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addition, the experiences from Russian space missions provide additional information, especially for 
contamination produced by human metabolic processes. 

Initial trace chemical contaminant load models for designing spacecraft contamination control 
systems use t:he best estimate of the load from past spacecraft design experience. As the spacecraft 
design proceeds, more details on the materials of construction and crew size are available, which 
dlows the design load model to be refined. Upon completing the spacecraft design, the original load 
model can be replaced by contaminant generation rates obtained from the actual materials offgassing 
data for that spacecraft design. This process has been used successfully for the Spacelab and space 
station programs. 

Historically, definition of trace chemical contaminant load models began as early as 1965 
when the fjlrst design concepts for spacecraft contamination control systems were being developed. 
This initial work on contamination control systems for Apollo defined a load model for offgassing and 
generation rates for hydrogen and methane.' Unfortunately, no references for these data are pro- 
vided. A stu&y conducted about 1966, however, established a load model that was based upon off- 
gassing test data obtained from materials qualified for spacecraft cabin use, contaminants observed 
in Mercblrq, and Gemini charcoal beds, and contaminants observed during several life support tests 
using human test subjects. Generation rates for these contaminants were based upon offgassing rate 
tests for materials used onboard Apollo spacecraft. It was assumed that the mass of internal 
materials and equipment was proportional to the total gross mass of the spacecraft. This allowed the 
contminant generation load for any spacecraft to be estimated by comparing its estimated mass to 
the 4,989.52-kg Apollo command module. Metabolic contaminants were based upon those docu- 
mented by P. Webb. A crew of nine was a s s ~ m e d . ~  

Later contamination control system development documented in 1972 used the same load 
model basis as in 1966 but with metabolic contaminants based upon the work of R.A. Dora.45 Addi- 
tional work was done in 1972 to determine the effects of time on equipment offgassing rate. Based 
upon an assessment of the average offgassing rate, the study suggested that the offgassing rate 
may decrease by a factor of 4.9 over a period of 180 days.6 This load model continued to be used 
~ o u g h  1975 during preliminary development of contamination control  system^.^ 

A new trace contaminant load model was not developed until 1977. This model was based 
upon data obtained from the space shuttle program by assessing the offgassing rate per unit equip- 
ment mass for various pieces of commercial equipment and spacecraft components. Also, data from 
materials offgassing tests were assessed to determine rates for contaminants not observed during 
the component tests. Preliminary data from the Spacelab program were also considered. Historical 
infomation from Skylab and Apollo were added to the model in addition to data from spacecraft 
ground simulation tests. Metabolic contamination production was based upon data documented by 
P, Webb and 1R.A. Dora.8 

This model continued to be the basis well into the design of the International Space Station. 
By 1989, k b a n  and Wagner documented a model that modified the one developed in 1977 by adding 
data from Spacelab missions 1 and 3 for equipment offgassing rate. The highest generation rate 
obsemedi from the total Spacelab mission hardware for these two missions was used. Historical data 
from Skylab and Apollo were still considered, and metabolic data were again based upon the data 
documented by P. Webb and R.A. Dora.9 The time dependence associated with contaminant genera- 
tion from equipment was not considered in this model or the model developed in 1977. 



Although the trace contaminant generation rate models used in the past were effective in 
providing a design basis for active contamination control systems used onboard Spacelab, several 
problems existed with them. First, the generation rates do not take into account the effects of time 
on rate resulting in very conservative generation rates. These rates were based upon new hardware 
and materials. Second, many of the data obtained from Skylab and Apollo atmospheric smples were 
taken at different cabin temperature and pressure conditions than those experienced onboard 
Spacelab or to be experienced onboard the International Space Station. Future spacecraft most lin;ely 
will have cabin conditions that are similar to the International Space Station and it is difficult to apply 
data from past programs to them. A third problem exists with the ability to scale the conhminmt 
load to new spacecraft designs. With the exception of the model developed in 1977, scaling the 
model from one spacecraft to another was accomplished by determining the ratio of the gross space- 
craft mass to the gross mass of the Apollo command module and then multiplying the generatj~on rate 
from Apollo by the ratio. Although Leban and Wagner updated the ratio to use Spacellzb as a basis, it 
becomes increasingly difficult to use this approach because of the differences in the $blab,  Apollo, 
Spacelab, and future vehicles with respect to material selection and cabin atmospheric conditions. 
Fourth, the metabolic contaminant generation basis has not been updated to include more data col- 
lected during sealed chamber tests on humans. For these reasons, a new model that is based upon 
on more recent materials selection processes, spacecraft cabin atmospheric conditions, and more 
metabolic production data is needed. 

Since 1989, efforts have been made at the NASA Marshall Space Flight Center to develop m 
improved trace chemical contaminant load model which addresses these issues. Recently, the 
Spacelab program has provided the most useful set of data to date for defining a trace chemical con- 
taminant generation from spacecraft hardware. These data are based upon the most recent materials 
selection criteria and reflect cabin atmospheric conditions that will be experienced onboad the 
International Space Station. In addition, American and Russian literature on contaminant genera~sn 
from metabolic sources has been researched to arrive at a new metabolic load model. The data used 
to develop the trace chemical contamination control load model are summarized in the folloy~ing dis- 
cussion. 

EQUIPMENT SOURCES 

Spacelab Missions as the Generation Rate Basis 

The original basis used for the improved trace chemical contaminant load model is that of 
Leban and Wagner. This model identified 215 chemical compounds which have been o'bserved during 
the Spacelab missions 1 and 3, Skylab, and Apollo programs. The list of 215 compounds w a  modified 
by deleting the entry for mercury since this chemical would only be observed during an unllikely 
contingency situation. This left 214 chemical compounds in the model listing. 

Data obtained from Spacelab missions 1 and 3 were supplemented by four addjtional mis- 
sions. These were Spacelab missions USML-1, IML-1, D-1, and J. The environmenta.1 control sys- 
tem trace contaminant control capability assessments for the six Spacelab missions documented by 
references 10 through 15 were assessed to determine the percentage of overall equipnlent offgassing 
that the list of 214 chemical compounds captured. This percentage was based upon the totali 
observed offgassing rate for each mission. Table 1 shows the total generation rate ~bs~ervecl during 
each mission, the total generation rate not accounted for, and the total rate accountability. On aver- 
age, the list of 214 compounds provided for a 99.61-percent generation rate accounQbility. This 



shows that the primary chemical compounds evolved from equipment offgassing are accounted for by 
the chemical listing documented by Leban and Wagner. The raw offgassing data from the six Space- 
lab nnissiofis for these chemical compounds are listed in appendix A. 

Table 1. Spacelab trace contaminant generation rate accoun&bility. 

Total Rate 
Spcejab Total Rate Rate Unaccounted for Accounkbility 
Mission (mg/day ) (mg/day) (Percent) 

StaGsGeal Analysis of Spacelab Equipment Offgassing Data 

When dealing with the raw Spacelab mission offgassing data, statistical considerations must 
also be made. Statistics for these data are listed in appendix B. As can be seen by this listing, the 
standard deviai~on for many of the chemical compound generation rates is roughly the same order of 
magnitude as the mean. No data trend is readily observed; therefore, it is assumed that the genera- 
tion rates are random and should fall within a normal statistical distribution. Data associated with 
severd compounds, however, have a standard deviation that is larger than the mean. This presents 
a problem to the normal distribution assumption because data outliers may exist. In order to correct 
this problem, a test was conducted using a data analysis technique used to reconstruct process 
measurement data. Since no data trend is evident, outliers may be identified by applying the test 
shown by equation (1).16 

(Ixk-nkl > ys ,  y> 0) xk is an outlier . (1) 

In this equation, xk is compared to the mean, xk. The absolute value of the difference is compared to 
a set mul~ple ,  y, of the standard deviation, s. In this case, y i s  set to one. One standard deviation 
about the meem was selected since it represents the 95.993 confidence interval of the mean for a 
single-t~li normal distribution. 

