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General

In a closed ecological system, in which humans are present and are
required to carry on sedentary work in a confined space for an extended
period of time, the atmosphere must be suitable for life and conducive to
work, Within the closed ecological system there is no external source of
fresh or diluting air, It is therefore imperative that the spent air, by
recycling and treatment, be returned to the room atmosphere in such a condi-
tion as not to impair the functioning of the humans present,

The control of temperature, humidity, air motion, foreign matter, micro-
organisms, and the balancing of the CO2 = 0y ratio are all major factors to
be considered in making the environment acceptable for habitation. The
ventilation of the confining space is not merely the supplying of fresh air,
or the replacement of spent Y but encompasses the exhausting of heat, dust,
toxic gases, fumes and noxious odors which may be present in the sealed
space, while returning a usable, uncontaminated air, An examination of each
of the above-mentioned, singly and in relationship with each other, is
necessary for an understanding of the problems of ventilation and air

conditioning,

Temperature

The temperature on the skin of the vehicle is dependent upon type and

location of orbit; type of material employed for the hull, thickness of skin,




shape of hull, engineering devices for developing temperature gradient both
through the skin and around the hull, and length of time in sun and shadow,
as well as distance from heat source, The temperature on the hull in turn
will influence the temperature within the compartment. It seems probable
that average gross temperatures can be established, and that satisfactory
cabin temperatures then be provided through appropriate research on this
problem, Fluctuations are anticipated, Other sources of heat within the
confined area will be the occupants themselves, operating mechanical equip-
ment, hydroponic or biological growth systems, and heat from propulsion, It
appears that comfort temperature control will have t6 be established through
a heating-cooling unit controlled within the confined space, A modified
unit similar in operation and design to a commercial air conditioning
system installed in homes today might be adequate for the purpose. Means of
altering the energy gradient through the hull of the confining cabin by

reducing or changing insulation will alsc bear investigation,

Humidity

Water vapor will be present in the enclosed atmosphere from normal
respiration and from insensible perspiration., Since the enclosed cabin is
assumed to be maintained at comfort zone conditions, and the normal work is
sedentary, sensible perspiration will be at a minimum, The water production
per 24 hours per person under average conditions of temperature and humidity
has been reported as 500 ml via skin (perspiration), and 350 ml in expired
air.1’2

Additional moisture in the atmosphere may come from hydroponic or bio-
logical growth systems which may be employed as a source of a supplemental
food supply and as a method for balancing CO2 = 0y. There will be less

moisture given off to the enclosed atmosphere if the systems are contained




and kept separated from the main living atmosphere., The necessity of clean-
liness and food preparation, no matter how minimal, will produce further water
vapor in the contained atmosphere,

There are three general methods of reducing the moisture content of the
air: by compression, by adsorption, and by cooling, Cooling below the dew
point and condensing or freezing out the moisture is the most common method
of dehumidifying, For this purpcse the concepts employed in present day
commercial equipment may be utilized to produce the desired effects within
the closed ecological system, Modifications with respect to size and weight
may have to be investigated,

Another possibility is the utilization of the temperature gradient
across the hull of the cabin, Exploratory investigations of the temperature
suggest that at some location the cabin structure will have temperatures low
enough to allow the use of freeze-out techniques, The engineering design of
such a system requires more thorough investigation to determine its feasi-
bility,

That dehumidification is necessary for comfort control is elementary,
but more important is the fact that condensed water vapor from the enclosed
atmosphere is one of the probable sources of water supply within the closed
ecological system,

The water vapor that is condensed out of the contained atmosphere
probably may be a purer and less contaminated source of water than any bodily
waste, The question of utilizing the water vapor for drinking water will be

discussed later.

Air Motion
Within this enclosed area where men are to sxist for an extended period
of time, certain parameters have been assumed; namely, that there is no

gravitational force, and only one<half atmospheric pressure exists,
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Normally the air surrounding a living and breathing body is carried up
by its own warmth and consequent lightness, thus allowing fresh air to take
its place. But in a gravitationless system neither fresh nor foul air have
weight, and there can be no convection currents, Without air circulation,
heat discharged from the body would hang against the body causing intense
perspiration, which in a saturated atmosphere would not evaporate, Body
cooling effect would therefore be minimal, Non-circulation effects would
also hold for the expired air, In a non=circulating atmosphere a motionless
human bedy would scon become enveloped in expired air, rich in 002 and water
vapor,

