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ABSTRACT

A 27.day experiment was conducted to determine man's contribution to trace
contaminants in a sealed environment. An environmental test cell was maintained at
a total pressure of 760 mm. Hg throughout the 27 days, with the first 13 days being
unmanned and the last 14 days being manned. Four subjects were utilized during the
14-day manned portion of the test. During the 27 (lays, 97 compounds were idern if ied
and quantified; 21 of these compounds were noted only during the manned portion of
the study. Direct contaminant analysis of the sealed environment was not adequate
for this type of comprehensive survey. Cryogenic fractionation and concentration,
however, provided samples with sufficient concentration of contaminants for analysis
by means of gas chromatography, infrared spectroscopy, and mass spectroscopy.
Carbon monoxide and carbon dioxide were compounds that were produced by man arid
identified in this experiment that would require removal during the 14-day period.
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SPAft UAN SIMUATOR AT 760 14K H16

1. INTREAJLCIIllN tl fet prtr ' a prelimianary stabilization period
of 2 days; an unmanned background period of

Flefore extended mannedi space missions are I11 days; ar d a manned periodi of 14 days. The
accomplished, the individual and combined im- unmanned portion provizdedI informiation as to
pact of trace contaminants in the seated at- the contaminant mate.rials associated with the
inospheries of spacecraft must be carefully test cell, previous otccupancy by man, and sup-
evaluated, Studies must be conducted to port items required during the subsequent
establish the source, concentration (or produc- manned portion. The four volunteer subjects
tion rate), toxicology, and removal technics for were sustained can a liquid diet and were per-
the various atmospheric contaminants, This mitted limited hygienic activity during their
type of systemnatic ;tudy is essential to insure occupancy of the test cell.
that trace contaminants are adequately con-
trolled arid do not limit the mission dhiration. Direct sampling Anid concentrating technics

with subacequent analysis were utilized for con-
Earlier reports have provided information tantinant detection. 'Dual flame-ionization gas

aS to the atmospheric contaminants contributed chromatography and microwave sipectromnetry
by materials (10). A combination of man and were used for the analywsisq of unconeentrated
materials in submarines, spacecraft (8), and samples which were obtained directly from the
groand-ba~sed simulators (1, 17) has been sur- chamber. Methane arid carbon monoxide were
veyed for similar purposýes. Experiments analyzed by flame-ionization gas chrornatog-
spewcifically designed to delineate those con- raphy and infrared spectroscopy, resqpectively.
taminants produced by mian have not been
previously conducted, The Atmospheric con- Tocnetae hesml. utiagtarninant information gained to date has been Tocnetae he aml, utiag
a~s a by-product of experimentsq conducted with cryogenic trapping -ysterns were operatedl daily
other speific objectives (1, 8, 17). The pur- during the 27-day study. Four sample. sets
pos-e of this paper is to presenit the results of were obtained daily and were analyzed by
a joint United States Air Force and National Arnold Engineering anid D~evelopment Center,
Aeronautics arid Space Administration study Lockheed Missiles and Space Company, Melpar,
designed to define within the limits of the Inc., and Von Karinan Center, Aerojet-General
anAlytical proce~dures (4, 13, 14, 15) those con- (Corpoiration.
tamirtants associated with human occupancy of
a sealed environment .- an oxygen- ni trogren at- Papid initial increases in methane and car-
ruisphere at 760 mnm. H,!' total pressure. bon monoxide wieobserv-ed qtoon after mian

entered the iest cell. The mrethane concentra-
IT. SUMMARY tion incrvased fnrom my. rag, m the day after

mian entered the chamiber to a high .ýf 84.6 mig..
The ve\perirnent was conducted at 7^60 mm. 'an) The concentration of carlon monoxide

Jig with 20": oxygen and 80", nitrogen as ranged from a low of 4.8 rng. m.1 toý a high of
the atmosphere. The study was dividei! into '23. m-g. mn.
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No significant data relating to organic atmospheres. The complex is constructed of
compounds were obt~ained from the analyses of two separate pressare vesCelC (air lock and test
unconeentrated suample during either portion cell) contained within a single vacuum vessel,
of the study. The cryogenically concentrated An annular snparc exists betwseen the inner and
samples analyzed by gas. chromatography, in- outer shells. An inner lock is flrnied by in-

frared speetroscopy, and mass sp.ectroscupy stadling two, doors on the slecve cv,,neeting the
yielded substantial information. Differential air lock and test cell. The inner ltck is small
column flame-ionization chromatography corn- compared to the air lack and test cell to
bined with mass spectroscopy yielded the best minimize contarnination of the environment
re V- r t,- when the human subjects were transferred into

the test cell.
The four analyses vrrrunw identified a total

Sof 9- trace comxounds. The frequency and The test cell is divided by panels and folding
highest concentration of contaminants are pre- doors to form three distinct areas. The cockpit

sented in table IX. Of the 97 compounds re- section contains two modified aircraft crew
ported (table IX), 21 compounds were reported seats, instrument panels including displays for
only during the manned portion of the study operation of internal equipment, and psycho-
(table X). The data were insufficient in con- motor test facilities. The crew seat cushions are
sistency to predict production rates: however, constructed of slabs of polyester foam covered
several trends were demonstrated. A group with a nylon fabric, The equipment area con-
of compounds which showed a consistent or tains the environmental control system, galley,
decreasing concentration included toluene, storage cabinets, toilet, and sink. The sleep-
methyl ethyl ketone, hexane, and xylene. ing area contains two bunks (foam mat-
These are indicative of solvents used in the tresses), storage cabinets, and a counter
chamber as well as those compounds added by formed by a freezer and refrigerator.
the supply gases. Methyl alcohol, acetone,
ethyl ether, and isoprene were examples of Two paws locks are provided for trans-
compounds which demonstrated an increase ferring items such as caribn dioxide sorbent
with inclusion of man into the sealed environ- canisters, biologic s.pecimens. and waste. The
ment. doors of the pass lock are constructed of carbon

steel.
Carbon mnonoxide and carbon dioxide were

identified as compounds which were produced The test cell is designed to withstand a

by man at a rate that would require removal differential pressure of 15 p.s.i. in either direc-
in a closed system operation. tion. The principal material of construction

is carbon steel; however, the large doors are
The study clearly demonstrated that the of cast aluminum. Many of the work areas

state-of-the-art of analysis of trace contain- and cabinets are constructed of stainless steel
inants has not progressed technically to the to decrease the surface area that required a
point of valid repeatability, protective coating.

The interior surface of the test cell was
Ill. METHODS initially sandbhlated and treated with a zinc

chromate primer. The final spray coat was
Test facilities the 4100 series 3MI brand "Velvet Coat" manu-

facttred by Minnesota Mining and Mannfactur-
A 27-day experiment was conducted within ing, Minneapolis, Mion.

the USAF School of Aerospace Medicine four-
man environmental test cell located at Brooks The test cell total pressure was maintained
AFB, Tex. (fig. 1). The test cell used in this abve ambient conditions by the manual addi-
experiment is an ad'.anced double-walled test- ti'n of nmakeup oxygen and nitro,,en. This
ing device for simulating manned -pacecraft techni- was used because the tariulus pressu4re

2
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FIGURE I

UYSAF School of Aeopoer Meduinc faur-wmanwrm'to test CCU.

rem~ined essentially below the test cell pres- the blowers and heat exchangers. After 1pass-
sure, thus providing an outboard leak. The ing thruugh the blowers, the atmosphe-re was
amount of leakage was measured by a large circulated through the cabin cooler and then
Tissot spirometer which was connected Wo the exha~usted under the floor.
annulus.

Theral ontol wthi. te tet cll &,t Part of the atmiosphere was delis ered to the
Themaicntrine wi theeiclto no the tet-~ atmospheric control subsystem 0~ ere carbon

rnosphere through heat exchangers cooled by dionidef cail wate vaowertiel oriented in the-

an ethylene glycol solution. The nominal hmdfe olwsvrial retdi h

capacity of the cabin cooler was 12,000 B~TU gras stream so that the condensate would flow

per hour. down into the water separator. The dewpoint
temperature of the atmosphere in the test cell

The test cell was ventilated by two cen- was controlled to some degree by the flew of
trifugal blowers each having a nominal capac- thi: ethylene Ilycol solution through the unit.
ity of 250 cubic feet per minute. The Lithium hydroxide was contained in two can-
ventilation fan:; circulated the atmosphere isters for sorption of carbon dioxide. A portion
from behind the perforated ceiling plates in of the atmosphere was forced through one or
the test cell into the intake dudt of the en- both canisters to mnaint.4in the carbon dfio-xide
viru-nmental? conatroll system. A Fiberglas fil- partial pressure at the experimental conditions
ter in the intake duct eliminated particles from required.

m3
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A representative sample of the test cell Support items
-atmosphere was anallyzed for major constit-
uents by a system which was operated at a The chamber was provisioned before initia-
constant pressure of 775 me.n. Hg to avoid tion of the experiment with the minimum
contamination by ambient air. required support items neces~ary for manned

habitation. The lithium hydroxide canisters
were the only support items which were in-The- analysis loop cotis"ted of an air prump, terchanged during the coulrse of the experi-

heat exchanger, water trap, accumulator and ehagdurntecosefteexri
hcment. The stored food (Natick Laboratories,
relief valve, the analyzer bank with flow reg- Natick, Mass.) was a synthetic (chocolate or
ulator, a back pressure regulator, and a signal vanilla flavored) liquid diet composed of
division network. The air pump. located in water (68%), casein (5%), fat (8%), corn
with Teflon diaphragm and fluoroelastomer was
th-tatcel-ws- tostgedipram um mier(0.2%)hestaorich (2)vuarse (16.5h ) arodw

valves. The pump was capable of a compres- 1.30 to 1.36 kcal.o/gm.
sion ratio of at least 5:1 at an iniet pressure of
3 p.s.i.a. and a flow rate of I cubic foot per Subjit
minute. The heat exchanger was used to cooi
the sample stream to a constant dewpoint of51 C wih awate trp t colecttheconen- The four volunteer airmen, 18 to 22 years

5C. with accuwulater trap d tocllect the wren of age, lived in the test cell during the manned
sate. An accumulator and relief valve were portion of the study. The physical characteris-
provided to bypass the excess gas and return it tion of the test subjects are presented in

to the test cell. The accumulator and the reiief tacl of the subjects unerwent a p
table 1. The subjects underwent a complete

valve combination also reduced the pump pulsa- medical evaluation in the Clinical Sciences
tions and provided a constant pressure drop Division, USAF School of Aerospace Medicine.

across the analyzers. immediately before and after their 14 days in
the test cell. This evaluation included a corn-

The analyzers in the test cell loop were a plete physical examination with ophthalmolog-
Beckman paramagnetic oxygen analyzer, a ic, neurologic. and psychiatric consultations;
Mine Safety Appliance (MSA) "Lira" 300 car- hematologic and blood chemistry studies;
bon dioxide analyzer, a MSA "Lira" 300 carblon urinalyses; electrocardiograms,: electroenceph..
monoxide analyzer, and a Med-Science Elec- alograms; chest roentgenograms; and stress
tronie "Nitralyzer" for nitrogen determination, testing, Hematologic studies included white

blood cell and differential counts, hematocrit,
The back pressure regulator was connected hemoglobin, red blood cell count, reticulocyte

to the analyrer outlets ana maintained a con- count, and sedimentation rate. Blood chemis-
stant sensor pressure of 775 rum. 1ig. A servo- tries included Bromsulphalein (BSP) reten-

driven divider network was used to correct the tion, bilirubin, serum glutamic oxaloacetic

analyzer signals in order to dispiay partial pres-
surs aA they existed in the tast cell. TABLE I