Result,s of the outlier analysis are documented in appendix C. If a piece of data is determined 
to be an outliier by the test of equation (I), then a "1" is entered in the column. Those data points 
that were designated as outliers then were reconstructed within one standard deviation of the mean 
according to equation (2).17 



This equation determines the sign of the difference between the outlier data point and the mean, 
sgn(xk-xk) , to determine whether the multiple of the standard deviation should be added or sub- 
@acted from the mean. This reconstructs all the data within the bounds of a normal dist~bution, 
Spacelab data reconskucted according to this process are listed in appendix D. 

CowsideraGons of Time, Temperature, and Equiipment Mass 

As previously noted, the offgassing rate is a function of time. The raw data obtained from the 
Spacelab missions, however, is not adjusted for the effects of time. Not only is time a factor but anso 
temperature. Offgassing tests are conducted at 48.89 "C. This elevated temperature can have a prs- 
found effect on generation rate. Since the equipment inside a spacecraft typically does not see this 
type of temperature, an adjustment was investigated to account not only for time but also tempera- 
ture. Recent studies that compare results from flight grab sample analyses to predictions sf Spacelab 
cabin concenuation show that using raw offgassing test data as a basis for trace contaminant gen- 
eration causes cabin concentration to be overestimated by a factor of 11.48.18 It is assu~med that this 
factor accounts for the effects of both time and temperature since the flight hadware were at nomal 
operating conditions of 21 "C. 

In addition, the raw offgassing data expressed as milligrams per day (mglday) are not readily 
scaled to future spacecraft designs. In order to facilitate scaleup, the rates must be expressed as 
mglday per unit mass of internal, nonstructural hardware. Data on the internal, nonstructural h a d -  
ware masses were obtained from mass properties reports for the six Spacelab missions documented 
in references 19 through 24. These masses are 5,547.23, 5,831.79, 5,300.13, 6,253.18, 5,791.92, and 
5,788.20 kg for Spacelab missions 1, 3, D-1, USML-1, IML-1, and J, respectively. These masses 
include a 1,832.33-kg mass for the Spacelab long-module subsystem equipment. The additional 
mass includes all the experiments, mission dependent equipment, and mission peculiar equipinent 
that contribute to the internal equipment launch load. 

The adjusted Spacelab trace chemical contaminant generation rates listed in appendix D have 
been adjusted by dividing by the time and temperature adjustment factor of 11.48 and Then dividing 
by the respective mission equipment mass. The results are documented in appendix E, These rates 
are easily scaled to any spacecraft design and are consistent with normal spacecraft cabin tempera- 
ture conditions. 

METABOLIC SOURCES 

Trace chemical contaminants produced by human metabolism enter the cabin atmosphere via 
several routes. Chief among these are expired air, flatus, and sweat. Other routes include offgassing 
from feces and urine; however, these routes are considered insignificant since human waste products 
are normally isolated from a spacecraft cabin atmosphere. Endogenous production of carbon monox- 
ide is also very important and its route into the cabin atmosphere is via expired air. 

During the development of past trace chemical contaminant load models, very limited infor- 
mation on metabolic contaminant sources was used. The primary references were those documented 
by P. Webb and R.A. Dora. Although useful for spacecraft contamination control system design, 





list have been used. Average generation rates for the four references cited were used. n e s e  data 
are presented in appendix F. 

Conta~llination From Flatus 

Composition of human flatus has been reported by E. Kirk to be 9-percent carbon dioxide, 
3.9-percent oxygen, 7.2-percent methane, 20.9-percent hydrogen, 59-percent nitrogen, and! 0.00028- 
percent hydrogen sulfide on average. Kirk also reported an average production rate of 1.48 mL/min.33 
Additional data reported by E.L. Murphy show a 20 to 50 mL/h production rate with a composi~on of 
10-percent carbon dioxide, 3-percent oxygen, 18-percent methane, 9-percent hydrogen, and 60- 
percent nitrogen.34 Literature sources cited by V.V. Kustov and L.A. Tiunov report composition 
ranges of 5.9- to 24.7-percent carbon dioxide, 0- to 10.3-percent oxygen, 0- to 55-percent methme, 
0- to 54-percent hydrogen, 10- to 87.7-percent nitrogen, and 0- to 0.00064-percent hydrogen SUP- 
fide. Production rates from Kirk and Murphy were also presented.35 These data are summanized in 
the listing found in appendix G. Generation rates documented in appendix G are based upon the 
largest reported production rate of 1.48 mumin reported by Kirk. 

GontadnaGon From Sweat 

Past contaminant generation from sweat primarily concentrated on ammonia production. Typi- 
cal ammonia nitrogen concentrations are reported by P.L. Altman and D.S. Dittmer to be 2.0 to 35 mg 
per 100 mL of sweat.36 P. Webb referenced these data and also reported sweat production rates of 
33 to 50 mL of sweat produced per hour for a normal size adult. Production rates during exercise and 
other environmental conditions are reported to range from 125 to 3,900 mL/h.37 However, this 
approach to determining gaseous contaminant production from sweat has to rely upon detemining ran 
acceptable sweat production rate. Also, as shown by Dmitriyev, Malysheva, and RastyanniiBcov, 
many more contaminants can be produced. In order to avoid determining an average sweat produc- 
tion rate and to account for the largest number of contaminants possible, the data of Dlmitriyev, 
Malysheva, and Rastyannikov are used as the basis for contaminant production from sweat. These 
data are listed in appendix H. 

Endogenous Carbon Monoliide ProducGon 

Previous carbon monoxide production rates were based upon the 23-mglday or 0.958-mglh 
rate developed by R.B. Jagow in 1977 during early trace chemical contaminant load miodel develop- 
ment.38 Since that time, no additional data sources have been investigated. Also, the seven data 
sources used to determine this rate were not reported; therefore it cannot be verified. Other data are 
reported by Y.G. Nefyodov, V.P. Savina, and N.L. Sokolov. In their study, a rate of 0.384 mg/h was 
observed based upon a 1 to 2 mg/m3 carbon monoxide composition for expired ak39 This rate is com- 
parable to that reported by R.F. Coburn, W.S. Blakemore, and R.E. Forster who observed an aver- 
age production rate of 0.42 mL/h or 0.776 mg/h.40 In comparison, analysis of expired air reported by 
Dmitriyev, Malysheva, and Rastyannikov shows a 0.574 mg/h production rate.41 As can be seen, the 
rates agree fairly well. Since the references used by R.B. Jagow are not cited, the rate reported was 
not used to determine a carbon monoxide generation rate. Based upon the other three references, an 
average rate of 0.575 mglh was calculated. These data are summarized in appendix I. 
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Table 2. Spacecraft trace chemical contaminant generation load model. 

