chemically as bromotri-
fluoromethane (CF,Br). The material was furnished through the courtesy of E. L.
du Pont de Nemours and Company. The material was described as typical of
commercial production and free from impurities. FE 22Bl1 (CHF,Br) and FE 12B2
(CF3Br;) were stated to be present at concentrations of less than 1 ppm though
specifications on the product would allow up to 50 ppm of either compound. Free
halogens or acids were stated to be absent. No further purification of the material
was attempted and it was used as received.

Exposure Facilities

All exposures took place in a cubicle exposure chamber of 8064 liter capacity.
The chamber was lighted and equipped with a circulating fan. During some exposure
of dogs, it was made totally dark by covering of the observation ports. All ex-
posures were made in static environment, Exposure in animals lasted up to 50
minutes and those in man up to 25 minutes.

Determination of FE 1301

An appropriate method was developed for the determination of air concentrations
of FE 1301 utilizing an Aerograph 600 gas-liquid chromatograph. For this purpose
we used a gas chromatograph with a hydrogen flame ionization detector and a
stainless steel tube column, i.d. 4 mm and 15 cm in length, packed with 80-100
mesh Polapak "A", Operating conditions were: injection temperature 185 C;
oven temperature 165 C; flow rate of nitrogen carrier gas 16. 8 ml/minute and
of hydrogen 25. 8 ml/minute; attenuation x2 to x4; output sensitivity 1x; input
impedance 107, A volume of 1 ml of gas was injected. Under these conditions
a full scale deflection represented 16 volumes percent. Standards were prepared
from gas bottles containing 100% FE 1301. Appropriate dilutions were made of
these to reach the concentrations 5, 10, and 20%.
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Provision of Desired Concentration

FE 1301 gas was allowed to flow from the cylinder at a metered rate into the
chamber to give the desired nominal concentrations. Samples were taken re-
peatedly until the conditions within the chamber were stabilized. The air and
FE 1301 input were adjusted to achieve the exact concentration.

EXPOSURE OF ANIMALS
" “Animals

Mongrel dogs used in the experiment were obtained from a local animal
supplier who guaranteed them to be in good health and free from disease. They
were held for a period of one week for acclimation and examination to determine
fitness. A total of 29 dogs were used, 8 female, and 21 male. Their weight range
was from 5.0 to 9.5 kilograms,

Exposure Conditions

Animals were exposed to nominal air coucentrations of FE 1301 varying from
5 to 40%. Buildup time to reach the desired concentration ranged from 10 to 50
minutes. Exposure times were for 5 minutes after reaching the desired con-
centration. In some experiments carbon dioxide was added to the chamber over
a 10-minute period to give a final concentration of 10%.

Production of Fright Situations

Anxiety and fright were produced in the dogs by stressing with a Strobe light
and a low-pitched horn of approximately 90 decibel intensity irregularly over a
period of 5 minutes while housed in the dark.

EXPOSURE OF HUMAN SUBJECTS

Test Subjects

Ten test subjects were used in assessment of the effects of FE 1301 on
behavior and myocardial irritability, They were drawn from the population of
research personnel, medical and dental students from the professional schools
at the University of California at San Francisco. The nature of the test and the
risks involved were explained to each subject emphasizing that the clinical phar-
macology of the substance had not been fully ascertained and that this was part of
the purpcae of the experiment.
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General Procedure

Subsequent to acceptance into the program the following characteristics of
the subjects were recorded: age, weight, body type, sex, race, occupation, past
medical history, previous experience with anesthetics, allergies and sensitivities,
drug ingestion, blood pressure, pulse, summary of physical defects and then mood
and affect. They were examined, an electrocardiogram was taken and they were
trained to acceptable levels of performance on tests measuring mental alertness
and neuromuscular coordination,

Chamber Exposure

The FE 1301 was administered at nominal concentrations of 5 or 10% to all
subjects. Conditions of exposure were static. The subjects entered rapidly into
the chamber. The air concentrations were analyzed at S-minute intervals, While
in the chamber subjects made observations as to sensory stimulation and carried
out tests for mental alertness and neuromuscular coordination. All exposures
were for 20 minutes or until the subjects completed the schedule given below:

Time (Minutes) Test

0 Record Sensbry Experience
Record Sensory Experience

2 Record Sensory Experience

S Record Sensory Experience

6 Perform Romberg

7 Perform Finger-to-Finger

8 Perform Maze XI

10 Record Sensory Observation

11 Perform Pursuit Rotor

15 Record Sensory Experience
16 Perform Simple Reaction
20 Record Sensory Experience
21 Perform Maze XII

Leave chamber and narrate description of exposure experience.

Tests for Mental Alertness and Neuromuscular Coordination

The following tests were administered by one of the test subjects to the
other in rotation so that each was tested:

1. Adjective Check List: Descriptive word list was identified
as pertinent to emotional and mental states.

2. Madified Romberg Test: Positive scores were maintenance of
balance for 5 seconds; a negative score resulted from failure

to do so.
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3. Finger-to-Finger Test: The quantitative test described by
Goldberg in which the subject wearing a target shield on his
left hand and a stylus on his right hand opposes the stylus to
the surface of the disc approximately 30 times at 2 second
intervals. Scoring is done by measuring the length of lines
which connect the two fartherest points and the diameter of
a circle enclosing 20 of the points.

4. Porteus Maze: Tests XI and XII were used. Quantitative
scores were determined by errors on an arbitrary scale
such as entering a blind alley, bumping or touching the
printed maze line, or lifting the pencil. The higher the
score, the worse the performance.

5. Pursuit Rotor: This device measures manual dexterity by
measurement of the time in which contact is made by a
jointed probe held in the dominant hand with a 2 cm. spher-
ical electrode on the surface of a disc rotating in the hori-
zontal plane at 60 rpm.

6. Simple Reaction Time: Subjects are confronted with variables
consisting of three different colored lights and three levers.
The testee pushes consecutive levers until the light goes off.
Each run consists of 10 randomly selected challenges. Time is
recorded automatically to one-hundredth of a second. S

Measurement of Sensory Modalities

Tests of sensory recognition of eye irritation, nose irritation, pulmonary
discomfort, intensity of smeli and effects on the central nervous system were
recorded by subjects in the exposure chamber at 7 time periods ranging from
immediately on entrance to 20 minutes of exposure. They were graded according
to a scale of absent, light, moderate, severe, and extreme in intensity.

Narrative Description

At the conclusion of exposure, the subject wrote a narrative description of
his sensations and an appraisal of his physical and mental condition during his
exposure time. Twenty minutes later, he made a similar evaluation of his
condition. This test was also performed in exposures using the Heidbrink.

Exposure Using the Heidbrink

Different concentrations of FE 1301 were administered through a Heidbrink
Kinet-O-Meter with a closed circuit system for CO, absorption. A dynamic
system was used in some experiments to deliver air concentrations with pre-
calibrated flow settings which were monitored to give precise concentrations.
In addition, the gas was administered at 10% concentrations from a pre-mixed
reservoir. In the evaluation of 6 subjects carbon dioxide was added directly to
the inhalation mixturc in concentrations of 109, \ |
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Electrocardiograms

Electrocardiograms were obtained repeatedly at intervals during the exposure
utilizing a Burdick Electrocardiograph Model EK 4, utilizing Lead II.

Control of Bias

The experiment was carried out on a single blind basis but without placebo
control, the subjects being unaware of the concentrations that were being admin-
istered. Two selections of the particular level of exposure administered through
the Heidbrink were arrived at through the agreement between the examiners based
on results obtained as the experiment progressed. Starting at concentrations of
5%, there was a gradual increase over the study in rotation. Final interpretation
of the electrocardiograms was made without knowledge of the concentration to
which the examinee was exposed.

RESULTS
Studies on Dogs

There were no deaths among the 24 dogs exposed to concentrations of 10 to
40 volumes percent of FE 1301 and challenged in the fright situations. No effects
which could be related to the exposure to the FE 1301 were observed in 8 animals
exposed to 10 volumes percent. When the stimnulus was applied the animals showed
an increased alertness, occasionally whined and paced about within their cages.
The group at 20, exhibited tremors but no other toxic sign. At a concentration of
40%, dyspnea, salivation, episodes of howling or warbling, and tremors were ob-
served in most animals. This data is summarized in table I. None of these 24
animals was exposed more than once. From 10 to 50 minutes was required to
reach the desired concentration in the chamber so that the total exposure was as
long as 55 minutes. At the highest level of exposure, salivation and dyspnea con-
tinued for approximately 30 minutes following exposure. Animals 25-29 were
exposed to FE 1301 alone and in combination, on four occasions, with carbon dioxide.
Observations made on these animals are summarized in table II, Hyperventilation,
agitation, and trembling occurred in all animals exposed to carbon dioxide in the
absence of FE 1301. On exposure to 10% carbon dioxide and 10% FE 1301, the
picture was essentially similar except that one animal showed depression and
trembling was abolished. Exposure to 20§, FE 1301 produced no hyperventilation
in any of the five animals, no effect of any kind in three, tremors in two, and con-
vulsions in one. The convulsions were preceded by restlessness at 5 minutes
and tremors at 6 minutes. Their onset was at 7 minutes; generalized convulsions
persisted to the end of the experiment at 21 minutes. The second animal with
tremors first exhibited them after a 7-minute exposure; these continued until the
end of the experiment. When the dogs were re-exposed to 10%, carbon dioxide and
20% FE 1301, hyperventilation again appeared in two of five dogs, but was absent
in three. One additional dog exhibited agitation and a second dog convulsed but
the picture was essentially no different than when the group had been exposed to
20% FE 1301 by itself. One animal again showed depression. Increased gastro-
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intestinal activity was noted at the two higher levels in one dog, characterized by
vomiting and forcefui evacuation of stool. None of these animals died and all re-
turned to normal approximately 20 minutes following the exposure.

TABLE I

SUMIMARY OF EFFECTS ON MONGREL DOGS
(NOS, 1-24) OF EXPOSURE TO VARIOUS
CONCENTRATIONS OF PREON 130,
TOGETHER WITH A FRIGHT SITUATION

Dog __%_mekm
Noo. [M|F ooy Welght el Concentration | CObservation
Increaser! alertness
1- 8 |4 |4 5.8-9.1 10 10.5 10 minutes without signe of
toxicity
No signs of slerted
9-16 |7 |1 5.0-9.4 20 18.9 212 minutes behavior except
tremors
Dyspnes, salivation,
t7-24 | S 3 {6.0-9.5 40 3 S0 mimnes howling and tremors

SUMMARY OF EFFECTS ON MONGREL DOGS
(NOS. 25-19) OF EXPOSURE TO CARBON DIOXIDE
AND FREON 1301 SEPARATELY AND TOGETHER

‘:‘:t D"ﬂ‘;— WI Observation
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STUDIES ON HUMAN VOLUNTEERS

Characteristics of the Ten Subjects

The age span was 22 to 33 years of age. Only one of the subjects was receiv-
ing chronic medication. Five had a past history of allergies and sensitivities.
None of these was currently clinically active. No unusual physical defects were
found. One subject had a systolic murmur accentuated by exercise and had a
past history of congenital heart problem. The mood and affect of the subjects
extended over a wide spectrum.

Levels of Exposure

The concentrations determined by GLC analysis were close to nominal con-
centration in all runs., There was a slight dropoff in concentration during the 20
minutes of exposure in most instances. Concentration ranged from a high of
6.1% to.a low of 4. 7, at the nominal 5% concentration and from a high of 10. 3%
to a low of 8. 2%, at the nominal 10 concentration.

Unusual Events

The experiment proceeded satisfactorily according to experimental design and
it was not necessary to alter significantly any of the procedures during the course
of the investigation. The subjects had no difficulty in performing the tests within
the chamber and none asked to terminate his exposure although it had been indi-
cated beforehand that they could do so if conditions were unpleasant. Three sub-
jects breathing the higher concentrations of FE 1301 from the inhalator indicated
that they wished to discontinue the experiment. Explanation was subsequently
given of a feeling of impending unconsciousness. Subject 5 developed an unusual
myocardial activity with dissociation of the pacemaker and his exposure was dis-
continued, Return to normal rhythm occurred within 3 minutes. It was not neces-
sary to use any resuscitative devices and with all subjects recovery from the
central nervous system depressing effects was prompt. Two subjects reported
headache during or following exposure; one of these persisted for 12 hours.

Mental Alertness and Neuromuscular Coordination

At the 5% exposure level, one of the four subjects showed no overall improve-
ment in his performance. Two showed no significant changes and one showed a
decrease in performance. When the total changes in the six trials given the four
subjects were summated, there were seven trials showing improvement, nine
showing no change, and eight showing a decrease in performance. Most of the
subjects improved during testing on the rotor pursuit. In our experience this
result frequently occurs with subject: taking central nervous system depressants
in small quantities. 'The most likely explanation is a relaxation of tension and de-
crease in tendency to overcorrect in the test. All subjects had the impression
that they were doing well and not significantly impaired at the 5% concentration.
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At the 10% level, there were 24 decrements in performance. A typical record

is shown in table III. All subjects had more tests with decreased performance
than with increased performance. Out of the total of 36 possible cnanges in
comparison with control values, there were 24 poorer performances, 6 with no
change, and 6 with improvement. While hand steadiness was not scored in terms
of decreased performance, the maze tests were revealing in that the drawn lines
were wavy and irregular in all subjects at the 10% level in contrast to the smooth
lines drawn in the control runs.

TABLE III

SUMMARY OF SCORES OBTAINED ON MENTAL ALERTNESS
AND COORDINATION TZESTS BY SUBJECT NO. 7 WHO
WAS EXPOSED FOR 20 MINUTES TO 10% OF FE 1301

Control Ex sus
Test Value _V.me Effect
Romberg: + - Decreased
performance
Finger to Finger:
Greatest Distance 2.8 4.9 Decreased
performance
Circle Diameter (cm) 1.3 2.5
Maze Test XI: 0 17 Decreased
(Errors) performance
Rotor Pursuit: 8.19 11.91 Increased
(Seconds) performance
Simple Reaction Time: 6. 22 7.11 Decreased
(Seconds) performance
Maze Test XII: 0 8 Decreased
(Errors) performance

SUMMARY: 5 Decreased performance
0 No change
1 Increased performance

Descriptive Words

This test indicated a clear pattern of change in self-appraisal of mood and
mental clarity. There was a decrease in the adjectives describing mental acuity
and alertness with an increase in words describing mental acuity and alertness
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with an increase in words describing mild depression. Most subjects felt either
drowsy or lightheaded during some of the exposures and there was an increase
in sense of well-being, Typical response is given in table IV.

TABLE IV

DESCRIPTIVE WORDS USED BY SUBJECT NO. 4
TO INDICATE HIS FEELINGS

Word Choice Control Chamber Inhalation|

alert ‘ X
amazed
careful
cheertul
clear headed
cooperative
decisive
detached X X
drowsy X
dull X
easy going X
elated '
energetic X
enterprisi X
forc%l
generous
genlal x
; X X
%y X
industrious X ‘
irritable
oyous
kindly
lackadaisical

la d X
theaded X X
quiet

relaxed X
resourceful X
sad
satisfed X
self-confident X
sluggish X X
talkative
tired

IR E K,
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Sensory Appraisal

The majority of subjects did not experience eye irritation, nose irritation, or
pulmonary discomfort during most of the period of testing at either the 5 or 10%
level. A slight eye and nose irritation was indicated by some subjects. This
was related to a material with a halogen-like odor and not to the FE 1301 which
had a pleasant odor. The source of the odor was thought to be halogens formed
by decomposition of the FE 1301 vapors by a space heater which was located near
the area where the mixture from the anesthetic device was released into the air,
There was a decreased olfactory cognition with time, though this was less prc-
nounced at the higher exposure level. Onset of central nervous system effects
was rapid and occurred at the higher concentration in some subjects immediately
on entering the chamber. In half the subjects these were rated as cnly slight or
moderate at the 5} level. The majority of the subjects felt that these were
moderate at the 10% level and one subject described the effect as severe. Data
is summarized in table V. While one of the subjects was really disturbed in his
alertness and mental acuity at the 5% level, three of the six subjects at the 10%,
level showed definite deviation from normal. Judging from all factcrs, it would
be concluded that they were in the beginning states of inebriation.