The test cell total prssure was maintained Physical characteristics of test subjects

at 760 mn. Hg by the addition of oxygen and
nitrogen. The atmosphere wai supplied to the Subject Age Height i Weight

subjects at an oxygen partiai pressure of No. (years) (er.) (kg.)
165 mrnm. Hg, the balance being composed of
carbon dioxide, nitrogen, and water vapor. Ac- 84 18 i 185 682

curate meas•ur(nenks of mhe amount of oxygen 85 19 1 138 77.3

added were made on a weight basis, while 86 20 175 71.8
h....,�1�',aL iiUiiJI waS uionitred by pressure 8
change in the si-uply sVysem. 87 _ 22 j 175

4



iliral+;,.,ase (()(T)), scrum glutamic pyluvic sample w:as introduced into the gas chromato-
transaminase (S(tVP), total protein. serum graph oin a periodic basis. To increase the ap-
prodtein electrophoresis, t hymol turbidity, parent sensitivity of the chromatograph,
cephalin flocculation, blood urea nitrogen, several technics were used: (1) The 5-mv.
creatinine, cholesterol, fasting blood sugar, and chromatp.gr•ibh outpat signal was recordti on
uric acid,. The above blood stuldies were per- a 1-mv. r.c,,rdvr (2) The supply gases for the
fornmed in a clinical laboratory by standard chrormatoprr;ilhiv rilt ,ctor were of low organic
methods. Stress testing pre- and postexperi- comtent. (!,) The y'r>i.- were filtered through a
mruetally was performed by the Balke (2) -as purifier v,,,il :Cmirti 5A molecular sieve.
tralmill test and the tilt-table orthostatic These technics %%ere necessary in order to
tlehranict. tet.st minimize the iniheretii b;ukrounnd noise. The

contaminant identificatins were based on the
In addihition to the examinations outlined retention time <if the ,obs(-r'tvd peaks. Calibra-

above, tests were performed to determine the tion of the instrument was aci-omplished using
presence or absence of methane in the flatus three organic Matheson ýtandards which pro-
since it was desired that all four subjects be vided a basis for quantitative' and qualitative
methane producer,. Flatus was collected hy information.
inserting a Levine tube into the lower intestine
and collectinýý the gas over water in the manner Me the std 'in a wure basis.

i . f Krk 11) Suseqentanayse ofthe mined (luring the study ,m a survey basis.,f Kirk (11). Subsequent analyses of the Mehncoetrinwadtrmed na
flattus were acci~mplished by gas chromatogra- Mehncoetrinwadtrmedoaphy. periodic basis with a MicroTek 1600 flame-

ionization gas chromatograph. The instrument

Dutring the habitation by human subjects, was equipped with a 7-ft.. 5A molecular sieve

the major waste materials produced were \so- (60 '80 mesh) column. The information was
from the mteriaclls amosher. Trecorded on a Honeywell recordehr. Calibrationlated f, hetest cell atnmosphere. The feces

were c.,lhected in plastic bags and stored in a Ws accomplished using st..ndaLrds prepared bythis facility. Carbon monoxide waLs determined
freez.er before being removed from the test cell, using a Beckman IR-7 with a 10-m. nultipath
After each voiding, urine was transferred over- JR cell with KBr windows. The path length
board by way of a water trap unit which was used was 10 m. Double-beam operation with
subsequently well flushed with water. Loss ofte~st cell atmosphere was thus avoidled. Empty a 10-to-I scale expansion was usedl for the
food celns were scrwtpulously rinsed before stor- determinations at a pres.;ure of 760 mm 11g.Measurements of peak depth referenced to aage. Water was obtained from a line connected
directly to the local water supply. The bnckground IR-scan were used for optical den-

hygienic activity was limited to the dry brush- sity determinations. Calibration was accom-
plished using a 98 p.p.m. carbon monoxideing of the teeth and bathing with a damp cloth standard prepared by Big Three Industrial Gas

which was dried and stored. Soap and tooth- tnd prepr by Hig sthre Tut G
paste were n,, made available, and the subjects and Equipment Company, Houston, Tex.
did nrot shave while within the test cell. Periodically. atmospheric samples of the

test cell were obtained by filling a 300-cc.
(as analysis evacuated glass flask to chamber pressure.

These flasks were forwarded to Tracerlab Re-search, Waltham, Mass., for microwave spec-
centrated batch samples was provided to trometric analysis (3). The analysis was
anaulyze the organic constituents of the test cell accompliched by sweeping the microwave
atmosphere. A dual flame gas chromatograph accomplished4by sweepith mic e
(Perkin-Elmer 900), equilpped with 12-ft. Car- spectrum from 18 to 40 Glez with an unlimitedscan time.
bowax .1000-Amine 220 columns, was used for
this purpose. A constant circulation from the Concentrated cryogenic samples were re-
chamber was ev.tablished through the sample quired to identify and quantitate the con-
valves of the chromnatograph. and a 5-ml. gas taminants existing in the test cell (8). During

5
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the study, two multistage cryogenic trapping The Dry lee requwired occasfonal tamping to in-
systems (7) were operated 20 to 22 hours per sure contact with the wall of the trapping cylin-

I day. $=mpies were obtained in 10- to 11-hour der. The gas then passed to a trapping cylinder
collection periods. This schedule resulted in maintained at -1~75' C., where many of the
the production of four sets of samples in a materials not previously removed, from the gas
24-hour period. Each set consisted of three stream were condensed. The remaining gas
stainless steel cylinders. Materials that were was conducted to the vacuum inlet of a circulat-
not collected consisted of oxygen. nitrogen, and ing pomp an"d exhausted back to the test cell
compounds with sufficient vapor pressure at atmosphere.

175~ C.to assthrugh he ystm. clsed The trapping cylinders were stainless steel
loop of 500 s.c.c./min. (70' P. (21.1* C.) and with an internal volume of about 150 cc.
760 mm. Hg) was maintained from the test cell (figs. 3 and 41. The cylinders were fitted

throuh th sysems.with Swagelok connections, modified pipe fit-

A smpl o th tst cell atmosphere first tings, and needle valves. Teflon and stainlessA saple f th te.steel were used throughout the system toentered a flowmeter and then passed to the miiietltccnesosadcnaia
first trapping cylinder, which was maintained mimzectli onrsnsadotmn-
at a temperature of 0' C. with ice water tion of samples. Gas stream temperatures
(fig. 2). The gas, having passed through the were measured with copper-constantan ther-
ice-bath trapping cylinder, flowed through a mocouples.
heated inlet into the trapping cylinder main- In the -78' C. trapping cylinder there
tained at -781 C. with pulverized Dry Im. tends to be a rapid ice formation in the inlet

C'ACU4,ATI~ft
C~MICT ELECTRICAL ftAV

ftSISTAUCE .- I EKERGY 1ftfUT

REG4A"A1W

SAMPtI AREA 4-

D I

FIGURE 2

Gas flow path for mutisttage cryogenic trappng syeesem.

FIGURE 3

Diagrammatze d ,ose section of multrtage cotyogctwir trapping rCiIfd e t pc.
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FIGURtE 4

tube. This, formation, due to the temperature and projected to the bottom where it was
gradient along (or down) the entrancu tube, welded t~i the wall of the entrance tube. This
was prevented by the application of heat. The coimnect ion -icr'td as an electrical contact be-
heater consisted (if a 1 .hinch.tnco steel tween~~r the ievliinder and the rod(. Electrical
rodt inserted throug;h a Teflon-insulated Swage- eiergy from a variable transformer was ap-
lok fitting at the top of the cylinder. It was plied avroisý the r'ri.iiarv (if a filament trans-
positioned in the centur of the vnitrancu tube fsia~rtr, t hu scit ndary of which was coinnected

8



to the rod and cylinder wall. Sufficient energy , has a significant vapor pressure at the tem-was applied to the heater to prevent the forma- perature of liquefaction may be found in a suc-tion of ice in the tube without affecting the ceeding trap. Therefore, complete removal ofoperational temperature of the trap. a compound from the sample stream may not
occur if the compound appears as a liquid inThe final trapping cylinder was controlled the final trap. After liquefaction or solidifica-at a temperature of 175"' C. in order to pre- tion or both, there will be no significant trans-vent the formation and entrapment of liquid fer of particulate material from the traps inoxygen ( 183" C. at standard pressure). The the form of fog or snow.

presence of liquid oxygen in the trap would
have presented an explosive hazard for per- Experimental methods
sonnel handling the cylinders, and it would
have made available a supply of oxygen for To distinguish those contaminants produceddegradation of the original contaminants and by man from those associated with the test cell,the formation of new compounds. This cylin- support equipment and previous occupancy, theder was positioned with two m lass-phenolic test cell was operated unmanned for a period
rings in a well which was surrounded by liquid of 13 days.nitrogen. The well was positioned by a fitted A 2-day preliminary operational stabiliza-lid for the Dewar flask. The lid also contained tion period and cryogenic trapping began ata vent, a well for the liquid nitrogen level 0715 hours, 2 June 1965. The test cell wassensor, and the liquid nitrogen filling device pressurized at 1430 hours, 2 June 1965,' and(fig. 5). the system was operated minus lithium

hydroxide canisters for sorption of carbonTemperature control of the trap cylinder dioxide. The preliminary operational stabiliza-was maintained by a flow of dry warm nitrogen tion period was completed at 1607 hours, 4 Junefrom the bottom of the well. The flow of 1965.
gaseous nitrogen was regulated with a microm-
ete'r needle valve. One of the glass-phenolic At 1725 hours the test cell was evacuated torings positioning the cylinder covered the top 156 mm. Hg total pressure with a liquid oxygenof the well and maintained a positive pres.qure flush. Beginning at 1915 hours nitrogen fromof gaseous nitrogen, thus preventing the back a liquid nitrogen source was added to the testdiffusion of atmospheric air and the subsequent cell to establish a pressure of 760 mm. Hg. Theformation of liquid oxygen. contaminant background of the test cell was

obtained for an 11-day period beginning atThe cryogenic trapping system would con- 2223 hours. The background period was com-centrate a compound if the vapor pressure at pleted when the cryogenic samples were dis-the trap temperature was less than its partial connected from the test cell at 0408 hours,pressure in the sample stream. Partial separa- 15 June 1965.
tion of compounds occurred owing to the dif-ferent operational temperatures of the three The subsequent 14-day manned portion oftraps. the experiment was begun at 0600 hours,

15 June 1965, with operation of the cryogenicTable 1I depicts the distribution of several trapping systems. The subjects were placedcompounds as a function of temperature at into the test cell through the inner lock, whichwhich they would be expected to be concentrat- was flushed with oxygen before pressurizationed in significant quantities. Substances are to 760 mm. Hg. This permitted entry withoutidentified in each column according to the state depressurization or contamination of the testin which they would exist at that temperature, cell. Two subjects were placed into the testeither as a liquid (1L) or as a solid (S). Any cell at 0605 hours. The other two subjectsmaterial existing ams a solid at a given tempera- entered the test cell at 0615 and 1113 hours.ture should not be found concentrated in a suc- The manned portion of the experiment wasceeding trapping cylinder; however, liquid that completed at 0400 hours, 29 June 1965.

9
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TABLE 11

Distribution 61 eornpounds by trapping ty~inde.' temnptrvitswe

Multistage eryogebir trapping cylinder

0* C. -IS' C. I 1?5. C.