2-methyl-1-propanol 
2-methyl-2-propanol 

1.2-propanediol 

n-amyl alcohol 
carbolic acid 
hexahydrophenol 
2-ethyl butyl alcohol 2-ethyl-1-butanol 
sec-hexyl alcohol 
dichloro isopropyl alcohol 

2.4-hexadien-1-a1 

methylbenzene 
ethenylbenzene 
l,2-dimethylbenzene 
1,3-dimethylbenzene 
1,4-dimethylbenzene 
ethylbenzene 

1-ethyl-2-methylbenzene 
isopropylbenzene 

1-methyl-3-propylbenzene 

I-isopropyl-4-methylbenzene 
methyl formate 
ethyl formate 
methyl acetate 
ethyl acetate 
ally1 acetate 
methyl rnethacrylate 
sopropyl acetate 



Table 2. Spacecraft @ace chemicd contaminant generation load model4ontinued.  

ethyl methacrylate 

isobutyi acetate 
ethyl lactate 
methyl cellosolve acetate 
isoamyl acetate 
n-amyl acetate 
cellosolve acetate 
ethyl acetylglycolate 

allyl' methyl ether 3-methoxy-1-propene 
diethyl ether 
2-methylfuran 
2,3-dihydropyran 
l,4-dioxane 
1,3,5-trioxane 

ethyl cellosolve 2-ethoxyethanol 
chloropropylene oxide epichlorohydrin 
tetramethyl oxirane 1,1,2,2-tetramethyl-l,2-epoxyethane 
N-ethyldiethyenimide oxide 4-ethylmorpholine 
butyl propyl ether, 1-propoxybutane 
glycol monobutyl ether 2-butoxyethanol 
methyl chloride chloromethane 
vinyl chloride chloroethene 
ethyl chloride chloroethane 
ally1 chloride 3-chloropropene 
methylene chloride dichloromethane 
butyl chloride 1-chlorobutane 
dichloroethene 1,l-dichloroethene 
ethylene dichloride 1.2-dichloroethane 

1,2-dichloropropene 
chlorobenzene 
1,2-dichloropropane 

chloroform trichloromethane 
isobutylene chloride 1,2-dichloro-2-methylpropane 
trichloroethylene trichloroethene 
methyl chloroform l,l,l-trichloroethane 
vinyl trichloride 1,1,2-trichloroethane 
dichorobenzene 1,2-dichlorobenzene 
chloromethylheptane 3-chloromethylheptane 
carbon tetrachloride 
tetrachloroethylene 

dichorodifluoroethylene 
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Tabie 2. Spacecraft &ace chemical iieoiiiaminant generatimi load m~del--Continued. 

carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 

methyl hydrazine 
nitromethane 
N,N-dimethylformamide 
nitroethane 
2,3-benzopyrrole 

carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 



analysis of adsorption beds at the normal spacecraft cabin conditions. Appendix J provides a listing 
of these properties. 

SUMMARY 

Development of a spacecraft trace chemical contaminant control system requires the defini- 
tion of the expected contaminant load onboard. In order to define the load, past load model develop- 
ment has been reviewed, recent space mission data have been tabulated and analyzed, and the 
major human metabolic sources have been defined. It is assumed that all materials used onboard the 
spacecraft are selected according to material selection and control procedures used by the Spacelab 
program. Also, cabin conditions are assumed to be 21 "C and 50-percent relative humidity. The 
resulting trace chemical contaminant load model provides a basis for designing future spacecraft 
contamination control systems and also assessing the capabilities of current systern,s in use by the 
shuttle, Spacelab, and International Space Station programs. 

CONCLUSION 

A trace chemical contamination load model has been developed for both equipment and humm 
sources based upon past space flight experience. This model, which includes considerations for the 
effects of time and temperature on equipment contaminant generation, can serve as the design basis 
for active trace contaminant control systems for spacecraft and possibly other aerospace applica- 
tions. 
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MSFC, ED62/J. L. Perry RAW SPACELAB TRACE CONTAMINANT GENERATION RATE DATA 

IUPAC/ACCEPTED NAM6! 

ethanol 
2-propen-1-01 
2-propanol 
1-propanol 
1,2-ethanediol 
2-butanol 
2-methyl-1-propanol 
2-methyl-2-propanol 
1-butanol 
1,2-propanediol 
3-methyl-1-butanol 
1-pentanol 
phenol 
cyclohexanol 
2-ethyl-1-butanol 
2-hexanol 
1,3-dichloro-2-propanol 
2-ethylhexanol 
nonanol 
decanol 
methanal 
ethanal 
2-propenal 
propanal 
2-methylpropenal 
butanal 
pentanal 
2,4-hexadien-1-a1 
hexanal 
benzaldehyde 
heptanal 
4-methylbenzaldehyde 
octanal 
benzene 
methylbenzene 
ethenylbenzene 
1,2-dimethylbenzene 
1,3-dimethylbenzene 
l,4-dimethylbenzene 
ethylbenzene 
indene 
alpha-methylstyrene 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
1-ethyl-2-methylbenzene 
isopropylbenzene 
propylbenzene 
1-methyl-3-propylbenzene 
n-butylbenzene 
1-isopropyl-4-methylbenzene 
methanoic acid methyl ester 
methanoic acid ethyl ester 
ethanoic acid methyl ester 
ethanoic acid ethyl ester 
ethanoic acid ally1 ester 
2-methyl propenoic acid methyl ester 
ethanoic acid isopropyl ester 
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E d -  

- -  . 

1.d 

ethanoic acid propyl ester 
2-me~hyl propenoic acid ethyl ester 
ethanoic acid butyl ester 
ethanoic acid isobutyl ester 
lactic acid ethyl ester 
ethanoic acid 2-methoxy ethyl ester 
ethanoic acid isoamyl ester 
ethanoic acid amyl ester 
ethanoic acid 2-ethoxyethyl ester 
hydroxyethanoic acid ethyl ester 
oxalic acid dibutyl ester 
1,4-epoxy-l,3-butadiene 
1,4-epoxybutane 
3-methoxy-1-propene 
diethyl ether 
2-methylfuran 
2,3-dihydropyran 

1,3,5-trioxane 
2-ethoxyethanol 
epichlorohydrin 
1,1,2,2-tetramethyl-l,2-epoxyethane 
4-ethylmorpholine 
1-propoxybutane 
2-butoxyethanol 
chloromethane 
chloroethene 
chloroethane 
3-chloropropene 
dichloromethane 
1-chlorobutane 
1,l-dichloroethene 
1,2-dichloroethane 
1,2-dichloropropene 
chlorobenzene 
1,2-dichloropropane 
trichloromethane 
1,2-dichloro-2-methylpropane 
trichloroethene 
l,l,l-trichloroethane 
1,1,2-trichloroethane 
1,2-dichlorobenzene 
3-chloromethylheptane 
tetrachoromethane 
tetrachloroethene 
chlorodifluoromethane 
dichlorofluoromethane 
1-chloro-1,2,2-trifluoroethane 
dichlorodifluoromethane 
1,2-dichloro-1,2-difluoroethene 
chlorotetrafluoroethane 
trichlorofluoromethane 
bromotrifluoromethane 
1,2-dichloro-1,1,2,2-tetrafluoroethane 
1,1,2-trichloro-1,2,2-trifluoroethane 
1,1,2,2-tetrachloro-1,2-difluoroethane 