TABLE V

INTENSITY OF RESPONSE WITH TIME AMONG
SIX SUBJECTS EXPOSED TO 10%, FE 1301

SENSORY MODALITY

Eye Nose Pulmonar ~Olefact
TIME Irritation Irritation Discomfm’:t Conmg;y Eﬂﬂgts
A ]S AS MISTETATSTMISTE A M B JA S S
0 1 14 1 3 13 o 1 4
1 1 14 1 1[5 S J1 4 1
g $ ; : 2 1311 4 12 3 1
2 13 1
10 J3 121 3 12 1 i { £ % -
15 7371211 3 {2 1 4 12 213 i 4
J 7 X J |2 1 2 1 3 4

A (Abeent) S (Slight) M (Moderate) S (Severe) E (Extreme)

Narrative Descriptions

The narrative description of the experience following the chamber exposures
and exposures to the higher concentration of the FE 1301 followed a similar
pattern except for subject 9 who though exposed to a concentration up to 15.7 %,
indicated no significant central nervous system effect. Subject 1 was exposed to
only 4.1% of FE 1301 and experienced only a mild tingling following the inhalation
of carbon dioxide. Subjects 2 and 3, who were exposed to concentrations of about
9. 6%, had mild lightheadedness. Subject 4, who reached a similar concentration,
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experienced a buzzing in his ears in addition to tingling of extremities. Subject

S at the level of 16, 9% was suddenly aware of impending unconsciousness. Sub-
ject 6 felt drowsy and had a sensation of impending uncon..ciousness at 14. 5%

when breathing added CO;. Subject 7 felt a sensation of numbness over his entire
body which was extremely unpleasant at concentration of 14.1%. Subject 8 felt
impending unconsciousness at a concentration of 14. 8%. Subject 10 felt dull

and confused at the concentration of 15.1%. A typical narrative description follows:

Chamber Exposure

"I noted a slight burning of the eyes and nose, then tingling
and progressive lightheadedness, followed by quite severe
dizziness. There was a buzzing sound similar to that ex-
perienced in ether induction. Gradually these conditions
improved as I became adjusted to the concentration, but I
remained lightheaded throughout the exposure. My voice
pitch increased almost immediately and remained elevated
throughout the exposure. On leaving the chamber I was
aware of strong odors in the room. "

Inhalation Exposure

"After commencing the breathing of the higher Freon con-
centrations, I felt lightheaded with a minimal spinning and
a buzzing sensation. A little later I felt tingling of the fin-
gers, toes, and lips and then of the tongue and limbs, 1
experienced a dermal flushing and felt weak about half-way
through the exposure. Once these feelings began they con-
tinued while breathing the gas mixture but cleared with a
few breaths of fresh air. No difficulty twenty minutes
after the exposure, "

Electrocardiographic Changes

Four of the ten subjects had sinus arrhythmia as a baseline finding. This
was not unexpected in an age group represented here. One had a wandering
pace maker at baseline and one had a predominant sinus rhythm. There was no
change in seven of the electrocardiograms during the exposure period. Subject
7 had lowering of the T wave on two occasions. Subject 9 had a flattening of his
T wave at one time and increased sinus arrhythmia later. The mcst marked
changes were noted in subject 5, who developed a sinus tachycardia, followed by
flattening of the T wave, premature ventricular contractions forming bigeminy
and the A-V dissociation with no pace maker. Sinus rhythm was restored two
minutes after cessation of the exposure. The summary of the electrocardio-
grapher's reading of the ECG trecings at various time periods, together with
some vital signs at the different concentrations, are set forth in subject 5 in
table V1.
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é
SUMMARY OF VITAL SIGNS AND EKG READINGS IN SUBJECT NO. 5 ;ﬂ
Concentration Exposure
Time Blood :
Nominal | Reached|(minutes) | Pressure | Pulse EKG Readings 3
0 ) 140/80 70 Sinus rhythm
5 4.5 5 130/80 60 | Nochange j
5 4.5 62 125/85 50 | Nochange
10 7.0 7 130/80 60 No change =
; 17 16.9 | 40 Flat T waves
. 36 HOUR T|ME LAPSE
: 0 5 110/70 70 Sinus rhythm
13.2 12.8 5 130/80 110 Sinus tachycardia, flattening
of T waves
16.2 13.0 2 150/88 120 Premature ventricular contrac-
tions forming bigeminy
16.2 14 1 150/100 65 A-V dissociation with no
pace maker
10.2 14 2 130/80 80 Premature beats from various
foci
0 2 130/80 80 Sinus rhythm

2 Rebreathing

DISCUSSION

The toxicity and biology of the fluorocarbons has been extensively reviewed
by Clayton (1967). He reported that on the basis of acute inhalation toxicity of
fluoromethanes which contained bromine, CBrF, was the least toxic. A concen-
tration of 83 volumes percent was required for 50% mortality in rats. The majority
of overt pharmacologic signs resulted from effects on the central nervous system,
the principal pharmacologic effects being narcosis and anesthesia. Except in
unusual circumstances, death in animals is apparently due to respiratory depres-
sion. Convulsive reactions have been obtained by others(Van Stee, 1968) working
with FE 1301 and our observations of tremors and convulsions in dogs were not
unexpected.

139




g
.
i
s

wﬁimwmw.gma ¢ " pae
.

AMRL.-TR-68-175

Stopps (see reference 5) classified benzene, heptane, chloroform, and tri-
chloroethylene as compounds which would be congidered most active as cardiac
sensitizing agents. Halothane (Fluothane) has caused cardiac sensitization in
animals and man in 0. 5-1 volume percent range. Anesthetic experience with this
compound has been excellent because of close supervision and awareness of these
sensitizing properties and anesthetic fatalities are relatively rare following its use.
A number of halogenated aliphatic compounds and hydrocarbons are considered
weak sensitizing agents to the myocardium. This group included some of the
fluoroalkane and alkene derivatives. Some fluoro-compounds. including tetra-
fluoroethylene and difluoroethylene were reported as not causing sensitization.

None of the 29 dogs which we exposed developed ventricular fibrillation since
all survived the experiment. . Ventricular fibrillation is usually a fatal event unless
resuscitative procedures are instituted. We did not monitor the electrocardial
activity of these animals and therefore could not state whether any arrhythmias
were produced, but based on the work of Van Stee and Back (1968) this might be
expected. Van Stee reported one fatality in a group ot 9 dogs (11% incidence)
exposed to a 40 V/V concentration of FE 1301 and not challenged with epinephrine.
It would appear that at concentrations of 20% or higher of FE 1301 it is possible to
induce cardiac arrhythmias and even ventricular fibrillation in animals challenged
with epinephrine, but experience with several species at concentrations of 100,
and less has not resulted in this effect. It is probable that ventricular arrhythmias
are in part dose-related since increasing the level of cyclopropane and chloroform
does increase the incidence and variety of cardiac arrhythmias. Arrhythmias intro-
duced by this class of compounds, and presumably FE 1301, include a wandering
pace maker, atrial extragystoles, atrial fibrillation, A-V nodal rhythm, sporadic
ventricular extrasystoles, monofocal or multifocal ventricular tachycardias, and
bigeminal rhythm. According to Wollman and Dripps (The Macmillan Company,
New York, New York) cyclopropane does not cause ventricular fibrillation in man.
Experience by other anesthetists is not ir keeping with this conclusion; given a
large eiough series it is probable that cyclopropane and an agent such as FE 1301
would do so in man, Therefore, the question revolves about relative degree of
risk. In a cross-section of the population such as would be represented by
passengers in an aircraft, one would expect persons with subclinical or clinical
heart disease. These clinical states fortunately do not predispose to the arrhythmic
effects. In fact, the age group most frequently involved is represented by the
young, vigorous adult with high endogenous epincphrine release capacity. Respira-
tory acidosis incressecs the incidence of ventricular arrhythmias in anesthesia and
presumably might be expected to do so in exposure to FE 1301. The administration
of carbon dioxide or rebreathing of carbon dioxide did not precipitate any arrhy-
thmias in our test group. This is of some significance since an increased carbon
dioxide content in the air would be expected subsequent to fires.

We have no explanation for the increased olfactory perception that was stated
to be present by most subjects. Equally surprising was the halogen odor which
apparently resulted from the thermodecomposition of the FE 1301l. Small con-
centrations of an irritant substance were naticeable but not unpleasant. It is our
opinion that other contaminants such as difluorobromomethane or dibromodifluoro-
methane would not significantly contribute to irritatipg potential at concentrations of
50 ppm or less. Study of inhalation toxicity of the pyrolysis products indicated
no effect at low levels from these substances (Haun, 1967).
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" We did not establish the anesthetic level for our human subjects since all the
volunteers stopped short of this point., However, the majority of subjects approached
Stage I (analgesia) characterized by the onset of paresthesias, tingling sensation,
numbness, and dizziness with retention of the ability to obey commands. The stage
of delirium would probably have been achieved were an additional 2-3 percent pre-
sent in the air and it is our opinion that loss of consciousness would occur in most
subjects between 20 and 25 volumes percent., At twice this level, exposed dogs
did not lose coordination or consciousness and there is an obvious species difference.

At concentrations of 10% of FE 1301 and greater, all subjects experienced
some degree of confusion, misinterpretation of their surroundings or feelings of
unsteadiness and giddiness. The mrajority that were tested objectively could
function though at a decreased level of ability. Clearly, one would have difficulty
in sustaining complex operations at such a concentration and those tasks requiring
precise timing and coordination would deteriorate. In a sitting position, however,
the sensation was not unpleasant, did not cause any great distress and could be
tolerated. Passengers would be expected to fare better. At the 5 level, three of
the four subjects experienced sensory changes which varied from slight light-
headedness to a feeling of relaxation. Performance was affected to a minor extent,
though the subject did not have any feeling of inability to perform. A no-effect
level was not reached since the lowest concentration which was administered was 5%,.
The rapid fall off of subjective impressions of impairment on cessation of breathing
the material is in agreement with the rapid decrease in concentration of this type
of agent from the blood stream. Using halothane as an analogy, intwo to three
minutes of exposure the arterial blood gas tension approaches about 20%, cf that in
the inspired air. The saturation curve rises sharply at this level and conversely
falls off rapidly on cessation of inhalation. The fluoroalkanes have a blood:gas
ratio of about two and partition coefficients in brain, liver, and muscle which
exceed this. Partition coefficient in fat is 60 times that in blood. Small, but
physiologically insignificant, concentrations of the agent probably remain i the
body stores some time after inhalation; however, fat uptake is relatively slow and
does not achieve any significant levels on short exposures. There is no reason
from animal data or experiencc gathered from extensive anesthetic experience
with halothane to suggest there is hepatotoxic property associated with this agent.
After 20-minute exposures to ¢ oncentrations in the 10-15% range achieved in our
studies, there was no indicatic: on subsequent followup of icterus, hepatic tender-
ness, or other clinical evidence which would suggest any liver dysfunction. In-
halation of the FE 1301 produces a sensation which in the inexperienced is slightly
disturbing; however, those who previously had anesthetics or who had consumed
moderate quantities of alcoholic beverages were familiar with the sensation pro-
duced and were not perturbed by exposure to concentrations of 10 and below. If
persons are to be operative under conditions where sudden release might occur,
it would be desirable to acquaint them with expectad effects by furnishing an ex-
perience of inhalation of this material so that they could be prepared to cope with
a slight giddiness which might occur at the proposed 6%, level. The use of masks
would obviate the problem. There is no reason based on our studies to believe
that passengers would have any significant degree of confusion or be incapable
of leaving their seats were rapid evacuation of the cabin area necessary.

14)
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This study has extended human experience with FE 1301 and indicates that
inhalation over periods up to 20 minutes at concentrations as high as 10 volumes
percent does not produce unconsciousness or critically impair muscular movements.
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DISCUSSION

DR. BACK: I went over these data with Dr. Hine sometime ago. The blood
pressure effect on these patients may well not have been seen because they were
cuff pressures. The anesthesiologist became highly excited, of course, when he
got an AV dissociation in this subject. He wasn't taking them very often, and
besides that, he had too many other things to do, you know, looking at him, but
he was taking them every couple or three minutes, and he may well have missed
a drop in blood pressure. And the other thing, when you're using cuff pressures,
you can automatically keep elevating. If you just take a pressure everyv 15-20
seconds, you automaticaily start increasing the blood pr:ssure by this method.
It's a poor way ot doing it but it's the only way they had to do it.

DR. SMiTH: Did 1 understand this was in air? These concentrations were
in air?

DR. HODGE (University of Rochester): That is correct. The gas is metered i
into a chamber, adininistered by mask with air. ;

DR. SMITH: That's what I wondered, and in the anesthesia machine, was
the remainder air or oxyvgen!

MR. WANDS: Can you answer this, Dr. Back?
DR. BACK: It was air.
MR. WANDS: It was air all the way.

QUESTION: I was interested to know what was the total length of time for
recovery of all the men involved?

DR. HODGE- How long were they followed?

FROUM THE FLOOR: That's right, and how long all these symptoms were
going.

DR. HODGE: Dr. Hine didn't comment in numbers as to how long they wer-
followed, but he did comment on the extremely rapid return to normal.

QUESTION: Hcw long is rapid?
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DR. HODGE: Two or three minutes.

QUESTION: And then all the effects were gone, or only the arrhythmias?

DR. HODGE: There was one suhject who had a headache that persisted for
12 hours. This was the only comment that Dr. Hine made as to an extended
symptom on the part of any of the subjects.

QUESTION: How about lack of alertness and the detachedness?

DR. HODGE: Very prompt recovery, in just a very few minutes. Idon't
know whether he said some one or two of these--He did say two or three minutes,
but very promptly. Of course, this is characteristic of these very ingoluble
synthetic gases like halothane and cyclopropane. There was very rapid recovery.

MR. WANDS: Dr. Hine told me about his work, along with Dr. Back when
the two of us chatted with him a few months ago on this, and that the patients
recovered completely within ten minutes, and this was also verified in some
human exposures at the DuPont Corporation.

FROM THE FLOOR: The reason I asked, I was concernea with putting out
a fire in a spacecr=ft, and the men would have to be performing things all chis
time,

MR. WANDS: I think the conclusion that Dr. Hine reached w.s that tl.is
vould not interfere with their motor performance significantly in the emergency
situation. I believe that is correct from what you read.

DR. HODGE: This is just a confirmation,

DR. REINHARDT (E.l. duPont de Nemours and Company): I was one of the
subjects and I can coniirm that the recovery was quite rapid. We only were ex-
posed to a maximum of 109, for a few minutes, but the effects wore off very
quickly.

DR. HODGE: May I ask, Dr. Reinhardt, as long as we have a fellow who's
made this "trip", would you be kind enough to say what your subjective sensations
were?

DR. REINHARDT': Yes, they were sensations of lightl:eadedness for the
most pa.t, a little bit of dizziness and unsteadiness. It seemed we had to con-
centrate more on our task i hand to p- rform it, but essentially, they were the
symptoms one wo 'd expect when being exposed to tuis sort of material.
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PAPER NO. 12

THE ACUTE INHALATION TOXICITY OF
MONOMETHYLHYDRAZINE VAPOR

Charles C. Haun

SysteMed Corporation
W.ight-Patterson Air Force Base, Ohio

INTRODUCTION

In recent years, the broad search for new exotic chemical formulations with
properties suitable as high energy rocket propellants has been replaced with
increased emphasis on a selected smaller number of materials. As a consequeace
one of the fuels, monomethylhydrazine (MMH), has been employed extensively
because of its high performance characteristics, thermal stability, and long term
storability if contact with air is prevented.

Whereas the literature contains a substantial amount of inhalation toxicity
data on hydrazine and its dimethylated derivatives (Rinehart, 1960; Weeks, 1963;
Comstock, 1954; Shook, 1957), only ~ne publication was found that reported in-
formation on MMH. Jacobson, et al conducted single, four-hour exposures on
dogs, hamsters, mice, and rats to the vapors of hydrazine, 1, 2-dimethylhydrazire,
1, 1-dirnethylhydrazine and monomethylhydrazine and found, in the order the com-
pounds were mentioned, increasing toxic response (Jacobson, 1¢35). He concluded
that MMH was the most toxic and also the most hazardous of the four hydrazine
comwounds tested.

The paucity of acute inhalation data along with the increased use of MMH
clearly indicated th: need for additional studies to provids the basis for improve-
ment, if needed, of existing methods for hazard reducion and safe h:ndling.
Therefore, the experiments reported here were conducted to confirm and supple-
ment the existing inLalation data. They also served to establish the experimental
methodology for plénned emergency expcsure limit studies to verify current
values (Smyth, 196::). These latter experiments are currently in progress and wili
be reported in subsequent publications and presentations.
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MATERIALS AND METHODS

Groups of 10 rats, 20 mice, 1-5 beagle dogs, squirrel monkeys, and 1 or 2
rhesus monkeys were exposed to various measured concentrations of MMH vapor

for specified time periods. Rodents were exposed for 30-, 60-, 120-, and 240-min-

ute periods; dogs and squirrel monkeys for 15, 30, and 60 minutes; and rhesus
monkeys for 60 minutes only. The toxicity of MMH for the five animal species
was defined by determination of LC,, values, pathological examination of organs,
observations of symptoms, measurements of body weight in rats and mice, and
blood chemistry and hematology tests on dogs and rhesus monkeys. Rodents
were sacrificed at 14 days postexposure. Dogs and rhesus monkeys were re-
tained for several weeks in some cases to study blood changes, while squirrel
monkeys were held only long enough to observe postexposure symptoms.

All animals that died during or following exposure were submitted for post-
mortem gross and histopathologic examination as were selected rodents and all
dogs and monkeys at the termination of the postexposure observation period.