Air motion imparted mechanically by a fan or other stirring mechanism
to maintain the entire enclosed atmosphere in a state of turbulence or agita-

tion is necessary,

Foreign Matter

In any confined area in which human activities transpire there are always
to be found impurities or foreign matter in the air, These materials are
usually particles of organic matter which come from nose, mouth, and skin, and
particles derived from the attrition of surfaces., These particles tend to
produce odors, The organic particles produce normal body odors which are
usually perceived in unventilated or even poorly ventilated areas, Within
the contained atmosphere these body odors are to be anticipated and others
which are not normally considered must be added. Some odors which will
become very marked in closed confined quarters are flatulence and outgassing
from defecation and urination, odors of food preparation, sebaceous gland
secretions and thelr subsequent breakdown, odors from equipment operation,
odors from exposed hydroponic or biological growth systems, and odors from

spillage of materials,




It has been stated that odors of themselves are not injurious to
health, but indirectly they may affect health, As odors become extremely
noxious, shallow breathing may induce an 0, deficiency and its sequelae,

The above-mentioned sequence has been observed on study of body odors
where some dilution has been presentOL In a confined area with constant
reuse of the same air otherwise minor quantities of noxious material may
accumulate and become a source of toxic exposura,

At this time too little is known about the breakdown products and sub-
sequent gasification of bedy oils, gland secretions, flatulence, halitosis,
and bodily waste products to be certain of their non-toxic effects when
accumulated in an atmosphere after cycles of reuse,

Winslow and other members of a commission undertook comprehensive
studies of ventilation for the New York State Commissicn on Ventilation in
1923, and published a reporto5 This report contains many interesting details
concerning the physiological significance of the various factors in ventila=-
tion with special reference to the effects of air conditions on health,
comfort and efficiency, Among the several comments it was noted that a
disagreeable odor existed in the experimental room supplied only with re-
circulated air, Odors were associated with higher humidity created by air
washing operations,

Again it must be remembered that the water vapor in the air is being
considered as a source of drinking water supply. Particulate matter or dust
from the attrition of surfaces, as well as gaseous producte, may be entrained
or in solution in the water, and the effect of ingesting even minute quanti-
ties on the human system is a matter of surmise at present,

The air purification system is envisioned as a train of absorbents and

adsorbents which will remove the contaminants from the air by physiecal




processes, chemical reaction or electrostatic attraction, Solid state rather
than liquid phase materials should be employed in order to prevent as much

as possible additional pellutant carry-over in the air stream and subsequent
condensation in the water supply.

Most odors due to organic origin are removed by a sorbent material, the
most common of which is activated charcoal, The retentivity by activated
carbon (% by weight)6 of various odors anticipated is over 50%. The absorp-
tion is practically instantaneous and continuous until the saturation point
is reached, Experience rep@rted7 with respect to new atomic—powered sub-—
marines shows that stale air is constantly freshened; and the odors from
machinery and cooking as well as fumes are dissipated, Among the special
provisions are odor absorbers of activated coconut shell charcoal, which act
as absorber-filters, All of the ship's air is passed through these filters,
and the charcoal removes all the undesirable odors, Special additional
filters were built for the vent pipes from the kitchen and the lavatories,

A weight relationship, depending upon the type of absorbent and reten-—
tion capabilities of the filter, are still to be investigated, as these
filters cannot be easily rea@tivated,s and probably will have to be stored,
Additional filters will have to be provided to replace those which become
saturated, Quantity and sizing require further study,

H., L. Barneby in a paper discussing the activity of activated charcoal
required for air purification9 offers a table which gives some rough idea
of the quantity of charcoal required per year for odor concentrations of
difficult intensity. As a guess; an odor index of 2, 3, or 4 might be
anticipated in the closed space, This corresponds to 0.1, 1.0, and 10 pounds
of odor per million cubic feet, One pound per year of charcoal is required

to treat 100, 10 or 1 cubic feet of space at the respective levels of




concentration., Accordingly, for a space of 1,000 cubic feet the amount of
charcoal required may be between 10 and 1,000 pounds, It should be noted
here that this amount is only enough to provide for odor removal and is pre-
dicated on the assumption that some fresh air is available due to building
leakage, It is also important that activated charcoal is not provided for
CO, adsorption. Barneby points out that activated charcoal is relatively

inefficient in removing CO2 and should not be depended on for that action,

Microorganisms
The bacterial population in the air depends on many factors, principally

the air distribution system and the number and activity of‘the occupants as
well as the methods of housekeeping, A sneeze or a cough, blowing one's
nose, expelling sputum--all these actions will cause distribution of micro-
organisms in the atmosphere. A turbulent air ventilation system, as was
previously described, will keep the organisms in suspension. Experiments
conducted in 194210 have shown that recycling of air in a closed room through
air filters does little to change the overall room concentration, even though
a large number of organisms are caught on the filter, Newer types of air
filters of the millipore type, or the impregnated resin deep filters are
capable of removing over 99% of the organisms from air drawn through the