MSFC, ED62, 'J. L. Perry RAW SPACELAB TRACE CONTAMINANT GENERATION RATE DATA 

ethane 
propadiene 
propyne 
propene 
propane 
1,3-butadiene 
1-butene 
2-methylpropane 
butane 
cyclopentene 
2-methyl-1,3-butadiene 
1-pentene 
2-methylbutane 
pentane 
3,4,5,6-tetrahydrobenzene 
2 - hexene 
cyclohexane 
methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 
hexane 
4-methylcyclohexene 
1-heptene 
methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 
3-ethylpentane 
heptane 
1,l-dimethylcyclohexane 
2-octene 
6-methyl-1-heptene 
trans-1.2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3-ethylhexane 
octane 
4-ethylheptane 
nonane 
4-isopropenyl-1-methylcyclohexene 
2-methyl-3-ethylheptane 
decane 
undecane 
dodecane 
2-propanone 
3-buten-2-one 
2-butanone 
cyclopentanone 
3-penten-2-one 
acetyl cyclopropane 
2-pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3-dlmethyl-2-butanone 
4-methyl-2-pentanone 
2,4-dimethyl-3-pentanone 
2-heptanone 
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trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 







MSFC, ED62/J. L. Perry RAW SPACELAB TRACE CONTAMINANT GENERATION RATE DATA STATISTICS 

"i'i 
- '1 

IUPAC/ACCEPTED NAME 

,2-ethanediol 

methyl-1-propanol 
methyl-2-propanol 

2-propanediol 
methyl-1-butanol 

henylbenzene 
2-dimethylbenzene 
3-dimethylbenzene 
4-dimethylbenzene 

pha-methylstyrene 
2,4-trimethylbenzene 
3,5-trimethylbenzene 
echyl-2-meci~yiber1~e11e 

mg' / d a y 1  
1.753+03 
2.313+05 
2.433-02 
1.693+04 
2.343+02 
2.413-01 
1.01E-01 
1.403+03 
8.953+00 
8.863+04 
4.793-04 
1.433+00 
5.323+01 
1.593+03 
3.583+03 
1.213-04 
6.443-03 
1.473-06 
1.913-01 
9.433-02 
8.063-07 
8.603-06 
1.093+01 
9.043-02 
3.323+02 
2.713-02 
4.583+03 
2.583+01 
4.093-03 
4.673+00 
8.413-01 
1.363+00 
3.893-04 
2.333-02 
1.14E+00 
1.673+03 
3.163+00 
8.803+02 
2.70EC04 
1.183+03 
5.343+01 
0.00E+00 
6.853-05 
6.023+00 
8.183-03 
5.87E-02 
1.35E-01 
1.473+02 
0 00E+00 
1.02E-02 
4.903-04 
5.343-02 
8.203-02 
7.683+01 
2.403+02 
4.653-02 
2.58E+01 
8.153-02 
5.413-03 
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k-3 m 

,2-dichloro-1,2-difluoroethene 

,2-dichloro-1,1,2,2-tetrafluoroethane 
,1,2-trichloro-1,2,2-trifluoroethane 
1,2,2-tetrachloro-l,2-difluoroethane 

RAW MTE 
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IUPAC/ACCEPTED NAME 

ethane 
propadlene 
propyne 
propene 
propane 
1,3-butadiene 
1-butene 
2-methylpropane 
butane 
cyelopentene 
2-methyl-1,3-butadiene 
1-pentene 
2-methylbutane 
pentane 
3,4,5,6-tetrahydrobenzene 
2 -hexene 
cyclohexane 
methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 
hexane 
4-methylcyclohexene 
1-heptene 
methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 
3-ethylpentane 
heptane 
1,l-dimethylcyciohexane 
2-octene 
6-methyl-1-heptene 
trans-1,2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3-ethylhexane 
octane 
4-ethylheptane 
nonane 
4-isopropenyl-1-methylcyclohexene 
2-methyl-3-ethylheptane 
decane 
undecane 
dodecane 
2-propanone 
3-buten-2-one 
2-butanone 
cyclopentanone 
3-penten-2-one 
acetyl cyciopropane 
2-pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3 dlmethyl-2 butanone 
4-methyl-2-pentanone 
2.4-dliriethyl-3 -pentanone 
2-heptanone 

DEVIATION 
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5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 
hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylformamide 
nitroethane 
2,3-benzopyrrole 
hydrogen 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyc1ohexasiloxane 
tetradecamethylcyc1oheptasiloxane 
hexadecamethylcyclooctasiloxane 

128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0.100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

3.853-01 
7.643-01 
0.003+00 
6.883-01 
6.603-03 
4.323-02 
5.573+00 
1.273-02 
O.OOE+OO 
0.003+00 
0.003+00 
1.903-01 
8.403-02 
0.003+00 
3.003-03 
0.003+00 
1.033+01 
3.493-01 
3.403-03 
0.003+00 
9.423-01 
1.043+01 
2.103+02 
3.933+00 
2.363+01 
3.013+00 
1.533+00 
2.993+01 
3.003-03 
1.583+01 
4.763+01 
2.693+01 
5.983+00 
0.003+00 
0.003+00 
0.003+00 

0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.00E+00 
8.803-03 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
O.OOE+OO 
0.003+00 
3.943+01 
0.003+00 
1.203-02 
0.003+00 
0.003+00 
0.003+00 
0.003+00 
2.303+00 
0.003+00 
3.943+00 
0.003+00 
0.003+00 
0.003+00 
0.003+00 

1.143-01 
1.273-01 
0.003+00 
2.443-01 
1.103-03 
7.203-03 
1.433+00 
4.233-03 
0.003+00 
0.003+00 
0.003+00 
5.033-02 
1.403-02 
0.003+00 
6.673-04 
0.003+00 
1.723+00 
8.213-02 
1.133-03 
0.003+00 
2.263-01 
3.293+00 
1.00E+02 
6.663-01 
6.663+00 
8.433-01 
3.533-01 
5.093+00 
5.003-04 
8.003+00 
8.243+00 
1.313+01 
1.88E+00 
0.003+00 
0.00Ec00 
0.003+00 

2.003-02 
8.113-02 
0.003+00 
5.993-02 
6.053-06 
2.593-04 
3.623+00 
3.583-05 
0.003+00 
0.00~+00 
O.OOE+OO 
5.513-03 
9.803-04 
0.003+00 
1.223-06 
0.003+00 
1.483+01 
1.50E-02 
2.573-06 
0.003+00 
1.253-01 
1.473+01 
3.593+03 
2.133+00 
7.303+01 
1.223+00 
2.953-01 
1.233+02 
1.253-06 
1.933+01 
3.103+02 
6.383+01 
5.343+00 
0.003+00 
0.003+00 
0.003+00 

1.423-01 
2.853-01 
0.003+00 
2.453-01 
2.463-03 
1.613-02 
1.90E+00 
5.993-03 
0.00~+00 
0.00~+00 
0.003+00 
7.423-02 
3.133-02 
0.00~+00 
1.113-03 
0.003+00 
3.853+00 
1.223-01 
1.603-03 
0.00~+00 
3.533-01 
3.833+00 
5.993+01 
1.463+00 
8.543+00 
l.llE+OO 
5.433-01 
l.llE+Ol 
1.123-03 
4.393+00 
1.763+01 
7.993+00 
2.31E+00 
0.00~+00 
0.003+00 
0.00E+00 
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IUBBC/BCCEPTEB N W E  

thanoic acid isobutyl ester 
actic acid ethyl ester 
ethanoic acid 2-methoxy ethyl ester 
ethanoic acid isoamyl ester 
ethanoic acid amyl ester 
ethanoic acid 2-ethoxyethyl ester 
hydroxyethanoic acid ethyl ester 
oxalic acid dibutyl ester 
1,4-epoxy-1,3-butadiene 
1,4-epoxybutane 
3-methoxy-1-propene 
diethyl ether 
2-methylfuran 
2,3-dihydropyran 