EXPOSURE CHAMBERS AND VAPOR GENERATION SYSTEMS

Rodent Chambers

"~

The reactive nature of MMH necessitated the use of new and modified test
systems designed to minimize its degradation during animal exposures. Figure
1 shows a schematic presentation of the apparatus constructed to accomplish
this purpose for rodent toxicity studies,

Figure 1. RODENT INHALATION TCXICITY EXPOSURE SYSTEM
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An infusion pump was used to meter the correct quantities of MMH at the
desired delivery rate for each exposure. A smaller version of the evaporator
unit described by Carpenter, et al (Carpenter, 1949) was used to vaporize the
test material. Exposures were carried out in a 30-liter bell jar chamber at an
air flow of 30-40 liters per minute. Chamber MMH concentrations were first
established in a parallel empty exposure system, then the gas stream was
switched to the test animals in the alternate chamber to commence the exposure.
To substantially reduce decomposition of MMH, water vapor in the metered air
flows to the evaporator and chamber was reduced to -40 F dew point by means of
an automatic regenerating air dryer using molecular sieve as the water vapor
adsorbant.

A floor barrier and backwall made to 321 SS expanded wire mesh formed a
cage for containing the animals and preventing their interference with the gas
flow pattern. Effluent gas was discharged through an outlet at the bottom center
of the chamber door. The interior of the door was lined with sponge rubber
covered with a thin Teflon sheet. The chamber door was operated by a spring-
loaded, snap-handle mechanism attached to the metal framework that supported
the inhalation chamber. ‘

Large Animal Chambers

A modification of a standard Rochester Chamber (Leach, 1959; MacEwen, 1965)
was used for the exposure of dogs and monkeys. Figure 2 shows this chamber, as
well as the analytical and generation systems. Changes were made in the chamber

air supply and exhaust systems to minimize decomposition of the test materials.

Equipment similar to that used for the bell jar exposure chamber system
was used to meter and evaporate predetermined quantities of MMH.
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Figure 2. ROCHESTER CHAMBER SYSTEM FOR
TOXICITY TESTS ON LARGE ANIMALS
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ANALYTICAL METHOD

Because of the reactive nature of MMH and the extremely small range of con-
centrations between the no-effect and lethal levels seen in preliminary experiments,
a method of continuous analysis was required. The continuous monitoring of
chamber MMH concentrations was accomplished by use of an electron capture
instrument which measured the concentration of an aerosol formed by the reaction
of MMH with trifluoroacetic acid vapor (Geiger, 1967).

EXPERIMENTAL RESULTS AND DISCUSSICN

Control of Exposure Concentrations

The chamber air-conditioning system provided filtered input air controlled
at approximately 72 F and 509, relative humidity. It was impractical from an
engineering standpoint to predry the large volumes of air used in this system;
therefore, tests were conducted to determine the effect of water vapor and air
flow on MMH concentration. Figure 3 is a graph of the results. The tests were

" conducted in a Rochester Chamber at 40% RH and 100 cfm at an MMH delivery

rate leading to a theoretical concentration of 200 ppm. Analysis, however, gave
an actual chamber MMH concentration of 100 ppm, showing a 50% loss under
these conditions. When the humidity was increased to 70%, by water vapnr in-
jection, only 60 ppm was found in the chamber, a 70% loss. Decreasing the

flow rate at any relative humidity level had little, if any, effect on MMH concen-
trations. It appeared, therefore, that the major factor leading to the lisappear-
ance of MMH from the chamber was relative humidity. This conclusion was
strengthened by the initial animal work in small 30-liter bell jar chombers in
which the air was predried to -40 F dew-point. In these experiments, the analyzed
MMH concentration was reduced only 10% below theoretical. Since the relative
humidity in Rochester Chambers cannot be readily decreased below 409, the loss
of contaminant could not be eliminated. Analysis, however, revealed that the
desired MMH chamber concentration througaout the exposures could be satis-
factorily controlled and was reproducible when relative humidity was maintain .d
at a fixed level.

MCRTALITY
Rodents

The only rat deaths during exposure occurred at the two highest concontration
levels in the 240-minute studies. Two of three animal deaths were caused by
exposure to 75 ppm MMH and one of nine succumbed during the exposure to %5 ppm.
The CT products in these two exposures were higher than in any cther, thus indi-
cating a threshold for during-exposure mortality, Without exception, all other
deaths occurred within four hours postexposure.
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1.19 m!./min.Liquid MMH Voporized into Chomber
Theoretical Concentration ot 100 cfm was 200ppm MMH
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Figure 3. EFFECT OF RELATIVE HUMIDITY AND
OUTFLOW ON MMH CONCENTRATION

Mouse deaths, too, were generally delayed until after exposure. Except
for the higher concentrations at 120 and 240 minutes, which produced some
mortality during exposure, practically all of the mice died within five hours
after exposure. Here again, it appearc that a CT threshold may have been
exceeded to produce during-exposure deaths.

The LC,, values and the 95% confidence limits for rats and mice exposed to
MMH for 240, 120, 60, and 30 minutes are shown in table . A comparison of
LCy, values obtained for the four-hour exposures to mice and rats was made with
Jacobson's data (Jacobson, 1955). His values are essentially the same as those

obtained in this laboratory (74 ppm versus 78 ppm in rats and 56 ppm versus
65 ppm in mice). s

Dogs and Monkeys

No deaths occurred during exposure of large animal species regardless of
the duration or MMH concentration. The pattern of postexposure deaths observed
in dogs was similar to that of rodents since the dogs died within two hours follow-
ing the conclusion of exposure. Squirrel monkeys exhibited delayed deaths to a
much greater degree than was the case for dogs. Although a few squirrel monkeys
died as early as 2 and 4 hours, most deaths were cbserved between 10 to 24 hours
after exposure. The number of rhesus monkeys tested was too small to give a
precise measure of time to death.
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TABLE 1 g

LCy VALUES AND 95% CONFIDENCE LIMITS
FOR RATS AND MICE EXPOSED TO MMH

Animals Duration LCy Confidence
and Sex Exposure {min. ) ppm Limits - ppm
Male Rats 240 78 71-86 !
120 127 119-134 _
60 244 219-275 : |
30 427 398-458
Male Mice 240 65 63-66
120 92 88-96
60 122 116-128
30 272 258-287

The LC,, values and the 95% confidence limits for the three large animal
species tested can be seen in table II. Although Jacobson did not expose dogs for
less than four hours, his 4-hour data may be compared to that obtained in these
experiments by analysis of the CT values. His 4-hour data permits estimation of
a CT value of 6000 ppm - minutes compared to the 5860 CT calculated from our
60-minute dog exposure. This comparison appears to be valid since dogs in our
experiments exhibited a consistent CT relationship throughout the time range tested.

TABLE I

LC,, VALUES AND 95% CONFIDENCE LIMITS FOR DOGS,
SQUIRREL AND RHESUS MONKEYS EXPOSED TO MMH

Animals Duration LCy Confidence
and Sex Exposure (min. ) ppm Limits - ppm
Beagle Dogs 60 96 .
(Male and Female) 30 195 174-218
15 390 337-404
Squirrel Monkeys 60 82 67-101
(Female) 30 145 115-182
15 340 298-390
Rhesus Monkeys 60 162 118-222

(Male and Female)

*Insufficient data to calculate range
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In addition to the LC,, values determined for different species, the results
of these experiments provide other useful information. Variable mixing of sexes
in tests conducted on rhesus monkey and dog exposure groups provided evidence
that no measurable difference due to sex could be demonstraed as a result of ex-
posure to MMH. The experiments further show that a steep dose-mortality re-
sponse curve is obtained for all the species tested regardless of length of exposure.
g A comparison of the LCy values obtained during 60-minute exposure of the five
¢ species tested is shown in table III in which the species are ranked in order of their
decreasing response to the acute effects of MMH. Rats were the most resistant
while squirrel monkeys were found to be the most susceptible to MMH.

LR

TABLE III

ACUTE TOXICITY RANKING BY SPECIES

s Y I | SV 8

Species 60 Minute LCy (ppm)

¢ Squirrel Monkeys 82

Beagle Dogs 96 .
: Mice N 122

; Rhesus Monkeys 162

Rats 244

RESPCNSIVE SIGNS AND SYMPTOMS

The degree of symptomatic response of rats and mice appeared to be dose
related. That is, as the MMH concentration was increased for each series of

experiments, the number and degree of toxic signs progressed according to the
following sequence from mild to severe:

1. Irritation of nose and eyes.

2. Diarrhea, abnormally frequent urination, and rapid labored
breathing.

3. Increased alertaess; piloerection; hyperactivity, interrupted
by periods of inactivity characterized by rigid posture and

: exophthalmoa.

4. Tonic-clonic convulgsions and tremors, mucus discharge from

mouth and nose and frequent biting.

T A %, L b e L L e SR

The last two categories of symptoms occurred either during exposure or
within a few hours postexposure. The rodents that developed all the toxic signs
except convulsions survived, whereas those that convulsed died during or follow-

ing exposure. The mice that succumbed to MMH usually died immediately after
a single convulsive seizure. )
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The general pattern of symptoms chserved in dogs and monkeys was similar
to that seen in rodents. However, some additional symptoms were noted in the
larger animals. These may have been due either to physiological or biochemical
differences, or possibly to their larger size. The signs of toxicity, in the general
order of occurrence during and aftcr exposure, were as follows:

Eye irritation.

Salivation and licking.

Emesis (occurred earliest in dogs).

Diarrhea, frequent urination and pupil dilation. Ataxia in dogs.
Hyperactivity, convulsions, tremors and cyanosis (dogs only).
Prostration and apparent unconsciousness.

&

Sk

Although the emetic resporse occurred later in monkeys than in dogs, its
severity was greater and it reoccurred frequently. The more acute response of
dogs to MMH, in comparison with both monkey species, was noticeable not unly
in the early postexposure mortality (within two hours), but in the rapid onset of
symptoms. Furthermore, convulsions were produced in dogs during exposure but
not so early in either squirrel or rhesus monkeys.

Convuisions in large animals did not inevitably lead to death. Some dogs as
well as monkeys were able to withstand the stress and survive until completion of
the postexposure observation period.

Gross evidence of renal and intestinal damage was seen in two dogs exposed
to MMH when blood was observed in their urine and feces on more than one
occasion after exposure.

CLINICAL DETERMINATIONS

Bodz Weight

Rats surviving MMH exposures lost weight or showed subnormal gains on the
first and second days after exposure. Near-normal gains occurred in all of the
survivors on the third day, and growth rates had returned to normal by the four-
teenth postexposure day except for animals exposed to the highest dose levels
where subnormal gains were noted.

At one day postexposure, surviving mice showed mean weight losses of
10-15%. A trend toward weight recovery was observed in most of the groups at
the second and third postexposure weighings. A comparison of the third and
seventh day weights showed a sharp increase in body weight during this time period
for the majority of the survivor groups. Examination of weights taken 14 days
after exposure showed that the mice had made up all losses and were essentially
identical to controls.
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Hematology

Of the various blood parameiers selected to indicaic possible effects of MMH
on dogs and rhesus monkeys, only the hematologic factors reflected positive
evidence of deleterious'change. Comparison of hematocrit, red blood cell, and
reticulocyte values obtained from hlood samples taken before, immediately after,
and twice weekly postexposure from surviving dogs and rhesus monkeys clearly
indicated a red blood cell hemolysis induced by exposure to MMH. Muoderate to
severe anemia occurred in all surviving dogs, while mild to moderate hemolytic
effects were produced in all surviving rhesus monkeys. Decreasing hematocrit
and increasing reticulocyte values were the ebvious indicators of this reaction in
rhesus monkeys, while pronounced changes in all four hematologic determinations
occurred in dogs.

Figure 4. HEMOLYTIC RESPONSE IN DOGS THAT SURVIVED
A 60-MINUTE EXPOSURE TO 92 PPM MMH.
PLOTTED VALUES ARE ARITHMETIC MEANS.

Figure 4 is a graph of the hematocrit, hemoglobin, red blood cell, and
reticulocyte values for three dogs that survived & 60-minute exposure to 92 ppm.
As shown on the graph, the hematocrit, hemoglobin and red blood cell values from
blood samples taken immediateiy postexposure were slightly elevated. This eleva-
tion may have resulted from mild dehydration due to emesis rather than from any
specific effect of MMH. These values were markedly lowerad three days post-
exposure, while reticulocyte counts showed a modest increase. A rapid compen-
satory rise was seen in reticulocytes by the seventh day, at which time the other
three determinations had fallen to the lowest values recorded for the entire ob-
servation period. By ten days, reticulocyte counts reached their maximum value
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and the hematocrit and hemoglobin values had begun to increase slightly. Reticulo-
cytes declined rapidly thereafter, evidenced by measurements made on the seven-
teenth day, and returned to near-normal levels by 24 days. The hematocrit and
hemoglobin values showed a gradual rise approaching preexposure levels nine
weeks later. The red cell counts fluctuated during recovery without reaching the
preexposure value at the time the experiment was terminated..

A graph of the same four hematology determinations made on one female
rhesus monkey that survived a 60-minute exposure to 170 ppm is shown in figure 5.
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Yigure 5. HEMOLYTIC RESPONSE IN ONE FEMALE RHESUS
MONKEY THAT SURVIVED A 60-MINUTE
EXPOSURE TO 170 PPM MMH.

The moderate decline in hemoglobin and red blood cell values, and particularly

the sharp drop in the hematocrit level 14 days postexposure, as well as the
characteristic rise in reticulocytes between the fourth and seventh days, preserts
evidence that the hemolytic response also occurs in rhesus monkeys as a result of
exposure to MMH. Other rnonkeys showed milder responses. Recovery appears to
be complete 35 days later when the last blood samples were taken.

Manifestations of cyanosis observed in dogs suggested the possibility of
methemoglobin formation. During convulsive seizures, the tongues of the exposed
animals were blue to dark purple in color, while mucous membranes appeared
dusty brown. The color of blood samples taken immediately postexposure from
those dogs that survived the higher dose levels of MMH were rusty brown rather
than the characteristic dark red color of normal venous blood. Methemoglobinemia
has been produced in anesthetized dogs one hour after intravenous injection of MMH
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(Fortney, 1967). Jandl et al (Jandl, 1960) present a theoretical model for the
production of methemoglobin by aromatic compounds having N-N groupings. Since
no analyses for methemoglobin were performed on our test dogs, no definite con-
clusions can be drawn concerning its presence. However, it is plausible that
cyanosis 7as the result of a combination of the following factors: (1) involuntary
respiratory arrest during repeated and sustained convulsive episodes rasulting

in oxygen depletion; (2) accumulation of fluids in the respiratory passages inter-
fering with respiration and oxygen transport; (3) transformation of normal hemo-
globin into methemoglobin.

PATHOLOGY

The pathologic evaluation of tissues from animals exposed to lethal or near-
lethal concentrations ¢f MMH is the subject of the next presentation and, therefore,
needs little meation here.

The amount of visceral congestion and pulmonary hemorrhage observed was
not sufficient to produce death which could only be attributed to CNS damage as
previousty reported by Jacobson et al( Jacobson, 1955).

SUMMARY AND CG {CLUSIONS

In terms of mortality, squirrel monkeys proved to be the most sensitive and
rats the least sensitive to the lethal effects of MMH. The descending order of
sensitivity found in comparable experiments was squirrel monkeys, dogs, mice,
rhesus monkeys, and rats. Sigus of toxicity occurred earlier in dogs and rodents
than in monkeys. The symptoms of MMH intoxication were irritation, emesis
(seen only in large auimals), ata..ia, and convulsions, which always proved to be
fatal in rhe case of the rodents. The postexposure period was characterized by
nausea in dogs and especially monkeys and by anorexia in ail species. Indica-
tive of the pronounced acute effects of MMH was the time pattern of postexposure
mortality. Rodents and dogs exposed to lethal MMH concentrations died within
a few hours, wiile monkeys survived for a longer period. Weight losses seen in
surviving rodents were regained, and the exposed animals were not significantly
different from their unexposed controls after fourteen days.

MMH has been shown to be an active hemolytic agent most notabiy in dogs and
to a lesser extent in rhesus monkeys. This effect was temporary, however, with
blood values returning to within normal range a few weeks postexpcsure. The
cyanosis observed in dogs and the color of blood specimens taken from these
animals suggests that MMH may produce methemoglcbin in this species. The
phenomenon may warrant further investigation.

The results of these acute inhalation experiments classify MMH as a highly
toxic compound. The toxicity information and experience gained in these investi-
gations was used in planning further studies to determine the level at which MMH
produces no irreversible injury.
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QUESTION: Can I ask you what the biological significance of your nice
linear line of factors might be?

MR. HAUN (SysteMed Corporation): Oh, on the table of descending order
of sensitivity?

FRCM THE FLOOR: Yes.

MR. HAUN: Absolutely none. It was just interesting to me, sol thought I
would show it. That's all,

QUESTION: Wrhat is the extent c¢f tiie decomposition of MMH at high moisture,
high humidity? Is viere any effect of light or UV radiation on the rate?