Watew(L) Water(S) Actotwn(3) Methanie

Ethylene glycol4L) Freorn 12(L) Hydrogen sulfide (9) Nitrogen

kRenzene(S) Nitrous axide(S) Oxygen

-Taleei~q) Sulfur doxiode(s) Hydrogen

Ethylene glycol (S) Trimethy) *mine($) Carboanmonoxide

Dliethyl etber(L) Mclnoethyl arnine(S)

Trimethyl amineft) Freon 12(S)

Xonoethyl amnane(L) Methyl inereaptan (SI

Carbon dioxide(S)

Methanol(S)

Carbon WahoieS

i Saud.

Data reduction per minute by the time of the trapping period

An analysis of the material contained in in minutes.

the cylinder sets obtained from the cryogenic To determine the test cell concentrations in
trapping systems was provided by Arnold milligrams per cubic meter, considering a zero
Engineering and Development Center (ARO), leak condition, the average test cell concentra-
Inc. (A); Lockheed Missiles and Space Corpora- tion calculated above was corrected for the
tion (L); Melpar. Inc. (M) ; and Von Karman effective leak. The effective gas leak consisted
Center, Aerojet-General Corporation (V)~ (se of the total gas leak plus a value for the gas
tables III to VI). Each group received a daily processed through the cryogenic systems fromt
air shipment of one set of cylinders packed in which the contaminants were removed for

I~ry ce. aalysi. The total gas leak consisted of the

The rocdure usd ad reult of nalses following: (I) the loss of gas into the annular
Thae procedrepresued andewhresut of, analyses1) space of the test cell; (2) the volume removed

hav ben rporedelswhee (. , 1, 1. 1). for batch analysis fIR-7 for carbon monoxide,

Thi avrae tstcel crcetrtio i ir1- MicroTek 1600 for methane and Tracerlab
The verae tet cll cncenraton i fn'- smples) , (3) the volume lost when calibrating

ligrams per cubic meter of a compound was the Perkin-Elmer 800. and (4) the volume of
evaluated using the following eluation: the cryogenic systemns when the cylinders were

removed from the system.
Liters 0 -jX .

Measured volump.! of 4.2Hlters for the Beck-
where milligrams wag that quantity relxorted by man IR-7 10-rn. cell, 1.0 liter for the MicroTek
the contractors and where liters was obtained 1600. 1.77 liters for the Perkin-Elmer 800,
by multiplying the average flow rate in liters 0.31 liter for the Tracerlab samples, and 2.036

l1



jr TABLE III
* Cryoqenie trapping system information for Arnold Engineering and Derel•npment Center

il J "•Time of Av. tr-st evit' A-v. ut• eqll

sample 2eto 2Miunle ISampliing Av. flow rate Ir Opertio ;el A.tte~
1dWtifkatinn I time I (I.!mi,.) I preaure tMPS(mill.) (mra. FHg) -C.)

-7 Unmanaed

86-2-0-MANRA I SKI85.8 i 600 5807.322~ 1
• •052-6-4-2RA 4 =223-05M 474 %934.2 740 4 22.5
66-2-&-6-2AA 5 1900-0-503 500 36009 753 38 22.2

* I 65-2-6-6-1i A 6 0630-1630 492 600.0 757 1 2.1
66-2--g 7-1 BA I (p003-to' !6 p-04 600o.4 7.5.1 I; L22

-1 0 22A7* 85-2-04-lE•A 80 0600-1600 i 500) 60}0.0 | . 7, ), 92,1
*66-2-6-9-2AA 9 1700-0300 No 500 700W 7.0 22.7

65-2-6-14-111A 10 0"6001S)6m.
65-2-6..41-21A I 1 1905-o." 1500 660.1 757-1 22.3
K5-2-6-&12-2AA 12 1833-0430 500 600.0 ; 752 22.7
a.652-6- 13-2AA 13 1,300-04t*50 600. 75z.% 22 0.9
6&2-6-14-11EA 14 0603-1700 500 600.1 754.6 23.0

Manned

65-2-6-15-28A 15 1834.a,,2!) 500 600.0 755.4 23.9
65-2-6-16-IBA 16 0614 17". 5W1 600.0 753.7 23.7
65-2-6-17-lBA 17 (st•u2-i;7 499 9613.6 755.5 23.6
65-2-6-18-2AA 18 I4O-S t' 500WK) 600.9 758.0 23.7
65-2-6-19-2BA 19 1813.04!? 493 600.0 758.3 22.5
65-2-6-20-2AA 20 1730.0W1 3 500 601o." 757.7 24.0
65-2-6-21-2AA 21 13(10-0-1v2 4V9 f.00.1 759A4 23S8
65-2-6-22-2BA 22 1303-04110 491 600.0 757.7 23.765- 2 -S-23- 1 BA. 23 (0f)5- 1707 5W•f•O 5. 23.9
65-2-6-24-IBA 24 o-05-1700 500 660.0 756'8 23.9

&5-2---25-2AA 25 1800-0400 474 6100.2 755.8 23.9

65.2.6-26.2BA 26 183v-049)0 493 690.1 755.7 23.7
6S-2-&-27-2BA 27 .1302-0405 490 611:.2 ,75, .4 23.7

65-2-6-28-IBA 28 063o-01730 4905 660.0 75.4 23.6

"-70 V. A~d ",fi0 HS. 4

liters for the volume of the cryogenic systems milligrams per cubic meter of each compound,
were converted from volumes at test cell condi- considering zero gas leak from the test cell.

$ tions to volumes at 21.1- C. and 760 mm. Hg Before correction to a zero leak condition was
by gas law conversion. The gas which leaked undertaken, considerajion was given to those
frim the test cell into the annular space was compounds added to the :est cell by the supply
measumred by a Tissot spirmeter. The total gases (tables VII and VIII). In each instance
and effective leak as related to each batch the milligrams contained within the test cell
sample and cryogenically obtained sample set were reduced by subtracting that quantity of
was used to determine the concentration in materiul added during a given trapping period.

12



TABLE IV
Crpr'qen•k trappin system information for Lockheed Missile's and Spae Compaony

Sampl- 1 2 to 2 June Sanpluinr Av. flow rte Tr.tsurt e temp.
identification 1945 time (ste. ) rtnemi n •u)

(mii.) . min- Fnl (CC)

Unmanned

65-2-6-3-2AL 3 1900-050 W0O 600.0 747.5 222.
65-2-6-4-2AL 4 2223.0502 472 401.8 790.4 22.5
65-2-6-5-28L 5 P915.015 t 0 000.3 75.9.8 2

*65-2-6-6-2AL 6 1730.0a35 500 F00.I 754 4 1 22.5
* 65-2-6-7-2AL 7 1-900-0401 500 600.1 75rr 22.8

- 65-26-W2A2BL 12 181-4 15 500 600.2 757.8 22.8
i -2-6-91L 9 0600A 16(03 1 496 600.0 75V,1 22.4
65-2-6010-2AL 10 1703.0455 500 503.1 i 7570 23.8
65-2-611-2AL II 1800 0505 S0O £00. 1 757.1 22.8
65-2-6-12-28L 12 1815-0415 500 601.1 751.2 22.7
05 2-6- 13- 1AM 113 06001700 5W0 660. 755A4 22.4
-- 15-2-6-I-24L 12 1800.04063 500 600.1 753.4 1 23.8

Manned
65-2.6-15-2AL iS i 1&10-0425 500 600.0 755.4i 2.1-9
6-55-2-6.16-2AL it; j 180.0358 I 50460. 758.5 23Z5
65-2-6-17-21L 17 1803-0403 500 600.0 758.4 239
65-2-68-18-IBL 18 0W03-1700 1M0 6410.0 758.1 247
65-2-6-19-2AL 19 180.-0114 500 302.3 758.3 2.5
65-2-6-20-tBL 20 0647-1625 322 4912 757.4 23.6
65-2-6-2i-1BL 21 0N08-1710 500 660.0 746.1 23.7
65-2-6-22-1 EL 22 0602-1700 516 640.0 756.7 23.6
65-2-&-23-2BL 23 180.-o357 500 600.1 758.9 { 23.7
65-2-6-24-2AL 24 1800-0402 . 500 600.2 757.0 23.6
65-2--25-1 L 25 0605-1700 500 "0).1 75,.2 23.8
65-2-6-26.11BL 26 W-T032 5,H) 60.0 75.5.0 23.7
...,-2-f-27-1RL 27 0(05- 1t60I i 500 660.0 755.3 23.6
65.2-6-28-2AL 28 1800.o0(si 510 0W0.0 756.3 23.8

7 *0' F. a&d 710 wlA, H•.

IV. RESULTS The comlponds identi'ied only during the
Ninety-seven trace compounds were collec- manned portion of the experiment are listed in

tively reported by the four analytical groups table X.
pwerforming the analysis of the cryogenically
obtained samples. The analytical pr~wedures Dluring the study 29 compounds were re-
and the milligram.s collected per cylinder set prtt-d by Arnold Engineering and Develop-
have been reported as raw data (4. 13, 14, 15). ment Center (table Xl). Two compounds,
The frequency of occurrence and the highest trichloroethylene a!,d ethylene, were reported
w.,'ragt- tist ceil concentration of cnitaminants by Arnold only during the manned po.rtion;
are sh•%n in table IX. hw; ,'r. Ihe-y were repirteii bN others during

13



II

TABLE V

Crygvo ie trappinr ,ystem in o,'Ultia" fo r Ao; par, hw.

2 t ! un ,Time nf Av. test rell Av. t~t celi• '! • •,'•peý*lz 2 to• 28 Jlune i Sampling Av, flow rate prto resr ep
Wniir~v 1soperation pvIto temnp..(tt hiin.) from HR) ('C.)

Unmarnned

""5-226-2-lAM 2 0715-1715 500 6C0.0 749.5 24.8

45.2-4.3-IAN 0558-1900 500 60.0 760.3 2.02
""-2-6-4-IAM 4 0605-1407 5490 60.O 749.4 2,9

* 654-2-l•AM 5 So0o8815 500 727.0 759.4 22.3

65-2-6-6-IAM 9 4060-1630 500 60).3 7F,7.1 '22.1

65-2--7-1 AM 7 0N)- 1600 500 600.2 75r3 22.4

65-2-6-8olAM 8 0600 m600 500 800. 757.7 22.6

65-2-6-9-AM 9 j 0600-••160. 500 600.0 754 1 2-2.4

65-2-6-10-1AM 10 06)0.16(I 500 600.0 756.1 22.4

65-2-6t-IZRAM II 0610-1710 o 8 660.0 754-5 1 23.2

65-2-6-12,IAM 12 0637-1737 5(10 600.0 757.5 22.4

65-2-6-13-1BL 13 0602-t700 499 600.0 75..4 22.4

65-2-6-14-1AM 14 06004 I700} 500 660.0 754.8 23.0

Matirted
65-2-6-15-1AM 15 0 I00-1765 500 660.0 7i -5 23.7

65-2-&16-lAM 16 06"(A) 700 5W0 660.0 7.53.5 23.7

65-2-6-17-IAM 17 V".0-1618 W00 616.0 755.5 23.6

65-2-6-18•-AM 1s 0600-170I 500 660.0 758. 23.7

65-2-6-1 9-IAM 19 060o- 170W 500 660A0 760.8 23.6

65.2-.20-1AM 20 0644-1625 252 570.0 757.4 23.6

65-2.6-21-lAM 2! 0605-1705 5OA 660.0 756. 1 23.7

65-2-6-22- IAM 22 66 ;vi- IT7W0 5O M60.0 754.R7 23.6

65-2-6-23-1AM 23 0600-t700 500 660.0 756.2 23.9

65-2-6-24-IAM 24 06w I;10 1 MW 660.0 756.8 23.V

65-2-6-25-1AM 25 0600- i 700 00 660.0 755.2 23.8

65-2-6-26-2IAM 26 0630-1730 S00 660.0 755.0 23.7

65-2-6-27-IAM . 27 0C00-1700 600 660.0 755.3 23.6

65-2-6-298-IAM 28 U625-1650 430 625.0 759.-.