1,3,5-trioxane 
2-ethoxyethanol 
epichlorohydrin 
1,1,2,2-tetramethyl-1.2-epoxyethane 
4-ethylmorpholine 
1-propoxybutane 
2-butoxyethanol 
chloromethane 
chloroethene 
chloroethane 
3-chloropropene 
dichloromethane 
1-chlorobutane 
1,l-dichloroethene 
1,2-dichloroethane 
1,2-dichloropropene 
chlorobenzene 
1,2-dichloropropane 
trichloromethane 
1,2-dichloro-2-methylpropane 
trichloroethene 
I,l,l-trichloroethane 
1,1,2-trichloroethane 
1,2-dichlorobenzene 
3-chloromethylheptane 
tetrachoromethane 
tetrachloroethene 
chlorodifluoromethane 
dichlorofluoromethane 
1-chloro-1,2,2-trifluoroethane 
dichlorodifluoromethane 
1,2-dichloro-1,2-difluoroethene 
chlorotetrafluoroethane 
trichlorofluoromethane 
bromotrifluoromethane 
1,2-dichloro-1,1,2,2-tetrafluoroethane 
1,1,2-trichloro-1,2,2-trifluoroethane 
1,1,2,2-tetrachloro-1,2-difluoroethane 
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2-methylpropane 

methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 

4-methylcyclohexene 

methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 
3-ethylpentane 

1,l-dimethylcyclohexane 

6-methyl-1-heptene 
trans-1,2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3 -ethylhexane 

2-propanone 
3-buten-2-one 
2-butanone 
cyclopentanone 
3-penten-2-one 
acetyl cyclopropane 
2-pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3-dimethyl-2-butanone 
4-methyl-2-pentanone 
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carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 

disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 







MSFC, ED62/J. L. Perry ADJUSTED SPACELAB TRACE CONTAMINANT GENERATION RATE DATA 

methylbenzene 
ethenylbenzene 
1,2-dimethylbenzene 
1,3-dimethylbenzene 
1,4-dimethylbenzene 
ethylbenzene 

alpha-methylstyrene 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
1-ethyl-2-methylbenzene 
isopropylbenzene 
propylbenzene 
1-methyl-3-propylbenzene 
n-butylbenzene 
1-isopropyl-4-methylbenzene 
methanoic acid methyl ester 
methanoic acid ethyl ester 
ethanoic acid methyl ester 
ethanoic acid ethyl ester 
ethanoic acid ally1 ester 
2-methyl propenoic acid methyl ester 
ethanoic acid isopropyl ester 
methanoic acid butyl ester 

ADJUSTED 
SL-USMLl RA 

mg/day 
6.45Ec01 
7.70E+01 
8.903-02 
2.273+02 
6.55E+OO 
0.00E+00 
3.983-01 
7.08E+01 
6.41Ec00 
l.llE+02 
0.00E+00 
1.72E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.85E-01 
0.00E+00 
5.00E-03 
0.00E+00 
1.733-03 
0.00E+00 
7.57E+00 
4.483-01 
1.03E+01 
0.00E+00 
2.683+00 
8.50Ec00 
0.00E+00 
1.35E-01 
3.803-02 
1.40E-01 
0.00E+00 
1.20E-02 
8.743-01 
1.483+02 
3.263-01 
5.61E+01 
1.19E+01 
3.963+01 
2.67E+OO 
0.00E+00 
1.433-02 
4.36E+OO 
1.81E-01 
0.00E+00 
7.383-01 
1.473+01, 
0.003+00 
6.803-02 
0.00E+00 
4.08E-01 
4.893-01 
3.06E+00 
1.423+00 
2.083-01 
1.35E+00 
4.003-03 
1.183-01 
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ethafioic acid arnyl ester 
ethanoic acid 2-ethoxyethyl ester 
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IUPAC/ACCEPTBI) NAME 



R 
MSFC,  E D 6 2 / J .  L .  Perry ADJUSTED SPACELAB TRACE CONTAMINANT GENERATION RATE DATA 

acetophenone 
2-octanone 
5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 
hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylformamide 
nitroethane 
2,3-benzopyrrole 
hydrogen 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyclohexasi1oxane 
tetradecamethylcycloheptasiloxane 
hexadecamethylcyclooctasiloxane 

g/mole 
120.14 
128.21 
128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

mg/m3 
250.000 
100.000 
0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0.100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

mg/day 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
3.483-01 
3.563-03 
0.00E+00 
1.24E+00 
1.02E-02 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
4.533-02 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
7.558-02 
2.743-03 
0.00E+00 
0.00E+00 
1.01E+00 
6.10E+01 
2.13E+00 
1.45E+00 
1.95E+00 
9.903-03 
1.62E+01 
1.623-03 
5.723+00 
1.14E+00 
8.583+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 

mg/day 
0.00E+00 
2.043-02 
2.01E-01 
0.00E+00 
0.00E+00 
4.883-01 
0.00E+00 
2.333-02 
3.333+00 
1.02E-02 
0.00E+00 
0.00E+00 
O.OOE+OO 
1.70E-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
5.323-02 
2.743-03 
0.00E+00 
3.703-03 
9.61E-01 
1.60E+02 
5.423-02 
3.613-02 
1.54E+00 
1.00E-04 
3.843-01 
0.00E+00 
1.14E+01 
2.593+01 
6.833+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

mg/day 
5.593-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
8.803-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
1.30E-03 
2.05E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
4.01E+01 
0.00E+00 
1.20E-02 
1.32E-01 
3.13E-01 
1.00E-04 
0.00E+00 
3.61E+00 
0.00E+00 
5.12E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

mg/day 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.10E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
l.lOE-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
5.573+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
7.12E+00 
4.573+01 
0.00E+00 
1.17E+01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
6.00E+00 
0.00E+00 
2.00E+01 
1.33E+00 
0.00E+00 
0.00E+00 
0.00E+00 

mg/day 
0.00E+00 
0.00E+00 
2.553-01 
0.00E+00 
0.00E+00 
9.00E-02 
0.00E+00 
0.00E+00 
8.14E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.00E-03 
0.00E+00 
1.00E-03 
3.00E-03 
0.00E+00 
0.00E+00 
4.08E-01 
8.953-01 
l.llE+02 
1.30E-02 
3.253+00 
3.10E-02 
2.593-01 
1.20E-02 
0.00E+00 
6.753+00 
1.17E-01 
2.11E+01 
3.963+00 
0.00E+00 
0.00E+00 
0.00E+00 

mg/day 
2.703-02 
0.00E+00 
9.803-02 
4.12E-01 
0.00E+00 
3.363-01 
0.00E+00 
0.00E+00 
8.233-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.24E-01 
0.00E+00 
0.00E+00 
1.773-03 
0.00E+00 
1.50E-02 
1.20E-02 
0.00E+00 
0.00E+00 
5.793-01 
6.443+00 
1.323+02 
0.00E+00 
1.52E+01 
3.423-01 
8.963-01 
2.433-01 
0.00E+00 
1.24E+01 
5.953-01 
1.24E+01 
4.19E+00 
0.00E+00 
0.00E+00 
0.00E+00 
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-propen-1-01 