»iR., HAUN: On the latter I ~an't answer, the former I can. As I mentioned
in t"e paper, at 40-50%, relative humidity, if we put in 200 parts per i::zilion
of MMH, we lost half of it, it goes that quickly, aud it gets worse the higher the
relative humidity goes.

MR. WANDS: What are the decomposition products, Charlie?

MR. HAUN: I knew somebody was going to ask that. Ed Vernot can correct
me if I'm wrong. I believe it is methane and nitrogen. Am i right, Ed?

MR. VERNOT (SysteMed Corporation): That's true. Methane and nitrogen
ave major products along with formaldehyde and the condensation products of MMH.

QUESTION: Any hydrolysis?

MR. VERNOT: No, sir, so far as we know, we haven't found any. However,
it's difficult fc: me to see that water enters into the decomposition of MMH.
I think it does have an effect, as Charlie has shown, but I think this effect may
very well e instead of a decomposition effect, it may be the formation of a
hvdrate, a hydrate which is much more easily adsorbed on the walls of the chamber
as it goes into the chamber and effectively removes it from the vapor phase. 1
don't believe that water itself has an active part in decomposition of MMH, As
far as the UV is conccrned, the little work that we did on that score seems to
indicate oxidative decomposition of MMH. It's heterogenous, not a free radical
type of thing. We didn't get any difference between a brown bottle and a clear
bottle.
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MR. WANDS: I'was thinking more in terms of the decomposition which might
take place in the presence of moisture within the lungs so that you would have an
entirely different toxicological agent being absorbed. Any comment on that, Ed?

just believe that the decomposition, if it takes place, is a surface phenomenon
that may very well take place in the lung, but whatever the active principle is
in the lung, it remains quite toxic at that point.

]
&
i
MR, VERNOT: I don't know what takes place inside a lung, of course. 1 g
]
:
MR. HAUN: May I add something to that. Needless to say, e have found ?
quite a bit of difference in the sensitivity of various animal species. This could i
be a factor that influenced the different toxicities found with the five animal species. :
MR. WANDS: I am happy to know that Dr, Back has some thoughts on the i
therapeutic measures associated with MMH as compared with some of the other :
hydrazines. Ken, would you care to stick your neck out publicly on your thoughts
on this, please? I think there is a significant factor here.

DR. BACK: Therapeutically, we have to stick with pyridoxine. It works,
but it doesn't take care of the whole picture. There's a change in metabolism
as far as glucose is concerned that you see with MMH that you don't see with
UDMH, and whereas you get an increase in blood glucose with UDMH, you get
‘a marked decrease with MMH. In fact, Dr. Carter has done some work on this
recently. This also has to do with the activity of the animal, so there are a lot
of factors going on here. If you chair a monkey and keep him relatively quiet, his
glucose coesn't drop nearly as fast as if you just let him loose in the cage. If
you let him loose, then his blood glucose drops out of sight, down to maybe 40
milligrams percent. If you keep him in the chair, it takes a much greater dose
to get the same effect. But at any rate, the pyridoxine does not protect against
this phenomenon at all. It just protects against the convulsions. That's about
all I can say abour the use of pyridoxine. It has to be the drug of choice at the
moment. Barbiturates ;robably help, but you must recognize that after the
convulsive effects you ge. « decrease in central nervous system activity, and
if you over-barbitalize a verson, you're liable to throw him into a deeper de-
pression. If you remer )rer last year, Sterman and Fairchild and the co-workers
at Yale also found out ti.at some of this activity was due to sensory motor changes.
In other words, we're almost opening up the whole sensory si :2 of the central
nervous system, provoking convulsions, and we are just in the beginning of exam-
ining some of this with pyridoxine. At least, I hope we are.
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PAPER NO. 13

THE EFFECT OF METHYLHYDRAZINE BY INHALATION
OR INJECTION IN DOG'S KIDNEYS

Roger L. Sopher, Captain, USAF, MC
Alfredo R. Esparza, M.D.
and
Farrel R. Robinson, Major, USAF, VC

Methylhydrazine (MMH) has been shown to be a strong central nervous system
(CNS) stimulant as are the other hydrazine derivative propellants (Back, 1963;
Back, 1963; Dost, 1964; Fortney, 1967; Patrick, 1964) but it is also a renal toxin
and hematotoxin (Sopher, in press). The CNS effects, except for emesis, may
be prevented or aborted by the administration of a large dose of pyridoxine hydro-
chloride (vitamin B6) (Weir, 1964). The renal and blood untoward effects cannot
be prevented by pyridoxine prophylaxis or treatment (Sopher, in press).

MMH is toxic when administered by the intravenous (IV), intraperitoneal (IP)
or inhalation (IH) routes. When given parenterally 15 mg/kg MMH is required to
cause clinically evident renal damage in 100% of Beagle dogs. Ten mg/kg will
cause sporadic clinical 1enal damage in a gr~up of dogs (Sopher, in press). When
auministered via inhalation, without pyridoxine prophylaxis, 90 ppm for one hour
or 190 ppm for 30 minutes is required to approximately mimic the 10 mg/kg
parenteral dose (Haun, verbal communication, June, 1968). Experiments utilizing
pyridoxine prophylaxis have not been accomplished at the time of this writing in
the inhalation toxicology of this propellant and, therefore, the effects of signifi-
cantly higher inhaled concentrations of MMH on the kidney are not known. This
is because the animals die rapidly due to the severe CNS stimulatory effects of
MMH at high concentrations.

The results described are based on a series of 12 Beagle dogs that received

15 mg/kg MMH plus 200 mg pyridoxine HCL. The lesions seen in animals with
renal damage following inhalation are similar in all respects.

Pathologic Changes

The first clinical evidence of renal damage is gross hematuria and hemo-
globinu~ia at 12 to 24 hours postexposure. This continues for about 14 hours and
the animal is somewhat oliguric for several days. By six days postexposure the
animal is clinically recovered.
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At 12 hours postexposure the kidneys are markedly swollen and are deep
purple-red with a somewhat greenish sheen. On section the parenchyma bulges
from the capsule and the demarcation between cortex and medulla is lost. The
capsule strips easily, revealing a smooth swollen surface. Microscopically ihe
glomeruli are essentially normal but somewhat bloodless. The epithelium of the
proximal tubules is swollen and contains numerous deeply eosinophilic hyaline
droplets. Often the cells have burst and the droplets are spilled into the tubular
lumina. The loops of Henle, distal tubules, and collecting ducts are usually
spared. The interstitium may be slightly edematous and the vessels are unremark-
able. Hemoglobin casts and sometimes hemoglobin crystals may be found in
tubular lumina.

The gross appearance at 24 hours postexposure is similar to that seen at 12
hours. Microscopic examination shows the hyaline droplet change of the proximal
tubules to be accentuated. The picture is otherwise very similar to that seen at
12 hours.

At 48 hours the kidneys are somewhat less swollen and hyperemic. The
greenish sheen is no longer present and corticomedullary demarcation is possible.
Microscopically the hyaline droplets in the proximal tubular epithelial c=ils have
regressed markedly and only few cells are still so involved. Many proximal
epithelial cells are necrotic and desquamating into the tubular lumen. Mitotic
figures are frequently seen in the lining cells of the proximal tubules, This change
seems most marked in the pars recta of the proximal tubules. Ma.ly of the proximal
tubular lining cells have apparently lost their cohesivenass resulting in partial
separation of the cells from each other. This causes the tubular epithelial lining
to take on a "cobble-stone" appearance.

At 72 hours the kidneys are essentially normal size and show only slight
brownish pigmentatior. Microscopic examination shows the hyaline droplets
to be completely absent and the desquamation of cells to be nearly absent. Mitotic
figures are still frequent.

At 6 days the kidneys are virtually normal both grossly and microscopically.

Special stains show the hyaline droplets to be strongly positive for hemoglobin
and at 48 hours and beyond the proximal tubular epithelium contains abundant
stainable intracellular iron.

The liver at 12 and 24 hours shows marked erythrophagocytosis by the
Kupffer cells in the sinusoids. By 48 hours the ingested red cells have mostly
been broken down into hemosiderin and this process is essentially complete by
6 days.
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DISCUSSION

There are at least two separate phenomena occurring in MMH renal toxicity.
First, the MMH causes an episode of sev~re intravascular hemolysis, hemoglo-
binemia and hemoglobinuria. This is reflected in the kidney by hyaline droplet
accumulation in the renal tubules which represents, at least in part, resorption
of protein frem their lumina (Oliver, 1954; Fisher, 1964; Straus, 1964, Miller,
1960; Reger, 1961). This, however, should not cause the degree of damage seen
in the epithelium of the tubules. Numerous experiments have shown that hemo-
globin, by itself, is relatively innocuous although it does cause rather marked
changes in renal histology. Paroxysmal nocturnal hemoglobinuria in man causes
little effect in the renal tubules, but after a number of years can cause interstitial
fibrosis (Reger, 1961). Secondly, there is frank necrosis of proximal tubular
epithelial cells with the cells sloughing into the lumen and with active cellular
regeneration. This type of change is probably not related simply to the hemo-
globinuric episode. It would seem then, that MMH does have definite primary
nephrotoxicity, The mechanism of this nephrotoxicity is not known. The pro-
minent erythrophagocytosis gives ample evidence to the fact that MMH is hemato-
toxic.

Renal toxicity is definitely dose-dependent. Animals receiving less than
10 mg/kg MMH do not show physical or pathologic signs of hemoglobinuria although
erythrophagocytosis is seen (Sopher, in press). Nephrofoxicity is seen as swelling
and increased eosinophilia of the proximal tubular epithelium but necrosis and
sloughing of cells is absent. At doses greater than the 15 mg/kg used in this study
the renal changes are amplified. At 30 mg/kg large hemoglobin crystals may be
seen in the renal tubules (Sopher, in press). We do not know why there is no
inflammatory component in the face of obvious tissue necrosis. Perhaps since the
process is restricted to the tubular epithelium chemotactic material is not re-
leaged in the surrounding tissue. The renal effects of MMH are obviously divorced
from its CNS effects, or so it would seem, since pyridoxine does not ameliorate the
renal toxic or hematotoxic effects. When administered by inhalation rather than
injection, the effects of MMH are more variable., Only two of the more than 20
exposed dogs were noted to have blood-tinged urine. Both of those animals were
in rather high concentrations of MMH, 92 ppm for 1 hour and 188 ppm for 30
minutes, respectively (Haun, verbal communication, June, 1968). A large number
of dogs exposed to up to 60 ppm for 1 hour showed neither hematotoxic nor renal
toxic changes.

Methylhydrazine-induced renal toxicity in its full-blown form seems restricted
to dogs. We examined numerous rhesus and squirrel monkeys that received doses
of MMH ~quivalent to those in the dogs, and the only renal effect seen was swelling
of the proximal tubular epithelium. Hemoglobinuria has not heen seen in monkeys,
even with massive doses. Erythrophagocytosis has been seen but is not especially
prominent.
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SUMMARY
Methylhydrazine (monomethylhydrazine, MMH) produces red cell damage,
nephrotoxic changes, and hemoglobinuria in dogs despite prophylactic treatment

with pyridoxine. The mechanism of action in these various toxic manifestations
is not as yet known,
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Figure 1. LIVER, 24 HOURS POSTEXPOSURE TO MMH.

Note the prominence of the reticuloendothelial
cells. The arrows poiat to Kupffer cells con-
taining numerous ingested erythrocytes. x 252

Figure 2. KIDNEY, 24 HOURS POSTEXPOSURE TO MMH.
Note the prominent hyaline dropiets in the proximal
convoluted tubule (PT). The distal tubule (DT) in
the center of the picture is virtually unaffected. x 252
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Figure 3. KIDNEY, 48 HOURS POSTEXPOSURE TO MMH.
Note the numerous desquamated cells in the
tubular lumen, many of which show marked
nuclear pyknosis and/or karyorrhexis. The
arrows point to mitotic figures characteristic
of the active regeneration of tubular epithelium.
x 400
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DISCUSSION

/

DR. KLION (Mount Sinai Hospital): This is more by way of confirmation than
a question. We have had opportunity to study, primarily in monkeys exposed to
much smaller dosages of MMH, kidney changes by electron microscopy. There
was no hemoglobin that we could see, at least in these small, tiny pieces of tissue.
There were, however, substantial changes and they were limited to the proximal
tubular cells just as Dr. Sopher reported. I think there is very definite evidence
that this drug is nephrotoxic and particularly to the proximal tubules.

MAJOR CARTER (Aerospace Medical Research Laboratories): There is one
thing that stands out. If you are a dog, don't get around monomethylhydrazine!
The dog is much more susceptible to convulsions. In other words, a dose of 7.5
milligrams per kilo in the monkey or any of these others, doesn't bother them.
In addition, with doses of 5 milligrams per kilo you can get a tremendous increase
in osmotic fragility of the red cells within four hours in a dog. You don't see
this in the other species. The third aspect is the renal pathology which you see
in the dog but not in the others. It seems then that there must be one basic
mechanism, some subcellular mechanism that's common to all three of the
systems. Hopefully. if we can find this then we can {jnd the answer to all these
questions.

DR. THOMAS: This just points out the need for better relationships between
the field people and the toxicologists. If any of you can find human exposures,
start looking for blood in the urine. We would like to know where a man stands in
this game. Is he more like the monkey or the dog? So please, whoever works
with monomethylhydrazine, start looking for any possible kidney changes.

DR. HODGE: Someone recently reported an increase in the plasma of free
fatty acids in rats treated with monomethylhydrazine and this reminded me of the
fact that Wong, a couple years ago, described an increase in plasma free fatty
acids in cats treated with carbon tetrachloride. Now, these cats sustained proxi-
mal tubule injury, which is the bridge, maybe. Dr. Recknagle in Cleveland has
been on the trail of an auto-oxidative mechanism for carbon tetrachloride injury.
I just wonder if by any chance this might be a key to start looking for a mono-
methylhydrazine mechanism.

DR. SOPHER: Idon't know. The hydrazines, of course, are strong reducing
agents rather than oxidizers.
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DR. HODGE: Carbon tetrachloride isn't an oxidizing agent but it triggers |
auto-oxidative phenomena among some fatty acids. ;

MR. VERNOT: With regard to the oxidative properties of monomethylhydrazine,
although it is classically considered to be a reducing agent, it does form Heinz
bodies and methemoglobin, product of the oxidation of the iron, of course, so
there is some oxidizing going on there. I'm not sure if anybody has satisfactorily
explained why it comes about, but it does.

DR. MEDINA (USAF School of Aerospace Medicine): Commenting on this
business of oxidation by monomethylhydrazine, there might be a possibility also
of some peroxide formation on fatty acids, and this question of an increase, was
it an increase in fatty acids?

DR. HODGE: Free fatty acids.

DR. MEDINA: We have been looking at the hydrazines for about 7 years and
so far every system that we've looked at--transaminase, amino acids, epinephrine,
GABA, serotonin, histamine, --all are affected by the hydrazines. It appears as
if it's a very, very strong poison. To delineate the specific site of action of the
hydrazines will certainly be a tremendous undertaking.

DR. WEIBEL: I wonder whether Dr. Sopher would iike to comment on where
the primary site of damage indicated would be, because what he showed in the
proximal tubule would be the sign of reabsorption of hemoglobin, which, in the
first place, has to get into the nephron. Is this glomerular damage? Did you
see anything? How does this come about?

DR. SOPHER: I should have made this clear. The glomeruli in all the
kidneys I have seen, unless there was pre-existing disease, were relatively un-
affected by this. One found protein in Bowman's capsule and that was about all.
Sometimes you could see evidence of a good proteinuria there. I believe that
the hemoglobin comes from severe intravascular hemolysis, filtered and re-
absorbed by the proximal tubule, and as a matter of fact, just off the top of
my head, from what I have seen, it looks to me like the pars recta of the
proximal tubule is the part most affected compared to the convoluted portion.

DR. WEIBEL: Then | wonder whether you may call this a renal intoxication
because this is a secondary effect due to overloading of the urine with hemoglobin,
so it's actually a blood intoxication.

DR. SOPHER: As far as colloid bodies, or hyaline changes go, that's true.
However, the desquamating cells can be found from the exit of the glomerulus
all the way down to the proximal tubule. It seems to me with the degree of
renal damage seen--1 didn't show higher doses because the picture is complicated
considerably by the hemnoglobin crystals and reaction to the crystals, so you
can't tell what's a pressure effect and what's irritation from the crystals, and
what's a true nephrotoxic effect by this compound. 1 really think that the hemo-
globin is not toxic and that it is the monomethylhydrazine that's doing the severe
damage, that is causing the cellular death with the desquamation. Why we see
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a cell here, a cell there, a cell somewhere else dying, and not widespread
necrosis of the epithelium of a whole tubule, I don't know. These cells, for some
reason, apparently are more susceptible.

DR. TOWNSEND (San Antonio Tuberculosis Hosniita:\: Is there any alteration
in the coagulation in any of these animals?