F Ad 7,60 in its.

the unmanned portion. The other 27 corn- during the nmanned portion. Three additional
pounds were reported either during the un- compounds (methyl acetate, isopropyl ether,
manned portion or during both portions of the and l-pentene) reported by Lockheed as being
experiment, present only (luring the manned portion were.

reported by others during the unmanned por-
Lockheed Missiles and Space Company re- tion. The other 35 compounds were reported

ported 40 compounds (table XII). Of these, either during the unmanned portion or during
2-butene (cis) and allene were reported only bth portions ot the experiment.

14



TABLE 11
Cryogevit trapping rdtminformot io-N fCr Von, Aarmatn Cimter

SazTime 2of 1 J AV. teat C-1 xv t.'g vo1 2Uý Jut ISampling iAv. flow rateide-ntification i 1965 1 tin) (m. E C

65-2-6-2-IRV 2 or, 0- 1-1.0 501 9001.0 740.5 24.865-2-0..1-2EV 3 J1900-0502 5M0 e041. J4. U22
65-2-6.4-IRV 1 4 065- 1550 498 1 580i.0 749.4 2.
6.5-2-6-5-IBV 50 ir- a K 738.0 I 7518.4 22
65-2-4-6-2EV 6 7003750bO. 5. 22.565Y-" 6--2V 7 1802-0403 70. 75CA. 22.7
65-2-9-9-2BV 190-3-0403 500 C l 175 7.A 2V.8
65-2-6.-9-28v 9 1703-0303 j 500 M910.0 7-56.0 1 2-2.7
&5-2-6-10-213V If, 1?,04-04471 15001 530.9 757,0 1 23.ý2
65-2-6-1l-15V I I 0I605-1700 50 9610.0 75M, 5 vi .2
65-2-9-12-1BR' 12 0640411 X 37 757.6 22A9

65261-23 1860-0400 500 1 601.0 7362ý
65-2-C.1.4.2AV 1 14 1803-0408 Soo 6W0. 1 5A2.

Manned
65-2-6-15.1 BV 15 0605-17,25 50 I (47, 754.S 2.3.7

6526162V16 1902-040C, 5 DO -00 758. 5 23.565-2-6-17-2AV - .M-0 49775-4 3.8526-92V s 10 fD0 49 758.4 23.665-2-C-19-1R 10603-104) ,70A2 ý65--2-6-18-2eV 1A 170-3 75.2.
6---12i21 1802-040- 499 6015 , 758.0 23.7

6521-I2V 2 80-47 264A10. 757.7 24.065-2-6-20.25AV 20 18000356 5(z;75'9:3.

65-2-6-25-2BV 2'5 1 1841-010.0 4450 6.755.8 2.
65-2-6-26-2AX' 26 1825-0429 484r &! o(0 7557 . 23.7
65-2-6-27-2'AV 27 IXI10-(141)7 487 £01.1 7157.1 23.7
65.2-6-28-2EV 28 r 180-1110 49P 4. 75.`: j - 213.-8

Vt . acn4 %0 un Hr

Of the 29 compounds reported by Melpa~r, The Von Karman Center reported 70 corn-
Inc.. 5 (miethane, ethane, isqopropyl alcohol, pxounds (table XI') ; 20 of these were reportedperchbloroethylene, and heptano) were reported only during the mnanned p*'rtuon (propionic
only during the manned portion (tae.ble XIII). acid, valeric acid, butyraidehyde, mesitylene,
Methane was the only compound not reported inethyl n-butvrate, butyl acetate, f uran,by others as being present duringz the un- dirnethyl furanl, I,4-tinieth,1xybv-nizj1 , benzyl

anktned lu'rtion. The other 2.4 compounds were t-ther, pentafluuiroethane. Freon lit skatole,n'jx~rted during both piMrtiuns of thne experi- decalin, det-ulin isiomers, methanev. ethanL-.

prt'pyl nlt-rcaptan, ethylene, and methyl

15



TABLE VII TABLE VIII

SCenhamina u t.rygen CgunptUytflt t" Xygf ' k i - 4 itro!,n

_ Cornpnii by rhemtcal t 1iasi C *W- Cornpounti by chernitoal clu•s Concentration

Akroalwl (g's
Methyl alcohol 0.,l06756 Acetic acid 0,001241
Ethyl alcohol 11,09-I04 Pr'picnic arid 0.000416

SArnmntic hydrocarbons Aromatic hydrocarbons
Tolucne 0.00M78 Ben zene 0.006243

Ethers Xyee 0.011237-- , ~.Pseudocu mene 0.00i:329SE;hy! ether 0.000059 Mesityleno! 0.641617,

Isopropyl ether 0,0009(46 Naphthaliene 0.000416

Halogen detiaatives of ethane Esters

Methyl -hlorofor 0.000202 Methyl cetAte 0,29

Halogen derivatives of ethylene Butyl acetate 0.000250

Viryi chloride 0.002521 Methyl n-bbytvrate 0.0M2081

11 alNgK' d6erivatives of methane Ethers

Chiorofcrni Tetrahydrofuran

F..oU 22 0.900004 Halogen derivatihes of ethanz

K etones Freon 114 9.001249
Acetone 0*Haoigen derivatives of ethyl ,P

Methy) etT '0 ketone 0.006303 Methyl _bhorofor" 0.004192

Paraffins Trichloroethylene 0.004182
Eahane C.000345 Halogen derhatives "f methane
Hexane 0.100202oHMe0.022Methyl ene chkoride 0.000416

Ind,,les

SIstole 0.000410
amine). Of these 20 compounds, ethane and
ethylene were reported by others during the Ketches
unmanned purtion The other 50 compounds Acc(tone 0.004994

were reported either during the unmanned por- '"ethy! ethyl ketone i00208

tion or during both portions of the experiment.. Naphthenles
Cych'hexane 0.000042

The carbon TmIoIrOXide concentration in mil- Mer.hyl cyvlohbxane 000208
ligrarns pur cubic meter, as deterr ied by the Dinwthy1 c'c!ohexane 0.00082
Beckmndi IR-7 and Lira ancdyzer, is presented Di.clin 0.oo0os0 2

in table XV. During the unmanned purtion of ]nd, •, 0.00uu42
the :xperfinent, the mean carbon muncxidE con- Paraffins
coitiration wLs 1.7 rmg., w.` A aubstantial in- l{,:an,• 0.01)()42
crease in avtrage test cell concentration was buptan O,0OW412
obse,rv_-d duxing the manned portion of the 2,b-imcth'l butne OI 00O'42
experimoent. I)ur,.*g the first day, th. average Olefins
ConventhatioI1 was 4.8 mg.,r.- 3  A high of kthylete O,0Ut•7
21,7 rng,. m..' for th'e daily average test cell con-
c#,ntration occurred oi th,: last day of the DiolefinN

cnazined porton.I
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TABLE X

Ctnpotinds ýIrnlftfied only dmwing the rnaiued pato of the pexrime,.d

C4ýlrý~w tly &htnirtcla" F~~ ] requency" Rkrting contratu?

11nrruoni a~of 4114 Van Karrnin Ceinter
Vale~rie ~itid Vo1 Wn IKarnan Center

Mdchyradet y 4114 Von Karman Center

Aromatic hydrotarbons
MC-Sityk~rie slit, Von Karman Center

Mi~thyl n-butyr~te 4/11 Von Xarman Center
Buntyl aceLtaU 14 Von Karn-An Center

Furain 84 Von Karmarn ('entor
IA~-Dirnithoxybenzene 1.114 Vim Karnian Center
Renzyl ether V/14 Von Karrnan Center
Dimethyl furan 3f 14 Von Karnian Center

Halaogen derivatives of f-thaur
Freon 113 1 114 Von Karnian Center
Pent afluoroethane 7 14 Von Karnian Center

Iudole
Sktl 814 Voit Karman Cinter

Naphthettes

IRpealin 8/14 Von Kar-ian Center
Vveelin ixomers 4114 Von Karinan Cvinter

Paraffins
Siethane I 2 14 Von Karman Center

3;14 Inpr.Je.

Sulfur compourids
P~ropyl rnireaptan 1 14 Von Karinan Center

Olefiris
2-ilutene (60 ~ 3 14 Lockheod Mi,;ileý and

(pr.C')m upany
1- 1'&nt.&ne 1 14 Von Karman ('enter

Alicne 3 14 bwkhi.-d Missili,* ind
Space cogpny

Arnine
M,.thyl anuni, ~ 1 14 Voni Karroan Cen~ter
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TA13LEXI TALE -T

arbonAlly!n aliohile,
sisArmom lcoho

Metyl eohol tfy aloo X exn
Caboth o~e lyl alcohol XToun

Isopropyl alcohol II x Xylene
Ethyl benzene, x

Acetaldehyde I x Methyl acetate x

Aresastfr hrdrocarbsei Ethyeter r x IRenzen. x x MoKn x
Toluene I lopropyl ether x
Xylene

Tetraydrofurn 1Halogen derivatives of Methane;~

Tetahyro Prn reon 22t
Freon 11x

W~alop, derivatives of etiews H slates derivatives of ethyltn zI
i,2:Dichlorethune Trichloroethylene

1,11-DchlorRthtoen
Methyl chloroform j Acetone I KI Napbtbenes

Cyclopi-oparw xVinyl chloride Cyclohessan K '
l~i-Orhlooethyene r KMethyl cyclohexane K

Perchlaýroethylene I
TrirhlorethyleneEthane I '

Halogen derlvatives of rro Buane
Methylene chloride X x X x btn
Chloroform x x etn
Freon 11 x I Pentane I
Carbon tetrachloride Y. x Hetxane, x

JitoesEthylene x x
Acetone x x Propylene x
Methyl ethyl ketone x x I-Butene X

Parffne2-Butene (cis K
Prfis2-Butene (traits) x

Ethane I Isubutylene 31 x
Propane x 1-Pentene X
Hexane I x Diultfins
Re ptane x x Allene x

lIý-Botadiene I x
Sulfide$ Acetykene

Hydrogen sulfide x I Acetylene I I
Propyne x

(tei"?m (yclo-olefisa
I Cyclohexene x

26
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TABLE XIII TABLE XIV

Compounds identified by Medpar. Inc. CompounedR intified by Von Ka'rma4 r ter

Compound by chemical els ' C-nipwwrd by chemical Unmanned Manned

irbon dioxide X X Carbon dioxide X XCibidolS I

Alcoholm Organic asew
Methyl flChohl X X Acetic acid x
Ethyl alcohol X X Propionie acid

Allyl alcohol X I Valerie x
15,0propyl alcohol Vaei aiX

Butyl alcohol X X
Isobutyl alcohol X XAlcohols

Methyl alcohol X X

Aromatic hydrocarbons Ethyl alcohol X X
Toluene X X Allyl alcohol X
Xylene X l.•opropyl alcehoi X X

XeIsobutyl alcohol X X

Esters
Ethyl acetate X X Aldehydes
ri-Propyl acetate X X AcetaldehtI Xx t

Butyraldehyde X
Ethers

Ethyl ether X X Aromatic hydroearbons
Isopropyl ether X X Benzene X X

Toluene X X
Halogen derivatives of aromatic! Styrene X

and cyclic hydrocarbons oXylene I
Charbnzn, -yIn X X

SChlorobenzene IX Ethyl benzene X X
SPseudocumene X X

Halogen derivatives of ethane Mesitylene X
1,2-Dichloroethane X X Naphthalene X X
Methyl chloroform X X Tetramethylbenuene X X

""•Methyl naphthalene X X
Halogen derivatives of ethylene Dimthyl naphthalene X X

Vinyl chloride X X
Trichloroethylene X X Esters
Perchloroethylene X Methyl acetate I X

! Ethyl formt*t X X

Halogen derivatives of methane Ethyl formate -Ethyl acetate X X
Methylene chloride XMehl-btreX
Chloroform X X Methyl aceutyate X

FreonII Buty' acetate XFreon I I X X

Ketones Ethers

Acetone X XFura
Tetrahydrofurin XMethyl ethyl ketone X X Tethyr X XEthyl ether X X

Paraffina Methyl furan X X
Methane I [Diethyl furan X

Ethane X 1,4-Dirnethoxybenzene X
Rexane X enzy! ether X
Heptane X

Halogen derivatives of ethane
Halogen derivatives of higher 1.2.Dichluruethane X X

aliphatic hydrocarbons Pvritafluoroethane X
Prupyl chloride X X Methyl chiorofornl X X
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TABLE XIV (contd.) TABLE XV

t C~rai-brn. mrnonoqde eorneeufiypion iv miioirm
Compound by chmic. 1 nmanned Manned per mtbi* meter (.9/12A) (.lZ7) pVpm..