Ahe 18 but the residual concentration of microorganisms in the enclosed

filter,
atmosphere may still be high,

The use of germicides, glycol sprays and other similar airborne materials
may have a beneficial effect in reducing bacterial numbers, but their effect

on humans under confined conditions with continuous inhalation and ingestion

* would require thorough study before they could be considered safe for use,



Air Conditioning

Air conditioning is herein assumed to mean the conditioning of the con-
fined atmosphere with respect to temperature, humidity, air motion, the
removal of foreign matter, and the return of the stale air in a freshened
condition for reuse, The maintenance of the COy = 0y ratio with its attend-
ing problems is covered elsewhere in the report,

Temperature control, air motion development, removal of particulate
matter, elimination of odors and control of microorganism populations seem
feasible with modifications of present day commercial equipment, A train of
materials can be established such that turbulent air from the confined cabin
would be drawn through an activated carbon filter, a milipore, or deep bed
filter, and chemical train for specific materials such as CHA’ HZS’ and any
others that may become apparent as more analyses of breakdown products are
conducted,

Last, but by no means least, is the dehumidification system with its
condensing or freezing out of moisture. By the time the air has passed
through the train most of the gross impurities have been removed, This leads
to the assumption that this is the purest source of water available in the
confined ecological system,

This supply of water developed from the water vapor would undoubtedly
contain small amounts of entrained or dissolved gases, What the effect of
these small-amounts might be on the human system is not known, nor did any
of the library references examined indicate study in this field,

It is conceivable that the human body, which is a well-organized purifi-
cation unit; can receive these materials through inhalation, skin, or oral

intake, and detoxify them, if necessary, passing them out as waste products.




If this be the case, many problems of train contaminant removal are simplified
by having the human body act as its own purification plant,

There is much needed further research in conjunction with the problem
of air conditioning for a closed ecological system to ascertain the toxie
limits for humans of the several material exposures by ingestion, by inhala-

tion and by skin absorption,

Water Supply

In a closed ecological system the water supply must come from the wastes
cf the body, The sources of water are respiration, perspiration, urine, and
feces, The water due to respiration and perspiration has been considered in
the dehumidification process,

The feasibility of using feces as a source of water hgs been investigated,
Feces consist of the indigestible and undigested portion of food mixed with
bacteria and water, The amount of feces produced by a human under normal
diet varies widely, Averages have been reported by many investigators,z’n’14
and there is some agreement that 0.5# per day is a maximum value with 0,25#
per day being about average. The water content is from 60 to 85% with an
average of about 70%, This means that the feces contain about 70 to 100 ce
of water per day per person,

Because feces is composed of organic matter having the same basic ele-
ments as coal or petroleum, a search of the literature was undertaken to find
a thermal cracking process or procedure which might have application, There
were no pyrolytic procedures available in either the coal or petroleum tech-
nologies which might indicate a means of extracting useful products and

separating the water from feces, The search was conducted in Chemical

Abstracts, Biological Abstracts, the Industrial Arts Index, the Engineering
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Index and all engineering journals published during the past twenty years,
No supporting information was found,

Stolley and Fauth15 have reported on a solvent extraection process
wherein extraction, dehydration, and treatment of raw sewage sludge are
accomplished simultaneously, The process requires the use of a solvent to
extract the oils and fats from the sewage and then application of heat to
the solvent-sludge mixture to drive off the water, The water present in
feces is primarily trapped and bound water, Sewage sludge dewatering cannot
be accomplished by centrifuging without premixing with a solvent, This,
together with other findings of the authors on the usefulmess of sludge for
food, fertilizer, fuel, and other by-products leads to a conclusion that
feces might just as easily be stored at below 0° C and not be considered as
a source of usable material,

If, as has been mentioned previously, the human body can act as its own

purification system and eliminate as part of its solid wastes small quanti-

ties of ingested or inhaled pollutants, these contaminants would be eliminated

from the cycle. If the feces are to be stored and not considered as a source
of any usable material, possible contaminants of the atmosphere entrained or
trapped in the feces would be removed and the air conditioning train would be
less complex,

Another probable source of water remaining to be considered is urine,
The urine produced by a person in 24 hours is approximately 1,500 ml.2’13
Urine is approximately 95% water and the remainder salts,

The possibility of using urine as a source of water is apparent, The
means by which a safe and potable water can be extracted from the urine has
two approaches: distillation or freezing, The freezing method of extracting

fresh water from the urine and the distillation method are similar in that
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both require a change of state by the application of suitable heat transfer
processes., The methods differ in that the formed ice remains in contact with
residual brine, whereas in distillation, vapor passes over from residue and
condenses separately,