DR. SOPHER: Idon't know. I haven't done any coagulation studies on the
animals. We did especially look at a lot of animals for other investigators in a
series reported elsewhere. Whether coagulation studies were done on those or
not, I don't know. I don't believe so. It might be a fruitful area to investigate,
especially because we did find there was evidence of intact red cells passing
through the kidney. Otherwise, how would you get the blood clots in the bladder?
In examining the urine, one sees innumerable red cells, too many to count.
You'd have to use a coulter counter to count them. Plus free hemoglobin. Cer-
tainly one does see passage or bleeding from the kidney when patients are over-
anticoagulated. It's a classic finding. There might be some deficit in coagula-
tion here. I don't know.
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GENERAL D SC!ISSION

DR. HODGE: Mr. Egan, you discarded discrepant data in the case of sig-
- nificant difference because you expected no difference between control and ex-
perimental group. Would you do the same in the study of contaminants where
you're not trying to prove a point?

(Laughter)

MR. EGAN: I think I tried to explain this morning that in comparing either
blood chemistry results, gross or histopathology results, comparing control
to test, that the similarities were very pronounced, and the actual findings per
se weren't really biologically significant. Now, in the case where we were
examining a contaminant, if we found results to be the same between the test
and the control, regardless of the incidence of murine pneumonia or changes in
hematology, I don't think you could induce or deduce there was any effect from
the contaminant. I don't know whether that is just begging the question or not.

DR. HODGE: Another question along the same vein. You rationalized
statistically significant differences as biologically meaningless. Why, then,
conduct the statistical test?

MR. EGAN: Well, to begin with, we have an entire accumulation of data
which is analyzable, if you will, and I don't know how sophisticated some indi-
viduals are, whether they can look at data and eyeball it and determine whether
or not there is a biological difference or not. Now, certainly, I wasn't trying
to rationalize away significance here. We do have changes, but, for instance,
in the case of hemoglobin, there was definitely a mathematical difference between
the pre-exposure levels and exposure values. However, in looking at these
values biologically, the hemoglobin values are down around 14 gms §, or so pre-
exposure and for dogs this is fairly low, but it doesn't necessarily indicate that
the animal is in good health. During exposure it increases slightly for one reason
or another. These values are going back up again to what we think are more normal
values. Now, in the case of the enzymes, again mathematically, these things
are significant, but in some cases, enzymes can have enough of a variable range
where you're not really getting any kind of a biological indication.

DR. HODGE: That sort of hinges on the question that toxicologists keep
themselves up late at night over. Because there is a change, is this an evidence
of a toxic response? [ have had the privilege of sitting in on some of these dis-
cussions and, Mr. Egan, you're on the trail of a very juicy one, you can chew
on this for a very long time, It's real, it's statistically real, but is it adverse?
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Is it meaningful? And this is, as you say, a-question of judgment. A physician
friend of mine was discussing with a medical school class at grand rounds the
treatment of burns. These were huge burns, involved the entire thorax, for
example, and there came a time when the surgeon snipped up this burned sheet

and slipped it right off the patient, what used to be his skin, and one of the medical
students said, "Well, how do you know when to take that off?" And the doctor

said, "Well, that comes from good clinical judgment. " (Laughter)

QUESTION: Captain Van Stee, how do the levels of bromotrifluoromethane,
which caused blood pressure drops, relate to the concentrations necessary to
prevent and/or extinguish a fire?

b e et st e S R BN MRNSRC RSN

DR. VAN STEE: I believe I stated that the engineers tell us that in a 100%
oxygen atmosphere, when fire is ignited, sufficient CBrF; has to be put in the
vicinity of a fire to reach a 50% by volume concentration. Now, the question'is
what is the degree of hypotension associated with a 50% exposure? At 10%, there
is very little change in blood pressure, up to perhaps 10 millimeters of mercury
change, and at 80%, this may range from 20 mm to 60 mm. Ordinarily, it will
be on the order of 40 to SO millimeters of mercury drop, so in this middle range,
at 50%, the nominal amount required to extinguish a fire, you would expect a

blood pressure drop of 15 to 40 or 45 millimeters of mercury. I hope that answers
that.

DR. HODGE: The last question is addressed to Dr. Hine. 1'll be glad to

mail it to him. How does the dose of epinephrine given dogs relate to endogenous
concentrations?

At the moment, I'm not real sure that I remember what the norepinephrine
content of normal myocardium is, but I think it's about a tenth of a microgram
per hundred grams. Is that a ballpark figure?

DR. BACK: About ballpark. Circulating is about what? About a microgram
per liter? Isn't that what we are told?

DR. HODGE: And the doses that were used in the study at duPont were 8
micrograms per kilo.

DR. BACK: Which is a fantastic amount. That's why Dr. Hine probably had
a hard time scariug these dogs into a fibrillation.

DR. HODGE: He didn't.

DR. BACK: Normally, you can't and even with Dr. Van Stee's animals we
did a number unanesthetized and they were convulsing all over the place, obviously

convulsing hard enough to squeeze out all the epinepherine from the adrenal gland.
We only had onc death, I think. Is that about it?

DR. VAN STEE: I might say, I would like to make a very careful statement |

about these convulsions, since we are off into the realm now. We obscrved con- 1
vulsions in the dogs duri..g the period of exposure, but we don't know what caused !
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the convulsions yet. If you listen very carefully to that, I cannot say without
qualification that CBrF, causes convulsions because the physiology of a conscious
animal exposed to a dose of CBrF, required to produce a convulsion is really some-
thing to behold. The respiratory mechanics are completely altered. The acid-
base balance of the body is completely altered. We haven't come to the point

where we have been able to evaluate this thing very carefully, and so far all we

can say is that these animals convulse, some of them will convulse in the pre-
sence of the exposure to the gas, but how this is brought about I don't know.

It's entirely possible that these might be alkalotic convulsions having nothing to

do with the CBrF, directly. That is where it stands.

DR. HODGE: On the other hand, what is Indoklon? Indoklon was the con-
vulsant gas being used here, and it's a hexafluorodiethyl ether. There is a primary
convulsant belonging to the same family.

DR. BACK: Right. I think that was discussed in Wesley Clayton's review of
that.

DR. FAIRCHILD: There are convulsant barbiturates, too.

DR. HODGE: There are convulsant barbiturates. Can we throw this open to
general discussion?

DR. REINHARDT:: I have been involved in doing some experiments on
cardiac sensitization, and in discussing this concentration of adrenalin, we found
with another compound we were testing, namely, trichlorotrifluoroethane, that
when we exposed dogs to 2%, by volume of this compound, and this was just two
dogs, after breathing it about five to ten minutes, they began to struggle and had
what we termed multiple ventricular beats, which is something that may readily
convert itself into ventricular fibrillation. So they developed this serious abnormal
ventricular arrhythmia without any exogenous adrenalin. That was while being
exposed to 2%, of that compound.

DR. CAMPBELL: From what I have heard today about this Compound 1301,
particularly the human work that was done out West, 1'd be inclined to think that
there would be pretty dangerous effects under conditions where this compound
might be used in a space cabin atmosphere. He was getting definite effects, it
seemed to me, between 10 to 15% out there. You're telling me this compound is
going to reach 50%, under conditions of use, and this would concern me a great
deal.

MR. WANDS: I think we have to remember that the 509, figure is for 100%
oxygen conditions. I'm not sure that this is planned for present flight conditions
for spacecraft. Certainly, it is not planned for many of the other applications
of this compound in fire control. In normal ambient atmospheres, the percentage
volume figure is much less, on the crder of 4 to 6%,

DR. BACK: That's about what I was going to say. No one has picked this

compound or any compound like it for extinguishment in a spacecraft. However,
it may be the one that they ultimately have to pick, and obviously we'll have to
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go to protective measures in order to use it. The other thing is that this compound
is a very quick acting one as far as fire extinguishment is concerned. It can

put out a fire in milliseconds if you have a high enough concentration. The work
that Dr. Hine did was done at the insistence of some people at Boeing. They were
interested in its use in aircraft in which you don't have 1005, oxygen, and as Ralph
said, under these conditions, about 7% is necessary, but there are lots of pro-
blems that Boeing and the FAA and others have to think about because ycu have to
get that 7% somewhere and if we were sitting in a 747 here, you'd have to put out

a fire in the center of the room as quickly as you put one out over there. Now,

if you have the ducts leading in from all over the place, somebody is going to be
exposed to very high concentrations, and some others to relatively low concentra-
tions, and so it's a time problem that we may be working with. However, look

at the alternative. The alternative is certain death, so there may be trade-offs
and it may be respiratory protective devices. The other thing is the rapidity of
the reversibility of the action in the body. Maybe this is a saving factor, too; if
you can get the fire out quickly enough, people won't be exposed for very long
periods of times, and it depends upon the use, certainly. A man in a space cabin,
if we were to use it that way, might have to put his face mask on and breathe on

a closed system for a short period of time, but that may be a matter of engineering
solution rather than anything else. \

QUESTION: 1 have just a brief question for Dr. Albert from the presentation ¢
this morning. I was wondering what sources of information he used to deterrnine
which compounds would be present in the space cabin in significant concentrations?

DR. ALBERT: The committee was provided with measurements obtained from
a series of tests, measurements that were done in capsules and also from ground
tests, a series of about 7 tests as I recall, and there were several hundred com-
pounds that had been measured under conditions of various sorts, and it was a
question of winnowing from these the ones that might be really significant.

MR. WANDS: I might add that the first winnowing from over 200 compounds
down to 50 was done by NASA on the basis of things which might be expected
to be found in these longterm flight craft, After that, then, the committee win-
nowed these down to ones which would be of toxicological signficance and estab-
lished their recommendations for. those,

DR. AZAR (Ohio State University): I would like to ask Dr. Van Stee if he
would mind commenting on the possible interaction of the Freon 1301 with the
anesthetic used on the dogs. For example, was Freon 1301 accentuating the
hypotensive effect of the barbiturate he used to anesthetize his animals? And
the second question--Correct me if I'm wrong on this--I had the impression
that he said the cardiac output did not change in the animals. Yet with a negative
inotropic effect, decreased myocardial contractility, decreased stroke volume
and slow heart rate, 1 would expect a fall in the cardiac output.

DR. VAN STEE: As far as the ane=rt:.ic 18 concerned, we anticipated
problems in this, and if you will remenwer the design of the experiment which
had a parallel experiment with three periods in which no exposures to CBrF,
were made. We played around with this anesthesia problem quite awhile and
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finally ended up with a mixture of pentobarbital, 2500 milligrams per liter, and
600 milligrams per liter tubocurarine hydrochloride by intravenous drip, in order
to maintain or to prevent unnecessary fall of the blood pressure during the course
of the experiment, and in our control experiment, the blood pressure was main-
tained quite well over a period of 150 minutes by this method. Now, as far as
interaction between this anesthetic and the CBrF,, I can't think of any comments

I can make on that at all. I guess there is no way tc now if there was a syner-
gistic effect or nct.

DR. BACK: In the monkey there was a slight synergistic effect. In the dog--

DR. VAN STEE: Well, yes, synergism as far as prolongation of the hypnotic
state is concerned. If you put an animal down on pentobarbital or put him on a
gas, the apparent recovery from anesthesia is greatly protracted to the extent 5‘
that a single injection of 30 milligrams per kilo of pentobarbital which would
normally be expected to put it down into Plane 2 or Plane 1 of a stage 3 anesthesia,
you would expect the animal to be trembling, somewhat coming up from that
within a period of 30-40 minutes. They will lie there absolutely still for two hours
while they're breathing the CBrF, in the presence of pentobarbital and when you !
step the gas they come right up. We thought at first maybe we had something ‘
that was going to compete with halothane as an anesthetic gas but it doesn't have
anesthetic properties by itself. True, you would expect cardiac output would go
down; however, apparently, the entire reserve component of the heart was not
used up by the effect of the CBrF,. There was also a reserve comporent left in
the peripheral vascular smooth muscle, and the way I look at this thing is that there
was a sufficient decrease in resistance to the outflow to compensate for the weak-
ness created in the heart by exposure to the gas. Therefore the net effect was
that the cardiac output did not change. Remember that the heart rate went down
and stroke volume went up during this period of exposure, because the weakened
heart was pughing against a lower resistance. Do you buy that?

DR. AZAR: 1 have some doubts.

DR. BENJAMIN: I would just like to make some comments regarding some-
thing that was raised previously and that is the pure oxygen atmosphere. Actually,
in the present spacecraft, there is practically no flammable material and under
those conditiors the condition of needing 50%, freon for suppression of open flame
is practically impossible, If you have just some slight smoldering fire, then
the requirement for freon is much lower. We consider something like 10-15%
about the maximum required in actual flight and under those conditions, it's
pretty safe.

DR. HODGE: Thank you. Gentlemen. I think 1'd like to call this discussion
to a close. On hehalf of Mr. Wands and myself, 1'd like to make two very brief
comments. As Dr. Thomas has said, the abjective of this meeting is providing
a medium for the exchange of information, ideas, experiences, by the peoplc
who are actively engaged in the field of inhalation toxicology and the allied sciences,
and I submit that we have today achieved this objective, at least so far.
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PAPER NO. 14

ELECTRON MICROSCOPIC OBSERVATIONS ON
THE KIDNEYS OF ANIMALS

Willy Mautner, M. D.

Mount Sinai School of Medicine
New York, New York

INTRODUCTION

Alterations in the ultrastructure of renal tubular cells after exposure to
100% oxygen at 15 PSIA and 5 PSIA have been reported previously (Mautner, 1966).
These changes consisted of irregularities in size and shape of the mitochondria
of the proximal tubules and of changes in the structure of the mitochondrial
cristae. There was also an increase in microbodies in the proximal tubular cells.

In order to determine the time relationship and the possible reversibility of
these changes, serial biopsy studies were undertaken. Besides oxygen, animals
were also exposed to a mixed gas atmosphere and to monomethylhydrazine.

MATERIALS AND METHODS

Monkeys and dogs were subjected to unilaterial translocation of the kidney
to a subcutaneous site for the purpose of facilitating the serial biopsy procedure
(Kaplan, 1967). One to two months after translocation, baseline renal function
tests and renal biopsies were performed. Thereafter, groups of animals were
exposed to one of the following:

1) 100% oxygen at 15 PSIA for 3 - 12 days

2) 68% oxygen, 32% nitrogen at 5 PSIA for 3 and 7 months

3) Monomethylhydrazine injected intraperitoneally in varying
amounts, and for varyirng periods of time (George, 1968)

In addition, rats were exposed to oxygen at 15 PSIA for periods of 15 to 360
minutes.

Appropriate control animals were included in each group. Methods of ex-
posure, biopsy, tissue processing and electron microscopic investigation were
reported previously (Mautner, 1966; Felig, 1965).

Following exposure, monkeys and dogs were sacrificed either immediately or
within a few months. Complete autopsies were performed, and, in a few instances,
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ante mortem biopsies of the translocated as well as the in situ kidney were
obtained at the time of sacrifice.

RESULTS

1) Baseline studies: Renal function tests and renal biopsies performed one
to two months after translocation showed no significant alterations.

2) Oxygen, short term: Rates exposed to 100% oxygen at 15 PSIA for up
to six hours showed no significant changes. In the previous study, rats similarly
exposed for 24 hours showed prominent alterations.

3) Oxygen long term: The severity of the changes in monkeys and dogs
exposed to 100% oxygen at 15 PSIA is as follows:

3 days ++

4 days +H+

7 days 4+
12 days ++

The comparable findings in the previous study (without serial biopsy) performed
at 5 PSIA were as follows:

2 weeks +
3 months ++
7 months +

The nature of the changes was the same in both series. The proximal tubular
mitochondria had irregular profiles and showed smudging and focal disappearance
of their cristae (figure 1). There was also an increase in the number of micro-

bodies.

4) Mixed gas atmosphere: Animals exposed to the mixed gas atmosphere
for 3 and 7 months showed some, but not all, of the changes found in the oxygen
exposed animals. There was some irregularity of mitochondrial profiles, with
areas devoid of mitochondrial cristae (figures 2, 3). The degree of change was
less severe than in the animals exposed to pure oxygen. A significant increase
in the number of microbodies could not be detected, nor was there evidence of a
reversal of these changes.

5) MMH: Acute tubular alterations following exposure to monomethyl-
hydrazine have been reported (George, 1968). Whether these changes leave a
residual has not yet been determined, largely because of the changes due to trans-
location described below.

6) Changes due to translocation: Autopsy tissues from the kidneys of 17
animals have been studied. Thirteen of these showed alterations in the translocated,
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as opposed to the in situ, kidney, irrespective of the type of exposure (or lack of
exposure). All of these were autopsied seven months or more after translocation.
The nature of these changes was remarkably uniform in all animals examined.
Bands of fibrous tissue extended from the medulla to the cortex, always perpendi-
cular to the plane of the capsule, and frequently extending all the way from the
pelvis to the capsule. When such a band did extend to the capsule, there usually
was a V-shaped indentation of the capsule of the type commonly attributed by
pathologists to atherosclerosis of the larger arteries ("benign nephrosclerosis").
In addition to varying in length (which may of course be due to the plane of section
ing) the bands varied in thickness, some extremely narrow, about the diameter of
a tubule, some obviously involving a large number of adjacent nephrons. Another
important variable was the degree of inflammation. While the inflammatory com-
ponent was always of a chronic nature, consisting primarily of lymphocytes and
macrophages, the number of inflammatory cells varied markedly, sometimes
almost completely absent, sometimes almost obscuring the connective tissue,
The distribution of these bands varied from one to 6 or 7 ~er section. In view of
the large number, the possibility that they are healed needle biopsy tracts can

be ruled out.