"Freon 114 x "
Freon 11ime Lira ?00 Lira 300

" I (daily av.) IR-7

flalofett derivativea of ethylene . ...

1,1-Diehlonethylene UnmannedSTriehloioptykyene x i x 4 2.0

5 0.0
Halogen derivatives of metthan 60

-Methylene chloride X X ,9
Chloroform X X
Freon 11 X X
Carbon tetrachloride X X 9 0.0

Indoles I1 4.9

Skatole X 12 0.5
13 0.0

Ketones 14 1.8
Acetone X X Manned
Methyl ethyl ketone X X
Methyl isobutyl ketone X x 15 5.2

1530 6.9 1.1

Na phthenes 16 4,5

Cyclohexane X X 0600 2.3 3.4

Methyl cyclohexane X X 1745 5.7 4.1
Dimethyl cyclopentane X X 17 9.7
Dimethyl cyelohexane X X 0730 5.7 3.2
Indene X X 1515 13.7 7.1
Decalin x
Decalin isomers x18 8.5

0303 8.4 8.4

Paraffins 1600 3.9 9.2

"Methane X 19 9.8
Ethane 0845 6.9 9.7
Eentane X X 1645 13.7 9.8

Isopentane X X 20 12.0
11exate X X 0815 13.2 11.2
2.2-Diniethyl butane X X 1900 11.4 11.2
2,3-Dimethyl butane X .x
Heptane 21 122

Iso-octane X x 0745 1.;, 13.1
1815 12.( 12.0

Sulfur compounds 22 14.9
Propyl mercaptan 0930 13.7 13.1

1915 17.2 9.8

Olefins 23 15.5
Ethylene X 1015 13.7 14.8
Propylene X 1830 14.9 13.2

24 18.0
Diolefins 0845 17.2 17.3

loprene X1600 20.6 16.8

Aminex 25 17.6
O930 20.6 17.6

M 1et30 16.0 16.3I28



TABLE XV (contd.) TABLE XVI

4to 29 June L Lira 300 Methane eoren'tration in mir7igrams per cubie
1965 Time Lira350 (daily av - meter during the manned portion of theI - i ez~rimenf (mtq./rn.•) (1.85).-- p.p.n.,
26 17.7 e__________ _ _ _ _ _ _ _

0830 17.7 16.8
2130 18.9 1r3 16 to 29 June T-me Canceiration

i965
27 20,3

0845 20.6 19,1 16 1400 20.9
1510 20.6 18.7 9O 301

28 212.7 17 0900 29.4
0716 20.6 16.8 1300 29.4
1245 20M6 17,5

18 W30 35.3
29 24.6 1630 33.4

19 1000 29.4

The methaine concentration in milligrams 20 1515 44.5

per cubic meter, as determined by the MicroTek 21 9800 53.0
1600, is presented in table XVI. Methane ex- 6 57.6
hiibited a trend similar to carbon monoxide,
increasing from a low concentration of 25.5 24 1900 62.0
rag.,rm.3 on the second day of the experiment 1300 62.8
to a high concentration of 79.7 reg./m.3 on 25 0900 64.5
the tenth day. Initially, the rate of increase 1640 74.9

was rapid, but decreased with experiment dura- 26 010o 84.6

tion. 2230 67.9

27 000 72,7
The gas loss into the annular space of the 1000 76.5

test cell and that amount removed for analyt- 1520 70.6

ical procedures averaged 5.9 liters per hour 1630 706
during the unmanned portion of the experiment 29 0500 75.9
and 12.8 liters per hour during the manned 0430 68.7
portion. The increase in leak rate was the 000 7_5-2

result of a rupture of the door gasket. During
the entire experiment. 5,635 liters leaked from 1.05 to 1.5 mg. 7. Other measurements of
the test cell and 4,397 liters of nitrogen were
added. Since the amount of nitrogen ded liver function revealed no further deviations.
was considered to be 80", of the gas lass, Subjcts 84 and 86 developed presyncopal
calculations indicated that the total loss should symptoms during postexperimental tilt-tablestudies. Subjects 85 and 87 showed a decline
have been 5,496 liters, a value in good agree- in wokcpcty b5 and 5 minues resec-
niment with the measured leak. in work capacity by 4 and 5 minutes, respec-

tively. on postexperimental treadmill tests.

Pre- and postexperimental physical ex- Other studies, including electrocardiograms,
aminations of the four subjects were normal, chest roentgenograms, and electroencephalo-
Hematologic studies, likewise, manifested no grams, were normal.

abnormality. Results of liver function studies V. DISCUSSION
are presented in table XVII, Subject 84
showed a rise in total serum bilirubin from 0.4 Comparison of compounds reported in this
to 1.1 mg. ,' and a decrease in the albumin/ study with tl~ose compounds previously re-
globulin ratio from 2.9 ti 1.3. Subject 86 ported as being present in spacecraft, sub-
exhibited a rise in total serum bilirubin from marines, and simulators indicates that many
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. contaminants of low concentration were not To correct the concentration, it was neces-
• previously detected. The collection and analyt- sary to determine the total gas lost from the

ical technics previously used appear to have test cell, the apparent leak by the removal of
been specific only to those easily identified compounds from the atmosphere by the

compounds--i.e., strong IR sorption, specific cryogenic trapping systems, and the amount to
mass spectrum patterns, and high gas chro- he subtracted owing to the contribution of
zrt.tographic specificity and sensitivity, compounds from the supply gases (tables VII

and VIII). In applying these cormetions, the
It was necessary to extrapolate the data ob- study was divided into time periods which were

tained from this experiment in order to esti- related to the effective leak, oxygen and
_ mate a potential contaminant level for use in nitrogen addition, and the sample cylinder set

any closed system. The loss and gain of con- by contractor. The information thus acquired
taminants from the system through leakage and tabulated is presented in tables XVIII to
"and the known addition of compounds were XXI.
considered. It must be noted, however, that
this was a clinically controlled study with a It was also necessary in the calculation to
minimum of equipment and no "flight hard- determine the free volume of the test cell. The
ware" within the test cell. Differences in in- volume was determined when conditions were
dividuals, personal activity, food, and many stat:¢ and when the subjects were within the
other variables will add to or delete compounds test cell and was found to be 27.45 m.3

identified in this study.
Results of these manipulations are graph-

The determination of the concentration in ically displayed in appendixeýýs I to IV. It should
milligrams per cubic meter of a compound in be noted that the abscissas of the graphs ex-
the test cell, considering zero leak from the press periods of collection as delineated on
test cell and no addition of the compound from tables XVIII to XXI. Statistical analysis of
the supply gas, may contribute information the corrected concentrations did not yield any
concerning the production rate of the corn- significant data owing to the inconsistency
pound. among contractors.

TABLE XVII

Liver function studies

Subject j j OAlkaline Percent 'ESPSujc Peid IBlrbin SGOT SGPT_ AlbuminPer iod phosphntase retention
o. i(mg. %) units* units unitst globulin (45 min.)

Pre- 0.4 24 13 13.6 1 2.9 0

84

Post, 1.1 22 17 9.9 1.3 2

_" =tPre- i 0.8 24 16 6,1 1,3 0

-- ' Post- 0ý9 18 20 5.9 1.3 0
SPre- 1.05 26 16 7.7 1.31

iiPost.- 1.5 19 13 9ý6 1.32

__-- =,Pre- 0.6 24 22 5.1 1.7 1

S•Post- 0.9 20 14 4.1 1.7 2

i i • King -A rn~trong• un~its.

30
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TABLE XVII
Required data for caktdiition of zero leak £eonwentratio2n of cornpaunds

reported by Arnold Kngi~neering and Devetopmr-net Center

I i ~Amount ofCan *dded

(rn. 2)

Unmanned

1 2230-0500 1 4 j 0.372 6-4-2BA
2 O.Soo-4900 5 0.794
3 1900-050.0 5 0.58.3 "--2AA

4 0500.03 6 0.001
5 0030-1= 6 D.&53 I 6-6-lA
6 1600-0600 6 0.629
7 0600-1600 7 0.636 6-7-IBA
8 1600-060f0 7 0.5499
9 0600-1600 8 0.625 6-8-IBA

10 1600-1700 8 1.243 0.037
11 1700-0300 9 0.592 6-9-2AA
12 0300-0600 10) -0.003
13 06900-1600 10 0.622 6-10-IBA
14 1600-1800 10 1,403 .I 0.159 0.120
15 1800-OO it 0.783 1 6-11-2flA 0.187
16 0500-18ý5300 12 0.903 10.268
17 18-30-0430 12 0.721 6-12-2AA 0.004
is 0430-1800 13 0.872
19 1800-0400 13 0.727 6-13-2AA 0.004 0.141
20 0400-06o0 14 0.008

21 0600- 17001 14 0.809 6-14-lERA 0.202
22 1700-10 14 1-529 1.359 0.439

Manned

23 1&30-0500 1s 0.593 6-15-28A 1.276 0.130
24 0500-0600 16 1 0:00.7 II 0053
25 06300-1700 16 0.886 6-16-IBA 0.68M 0.503
26 1700-0600 1s 0.911 1.740
27 0600-1630 17 0.731 6-17-IBA 0.631
28 16010 7.2.314 0.319
29 1800-0400 1s 0.752 6-18-2AA 1-035
30 0400-1800 19 0-908 2.224 0.288
31 1800-0500 19 0.614 6-1-8 1.264
32 05041-1730 20 0.561 I1,074 I 0.390
33 1730-0330 20 0.761 6-20-2AA 1 1.070
34 0330-1800 21 1 0.906 1 1.180 0.338
35 1800-0400 21 0.774 6-21-2AA 1.174
36 0400-1800 22 0.914 1,140
37 1800-0430 22 0,703 6-22- 2EA 1.219 0.212
38 0430-0600 23 1 0.015 1 0.162
39 0600-1700 23 1 0.779 6-23-113A 0.897
40 I 1-0M-0600 23 0.741 1.425 0.157
41 0630.-1700 24 0.845 6-24-IBA 0.839
42 1700-1800 24 1.597 .2.270 0.276
43 1800-0400 25 0.68? I 6-25-2AA I1.S92
44 I 0400-183U 26 0,835 1.264
45 1830-0430 26 0.660 I 6-26-213A 1.031 0.082
46 0430-1800 27 0.796 0,838 0.097
47 j 180(1.0400 27 0.620 6-27-2BA .88
48 1 040-0630 1 28 0.012 0.184
4 Y 0630.17,30 28 0.769 I 6-28-lIBA 0.759
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TABLE XIX
Require4 doto for eCaduiatkon of zero leak ei eentration of cooumO

reported byI Lockheed Mi7s# and Spae Compny

?evr~t~f4t~.2RJuie Efte~v~Amount of gas adde-d

conleetlon Time S leNk - -.19•~xye Nitrogen,. .....