1,3,5-trimethylbenzene 
1-<:thy]-2-methylbenzene 
iuopropylbcnzenc 
propyl benzene 
1-methyl-3-propylbenzene 
n-bucyibenzene 
1-isopropyl-4-methylbenzene 
methanoic acid methyl ester 
methanoic acid ethyl ester 
ethanoic acid methyl ester 
ethanoic acid ethyl ester 
ethanoic acid ally1 ester 

& 
U1 



l.ISFC, ED62IJ. L. Perry 

ethanoic acid propyl ester 
2-methyl propenoic acid ethyl ester 
ethanoic acid hutyl ester 
ethanoic acid isobutyl ester 
lactic acid ethyl ester 
ethanoic acid 2-methoxy ethyl ester 
ethanoic acid isoamyl ester 
ethanoic acid amyl ester 
ethanoic acid 2-ethoxyethyl ester 
hydroxyethanoic acid ethyl ester 
oxalic acid dibutyl ester 
1,4-epoxy-1,3-butadiene 
1.4-epoxybutane 
3-methoxy-1-propene 
dicthyl ether 
2-methylfuran 
2,3-dihydropyran 
l,4-dioxane 
1,3,5-trioxane 
2-ethoxyethanol 
epichlorohydrin 
1,1,2,2-tetramethyl-l,+poxyethane 
4-ethylmorpholine 
1-propoxybutane 
2-butoxyethanol 
chloromethane 
chloroethene 
chloroethane 
3-chloropropene 
dichloromethane 
1-chlorobutane 
1.1-dichloroethene 
1.2-dichloroethane 
1.2-dichloropropene 
chlorobenzene 
1.2-dichloropropane 
trichloromethane 
1.2-dichloro-2-methylpropane 
t.richloroethene 
1.1.1-trichloroethane 
1.1.2-trichloroethane 
1,2-dichlorobenzene 
3-chloromethylheptane 
tetracharomethane 
LuLrachloroether~c 
chlorodifluoromethane 
dichlorofluoromethane 
1-chloro-1,2,2-trifluoroethane 
dichlorodifluoromethane 
1.2-dichloro-1.2-difluoroethene 
chlorotetrafluoroethane 
trichlorofluoromethane 
bromotrifluoromethane 
1.2-dichloro-1,1,2,2-tetf$fluoroethane 
1,1,2-trichloro-1,2,2-trifluoroethane 
1.1.2.2-tetrachloro-1,2-difluoroethane 
methane 
ethyne 
ethene 

ADJUSTED SPACELAB SPECIFIC TRACE CONTAHINANT GENERATION RATE DATA 7/13/95 
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,enten-&one 

-methyl-3-penten-2-one 

-6. 
d 
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5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 
hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylfonnamide 
nitroethane 
2.3-benzopyrrole 
hydroger. 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octarnethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyclohexasiloxane 
tetradecamethylcycloheptasiloxane 
hexadecamethylcyclooctasiloxane 

128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0: 100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

0.00E+00 
0. OOE+OO 
0.00E+00 
5.463-06 
5.593-08 
0.00E+00 
1.953-05 
1.60E-07 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
7.11E-07 
0.003+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.19E-06 
4.30E-08 
0.00E+00 
0.00E+00 
1.598-05 
9.57E-04 
3.34E-05 
2.273-05 
3.06E-05 
1.55E-07 
2.543-04 
2.548-08 
8.98E-05 
1.79E-05 
1.35E-04 
0.00E+00 
0.00Ec00 
0.00E+00 
O.OOE+OO 

3.00E-06 
0.00E+00 
0.00E+00 
7.29E-06 
0.00E+00 
3.488-07 
4.97E-05 
1.533-07 
0.00E+00 
0.00E+00 
0.00E+00 
2.543-08 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
7.95E-07 
4.09E-08 
0.00E+00 
5.533-08 
1.433-05 
2.393-03 
8.10E-07 
5.39E-07 
2.30E-05 
1.49E-09 
5.733-06 
0.00E+00 
1.71E-04 
3.86E-04 
1.02E-04 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.45E-07 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OG 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
0.00E+00 
2.14E-08 
3.36E-06 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
6.59E-04 
0.00E+00 
1.97E-07 
2.176-06 
5.14E-06 
1.64E-09 
0.00E+00 
5.933-05 
0.00E+00 
8.423-C5 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 

0.00E+00 
0.00E+00 
0. OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
1.653-06 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
1.653-06 
0.00E+00 
0.00E+00 
0.00EcOO 
O.OOE+OO 
8.38E-05 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.07~-04 
6.87E-04 
0.00E+00 
1.763-04 
0. OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
9.02E-05 
0.00E+00 
3.01E-04 
2.00E-05 
0.00E+00 
0.00E+00 
0.003+00 

3.56E-06 
0.00E+00 
0.00E+00 
1.253-06 
0.00Ei.00 
0.00E+00 
1.13E-05 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.393-08 
0.00E+00 
1.393-08 
4.18E-08 
0.00E+00 
0.00E+00 
5.683-06 
1.253-05 
1.55E-03 
1.81E-07 
4.53E-05 
4.32E-07 
3.61E-06 
1.673-07 
0.00E+00 
9.40E-05 
1.63E-06 
2.94E-04 
5.513-05 
0.00E+00 
0.00E+00 
0.00E+00 

1.47E-06 
6.203-06 
0.00E+00 
5.063-06 
0.00E+00 
0.00E+00 
1.243-05 
0.00E+00 
O.~OE+OO 
0.00E+00 
0.00E+00 
1.873-06 
0.00E+00 
O.OOE+OO 
2.673-08 
0.00E+00 
2.263-07 
1.81E-07 
0.00E+00 
0.00E+00 
8.713-06 
9.69E-05 
1.993-03 
O.OOE+OO 
2.293-04 
5.15E-06 
1.35E-05 
3.66E-06 
0.00E+00 
1.86E-04 
8.95E-06 
1.87E-04 
6.30E-05 
O.OOE+OO 
0.00E+00 
0.00E+00 

1.343-06 
1.03E-06 
O.OOE+OO 
3.183-06 
9.323-09 
5.803-08 
1.583-05 
5.223-08 
0.00E+00 
0.00E+00 
0.00E+00 
5.92E-07 
1.19E-07 
0.00E+00 
6.773-09 
0.00E+00 
1.40E-05 
9.273-07 
1.40E-08 
0.00E+00 
2.41E-06 
4.11E-05 
1.373-03 
5.73E-06 
7.893-05 
1.02E-05 
3.733-06 
4.403-05 
4.23E-09 
1.15E-04 
6.913-05 
1.843-04 
,2.30E-05 
0.00E+00 
O.OOE+OO 
0.00E+00 