DISCUSSION

The finding that animals exposed to 5 PSIA oxygen-nitrogen mixtures with a
partial pressure of oxygen approximately equal to that of earth atmosphere show
some of the changes of animals exposed to 5 PSIA pure oxygen raised the question
of whether these changes were in fact due to oxygen, or to some other factor.
Also, since the early experiments required a different animal for each biopsy,
the suggestion of reversibility of changes due to oxygen was open to question; in
a small series, biologic variation might account for these differences. The ex-
periments reported here attempt to answer both questions.

The serial biopsy procedure has made it possible to compare the changes
after different exposure times in the same animals. The findings in the 15 PSIA
3 - 12 day experiments strongly support the hypothesis that oxygen has a toxic
effect which is at least partly reversible. Animals kept in the Thomas Dome for
similar periods, but without similarly high pressures of oxygen, do not show these
changes.

Two questions remain unresolved by the present studies. The first is the
reason for the reversal of these changes; it is not yet clear whether this reversal
is due to an adaptive mechanism on the part of the tubular cell organelles, or
to a vascular mechanism, or to decreased oxygenation due to lung damage. The
second is the cause of the alterations found in the animals exposed to mixed gas
atmospheres. These might be due to a contaminant in the Thomas Dome, or to
the low ambient pressure, or to another factor as yet unsuspected. It must be
stressed that the changes described above are nonspecific and do not implicate
any specific toxic agent,

The cause of the alterations due to translocation is also not yet clear. The

appearance of the changes suggest a vascular etiology. However, blood vessel
alterations have not yet been substantiated; the degree of inflammation suggests
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the possibility of an infectious component; and the previous handling and exposed
position of these kidneys requires that trauma be considered as a cause., A
thorough study of the nature and development of these lesions is important in
order to assess the value of this procedure in toxicologic studies.

SUMMARY
1) Serial biopsy studies of kidneys of animals exposed to 100% oxygen at
15 PSIA show maximal changes at 4 to 7 days with a return towards normal by
12 days.

2) Earliest changes develop between 3 and 24 hours.

3) Animals exposed for long periods of 68% oxygen, 32% nitrogen at 5 PSIA
show some, but not all, of these changes, and to a lesser degree.

4) The translocation procedure required for serial renal biopsies induces
chronic changes which may interfere with the interpretation of changes due to ex-
posure within a few months after the translocation procedure.
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Figure 1.

[

PROXIMAL TUBULE OF MONKEY, 100% OXYGEN
AT 15 PSIA, 7 DAYS. Brush border lower left,
basement membrane upper right. Mitochondria
show smudging and loss of cristae, Microbodies
(dark bodies near center) increased in number.
Electron micrograph, x 25, 000.
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Figure 2.

PROXIMAL TUBULE OF MONKEY, 68% OXYGEN,
32% NITROGEN, 5 PSIA, 7 MONTHS. Brush
border upper left, basement membrane lower
right. Some irregularity of mitochondria, no
significant increase of microbodies. Electron

micrograph, x 16, 000,
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» Figure 3. SAME AS FIGURE 2, HIGHER POWER. Mitochondrial
structure is altered, but not as severely as in figure 1.

Electron micrograph, x 35, 000.
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DISCUSSION

DR. BACK: Dr. Mautner, those last two slides were monkey kidney, were
they not?

DR. MAUTNER (Mount Sinai Hospital): Yes they were. The monomethyl-
hydrazine work was on monkeys. Dr. Sopher's was mainly dogs. Monkeys are
less susceptible, I understand, and the exposures were less in amount. These
were at seven and a half milligrams per kilo. Dr. Sopher's were twice or more
this amount.

DR. BACK: I think this shows something that we argued a little hit yesterday,
the effect of changes in blood constituents in the proximal tubules, and that the
monkey doesn't show this effect; but you still did see it. So I think this does clear

up the point of the need for blood changes to produce an effect on the kidney tubules.

I think the question was raised by Dr. Weibel yesterday. This unequivocally
shows there can be a real direct effect without a change in blood constituents.

DR. MAUTNER: Itried to answer Dr. Weibel's question before he raised
it. I am convinced from these findings that there is a direct effect on the tubular
cells, irrespective of any hematological changes.

DR. WEIBEL: Dr. Mautner, you have referred repeatedly to microbodies.
How do you define microbodies?

DR. MAUTNER: Well they are little bodies and cells which nobody knows
what they do or where they come from. They are supposedly, as I am sure you
know, packets of enzymes.

DR. WEIBEL: Wzell, that's the feeling 1 had but you may know that the term
"microbodies" actually i3 restricted to what is also called peroxysomes; mainly,
they are like little lysozyme like organelles containing only two enzymes, uricase
and catalase, but there are quite considerable specie differences ir the appearance

of these.

DR. MAUTNER: Organ differences. The kidney microsomes look quite
different. You may remember from the picture that they have very sharp edges,
which is an unusual thing; and I have seen it only in certain species, and only in

the kidney.

184




- p——r e

AMRL-TR-68-175

DR. WEIBEL: Did you see the crystalline structure inside?

DR. MAUTNER: No, I did not define that, and I was very cautious not to say
too much about them becausc I am not convinced that we are dealing with the same
thing that you see in other organs.

DR. SCHAFFNER (Mount Sinai Hospital); There i3 a good deal known about
these peroxysomes. They do contain more than two enzymes. They contain quite
a number of them. Their function does seem to be an oxidizing one. They are
not lysosomes at all. They are not digestive in the sense that the lysosomal
enzymes all have an acid pH maximum. The crystalline structure that you asked
about, in those species and in those organs where the bar is off to the side, is
apparently identical in function at least to the nucleoid in those where it is in
the middle as in the livers of rats and dogs, but not in hamsters where there is
a central bar and then there is a side bar as in some other animals. It is always
interesting to come a good many miles to a meeting and find that a colleague in
the same institution, with whom we meet quite frequently, has turned up work
which shows similarities to work we have done in the liver, and is working in an
area that we are very much interested in; namely, that adaptive changes occur
apparently on exposure to oxygen. We are now convinced that all species, and
probably all organs, are capable of adapting also to changes when exposed to
various chemicals, and these adaptive changes, the capability of performing the
adaptive changes and maintaining them, is the very phenomenon that we have all
been talking about. The inability to maintain this adaptive response or develop
it fully is toxicity, and we have had to learn whole new sets of parameters to
measure this, and the degree of sophistication in this area is enormous. I wonder,
Willy, since we haven't communicated on this before, if you have any information
as to the functional significance of some of these changes that you have shown-~1
mean in terms of modern-day toxicology?

DR. MAUTNER: The functional data that we have are primarily from renal
function tests of the classic sort. They do not show any changes but I think that
these tests that I am talking about--glomerular filtration rates, blood flow trans-
fer maximums so forth--these types of tests are relatively crude I think com-
pared to electron microscopy; so I am not surprised you will find electron micro-
scopic changes without any functignal support. Biochemical data I do not know
about on these animals. | don't believe there was any done on them.

DR. LEON (Ames Research Center):. This question refers to the work that
you showed, and some of the work yesterday. As was discussed yesterday,
usually rats in one hundred per cent oxygen at one atmosphere will die in three
days. If they are young enough, they will survive or sometimes if they are not
young they will survive even in the pure oxygen. Of course you had some that
had been in oxygen for 12 days. The thing that kills them on the third day is not
the oxygen, but the lack of oxygen since their lungs are so damaged that there is
no oxygen getting into the periphery. So the point I would like to know is: Are
you sure that these massive changes that you show at four and seven days are in
fact due to the oxygen or to the lack of oxygen?
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DR. MAUTNER: If I may ask Miss George to reply to that. I have some re-
marks to make about that also, but she has the data.

MISS GEORGE (Aerospace Medical Research Laboratories): All the animals
at four days were hyperoxic, 300 to 500 mm arterial pO,. At seven days they
had pO, of 200 to 300, and there were several that were down to 50-100. There
was a great variability at seven days, but they were all lower than they were at
four days. At four days they were all between 300 and 500.

DR. MAUTNER: 1 would say that we cannot with any certainty say that this
is oxygen. It may be hypoxia. The changes, as I pointed out, are not specific
and I could not be at all sure that either one or the other may produce the same
alteration. There is a suggestion that oxygen does this. On the other hand, the
lung damage is such that the reversal at 12 days particularly suggests that hypoxia
may also play a role. Incidentally, I should have pointed out that I was talking
about monkeys, not rats. I could not get into the problem of species. There are
differences and in brief they are that the dogs reverses the most and the rat is
the most unreliable experiment animal for this purpose. We like the monkeys.
They all look the same.

DR. BENJAMIN: Dr. Mautner, your findings regarding mixed atmosphere are
especially alarming since we always considered this mixed atmosphere as physio-
logicaily inert. I wonder whether you have any indication that there could possibly
be some other contaminant present. Do you have some analysis of the atmosphere?

DR. MAUTNER: Idon't know about the analysis of the atmosphere. What we
need here and have just recently received, a series of animals which were recently
put in the domes under normal ambient air atmosphere, and the big question is
whether these will show changes. Because if they show changes then there is
something in the dome. It may be contaminants. I don't know, but it was dis-
turbing to us also. But I think it is quite unequivocal that the mixed gas animals
do show changes.

DR. THOMAS: There is something in the dome, yes, the animals are in there.
You have been out there and seen these experiments. You must realize that there
are 40 rats, 50 n.ice, 8 to 10 dogs and four monkeys in there. We havc four
complete air changes once an hour but it does smell, and if you can smell some-
thing there is something in the air. We agree to that. We weren't bothered about
this fact for awhile because we found that, as the systems were at that time, the
air smells in the capsule too. However, to be puristic about this, we do have
dome controls now, which have been running for five months, and if we find that
there are any changes, 1 suspect the next thing will be to increase the airflow.

We have a capability of going up to 125 cfm and we are only using 20 at the present.
By increasing the airflow rate or the gaseous flowrate through the dome to the
maximum amount, we can get rid of the odors.

DR. RIESEN: I was interested in the mitochrondial changes that were shown,
Dr. Mautner, and I am curious regarding the biochemical functionality of such
mitrochondria and 1 was wondering if there was any data on that. 1 would presume
that when the inner membrane which constitutes these crystae, structurally falls
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apart like that, that this would reflect either an intra-mitochondrial media change,
i.e., the so-called intra-mitochondria matrix, or a change in the structure or an
occlusion of some kind in the membrane, thereby changing the conformation of

the membrane subunit which aggregates to form this crystae. The thing that I
want to just mention here is that the disaggregated crystae can still be biochemically
functional., That is, they will not have all of the capability of control in response
to the cytoplasmic environment but they will function. Just because the crystae are
not visible does not mean there is not some kind of phosphorylation going on. And
the second point is that the reversibility may well be feagible intra-mitchrondially
without any real membrane damage. That could be a reversible thing and so from
what we know about mitochrondia, this kind of reversibility is entirely feasible.

DR. MAUTNER: I would like to say we have had many discussions as to pos-
sible significance of these morphologic changes which are essentially only pictures.
The function tests are too crude to show the capacity of the kidney. Certainly the
proximal tubules are such that a great deal of damage could be done before it
would show up with our present day function tests. We don't try to say that this
means any interference with function. What we do say is that the mitochondrion
in the proximal tubules is an extremely important organelle, and whether its
function is interfered with because of the changes, we cannot say.

DR. KLION: This is in the way of a comment. You may recall that last year
we presented electron microscopic findings of the liver with the two-gas system,
and there we found non-specific changes primarily involving microbodies that
were more pronounced than in the oxygen studies. This suggested then that in
the two-gas system, there is some phenomenon going on that is different from
the oxygen atmosphere.

DR. TOWNSEND: Dr. Mautner, would you just contrast for us the changes
between MMH kidney and what you would see in a so-called anoxic kidney?

DR. MAUTNER: I think the striking thing about MMH, and the simplest
thing to pick up, is the pure involvement of distal tubules. With all other exposures
we are talking essentially about proximal involvement and here we have, and can
show a rather substantial amount of, distal involvement. It is, as I said, not
easily seen by light microscopy. This makes a very simple distinction. There
might be mitochondrial changes in all of these, and whether the mitochrondion is
smaller or whether it is shortened and loses its crystae I don't know whether
this is significant. 1 would be very reluctant to ascribe any specific significance
to the type of change. All we can say is there is a change.
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PAPER NO. 15

ELECTRON MICROSCOPIC AND MORPHOMETRIC STUDY OF RAT,
MONKEY AND DOG LUNGS EXPOSED TO 68% O; AND
32, Na AT 258 TORR FOR EIGHT MONTHS

Ewald R. Weibel, M. D,
Margret Lewerenz, M. D,

University of Berne
Berne, Switzerland

and
Harold P. Kaplan, Captain, USAF, MC

Aerospace Medical Research Laboratories
Wright-Patterson Air Force Base, Ohio

INTRODUCTION

Previous studies have shown that breathing pure oxygen leads to a cellular
damage which causes thickening of the alveolo-capillary air-blood barrier. In
rats and monkeys this change was found after two or four days respectively if
the gas was applied at 760 mm Hg; this atmosphere was lethal for rats while 60%,
of monkeys survived (Kistler, 1967; Kapanci, 1968). Exposure of rats to pure
O, at 258 mm Hg led to no apparent pathology after two weeks (Kistler, 1966),
while after eight months in oxygen at 258 mm Hg dogs and monkeys showed
alterations in the tissue barrier similar to those observed at 760 mm Hg. This
dagna;ge was largely repaired after recovery for 40 days in room air (Schwinger,
1967).

These studies have revealed that long-term breathing of pure oxygen may
have deleterious effects on the lung even at pressures reduced to 1/3 atm., as
used in space travel. The purpose of the present investigation was to establish
whether long-term breathing of a mixed gas atmosphere (68% O;, 32% N;) at
258 mm Hg would also have adverse effects on lung tissue.
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MATERIALS AND METHODS

Four monkeys (Rhesus), four dogs (Beagle) and five rats (Sprague-Dawley)
spent eight months in an atmosphere of 58% Oz and 32 Nj at 258 mm Hg. Ex-
posure was done in Thomas domes (Thomas, 1966) at 6570th AMRL at Dayton,
Ohio. General experimental procedures and the conditions of chamber operation
for this experiment are presented elsewhere (Fairchild, 1968). Two dogs, two
monkeys and five rats were kept in room air as controls.

Sacrifice of thc animals and fixation of lungs by instillation of glutaraldehyde
were done at 6570th AMRL, Ohio; then the fixed lungs were shipped to Berne
(Switzerland) for further processing and analysis.

Lung volume measurements and black and white photographs were taken of
each lung before further processing of the specimens for light and electron micro-

scopy.

Fixation and preparation of the lungs for electron microscopy as well as
morphometry followed the standardized methods described in detail elsewhere
(Weibel, 1966; Kistler, 1967).

A random sample of six Epon embedded tissue blocks per animal was
sectioned and studied in an EM 200 electron microscope. For morphometric
evaluation six micrographs per section were recorded on film at a magnification
of 2400 x, yielding a random sample of 36 micrographs. These were analyzed
by point counting procedures in a table projector unit (Weibel, 1966); the data
was analyzed by computer.

The material had been fixed in glutaraldehyde followed by OsO,, both
buffered with potassium phosphate. Long intermediate storage in glutaraldehyde,
due to shipping of specimens from the USA to Switzerland, resulted in granular
artifacts as described by Gil and Weibel (1968). This aesthetic defect did
not affect the usability of these lungs for morphometry.

RESULTS

Comparison of Ultrastructure and Morphometric Data of Control Animals

The basic composition of the pulmonary air-blocd tissue barrier is compar-
able in the three species used in this study. Compared to the rat, the larger ani-
mais, monkey and dog, show a focal accentuation of collagen and elastic fibers;
this probably is related to the larger lungs of these animals.

On the whole it appears that the air-blood barrier of rat lungs is generally
slightly slimmer than that in dogs and monkeys. As figure 1 shows,this is ex-
pressed in species-dependent differences in the mean barrier thickness of con-
trol animals. The focal or strand-like accentuation of connective tissue leads
to slight differences in the arithmetic mean. The proportion between the barrier
congtituents epithelium, interstitium, and endothelium is approximately equal in
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all three species. The general slight thickening of tissue elements throughout the
barrier expresses itself in higher values for the harmonic mean thickness in
monkeys and dogs; this parameter essentially measures the contribution of thin
barrier portions.