I 2230-0O00 4 0272 6-4-2AL
2 0500.1900 5 0.784
3 1900-0700 5 0.632 6-5-2BL
4 0700-1730 6 0,08
f. 1730-0400 6 0.628 R-6-2AL
6 0400-1800 7 0.646
7 1800-0400 7 0.592 67-2AL

S8 0400-1800 8 0.6138 0.037
9 IRM0400 a, 0.597 6.8-2AL

10 0400-606 9 0.005
11 11-t60 9 0.12 0--IBL12 1600O-1700 9 1.231

13 1700-0500 1 10 658 6-10-2AL 0125 1
S14 0500-800 11 0,737 1 0.034 0,120

is 1800-0500 11 0.783 6-11-2AL 0.187

16 0500-1800 12 0.888 0.268
17 1800-0430 12 0.741 6-12-2BL 0.004
18 0430-0000 13 0,007
19 0600-1700 13 0.845 6-13-IBM
20 1700-1800 1a 1.582 0.004 0.342
21 18)0-0430 14 0.685 6-14-2BL
22 0430-1830 15 0.825 1.359 0A39

Manned

23 1830-0500 15 0.593 i3-15-2AL 1.425 0.130
24 0500-1800 16 0.927 0.993 0.503

25 1800-0400 16 0.852 6-16-2AL 1.416
26 0400-1800 17 0.795 0.839
27 1800-0400 17 0.716 6-17-2BL 1.139
"28 0400-0600 18 0,029 0.246
29 0600-1700 18 0.849 6-18-1BL 0.770 0.319
30 1700-1800 18 1.694 3.282 0.288
31 1800-2330 19 0.379 6-19-2AL 0.603
32 2330-030 19 0.255 0,787
33 0630-1700 20 0.526 6-20-1BL 0.938 0.390

34 1700.06003 20 0.814 1.345

35 0600-1800 21 0,869 6-21-IBL 0.905 0.338
36 18-0600 21 0.809 1.388
37 . 0600-1730 22 0.869 i 6-22-1BL 0.809
38 1730-1800 22 1.526 2.515 0.212
39 1800-0400 23 0,713 6-23-2BL 0.957 0.157

40 0400-1800 24 0.885 126

41 1800-0400 24 0.679 6-24-2AL 1.130

42 6400-0600 25 0.033 i 0.090
43 0600-1700 1 25 0.858 6-25-IBL 0.771 0.276

44 1700-0630 25 0.719 1.753
45 0630-1730 26 0.787 6-26-1 B L 0.973

46 1730-0600 16 0.683 1.337 0.082

47 0600-1800 27 0.785 6.27-1BL 0.634 0.097

48 1800-1800 27 1.395 1.984

49 1800-0400 Ub•2 6-28-2AL 1.!61 0,212
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TABLE XX

Roqired data for eatedtion of zero &eak w wo ttion of eompoimd
reporiW by MeloPr, Inc.

EffetIV6Amoust of ows odded
Perio, of '9ito 2A im i (nLS)t 1mleak nn I

1 0600-1200 5 6.-5-0AM
8 f,•O-1600 60.-6 lAM

0-O6 0,629

0600-100 7 0.636 -- AM
7 00-600 7 0.5997 0•000-1•00 8 0.625 ! 8-•1AX

8 1600-0600 8 06A18 0.032379 0G0-MO 9 0.609 6-9-IAM
10 1600-0600 9 0.601
11 0600-1600 10 0.623 6-10-IAM0.2
12 1600-0606- 10 0.66 0.126
13 0600-18•0 11 0.737 j 6-11-LAM 0.034 0.120
14 1800-0630 11 0.793 0.187
15 0630-1830 12 0.893 6-12-lAM 0.268
10 15•300600 12 0.729 0.004
17 0600-1700 13 0.845 6-13-IAL
18 1700- 1s 0.755 0.004 0.141
19 0600-1700 14 0.809 $,.14-IAM 0-002
20 1700-06001 14 0.711

21 0600-1730 15 0.821 6-1.-lAM 1.216 0.439
22 1730-000 15 i 0.597 1.478 0.180
23 0600-1700 16 0.880 6-16-lAM G."9 01413
24 1700-0600 16 0.9ot 1.740
25 0600-1630 17 0,731 6-17-1AM 0.631
26 1630-0600 17 0.784 1.521

27 0600-1700 18 0.849 6-18-IAM 0.770 0.319
28 1700-0600 18 0.807 1243
29 A00001700 19 0.875 6-19-1AM 1.9 0.288
30 1700-0630 19 0.647 1.431
31 00U0-1700 20 0.526 6-20-IAM 0.938 0.390
32 1700-0600 20 0.814 1.345
33 060Q-1730 21 0.875 6-21-lAM 0.792 0.338
34 1730-0600 21 0.830 1.501
35 0800-1700 22 0.841 6-22-1AM 0.809
36 1700-06 0.738 1.498 0.212

37 0600-1700 23 0.779 6-23-lAM 0.897
38 1700-0600 23 0.741 1.425 0.157
39 0600-1700 24 0.845 6-24-1AM 0.839
40 1700-0600 24 0.729 1.322
41 0 t;0 0 -170 0  25 0.858 6-25-IAM 0771 0.276
42 1700-0930 25 0.719 1 1.753
43 00O-1730 26 0.787 6-26-IAM 0.978
44 1730-0600 26 0.683 1.337 0.082

45 0600- 1700 27 0.760 6-27-1AM 0.445 0.097
46 1700-.430 27 0.616 1. .61

41 0630-1730 28 0.769 6-28-IAM 0.759
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TABLE XXI

Required data for eaukd on of zero leak e ntrat, o of -ompmm1d
reported by Von Kamwai Center

N• • iI Sto28etive 1 Amount of ga" added•] ~Period of Tie to 28 Jur' s
Time I 104k i Smiple No.j

(M.') I Oxyten Nitrogen

1 0600900 5 0.787 f-5-EBV

2 1900-1730 5 1241
a 1730-0400 a0.628 8-6-2EV
4 0400-1800 7 0.646
5 1800-0400 7 0.592 6-7-2BV
6 0400-1800 8 0.638 0.037
7 1800-0400 8 0.597 6-9-21V
8 0400-1700 9 0.625
9 1700-0300 9 0.592 6-9-2BV

10 0300-1700 10 0,828
11 1700-0500 10 01658 6-10-2BV 0.125

1 12 0500-0600 11 0.001
1s 0800-1700 11 0.714 6-11-IBV 0.034 0.120
14 1700-0630 11 0.816 0.187
15 0630-1800 12 0.877 6-12-1BV 0.268
16 1800-1800 12 1.613 0.004
17 1900-0400 13 0.727 6-13-2BV 0,004 0.141
18 0400-1800 14 0. 836 0.202
19 1800-0430 14 0.685 6-14-2AV
20 0430-06M00 15 0.007

21 06-1730 is 0.921 615-1BV 1.210 0.439
22 173OL1800 is 1.517 2.408 0.632
23 1800-0400 16 0.852 6-i8-2BV 1.416
24 0400-1800 17 0.795 0.839
25 1800-0400 17 0.716 6-17-2AV 1.139
26 04M-8 18 0.882 1.039 0.319
27 8900-0400 18 0.752 6-18-2BV 1.035
28 0400-0600 19 0.021 0.185

29 0600-1700 19 0.875 6-19-1BV 1.998 0.289
s0 1700-1730 19 1.188 2.369 0.390
31 1730-0330 20 0.761 6-20-2BV 1.070
32 0330-1800 21 0.906 1.180 0.338
33 1800-0400 21 0.774 6-21-2BV 1.174
34 0400-1800 22 0.914 1,140
35 1800-0430 22 0.703 6&22-2AV 1.219 0.212
36 0430-1800 23 0.813 1.180

37 1800-0400 23 0.713 6.23-LAV 0.957 0.157
38 0400-1800 24 0.885 1.126
"39 1800-0400 24 0.679 6.24-2BV 1.130
40 0400-1800 25 0.901 1.038 0.276
41 I 1,O-0406. 25 0.682 6-25-2BV 1.392
42 0400-1830 26 0.835 1 1.264
43 1830-0430 26 0.650 6-26-2AV 1.031 0.082
44 0430-1800 21 0.796 0.838 0.097
46 1800-0400 27 0.620 6-27-2AV 1.177

46 0400-1800 28 0.775 0.996
47 1800-0400 28 0.652 6-2 BV 1.161 0.212
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The graphic representations contained in Alcohols
the appendixes, while not statistically signif-
icant, may be visually interpreted. Interpreta- Three of the contractors reported methyl
tions by the authors have been made and are alcohol. Arnold and Melpar reported methyl
presented in table XXII. This table, categorized alcohol during both the unmanned and manned
by chemical class, indicates the general shape porti•ns with inereaaing concentrations during
of the time concentration graphs of the four the manned portion of the experiment. Von
contractors during both the unmanned and the Karman reported isolated occurrences only
manned portions of the experiment. A study during the manned portion of the experiment;
of this table results in the following general however, sufficient evidence is presented toobservations, establish methyl alcohol as a product of man.

Inorganic acids Ethyl alcohol was reported by all four con-
tractors. Lockheed reported ethyl alcohol only

Carbon dioxide, which has been included in during the unmanned portion of the experi-
this study even though it is a well-known mont, while Arnold reported it only during the
product of man, provides a key for the inter- manned portion of the experiment. Melpar
pretation of the data. During the unmanned and Von Karman reported ethyl alcohol during
portion of the experiment, the four contract both the unmanned and manned portions of
analysis groups indicated a steady state or a the experiment. There was a decrease in the
decreasing concentration; however, all four concentration during the unmanned portion of
groups subsequently indicated an increase, the experiment. An increase during the
which demonstrated the production of the corn- manned portion of the experiment indicated
pound as the result of the inclusion of man that ethyl alcohol was produced by man.
into the test cell. Hydrogen fluoride also in-
creased during the manned portion of the ex- Arnold indicated an increase of isopropyl
periment. Inspection of table XXII indicates alcohol after man entered the test cell; how-
an increase in most fluoride-containing corn- ever, Melpar showed only scattered peaks,
pounds during the manned portion of the ex- while Von Karman reported a steady state.
periment. An analysis of the analytical Evidence still is sufficient, it is felt, to assume
technics of Arnold showed that hydrogen that isopropyl alcohol is a by-product from the
fluoride could have been a misinterpretation inclusion of man into the system. Butyl
of the mass spectrum fragmentation pat- alcohol was reported only by Melpar, and the
terns (15). general shape of the graph indicated a constant

generation during the experiment in both the
Organic acids unmanned and manned portions.