1.483-06 
2.31E-06 
0.00E+00 
2.873-06 
2.083-08 
1.30E-07 
1.653-05 
7.38E-08 
0.00E+00 
0.00E+00 
0.00E+00 
8.318-07 
2.65E-07 
O.OOE+OO 
1.03E-08 
0.00E+00 
3.12E-05 
1.17E-06 
1.983-08 
0.00E+00 
3.50E-06 
4.351-05 
6.58E-04 
1.248-05 
8.98E-05 
1.20E-05 
4.793-06 
9.40E-05 
9.47E-09 
4.65E-05 
1.42E-04 
8.64E-05 
2.66E-05 
0.00E+00 
0.00E+00 
O.OOE+OO 
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I IUPAC/ACCEPTED NAME 

methanol 
ethanol 
2-propen-1-01 
2-propanol 
1-propanol 
1,2-ethanediol 
2-butanol 
2-methyl-1-propanol 
2-methyl-2-propanol 
1-butanol 
1,2-propanediol 
3-methyl-1-butanol 
1-pentanol 
phenol 
cyclohexanol 
2-ethyl-1-butanol 
2-hexanol 
1,3-dichloro-2-propanol 
2-ethylhexanol 
nonanol 
decanol 
methanal 
ethanal 
2-propenal 
propanal 
2-methylpropenal 
butanal 
pentanal 
2,4-hexadien-1-a1 
hexanal 
benzaldehyde 
heptanal 
4-methylbenzaldehyde 
octanal 
benzene 
methylbenzene 
ethenylbenzene 
1,2-dimethylbenzene 
1,3-dimethylbenzene 
1.4-dimethylbenzene 
ethylbenzene 
indene 
alpha-methylstyrene 
1,2,4-trimethylbenzene 
1,3,5-trimethylbenzene 
1-ethyl-2-methylbenzene 
isopropylbenzene 
propylbenzene 
1-methyl-3-propylbenzene 
n-butylbenzene 
1-isopropyl-4-methylbenzene 
methanoic acid methyl ester 
methanoic acid ethyl ester 
ethanoic acid methyl ester 
ethanoic acid ethyl ester 
ethanoic acid ally1 ester 
2-methyl propenoic acid methyl ester 
ethanoic acid isopropyl ester 
methanoic acid butyl ester 

METABOLIC CONTAMINANT GENERATION FROM EXPIRED AIR 
MOLECULAR I ( C o n k l e  I K u s t o v  I N e f e d o v ,  Imitriyev, 1 

WEIGHT I SMAC 1 A v e r a g e  / a n d  ~ i u n o v l  e t  a 1  I et a 1  I 
Maximum 

R a t e  

( m g / h )  
4.873-02 
2.20E-01 
1.363-03 
7.36E-02 
1.61E-02 
0.00E+00 
0.00E+00 
7.963-03 
0.00E+00 
1.223-02 
0.00E+00 
1.18E-02 
1.443-04 
5.773-03 
1.263-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.56E-02 
2.56E-02 
0.00E+00 
2.563-02 
0.00E+00 
0.00E+00 
5.021-04 
4.303-04 
6.323-04 
2.70E-04 
5.253-04 
0.00E+00 
5.913-04 
9.363-02 
1.723-02 
2.053-05 
2.333-03 
2.333-03 
2.333-03 
1.533-02 
1.833-03 
0.00E+00 
2.183-04 
1.31E-04 
0.00E+00 
1.863-05 
1.09E-03 

2.753-04 

0.003+00 
0,00E+00 
3.863-02 



MSFC, ED62lJ. L. Perry 
V\ 
t4 

2-methyl propenoic acid ethyl ester 
ethanoic acid butyl ester 
ethanoic acid isobutyl ester 
lactic acid ethyl ester 
ethanoic acid 2-methoxy ethyl ester 
ethanoic acid isoamyl ester 
ethanoic acid amyl ester 
ethanoic acid 2-ethoxyethyl ester 
hydroxyethanoic acid ethyl ester 
oxalic acid dibutyl ester 
1,4-epoxy-1,3-butadiene 
1,4-epoxybutane 
3-methoxy-1-propene 
diethyl ether 
2-methylfuran 
2,3-dihydropyran 

1,3,5-trioxane 
2-ethoxyethanol 
epichlorohydrin 
1,1,2,2-tetramethyl-1,2-epoxyethane 
4-ethylmorpholine 
1-propoxybutane 
2-butoxyethanol 
chloromethane 
chloroethene 
chloroethane 
3-chloropropene 
dichloromethane 
1-chlorobutane 
1,l-dichloroethene 
1,2-dichloroethane 
1,2-dichloropropene 
chlorobenzene 
l,2-dichloropropane 
trichloromethane 
1,2-dichloro-2-methylpropane 
trichloroethene 
l,l,l-trichloroethane 
1,1,2-trichloroethane 
1,2-dichlorobenzene 
3-chloromethylheptane 
tetrachoromethane 
tetrachloroethene 
chlorodifluoromethane 
dichlorofluoromethane 
1-chloro-1,2,2-trifluoroethane 
dichlorodifluoromethane 
1,2-dichloro-1,2-difluoroethene 
chlorotetrafluoroethane 
trichlorofluoromethane 
bromotrifluoromethane 
1,2-dichloro-1,1,2,2-tetrafluoroethane 
1,1,2-trichloro-1,2,2-trifluoroethane 
1,1,2,2-tetrachloro-1,2-difluoroethane 

CONTAMINANT GENERATION FROM EXPIRED AIR 



MSFC, El 

ethane 
propadiene 
propwe 
propene 
propane 
1,3-butadiene 
1-butene 
2-methylpropane 
butane 
cyclopentene 
2-methyl-l,3-butadiene 
1-pentene 
2-methylbutane 
pentane 
3,4,5,6-tetrahydrobenzene 
2 -hexene 
cyclohexane 
methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 
hexane 
4-methylcyclohexene 
1-heptene 
methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 
3-ethylpentane 
heptane 
1,l-dimethylcyclohexane 
2-octene 
6-methyl-1-heptene 
trans-1,2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3 -ethylhexane 
octane 
4-ethylheptane 
nonane 
4-isopropenyl-1-methylcyclohexene 
2-methyl-3-ethylheptane 
decane 
undecane 
dodecane 
2-propanone 
3-buten-2-one 
2-bntsnnne 
cyclopentanone 
3-penten-2-one 
acetyl cyclopropane 
2-pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3-dimethyl-2-butanone 
4-methyl-2-pentanone 
2,4-dimethyl-3-pentanone 
2-heptanone 
5-methyl-7-hexanone 

METABOLIC CONTAMINANT GENERATION FROM EXPIRED AIR 
MOLECULAR Conkle Kustov Nefedov, Lhnitriyev, 
WEIGHT SMAC Average and Tiunov e t  a1 e t  a1 
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D m i t r i y e v ,  
et a1 

(mg/h) 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.82E-02 
0.00E+00 
0.00E+00 
4.21E-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.07E-06 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

IUPAC/ACCEPTED NAME 

2 -0ctanone 
5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 

hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylformamide 
nitroethane 
2,3-benzopyrrole 
hydrogen 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyclohexasiloxane 
tetradecamethylcycloheptasiloxane 
hexadecamethylcyclooctasiloxane 

SMC 

(ms/mJ ) 
100.000 
0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0.100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

MOLECULAR 
WEIGHT 

( g / m o l e )  
128.21 
128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

Maximum 
R a t e  

(ms/h) 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.46E-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.823-02 
0.00E+00 
0.00E+00 
4.21E-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.07E-06 
0.00E+00 
1.31E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