It should be pointed out that any distillation process under conditions
of one=half atmosphere has the possible disadvantage of outgassing, Unless
closed system methods are used, these additional gases added to the closed
atmosphere will require additional air purification material and possible
additions to the lemgth or complexity of the decontamination train,

In the distillation of sea water the precipitating salts permit use of
up to 504 of the brine, A single run experiment on urine indicated a dis-
tillation of 60% to 70% before odor and color carryover became intense,

The literature has reported several attempts to secure fresh water from
the sea by freezing, The use of ice formed in the sea as a source of fresh
water has been known to the inhabitants of the Arctic regions since prehis-
toric times,

In work reported by Thompsan16917 and Curran18 it is stated that about
80% of the total salts in the original water were concentrated in 20% of the
original volume; that 50% of the liquid contained 20% of the solids originally
in the sea water; that the yield of pure water can be enhanced by reprocess-
ing the partially desalted water; and that self washing of the ice results
in practically salt free water,

In the freezing of sea water it has been found that fresh water precipi-
tates in the form of ice crystals which mechanically retain some salt. The
density of the material immediately adjacent to the ice crystals increases
and sinks being replaced by less dense, less saline material, Under labora-

tory controlled conditions the brines were all collected at the bottom of the
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vessel, The ice formed from the freezing of sea water is of a porous nature
due to the entrapment of some salt., When the ice is removed from the freezing
vessel and is permitted to melt, the first ice to melt would be that immedi-
ately adjacent the interstitial salts and brine retained in the iece, The
resulting liquid, gravitating through the ice, would have high salinity, while
the remaining ice would have only a small fraction of salts, The process of
permitting the ice to melt and wash out the entrapped brine is referred to as
auto-washing, or self washing, Water formed by the later melting of the
residual ice would be fresh water,

» A freezing process under controlled conditions (within a closed eco-
logical system) might be employed to separate the water in urine from the
salts, A safe, usable drinking water might be recovered from the urine
through fractional freezing and auto washing, Since this process must be
conducted at reduced temperatures, it might be associated in methodology and
equipment with the dehumidification process to remove moisture from the air,
or with some part of temperature control, As temperatures drop, solubility
of gases increases. This phenomenon might be advantageous in preventing out-
gassing from urine during its conversien to a usable drinking water,

A corollary study which requires further investigation is the feasibility
of using the thickened urine brine as a sorbent for contaminants in the air,

The urine brine residual would have to be stored at or below 0° C,, and
volumetric consideration must be given to quantities inmvolved,

Evaporation directly from the sclid state to remove better than 8% of
the water content of the wastes has some feasibility, Work has been done on
bioclegical materials, serums, food stuffs and other easily decomposing sub-

stances to dry them without imparing their usefulness, In each case the
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residue was the material of interest, In the cass of the closed ecological
system the water would be of prime importance and the residue secondary,

The advantages of a sublimatiom process = or freeze drying as it is
called = are manifeld. The wastes would be rapidly frozen thus entraping
and entraining the malodorous compounds; all wastes might be treated together
at one time; the entire process might be made a portion of the temperature
control equipment of the closed space; and the water obtained might be less
polluted than water obtained by other processes,

Basically the process requires that the material in question, that is
the liquid wastes of a closed ecological system; be rapidly frozen in thin
layers to a temperature below the eutectic point,

In any sublimation process the solid substance is vaporized under a
vacuum so that no intermediate liquid phase develops. The vapor developed
is removed rapidly from above the solid substence and condensed elsewhere,
This recondensed material, in the case of the wastes of the closed ecological
system would be the water, and presumably would be free of the non-subliming
dissolved impurities of the original solid substance,

Descriptions of the various types of apparatus which have been emplcyed
in laboratory and pilot plant investigations are given in the list of
ref’eren@eso19 bacvd

It has been indicated in the research work on food stuffs that about 85%
of the water can be removed directly by this process, Since temperature dur-
ing the entire process is held below 0° C, all impurities would remain in the
solid state,

More work is definitely required before a conclusi#e statement can be
made about the merits of this process for the recovery of a potable water but

the reference material was encouraging.




The water derived from the urine may contain some trace amounts of
impurities, What effect these small amounts might have on the human system
after cycles of reuse is not known, Further study is imperative to ascertain
toxie limits for humans of trace material exposures by ingestion, In a closed
ecological system constant accumulation of minor quantities of pollutants may

result in equilibria above safe levels of toxic exposure.
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