The organic acids reported appear to have Aldehydes
been generated by man. Acetic acid appeared
in the unmanned portion; however, acetic Graphical representatione by Arnold and
anhydride is present in a silicone adhesive used Von Karman showed an increase in acetalde-
extensively for the installation of seals in the hyde concentration during the unmanned por-
test cell. The silicone adhesive was used by tion of the experiment with a subsequent
the subjects in an attempt to repair a defective decrease in the concentration after man entered
door seal when they first entered the test cell, the system. This decrease, which occurred
which was indicated by a rise in the concentra- after the addition of man into the system, may
tion of acetic acid. This concentration subse- indicate the conversion of the material by man.
quently decreased and may be attributed to The removal of acetaldehyde by the more ex-
reaction with the lithium hydroxide canisters tensive use of lithium hydroxide absorbent or
for sorption of carbon dioxide. The acetic acid the increased quantities of condensate water
showed a final increase in concentration, which present may also have contributed to the de-
may be indicative of production by man. crease. Butyraldehyde showed an increase in
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the manned portion of the experiment and was man's existence in this sealed environment.
reported only by Von Kaniman. Only 3 of the 21 compounds were reported by

contractors other than Von Karman.
Aromatic hydrocarbons

The graphical representations of benzene Ethers
indicated a steady state during the experiment Fromu the graphical representations, the
with isolated excursions in concentration, data of Von Karman indicated an initial in-
Benzene was reported by Arnold, Lockheed. and crease in the concentration of furan with the
Von Karman. Toluene has an essentially inclusion of man into the sy.stem, followed by
steady-state concentration, as illustrated by the a decrease in concentration. The rise in cox-
graphicai representation of the Melpar data. centration of the compound is the result of
A decrease in concentration is shown by the the inclusion of man into the system. Tetra-
graphs of Lockheed and Von Karman. The hydrofuran, however, was present during the
graphical representation of Arnold indicated an unmanned portion of the experiment and
increase ir. concentration for a short duration showed a decrease until it reached a steady-
after the inclusion of man into tY-1- system, state condition during the first portion of the
followed by a decrease. The decrease in all manned phase. Tetrahydrofuran was used for
cases demonstrated nonproduction of tOluene washing the trapping cylinders and may have
by man. The graphical representations of been introduced into the analysis in this man-
xylene are similar to those of toluene. Arnold nert
showed a decrease from an early high con- Ethyl ether was shown to increase during
centration t- a steady state. The Lockheed the anned portion of the experiment from the
data indicated a rise in concentration until graphical representations of the data of Lock-

man entered a he system, after which thc heed and Melpar. Von Karinan, however,
concentration decreased and disatheared ao d showed a high at the beginning of both the
subsequently reappeared toward the end of the unmanned and manned phases of the experi-

experiment. The data of Melpar demonstrated ment with a subsequent decrease in concentra-Sa steady-state condition. The data of Von tion in later portions of the unmanned and

Karman showed a decrease during the entire manned phases.
experiment. Benzene, toluene, and xylene are
solvents common to the chamber and would be Dimethy) furan, 1,4-dimethuxybenzene, and
off-ga.ised in vai-ying amounts during the ex- benzyl ether appeared as points in the manned
pe.3riment, as indicated by the dcta. In addi- portion of the experiment as reported by Von
dion, some removal might be expected from the Karman and were included in the list of
inclusion of man into the system by his de- 21 compounds reported only during the manned

- toxificatimi of the compounds This is shown portio'n of the study. The other ethers were
by the data ol Von Karman concerning ethyl reported in a steady state or as scattered points
-ezene-, pseldocumene, naphthalene, and during the unmanned portion of the e.cperi-

Srn•thyl naphthaleae. The graphical Presetita- ment.
tion of mesitylene showed the appearance of
the compound with the inclusion -)f man and Esters
an increaae during the manned portion of the n-Propyl acetate, as shown by Melpar,
experiment, as rexorted by Von Karman reached an initial high concentration during
Arnines the unmanned portwn of the exneriment and

steadily decreased throughout the experiment.
Methyl amine was reported only by Von This decrease does not appear to have been

Karnian as a peak during the manned portion affected by the inclusion of man into the 3ys-
of the experiment. This observation is true of tem. The data from Von Karman for methyl
many of the 21 cornj. und that were reported n-butyrate and butyl acetate indicated an in-
Unly during the manned pýortion of the experi- crease in concentration during the manned
:......t -!-.i c- itter d-rectly or i Vndrectly due no ph" .
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Halogen derivatives of hydrocarbons Freon 11 is a common material found in
supply gases arnd was most likely sorbed in

The halogen derivatives of hydrocarbons some quantity to the surfaces within the test
are commonly found in compressed gases. The cell. It was reported in an essentially steady-
i'•inpfI•nds could have been in low concantra- state concentration by Arnold and Lockheed.

tions and not detected in the supply gas Melpar reported the compound in an essentially
an:lyse•v and, therefore, not subtracted (luring steady state with an excursion in concentration
the 'alculation of the graphical representa- at the beginning of the manned portion of the
tions The halogen derivatives of hydrocar- study. Von Karman reported a continuous de-
bons are also common solvents used in the crease in concentration during the duration of
prepakratiou of many of the materials used in the experiment.
the connstruction of the test cell. This class of
compounds vould have been sorbed on the wall Indoles
of the test cell before the initiation of the
experinicnt. Skatole was reported by Von Karman dur-

ing the manned phase of the experiment;

Chlorobenzene as reported by Melpar re- however, visual inspection of the graphical
mJined in an essentially steady-state condition representation in both appendix IV and table
with occasional excursions. 1,2-Dichloroethane XXII shows that the concentration increased

s concentration as with the inclusion of man into the system.indicated ay Artady idcrease wa Skatole is an outgassing product of fecal mate-re~ported by Arnold; however, a decrease was
replsorted by Melpar and Von Karman. These rial.
data indicated a material not affected by the Ketones
inclusion of man into the system but were
indicative of the variance of analytical technic. Acetone is a common solvent that is used

in many assemblies and operations associated
Pentafluoroethane and Freon 113 are corn- with the test cell conAtruction. All four

poiunds reported by Von K'arman only during analysis groups reported acetone during the
the manned portion of the experiment. It is unm- nned portion of the experiment. Arnold
possible that they occur in low concentration in reported acetone as in a steady-state concentra-
either the supply gas or the test cell and did tion during the unmanned phase. Lockheed,
not reach detectable concentration until the Melpar, and Von Karman reported a decreasing
manned phase of the experiment. The penta- concentration during the unmanned portion of
fluoroethane may have originated from the the experiment. During the manned portion
Teflon diaphragms of the air sample circulation of the experiment an increase in concentration
pumps as entrapped material or degradation was noted by the four contractors. The in-
products. crease indicated that, although acetone was

present from its use in the construction of the
Chloroform was indicated as in a steady- test cell, it is also produced in some quantity

state concentration by Arnold, Melpar, and Von by man.
Karman. It is interesting to note that one
excursion in concentration was reported by Methyl ethyl ketone, which is commonly used
the three contractors and that these observa- as a paint solvent, was also reported in the
tions were made about the same time. test cell. It was described as in a steady-state
Chloroform was also used as a cylinder washing concentration by Arnold and Melpar. Von
material by one contractor, Rnd the excursion Karman described the concentration of methyl
may have occurred from incomplete removal ethyl ketone as decreasing for the duration of
of the material from the sample cylinder, allow- the entire experiment. A decreasing con-
ing some of the chloroform to be transported centration of methyl isobutyl ketonc during
into the test cell. This emphasizes the im- the unmanned portion was also noted by Von
portance of degassing a trapping cylinder set. Karman.
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Naphthenes did report its occurrence toward the end of
the miaied phn~se. Even though not Con-

The naphthenes, with the exception of c .ntrated, the methane concentration had in-
decalin and decalin isomers, are represented by reased sufficiently to allow detection by
scattered peaks, steady state, or decreasing improved technics of the small quantity en-
concentrations during the experiment. Decalin trapped within the cylinder. Ethane was re-
and the isomers of decalin, as indicated by the ported as an isolated point during the
graphical representations of Von Karman, ap- unmanned portion of the experiment by Arnold
pear and increase with the inclusion of man and as in a steady state by Lockheed. Melpar
into the teat cell. The inclusion of man into and Von Karman reported ethane during the
the test cell results in not only the addition of latter part of the manned phase of the ex-
compounds but also the possible modification periment. Ethane, like methane, may be added
of existing contaminants by the formation of to that list of compounds produced by man.
new structures. As an example, naphthalene
wan present an a residual from the mothproof- Propane, butane, isobutane, pentane, and
ing of blankets used in the test cell. Decalin, isopentane have concentrations that either are
which is similar to naphthalene, with the ex- in a steady stat2 or are decreasing or increns-
ception that it is a saturated ring structure, ing for the duration of the experiment.
appeared in the analysis reports soon after the 11exane, from the graph of Arnold, had a high
inclusion of man into the test cell (fig. 6). initial concentration during the unmanned por-

tion of the experiment, which decreased to a
Paraffins steady-state concentration rapidly. Lockheed

Methne s on ofthe ew ompondsnot indicated a similar trend; however, the de-
Methne s on ofthe ew ompondsnot crease occurred at the end of the unmanned

concentrated in the passage through the portion of the experiment. Von Karman in-
cryogenic trapping system; however, two of dicated a steady increase until after man enl-
the analysis groups, Melpar and Von Karman, tered the system. 2,2-Dimethyl butane and

2,3-dimethyl butane, graphically presented
from the data of Von Karman, were essentially

~ , in a steady state during the unmanned portion
of the experiment. The concentration increases
in the manned phase and may be attributed to

'~ the inclusion of man into the system.

NAPHTHALENE Olefins

CIO H8  Ethylene, from the graphical representa-
tions of data from Arnold and Von Karman,
increased and decreased in the manned portion
of the experiment. The data of Lockheed,
however, indicated an increase in the unmanned
portion of the study, with a decrease after man

Dentered the test cell.

DECALIN2-Butene (cis) had isolated peaks during
D ENCAhLhInN the manned portion ouf the experiment accord-

DECAHYDRO NAPHTHALENE ing to the data of Lockheed. Their data in-
dCIn HS ddicated that although 2-butene (trans) wasC H coertpresent during the unmanned pErtion of the

experiment, it increased during the manned
FIonsRE 6 phase. The 2-butene (trans and cis) may have

Structure of papathalene and decaiia. been productd by the inclusion of man into the
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system. 1-Pentene was also present during are plotted on a single graph with an ordinate
the manned portion of the experiment, as in- of 1 -4- log mg./m. and an abscissa of experi-
dicated by the data of Lockheed. mental days. Further study is required to

define the materials produced by man anid the
Diolef ins production rates of those materials. Many

explanations may be proposed for the incon-
Allene, although only a single point report.- sistency of the data:

eii by Lockheed during the manned portion of
the experiment, was added to the list of mate- 1. A variability in obtaining the samples with the

rials that were found only during the manned -cyg-enic trapping system.
phase. 2. Condensed compounds in the trapping cylinders

may alter its thermal characteristics.
Isoprene was reported by Von 11Th$21 S. Interaction between molecular species could

during the entire experiment. The graphical increase or decrease the efficiency of the concentration
representation, however, showed a rapid in- of a material.
crease in concentration after man entered the 4. Operation of the cryogenic trapping systems
system. The isoprene may result from the could have been inconsistent.
degradation of synthetic rubber or the degas- S. The degassing of the trapping cylinders (I x
sing of the unused monomer; however, the test 10-7 mm. Ng at room temperature for 12 hours) may
cell had essentially no changes in operation not have been sufficient.
between the unmanned and manned portions 6 ahcnrco eeoe nidpnetaa

of te sudy Th inreas inisorere mst, lytical procedure for the analysis.
therefore, be the result of the addition of man
into the test cell. 7. A contractor's variance in analytical technic

roay have induced error.