The size of the gas exchange apparatus of the lung is estimated by the total
alveolar surface area Sg. Figure 2 reveals that Sy correlates well with body
weight. The ratio of capillary to alveolar surface S../S, is about 1.0 in rats,
0.9 in mornkeys, and 0. 85 in dogs.

MEAN BARRIER THICKNESS

p]

. \ .
N M |
L\

o N

T
88% 0, 32% N, 258 TORR SMTS.

T A ™
RAT MONKEY 006

Figure 1. COMPARISON OF MEAN BARRIER THICKNESSES
IN RAT, MONKEY, AND DOG. Control animals.
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Figure 2. RELATION BETWEEN ALVEOLAR SURFACE AREA

AND BODY WE!IGHT.

In conclusion, the basic morphometric parameters characterizing the pul-
monary gas exchange apparatus show appreciable interspecies differences. The
small number of control animals investigated does not justify any more specific
conclusions. The main consequence for this report is that the findings in ex-

v Al r
V000 gm
B00Y WEGHT
8% 04 32°% N, 250 TORR § MTS.

posed animals have to be discussed with respect to species.

CHANGES OBSERVED IN ANIMALS EXPOSED FOR EIGHT

MONTHS TO 68% O, AND 32, N,

Morphometric Findings

Table I presents a synopsis of a number of morphometric parameters

¢ characterizing the animals and their lungs.
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TABLE 1

SYNOPSIS C(F MORPHOMETRIC DATA

: e RS = omom
g g ml m m* b p m p m
Control Rats 1 14 294 7.6 0.43 0.43 1.28 0.30 0.28 0.70 0.2
2 142 600 13.0  L11 0.95 1.27 0.30 0.22 0.74 0,27
3105 342 9.1 0.68 0.70 1.45 0.38 0.19 0.87 0.27
4 138 72 13.5 1.19 1.04 0.96 0,27 0.20 0.49  0.31
5 131 551 1.9  0.88 0.90 1.34 0.35 0.22 0.77 027
Test Rats 1 113 310 8.2  0.57 0.53 1.89 0.43 0.2 1.0 0.30
2 100 283 10.4  0.67 0.62 1.81 0.47 0.19 .14  0.35
3 142 332 9.2  0.74 0.78 1.30 0.3 0.22 0.73 0.3
4 133 309 8.8 072 0.65 1.16 0. 24 0.23 0.69 0.30
5 129 572 14.4 1.12 1.07 1.25 0.37 0.21 0.66 0.2
kg kg ml m? m? m B m u m
Control Monkeys 1 2,72 3.18 150  7.98 9.48 1.64 0. 41 0.31 0.92 0.56
2 318 3.8 163 9.9  10.11 1.76 0.62 0.35 0.7 0.59
Test Monkeys 1 272 295 124 4.84 6.20 1.82 0.58 0.22 1.01  0.68
2 272 amn 166 11,32 10.49 1.60 0.5 0.33 0.97 0.59
3 318 4.08 1 7.18 8.5 219 0.64 0.48 1.8 0.73
4 318 3.63 180  6.48 6.30 2.50 0.60 0.40 1.49 0.3
Control Dogs 1 100 141 42 B 4.1 1.56 0.3 0,33 0.90 0.4l
2 86 9.1 327 4.9 27.4 1.38 0.31 0.28 0.83 0.«
Test Dogs 1 109 136 $76  49.% 47.8 2.00 0.58 0.33 1.10 0.5
2 100 123 1 329 .S 2.16 0.52 0.2« 1.3% 0%
3 104 123 4“2 n.s 5.5 27 0.54 0.30 1.85  0.49
4« 82 9.6 3713 1.6 2.1 1.40 0.9 0.2 0.76  0.42
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Figure 2 reveals that the alveolar surface area Sy of test animals was in the
same range as that of controls, The ratio of capillary to alveolar surface area
did not show any changes, nor did the capillary volume.

Consistent changes were observed in the arithmetic mean barrier thickness
’E(flgure 3). In the ratc two of the five animals had a T' of the order of 1.9 u
which is clearly above normal. A more distinct mean barrier thickening was
found in monkeys and in dogs where two and three animals respectively were
clearly outside normal range. As revealed by figure 4 this barrier thickening
was essentially due to an increase in the thickness of the interstitial space. That
this was largely but not completely confined to the thick fibrous portions of the
barrier is shown by figure 5: the harmonic mean barrier thickness appeared also
to be consistently increased in the test animals of all three species, but this in-
crease was slighter than the increase of the arithmetic mean thickness (figure 3).
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Figure 3. CHANGE IN ARITHMETIC MEAN BARRIER THICKNESS
BETWEEN CONTROL (C) AND TEST (T) ANIMALS.

Individual values (dots), group means, and standard
errors.

In view of recent findings (Kapanci, 1968) the mean thickness of alveolar
epithelium may be of interest. In spite of ~cnsiderable scatter of the data figure
6 reveals a distinct trend towards a thickening of epithelium in exposed animals.
This is particularly marked in the dogs.
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Figure 4. CHANGE IN MEAN THICKNESS OF INTERSTITIAL SPACE
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Figure 5. CHANGE IN HARMONIC MEAN THICKNESS

195

e o




AMRL-TR-68-175

079 =

T
) | *® ° [
0.8- * e
[ ) ®
5
051
[
¢ L ]
0.4 .
® O
L } 7 ®
Q3 . . *
e
[ ]
0.2
0.1-
¢l 1 ¢ 1 ¢ 1
RAT MONKEY D06

68% Op 32%N, 258 TORR 8MTS.

Figure 6. CHANGE IN MEAN THICKNESS OF ALVEOLAR EPITHELIUM

Ultrastructural Findings

The fine structure of the air-blood tissue barrier was not dramatically altered,
on the whole. In accordance with the morphometric findings some edematous
swelling of the interstitial space could be observed in all species. This was most
marked around connective tissue fibers and caused a separation of epithelium and
endothelium (figure 7). These enlarged interstitial spaces sometimes contained
an unusual number of free cells, such as mast cells and plasma cells (figure 8),
or macrophages (figure 9). Focally, interstitial cellular proliferation was very
marked, as in figure 10.

The majority of alveoli appeared clean. In some regions, however, signs of
alveolar exudation were noted. Figure 11 shows one part of the alveolar surface
of a dog lung to be lined by a proreinaceous layer of cxudate up to 8 y thick which,
at the surface, is in contact with a surfactant film (Weibel, 1968). Occasional
alveoli were completely stuffed with tubular myelin figures (figure 12) which pre-
sumably are a derivate of surfactant (Weibel, 1966; Weibel, 1968). Others con-
tain fibrin strands (figure 13) and numerous macrophages or desquamated cells.
All in all, these findings suggest exudation into the alveolar lumen which must
be considered pathological.

196




. *.L - . . .
Figure 7. ELECTRON MICROGRAPH OF TEST DOG LUNG SHOWING

EDEMATOUS ENLARGEMENT OF INTERSTITIAL SPACE,
x 7'000
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Figure 8. ELECTRON MICROGRAPH OF TEST DOG LUNG.
" Enlarged interstitium contains plasma cell and
mast cell. x 7'000
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Figure 9. ELECTRON MICROGRAPH OF TEST DOG LUNG
WITH MACROPHAGE N CAPILLARY LUMEN.
x 15'000
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SHOWING MASSIVE CELLULAR INFILTRATION
x 5'000

Figure 10. ELECTRON MICROGRAPH OF TEST DOG LUNG
OF INTERSTITIAL SPACE.
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Figure 11. ELECTRON MICROGRAPH OF TEST DOG LUNG.
Alveolar surface is covered by thick floccular
fluid layer in contact with fragments of surfactant
material at the surface. x 15'000)
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Figure 12, ELECTRON MICROGRAPH OF TEST DOG LUNG.
Alveolus contains large mass of (tubular) myelin
figures, probably derivates of surfactant. x 15'000
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Figure 13. ELECTRON MICROGRAPH OF TEST MONKEY LUNG.
Alveolar space contains threads of fibrin which here
cross through pore of Kohn. x 10'000
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DISCUSSION

Compared with the previous studies of this program (Kistler, 1966; Schwinger,
1967; Kapanci, 1968) the morphometric and ultrastructural findings of this experi-
mental series were less striking. Nevertheless, the present results strongly
suggest that breathing a mixture of 68% Os and 32f, N; at 25° Torr does not leave
the lung unaltered. This conclusion may be particularly relevant in view of the
clinical and pathophysiological data recorded by Fairchild (1968) on these animals:
although the data did not show statistically significant differences between control
and test animals, there was a consistent suggestion of reduced health in the
experimental animals.

The same can be said for the present results., The pathological changes in
test animals were not striking, but they were consistent in all three species.
Although the small number of animals did not allow statistical significance tests
to be performed the trend of the data is so consistent that it caninot be disregarded.

Edematous swelling of pulmonary interstitium has been one of the primary
events in the develupment of pulmonary signs of oxygen toxicity (cf. Kistler, 1967).
At 760 mm Hg it is a transient episode which is replaced after a few days by
cellular infiltration and scarring (Kapanci, 1968). At 258 mm Hg of pure oxygen
no interstitial edema was observed within two weeks of exposure of rats (Kistler,
1966), but it was present in dogs after eight months (Schwinger, 1967). The
interstitial edema observed in the present study is somewhat less marked after
eight months than in pure oxygen at 258 mm Hg.

The wide scatter of data in the test animals is noteworthy: it may reflect
different levels of susceptibility, or resistance, to toxic oxygen levels.

In previous studies it had been noted that an elevated oxygen tension caused
the specific gas exchange surface to be reduced (Kistler, 1966; Schwinger, 1967).
In the present study no such change could be recorded.

Kapanci (1968) has shown that monkeys exposed to pure oxygen at one atmos-
phere over a prolonged period of time react with alveolar epithelial hyperplasia.
A similar observation has been made by Nash (1967) on human lungs, and Kistler
(1967) had observed a slight but significant thickening of alveolar epithelium in
rats after three days of pure oxygen at one atmosphere. It is noteworthy that in
this series an epithelial thickening is also apparent,

CCNCLUSIONS

The present morphometric study with the electron microscope has revealed
differences in lung structure between the groups exposed to 68% O, at 5 psia
in the Thomas dome and the control animals. These differences could not be
established with statistical significance, mainly because of the small number of
control animals available. But the trend towards increased air-blood barrier
thickness was consistent in all three species.
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The changes observed were qualitatively compatible with those previously
observed under conditions of oxygen toxicity. But they may well be attributed
to other causes, such as the reduced absolute pressure, duration of ar.csthesia
or return to ambient pressure prior to sacrifice, or to some contaminant in the
Thomas dome,

The minimum statement derived frcm this study as a conclusion is the
following: It has not been possible to prove the absence of lung damage when
animals breathe 68% O and 32f, N; at 5 psia. On the contrary there is a strong
suggestion of real damage although it is slight and variable. Su:h slight damage
requires a rigorously controlled experiment if it is to be detected with certainty;
but the present study did not meet this requirement because of a number of
shortcomings:

(a) The controls were not kept in a Thomas dome under the
same conditions as the experimental animals.

(b) The animals were brought to ambient air at 720 mm Hg
prior to sacrifice,

(c) The duration of anesthesia preceding lung fixation was
not rigorously controlled and may have had an adverse
effect on the lungs.

(d) The use of three different species, which had to be con-
sidered separately, reduced the number of animals per
group so that no statistical tests were applicable which
could have established the observed differences with
acceptable confidence iimits.

If the observed changes are considered sufficiently alarming then a systematic

study appears indicated in which two parameters are independently varied: total
pressure and oxygen partial pressure, for example according to the following
scheme (table II).

TABLE 11
BAROMETRIC PRESSURE

760 mm 258 mm 190 mm
. PO ¢ 290 ¢ 6800 1.000 O
143 mm - 149 mm (ambiem air) 320N
?lo 3000 1.0000
21! mm -~ 214 mm 700 N
PO 1.000 0

713 mm

. PO = (BP-47)x (F1O )
The 47 mm = vapor pressurc of H O at 37 C.

** F +FopN -~-cnone- +FaTX =1l
AT = lt:lfphre”«
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This table is derived from table III which compares the pO, in various phases
as related to barometric pressure, vapor pressure, and estimated alveolar pres-
gures. The latter is estimated assuming the RER and pCO, 's.

TABLE III
** ALVEOLAR pO,
FRACTION OF pO; IN PRESSURE OF P10, (estimated)
BAROMETRIC Os IN ATMOSPHERE INSPIRED GASES (INSPIRED pO,) VCO, )
PRESSURE ATMOSPHERE (Frac. O x BP) (BP-47) * (BP-47) x (F{O,) ORER = (R? gr VO, L2
. 8 . .
ASSUME pCO, = 40 mm
760 mm Hg . 209 159 mm 149 mm PCO
(ambient) 99 mm 109 mm 116 mm
(Sea Level) @ --e=me-eecsececmcesomccesemencocsooosons 713 MM -=~--mmmeememmemecmeeemsco e sssseaseosmesecoecmnoons
1. 000 760 mm 713 mm 663 mm 673 mm 680 mm
ASSUME pCO, is 35 mm
258 mm Hg 20 54 mm 44 mm 0.3 mm 9 mm 15 mm
(approx 27, 000 ft) ’ -6-821- 175 mm 211 mm 144 mm 100 mm 109 mm 115 mm
---1:-()-();) ------------ iSB_r;\m 211 mm 167 mm 176 mm 182 mm
ASSUME pCO, is 35 mm
190 mm 209 40 mm 30 mm - .- -
(approx 33 000" fr) 68C 129 mm 143 mm 97 mm 53 mm 62 mm 68 mm
-“l-.&l-) -------------- 1-9(-)-1;1m 143 mm 99 mm 168 mm 1i4 mm

* 47 mm = H,O vapar pressure when dry gases are saturated at 37 C (body temp. )
*+ Calculated using alveolar air equation, i.€.: PAO, = PjO, - PACOy (FO, +1 - FO, )
T RERT

In the above we are setting estimated pCO, 's + RER's. However, to get an accurate estimate
of PAOy, one must measure the pCOy + RER, which are variable,

All animals are to be kept under identical conditions in the Thomas domes
with identical air circulation t'mes, etc.

The study should be restricted to one species only, preferably the dog (Beagle)
because the dog lung is least affected by disease and because much physiological
data is available on this species. The number of animals should be such that at

least 7-10 animals are avsailable for morphometric study from each group in-
cluding controls.

Duration of the experiment could again be eight months with blood studies
performed once a month. From: each experimental group about five animals

should be kept in ambient room air for several months to allow recovery from
any possible damage.
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DISCUSSION

DR. THOMAS: Thank you very much. You just outlined our work for us for
the next three years.

These findings came as a big surprise to us, and I really don't have any
questions to you specifically. I want to be a little philosophical for a moment.
You have seen what it takes to run this type of experiment. Every time we com-
plete one we discover with a 20/20 hind vision what we did wrong. Now, eight
months is a long time, and it is a lot of work, it is a lot of investment of time,
money and manpower. However, these findings look scarey enough to me that
we will have to find out and the sooner the better, just what is going on. We are
considering at this meeting 1000-day missions. These animals were exposed for
only eight months, We don't know whether these changes would be more pro-
nounced if the animals were exposed for a longer time. Would they be reversible?
Obviously, if we want to be of any help to the design of those future systems, which
are luckily not designed yet, we should make up our minds whether we should go,
like the Russians, with ambient pressure air and forget all the contingencies of an
exotic environment. This complicates toxicity studies tremendously. We are
blessed anyhow with an interaction between a mixture of contaminants which is a
hard enough nut to crack. Now we are superimposing an unnatural environment
on it, Well, if we have to do it because of engineering reasons, because of pro-
pulsion reasons, we want to know as soon as possible whether we should plan a
1000-day space mission in an exotic atmosphere or should we plan it in an earthly
atmosphere? That is just food for thoupt

DR. SCHAFFNER: I have a question and a comment. First the question:
In the measurement of the mean barrier thickness, is this a one dimensional
measurement around the whole perimeter of the capillary, or is it only in the
exposed area? The reason I asked this question is, when we studied the lungs of
the animals exposed at 700 millimeters pure oxygen, I think for ten days, we
found that the most striking difference was not in the thickneas, that is, in the
distance between the alveolus to the capillary, but in the surface area of capil-
lary exposed. This seemed to be rather greatly reduced. Instead of the capil-
lary bulging into the alveolus, the interstitium seemed to be swollen, that is,
enlarged with collagen tissue, as you too have seen, and lese of the capillary
bulged into the lung, so the surface area of the capillary was reduced.