Of the 97 reported compounds, the follow- 8. The material was very low in concentration and,
ing showed a consistent or decreasing con- in many cases, sufficient only for gas chromatographic
cent ration: toluene, benzene, xylene, methyl analysis without any verification by other technics.
ethyl ketone, Freon 11, and methyl isobutyl 9. Misinterpretation of gas chromatographicre
ketone. They are indicative of solvents used tention times may have contributed to the gas chroma-
in the test cell as well as those 7ompounds tographic, errors,
added by the supply gases. The following are 1.Asgiiatnme fpasfo h ho
examples ocopudthticesdncn- matogramns, of each analysis and by each contractor,
centration with the inclusion of man: carbon were not identified and are listed in the contractors'
dioxide, acetic acid, valeric acid, propionic acid, reports as "unknown."
methyl alcohol, ethyl alcohol, isopropyl alcohol,
butyraldehyde, mesitylene, methyl amine, Other errors were introduced by the opera-
methyl n-butyrate, butyl acetate, furan, ethyl tion of the test cell in controlling pressure,
ether, dimethyl furan, 1,4.dimethoxybenzene, temperature, and water vapor content, and in
benzyl ether, skatole, acetone, decalin, decalin recharging the lithium hydroxide canisters.
isomers, methane. ethane, 2,2-dimethyl bu- Large surface areas were available within the
tane. 2,.3-dimethyl butane, propyl mercaptan, test cell for sorption and desorption of con-
2-butene (cis), 2-butene (trans), I-pentene, taminating compounds. Man also adds a vari-
allene, and isoprene. ability factor. Man, as a contaminant removal

system, may change in efficiency, and con-
The variance for similarly obtained samples tarninant production may be related to physical

an-i the daily inconsistency among contractors activity and biochemical needs.
may result in the misinterpretation that man
does or does not produce certain compounds. From the data reported in the literature
This is graphically depicted irn figures 7-40, (50, 6, 16), ain increase in carbon monoxide con-
which portray data for single compounds ms centration during the manned portion of the
determined by the four contractors; the data test was anticipated. Coburn et a). (5) have
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reported a CO production rate of 0.42 ml./man/ hepatocellular damage, showed no deviation.
hr., with 0.3 mL/man/hr. being attributed to Conceivably, an additive effect of numerous
the normal destruction rate of the erythro- atmospheric chemical contaminants, individual-
cytes, assuming a normal red cell survival of ly in subtoxic concentrations, might exert a del-
120 days. The reason for the difference be- eterious effect on the liver. Cardiovascular

tween the reported values is not clear. nTe deconditioning in the form of decrease~d work
additional 0.12 rnL./man/hr. is perhaps due to capacity on the treadmil! and p.-esyn-eopal
myoglobin degradation or to the washout of symptorms with tilt-table tests are a function
CO inspired from the surrounding atmosphere of relative inactivity with confinement and can-
before monitoring CO production. Other in- not be considered as secondary to atmospheric
vestigators (16) have estimated CO production components (12. 18).
rates as high as 1.0 ml./man/hr.

VI. CONCLUSIONS
An evaluation of the analysis, calibration,

and collection technics used during this study No significant difference was noted in the
Srevealed that the Lira 300 CO data were more average test cell concentration after application

accurate than those obtained from the IR-7 of correction for gas leaked from the test cell
(table XXIII). The Lira 300 CO data were and subtraction of contaminants added by
corrected to a no-leak condition. sunply gases.

Production rate in this study, corrected for The interaction of the many contaminant
the measured outboard leakage, was estimated removal systems-such as man, lithium
to be 0.39 ml./man/hr. at 21.1' C. and 760 mm. hydroxide, water condensate, walls of the test
Hg or 0.37 ml./man/hr. at 0' C. and 760 mm. cell, and materials of construction-modified
Hg. It should be noted that this is only an low level concentrations of contaminants to
estimate and is subject to the inaccuracy of such an extent as to prevent meaningful pro-
knowledge of the absolute leak rate and pos- duction rate determinations. Statistical anal-
sible conversion of CO to CO2 in the test cell ysis also provid-ed insufficient information.
or by the human system. Even with these Methane and carbon monoxide were the only
limitations, it is obvious that CO increases compounds for which production rates could
sig•nificantly in the sealed environment and be established.
must be removed for long-term missions.

The concentrations of contaminants during
The methane concentration increased dur- this experiment were such that in uncon-

ing the manned portion of the experiment centrated samples the dual flame gas chro-
(table XXIV). The calculated rate of increase matograph and the microwave spectrometer did
was 2.04 ml. ,manihr. based on a no-leak situa- not provide useful information. The concentra-
tion. This production rate is in agreement tions of materials in the unconcentrated
with the published literature (11). samples were below the lower detectable limits

of the instrumentation.

The subjects experienced no obvious ill
effects as a result of spending 14 days in the The results indicated an effective collection
closed environment of the space cabin simula- of gaseous contaminants. It is interpreted that
tor. Minimal deviations in liver function the extrapolation of the data to a no-leak con-
studies in two subjects were the product of dition is valid within the equipment tolerances.
single eeterminations pre-and postexperiment- The analytical and collection technics at low
ally. These changes were slight, whereas the concentration levels require further investiga-
bulk of liver function measurements, including tion and development. It will also be neeps.ary
B-SP retention, was normal. Serum transami- to evaluate the contaminant removal capability
nase enzymes, sensitive indicators of acute of lithium hydroxide and water condensate.
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TABLE XXfjICarbon mronoxide data (Lira Soo)

Feri< V; 2qi Julie Time I ••~trto Calcia n•ol-ntakU tes

4 1200 2.0
2- 13 , 1.0

3 4 2012 00
4-8 1200-1200 0 0

3 a 1200 0
e 6.7 "10-10 2.0" 2-
7 .92.0

7 q1200 3.9

127-8 1200-1200 2.90 2.99 8 1200 1.91t 89 12200-2 0.9* [.0I 91200 
012 9-10 1200-1200 2.3" 2.313 10 1200 4.614 10-11 1200-1200 4.3*

I5 11 1200 4.0 4.3
16 11-12 1200.1200 2.2" 2.317 12 1200 2.3
18 12-13 1200.1200 0.2' 0.3I 13 1200 020 13-14 1200-1200 

1.021 14 1200 1.822 14-15 1200 1200 3.5 3.6
Maw"~

23 15 1200 5.224 15-16 1200-1200 4.8' 4.925 16 1200 4.526 1V-17 12100.1200 7.1 7.327 17 1200 9.7
28 17-18 1200-1200 9.529 18 1200 8.5
30 18-19 1200-1200 9. 9.6
31 19 12200 9.32 19-20 1200-1200 10.9* 11.520 12o0 12.0314 20-21 1200.1200 22.1.35 21 1200 12.936 21-22 1200-1200 13'61 14.5

17 22 2049
.32-3 1200-1200 152 16.330 23 1200 

15.640 23-24 120-.1200 26.8" 18.141 24 1200 18042 24-25 1200-1200 17.80 19325 1204 17.644 25-26 120U.1200 17.6* 19.345 26 1200 17.746 26-27 12o0-1200 19,o* 20947 27 1200 20.348 27-28 I21,.12-0 21t6 23.4f28 10 23.4S 28-29 12D 1200 23.7 26.7
29 1200 200
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TABLE XXIV

Methane conctwntrations in the test cell duiring the manned portion

of the experiment

16to ect, Calcuinted no-leak
Period 16 to 29 June Time concentration concentration1 965

1 16 1400 220.9

2 16 1400-1900 25.50 25.8
3 16 1900 30.1
4 16-17 1900-0900 29.80 30.3

5 17 0900 29.4
6 17 0900.1300 29.41" 30.0
7 17 1300 29.4
8 17-18 1300-0830 32.4* 33.3
9 18 0830 35.3

10 18 0830-1630 34.3* 35.4
11 18 1630 33.3
12 18-19 1630-1000 30.9* 32.2
13 19 1000 29.4
14 19-20 1000-1515 37.0* 39.0
15 20 1515 44.5
16 20-21 1515-0800 48.7* 51.2
17 21 0800 53.0
18 21-22 0800- 1600 55.3* 5R.8
19 22 1600 57,0
20 22-24 1600-0900 59.8* 64.3
21 24 0900 62.0
22 24 0900-1300 62.4* 67.1
23 24 1300 62.8
24 24-25 1300-0900) 63.6* 68.9
25 25 0900 64.5
26 25 0900-1640 69.7" 75.4
27 25 1640 74.9
28 25-26 1640-0100 79.70 85.6
29 26 0100 84.6
30 26 0100-2230 76.2* 82.8
31 26 2230 67.9

32 26-27 2230-0900 70.3* 77.5
33 27 0900 72.7
34 27 0900.1000 74.6 I 81.8
35 27 1000 76.5
""6 27 1000-1520 7.'I.6" 80.9
37 27 1520 70.6

38 27 1520-1630 70.6* 78.0

39 27 1630 70.6
40 27-29 1630-0500 73.20 81.1

41 29 10500 75.9

eAveraet value.
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Of the compounds detected during this Differences in individuals, physical activity,
study, only carbon monoxide and carbon dioxide food, materials of construction, and environ-
required detection and removal; however, mental control systems will add to or delete
this was a clinically controlled investigation, chemical compounds identified in this report.
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APPENIHX I

A DETAILED STUDY OF1 (ONTAMINANT PRODUCTION IN A
SPACE CARIIN SIMULATOR AT 760 MM. IMt

Graphic Representation of ('ompounds (Arnold
Engineering and Development Center)
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AJPENDixc n

A DETAILED STUDY OF CONTAMINANT PRODLcT(ION MN ASPACE CABIN SIMULATOR AT 760 MM, HC

Gra~ic R.e~estatz&a Of C4Ympeuds
(Lockhted Mlisilts; and Space Company)



I

I!I

I)

~ 2 ' J 0• 8 88 8 § ..

m mm m m



_____ �1
-is

1.
1

4
I

V� N N� ft a 0
0 0 0 0 0 0 0 0 �w

4a
0 0 *� � �t -i

71



'3
4

-� t
7

A

I
* t

ii
�

a S�

I
t

a _____________

a
V -

0 0 C�'. C

72



.• •LSI I~i

i| |A

____________________.|
ii i[

ii II
•|i ".E

•i| <,,
0 5 0 ' C0 8 0

8 _

-- '°-lt

i73



0 ~ID

+IuM2b

74 *S



71

�1

___I
1 7.
wt

I

0 0 0 0 0

008800 88

0 �

§ �
'�

75



N -N0 0 0 0

ou n*b

76



0 t

I

m~

II
l+
mI

N0

"" 4 iO

! 77

' I I III I I I I I I I I



77+

ii m



+

0 0

i i
N - - ~ 0

S. .. .. .. ~.. "9,, ,



I

I

w I/,

/I
k|

! 2

.. • o o • 8 8 +

gOS

0 W N m * 0 m N 0 0



wM n*/IBw

o 0 w 0



4 4 �

I -�--- --A
+

-3
5 r
I

A
* I 2

-�

�
w �

-b
a 11-

I -�. -�

±
§ *---*- 7

4 -.----- -1 -�-

C

w

82



H

I
+

0
w

I
+

I
tA

�cL
C f -

C

w �

83



,! I

48



w n~lbw

0 S 8

85



41

o~y n ~ bw

86 0 o



~I

W i

...........

87



'I

j
I

4

1-
o C N � N

0 0 o 0 0

w � 0

I ______________

t
2

0 �

C 2 S 0

0 5* S S
88 -



iI

J*

I o

AD 0 ' t !,

0 0

p+

B

Q C C 0 0

89



APPENDIX III

A DETAILED STUDY OF CONTAMINANT PRODUCTION IN A
SPACE CABIN SIMULATOR AT 760 MM. NG

Graphic Representation of Compounon (Melpar, Inc.)

Preceding Page Blank
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APPENDIX IV

A DETAILED STUDY OF CONTAMINANT PRODUCTION IN A
SPACE CABIN SIMU;LATOR AT 7lO MM. HG
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