Now we got into the discussion one night with a compatriate of yours and
he got very excited about this because he said that you had taught him that it was
the mean barrier thickness that counted, and he apparently disagrees with you
and felt that it was surface area. Now it isn't clear from your description pub-
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lished or spoken, which we are dealing with. Now if you are talking about surface
area, and you multiply changes to bring it into two dimensions, the question
comes up, perhaps the most important question, not what happens to the animals
that are in the new atmosphere, but what happens when you quickly change them
from one atmosphere to another. Supposing an astronaut returns and opens up
his capsule when he is bobbing around in the ocean and suddenly breathes good
clean earth air, and he has to perform tasks at this time, is he going to be
short of breath? Or, as some of the animals did, is he going to turn cyanotic
and drop dead? I think these are the questions that we are going to have to
answer. Now you have raised the issue, I think semantic or philosophic, and
maybe we should have Mr. Wands here to referee this, as to what is adaptation
aud what is injury. Surely a change in the milieu of anything, a change in the
tagk of anything is going to introduce a change into the animal. Now this initial
change we may call injury, but the response of the animal is adaptation, and
that response protects the animal from further injury from the same change.
There is no question that the oxygen causes a change in the animals. If we call
this initial injury, fine. This is an appointed, an arbitrary definition; but then
the response of the host is really adaptation to protect it from further injury. As
long as the animal can do that, or a cell, or a society for that matter, then

that is adaptation and the function then becomes perfectly normal under the new
circumstances.

By the way, one more comment, back to anatomy. A dog is an unusual animal
ag far as his vasculature is concerned both in terms of lung and liver. The
dog is one of the few animals where the primary shock organ is not the lung as
it is in man, but it is the liver, because the dog has very large muscular sphincters
in his hepatic veins, and consequently dogs react considerably differently than
either rodents or primates to changes in epinephrine and steroid contents in
their blood stream. And while I agree with you that dogs are easier to work with
in many respects than rats, I would make a plea that if we are going to concen-
trate on species, we either control ¢ 1e dogs with primates or do just what they
are doing here, namely use three sy :cies.

DR. WEIBEL: Dr. Schaffner has just given such a long lecture that I have
to answer now; otherwise, I'll forget it. Well, I think we have been talking since
1962 or '63 about what the meaning of mean barrier thickness is. I have shown
you two types of measurements of mean barrier thickness and we are fully aware
of the meaning of these parameters. Professor Rossieux may alse perhaps not
have understood me. The mean barrier thickness measures the tissue mass. It
is essentially defined as the volume of tissue per surface, and by surface we
mean alveolar and capillary surface area, So that is the actual meaning of the
mean barrier thickness, and this does not discriminate between the thin portions
which are where the capillary is most closely exposed to air or the thick portions,
where the capillary is exposed to air but with thicker layer in between. I think
we have to get away from the idea that there are two regions in the lung, one
region where the capillary is exposed to air and the other where it is not exposed -
to air. It is exposed all over, It has even been shown that in the arteriole, the
blood is exposed to air; that for example, hydrogen can pass through the wall of
the arteriole into the blood. The only question is how much of it. So we have a
second measurement which is the so-called harmonic mean, I think it was Mr. Weil
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who yesterday argued about the use of harmonic means instead of arithmetic means
if you are dealing with rates. Now the transport of oxygen from air to blood is a
classical example for a rate and if you want to estimate the inhibition imposed on
this transport rate by the tissue you will have to take the harmonic mean thickness
of this barrier; and by the way, I might say here that the Jung is a wonderful
machine. It has a ratio of three between the tissue mass and the harmonic mean
thickness. That is, if by the arrangement of the tissue in the lung, by having

thin and thick portions to the tissue, the lung is imposing only one third of the
resistance to oxygen diffusion than it would do if the tissue were homogeneousiy
spread out over the entire surface area. I don't want to go into the methods of
measurement. These have been published repeatedlv Now ihe question of adapta-
tion and injury: I think, let's be very clear about it. If we find damage, the lung
will have to repair this damage, and it is doing so in the monkey lung by regenera-
tion of a cellular layer which has not been damaged. The damage in these monkey
lungs at pure oxygen is in the Type I alveolar cell. Those are the thin extensions,
and I believe there are reasons for that. The Type II cells with the lamellar bodies
are apparently not injured and from there on they can regenerate. When the ani-
mal lives in one hundred per cent oxygen at one atmosphere pressure, it does

not really need such a thin barrier as it needs under ordinary circumstances

where it is given only 20 per cent oxygen to breathe; and there I agree with you.
You might call this adaptation. Maybe the lung is just too lazy to make this
extensive very thin layer and it keeps it at the acceptable thickness, and this
thickness is then secondarily reduced to the very thin layer after cessation of

the exposure to oxygen. So what you term adaptation is actually a repair process
which just goes as far as is necessary, and if you agree with this definition then

I agree with your calling this adaptation.

Well now about the use of the dog: I'm very glad that the dog is a good animal
for you because it is especially good for studies on liver, but as for the lung, the
dog has one major advantage and this is that the majority of physiological data
that has been obtained on the respiratory system has been obtained on the dog.

It is just a classical experimenial animal for respiratcry physiologists. The
lung behaves quite similar to the human lung, much more similar than the rat lung,
or the rabbit lung, or the cat lung which is terrible.

MR. VERNOT: I know nothing at all about lung physiology and when changes
of this sort are discussed it is pretty difficult for me, more difficult perhaps than
for people who are familiar with it, to understand what the significance of the
changes are. Could you describe the severity of these changes compared to the
difference between the lungs of city dwellers and country dwellers, desert dwellers,
high humidity dwellers? In other worde, to a man who is familiar with electron
microscopy of the lungs, would these be considered serious changes or would
they be considered minor changes--the sort of changes that we see in a population
whenever they are exposed to many different things?

DR. WEIBEL.: No, 1don't think they are very serious changes. If you keep
the space missions below eight months, and if we may extrapolate from: these
data to man, I would almost say that is just cne of the risks that are involved, and
maybe not even the largest that are involved in space missions. But if you are
talking about 1000~day missions, I don't know how we can extrapolate to that, or

211

C ek ol oA §

e ety YR

ERRETE S

pmm—




AMRL-TR-68-175

what will happen. I think they are rather mild changes, the mildest we have
ever seen but there is something there.

DR. THOMAS: Dr. Weibel, would you hazard a guess, that if we would do
the most sensitive in vivo pulmonary function measurements in these animals,
do you think that any of our in vivo pulmonary tests are sensitive enough to dis-
criminate this 30 and 50 per cent increase?

DR. WEIBEL: No, they are not,
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PAPER NO. 16

AN INQUIRY INTO THE FROBLi:‘.MS AFFECTING EVALUATION
OF RAT ORGAN WEIGHT DATA

Gerard F. Egan
and !
Gary L. Fogle %

SysteMed Corporation ' _ i
Wright-Patterson Air Force Base, Ohio

For many years, pharmacologists and toxicologists have utilized organ weight
as a tool in determining the relative toxicity of various compounds. The basic
assumption underlying this approach concerns itself with the reaction of tiesues
to chemical or drug insult. Subtle toxic response may be mild edema or slight
cellular proliferation which are not always histologically detectable but may pro-
duce small measurable changes in organ weight. If organ weight increases do
occur, it is important to be certain that they are due to chemical insult and not
the sacrifice technique. Highly vascularized organs may display marked weight
variations in response to the influence of barbiturates because of bianching or
engorgement of the organ's vascular system. Aiso, the liver may undergo weight
changes resulting from pre-sacrifice diet habits. Therefore, it was decided to
examine the effect on organ weight of overnight fasting versus feeding, and ex-
sanguination versus barbiturate overdose. Four combinations of diet and euthanasia
technique were selected: Fasted-exsanguinated, fed-exsanguinated, fasted-barbi-
turate overdosed, and fed-barbiturate overdosed.

The absolute values of the organ weights and ratios were not as important as
the relative precision of the results in any group. Therefore, statistical com-
parisons of the variances were made to determine the degree that each sacrifice
technique affected organ weight. In the event that one technique was significantly
different from the other three, and gave the lowest error estimate, it would then
be selected as the optimum sacrifice technique,

Sprague Dawley atrain, male Charles River rats with an initial weight of
80-100 grams were used in the experiment. All rats were fed ad libituin and
caged to allow for uninhibited body growth.

The rais were randomly grouped into 40 sets of 7 rats each, with 4 sets
sacrificed each week for 10 weeks in one of the following ways:
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1. Deprived of food for 12 hours and sacrificed with pentobarbital.
2. Fed ad libitum prior to sacrifice with pentobarbital.
3. Deprived of food for 12 hours and sacrificed by exsanguination.
4. Fed ad libitum prior to sacrifice by exsanguination.

All rats were weighed weekly. Gross pathology observations and organ weights
were recorded for all animals submitted for necropsy.

Pentobarbital sacrifice was accomplished by intraperitoneal injection of 325 mg
sodium pentobarbital /kilogram body weight. Prior to exsanguination, rats were
anesthetized with 65 mg sodium pentcbarbital /kilogram body weight. Exsanguina-
tion was accomplished by cutting the femoral artery and vein bilaterally.

The investigation was carried on without incident during the ten-week test
period. Animals were eliminated from subsequent statistical considerations when
murine pneumonia was detected at the time of necropsy in order to prevent masking
of differences by this uncontrolled variable.

Variances of absolute organ weights are presented in table I. Bartlett's test
of variance homogeneity indicated that the precision of the four sacrifice techniques
was essentially equal for the heart, spleen, and kidney. Significant differences
in the precision of the lung and liver weights suggested that an optimum sacrifice
method existed for these organs. However, by removing the largest lung error
estimate, that corresponding to the fed-pentobarbital sgcrificed group, the re-
maining three became statistically equivalent. The same process of elimination
did not change the results of the liver analysis at the P. 05 level confirming the
existence of an optimum method which appeared to be fasting-exsanguination.

Table II lists the variance estimates (S’ x) for organ data assuming linear
regression of organ weight on body weight. ~Bartlett's test of homogeneity resulted
in acceptance of the hypothesis for the heart and spleen data only. As before, re-
moval of the fed-pentobarbital sacrificed lung data resulted in the acceptance of
the hypothesis of equality for the other three test groups. Likewise, when the
kidney data from the fasted-exsanguinated group were removed from consideration,
the variances of the other three sacrifice groups were statistically equal. Liver
data could not be equalized by similar techniques. A third approach used was the
analysis of linear regression of organ weight on heart weight (table III). This
approach did not indicate an optimum sacrifice procedure for the kidney and the
spleen. The precision of lung weight data treated in this fashion was influenced by
sacrifice technique but, again, removal of the fed-pentobarbital sacrificed group
eliminated statistical differences. Analysis of liver data showed that only fasting

improved the precision of measurement and that the method of sacrifice had little
or no effect.
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Heart
Lung
Liver
Spleen
Kidney
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VARIANCES OF ABSOLUTE ORGAN WEIGHTS

TABLE I

Fed- Fasted-

Pentobarbital  Pentobarbital Fed- Fasted-

Killed Killed Exsanguinated = Exsanguinated
0. 076 0. 051 0. 065 0. 050

= 0. 249 0.134 0. 095 0.108

= 13. 383 8.72% 11.371 3.638

= 0. 062 0. 051 0. 064 0.039

= 0. 257 0.175 0. 206 0.185

TABLE II

LINEAR REGRESSION OF ORGAN WEIGHT ON BODY WEIGHT MODEL

Fed-
Pentobarbital
Killed
Organ n, =65

Fasted-

Pentobarbital

Killed
ng = 56

Fed-

Fasted-

Exsanguinatzd  Exsanguinated

n, = 64

Mean Body and Organ Weights (grams)

Body 305.0
Heart 1.1
Lung 1.8
Liver 14.2
Spleen 0.8
Kidney 2.4

304.

NPOP
NOBOINO

295.0

por--r
N ONO

Regression Line Parameters

Heart S} = 0.014
as 0.229
b= 0.030
6(b) = 0.002
rs 0.902
Lung S} x= 0.199
a7 0.915
b= 0.028
c(p)= 0.007
re= 0.473
Liver S§ ;= 2.709
a= 2.314
b= 0. 31
€)= 0.024
rs 0.897
Spleen S§ y = 0.062
a'm 0.662
b= 0. 006
a(b)= 0. 004
re 0.197
Kidney S3 = 0.045
A 0.768
b= 0.08%
&(b) = 0.003
r= 0.910

0.028
0. 415
0.025
0. 004
0.688

0,042
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TABLE III
LINEAR REGRESSION OF ORGAN WEIGHT ON HEART WEIGHT MODEL

Fed- Fasted- Fed- Fasted-
Pentobarbital Pentobarbital Exsanguinated Exsanguinated
Killed Killed
Organ n, = 65 n, = 56 n; = 64 n, =56

Regression Line Parameters

Lung S§ x= 0.189 0.098 0. 056 0.087
a’= 0.724 0.627 0.651 0. 751
b= 0.927 0.884 0. 791 0.703
6(b) = 0.195 0.184 0.115 0.176'
r= 0.513 0.547 0.657 0.477
Liver S§ x= 3.348 ° * 2.538 3. 344 1.614
a'= 1.164 -0.095 0. 051 2.426
b= 11.520 11.051 11.171 6.470
6(b) = 0.821 0.939 0. 896 0. 761
r= 0. 870 0.848 0. 846 0. 756
Spleen 5§ x = 0. 056 0. 051 0.063 0. 036
a'= 0.488 0.613 0.571 0. 366
b= 0.311 0.172 0.194 0. 294
6(b) = 0.107 0.133 0.123 0.114
r= 0. 344 0.173 0.196 0. 331
Kidney S)’,_ x= 0. 055 0.084 0.063 0. 085
a'= 0.592 0. 899 0.662 0.684
b= 1.634 1. 347 1.491 1.439
6(b) = 0.105 0.171 0.123 0.175
r= 0. 890 0.73: 0.838 0.747

The manner in which the organ weight data was obtained for this experiment
was extremely important, Care was taken to mirimize experimental error by
standardizing the sacrifice procedure, removal of organs, and weighing of these
organs. Any of these factors could affect the quality of the data.

In addition to standardization of techniques, an attempt was made to employ
the best and most suitable statistical methodology. Application of modern tech-
niques has made the mathematical analysis of biological data more formalized and
comprehensive. The use of regression models is one example., No attempt is
made in this paper to compare the merits of ratio and regression analysis, al-
though this appraisal is currently underway in our statistics department; and,
although the inclusion of abeclute organ weight analysis may provide some area
for comparison, no recommendations are offered regarding the selection of the
best statistical technique.
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All four sacrifice procedures resulted in equal organ weight variation at the
P. 01 significance level in the case of the spleen and the heart regardless of the
statistical method employed. Kidney weight variances were shown to be equal
if the absolute organ weight or regression on heart weight analysis was used.
This was also true in the case of regression on body weight if the largest error
estimate corresponding to the fasted-exsanguination sacrificed group was removed.
Although not significantly different, the fed-exsanguinated group had the lowest
error estimate for this organ,

The sacrifice techniques tested generated the same degree of variation in
lung weight with the exception of the fed-pentobarbital sacrifice method which had
significantly poorer precision. Error estimates of liver weight, employing abso-
lute organ weight or regression on body weight analysis, revealed that the fasted-
exsanguinated method produced the smallest variation. Use of regression of liver
weight on heart weight analysis demonstrated that both fasting techniques were
statistically equal (P. 01 level) with regard to variances, giving the lowest error
estimates. Physiological mechanisms may be involved in such a finding. The liver
is the one organ studied that is most sensitive to the presacrifice food regimen
and this experiment has demonstrated that presacrifice fasting results in the
highest precision. Indeed, any change in liver weight, as a response to a toxic
insult, could easily be masked by the experimental error resulting from the
sacrifice method.

In conclusion, variation of spleen, heart and kidney weight are not significantly
influenced by the method of sacrifice. The precision of liver and lung weight
measurements are, however, significantly improved by the use of the fasted-
exsanguinated technique.
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DISCUSSION

DR. MAC EWEN (SysteMed Corporation): Before we get into the same ques-
tion about your reasons for rejecting sick animals from statistical consideration,
I presume that you are referring to those that had acute pneumonia, and a resultant
or accompanying congestion, is that right?

MR. EGAN: Thart is right.

DR. SCHAFFNER: I wonder if you could clarify a point. Those of us who
are doing ultra structural studies are very concerned to receive tissue least affected
by hypoxia, and handling and congestion and all these other things that occur at
the time of sacrifice of the animals. In the examination, when you do remove the
organs and when do you get a specimen that you weigh? After the anesthesia, how
long do you wait, --1 mean, is it as soon as the animal falls asleep and you zip in
and take out what you want? Certainly as far as we are concerned for electron
microscopy, we would prefer all things done on conscious, living, peaceful animals,
and although we may not get that, obviously we should come as close to this as
possible, and it seems to me that at least for our purposes, exsanguination would
not be acceptable.

MR. EGAN: In terms of the actual experimental procedure used in exsangui-
nation, the animals were anesthetized and we used as our criterion for level of
anesthesia a simple pinch reflex or absence thereof. Once this was ascertained
the femoral artery and vein was cut bilaterally, and the animal was bled until
actual blood droplets stopped coming out. Immediately thereafter the animal was _
removed to the pathology laboratory where the organs were removed and weighed. i
We tried as best as possible to standardize the time element involved here. §
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