C o n k l e  
A v e r a g e  

(mg/h) 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
1.463-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Ec00 
0.00Ec00 
O.OOE+OO- 

Mean 
R a t e  

(ms /h l  
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
3.653-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
7.05E-03 
0.00Ec00 
0.00E+00 
1.05E-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Ec00 
2.683-07 
0.00E+00 
3.27E-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

K u s t o v  
a n d  T i u n o v  

(mg/h) 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

Standard 
D e v i a t i o n  

(mg/h) . 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
6.323-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.223-02 
0.00E+00 
0.00E+00 
1.823-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Ec00 
4.643-07 
0.00E+00 
5.663-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

N e f e d o v ,  
et a1 

(ms/h)  
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Ec00 
0.00Ec00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Ec00 
0.00E+00 
0.00E+00 
0.00E+00 
1.31E-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 







MSFC, ED62N. L. Perry METABOLIC CONTAMINANT GENERATION FROM FLATUS 

MOLECULAR K u s t o v  M u r p h y  K i r k  
IUPAC/ACCEPTED NAM?% WEIGHT SMAC and T i u n o v  

3-dichloro-2-propanol 
ethylhexanol 

4-hexadien-1-a1 

2-dimethylbenzene 
3-dimethylbenzene 
4-dimethylbenzene 

pha-methylstyrene 
2,4-trimethylbenzene 
3,s-trimethylbenzene 
ethyl-2-methylbenzene 

isopropyl-4-methylbenzene 



MSFC, ED62IJ. L. Perry METABOLIC CONTAMINANT GENERATION FROM FLATUS 711 3/95 

PTED NAML" 

ethoxyethanol 

ethylmorpholine 
propoxybutane 
butoxyethanol 
loromethane 
loroethene 
loroethane 
chloropropene 
chloromethane 
chlorobutane 

trachoromethane 
trachloroethene 
lorodifluoromethane 
chlorofluoromethane 
chloro-1,2,2-trifluoroethane 





MSFC, ED62iJ. L. Perry METABOLIC CONTAMINANT GENERATION FROM FLATUS 

IUPAC/ACCEPTED NAME 

2-octanone 
5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 
hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylformamide 
nitroethane 
2,3-benzopyrrole 
hydrogen 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyclohexasiloxane 
tetradecamethylcycloheptasiloxane 
hexadecamethylcyclooctasiloxane 

SmC 

(mg/m' ) 

100.000 
0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0.100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

MOLECULAR 
WEIGHT 

( g / m o l e )  
128.21 
128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

K u s t o v  
and T i u n o v  

( p e r c e n t )  
0.00E+00 
0.00E+00 
0.00E+00 
6.40E-06 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.283-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

M u r p h y  

( p e r c e n t )  
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Et00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
u.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
9.00E-02 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

K i r k  

( p e r c e n t )  
0.00E+00 
0.00E+00 
0.00E+00 
2.80E-06 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.09E-01 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

Maximum 
R a t e  

(mg/h) 
0.00E+00 
0.00Ec00 
0.00E+00 
8.033-04 
0.00Es00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.70E+00 
0.00E+00 
0.00Ec00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

M e a n  
R a t e  

(mg/h)  
0.00E+00 
0.00~+00 
0.00E+00 
3.853-04 
0.00E+00 
0.00~+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
0.00E+00 
0.00~+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.31E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00~+00 
0.00E+00 
0.00E+00 
0.00Et00 
0.00E+00 
0.00E+00 

Standard 
D e v i a t i o n  

(mg /h )  
0.00E+00 
0.00Ec00 
0.00E+00 
3.293-04 
0.00E+00 
0.00~+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00~+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
4.543-01 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
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METABOLIC CONTAMINANT GENERATION FROM SWEAT 

ethanoic acid butyl ester 
ethanoic acid isobutyl ester 
lactlc acld ethyl ester 



MSFC, ED62lJ. L. Perry 

1,3-butadiene 

2-methylpropane 

cyclopentene 
2-methyl-1,3-butadiene 

3,4,5,6-tetrahydrobenzene 

cyclohexane 
methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 

4-methylcyclohexene 

methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 

-1,l-dimethylcyclohexane 

6-methyl-1-heptene 
trans-1,2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3-ethylhexane 

4-ethylheptane 

4-isopropenyl-1-methylcyclohexene 
2-methyl-3-ethylheptane 

2-propanone 
3-buten-2-one 
2-butanone 
cyclopentanone 
3-penten-2-one 
acetyl cyclopropane 
2 -pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3-dimethyl-2-butanone 
4-methyl-2-pentanone 
2.4-dimethyl-3-pentanone 
2-heptanone 
-inethyl-2-hexanone 
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IUPAC/ACCEPTED NAME 

2-octanone 
5-methyl-3-heptanone 
2,6-dimethyl-4-heptanone 
hydrogen sulfide 
carbonyl sulfide 
ethylene sulfide 
dimethyl sulfide 
carbon disulfide 
pentamethylene sulfide 
nitric oxide 
nitrogen dioxide 
nitrogen tetroxide 
ethanoic acid 
2-ethylhexanoic acid 
hydrazine 
methyl cyanide 
methyl hydrazine 
nitromethane 
N,N-dimethylforrnamide 
nitroethane 
2,3-benzopyrrole 
hydrogen 
ammonia 
carbon monoxide 
disiloxane 
trimethylsilanol 
trisiloxane 
hexamethyldisiloxane 
tetrasiloxane 
diphenylsilane 
hexamethylcyclotrisiloxane 
octamethyltrisiloxane 
octamethylcyclotetrasiloxane 
decamethylcyclopentasiloxane 
decamethylcyclohexasiloxane 
tetradecamethylcycloheptasiloxane 
hexadecamethylcyclooctasiloxane 

MOLECULAR 
WEIGHT 

( s / m o l e )  
128.21 
128.21 
142.20 
34.08 
60.07 
60.11 
62.14 
76.14 
102.20 
30.01 
46.01 
92.01 
60.05 
144.21 
32.05 
41.05 
46.07 
61.04 
73.10 
75.07 
117.15 
2.02 
17.00 
28.01 
78.10 
90.21 
124.30 
162.48 
170.40 
184.32 
222.40 
236.54 
296.62 
370.64 
444.71 
519.09 
593.24 

SMAC 

(ms/rn3 ) 
100.000 
0.100 
58.000 
2.800 
12.000 
0.100 
2.500 
16.000 
0.100 
6.100 
0.940 
0.100 
7.400 
0.100 
0.005 
6.700 
0.004 
13.000 
0.100 
0.100 
0.250 

340.000 
7.000 
10.000 
0.100 
40.000 
0.100 
0.100 
0.100 
0.100 

230.000 
40.000 
0.100 
0.100 
0.100 
0.100 
0.100 

Dmi triyev, 
et a1 

( m g / h )  
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
2.273-02 
0.00E+00 
0.00E+00 
3.633-03 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
1.61E-06 
0.00E+00 
0.00E+00 
0.00E+00 
0.00Es00 
0. OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
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125696.88 
55628.20 
335.41 

60818.49 
33900.87 
141677.93 
19908.26 

2-propanediol 21770.00 
11526.65 
8854.10 
1349.94 

clohexanol 5440.00 
ethyl-1-butanol 35790.00 

24470.00 
3-dichloro-2-propanol 2014.00 
ethylhexanol 560.45 

644.00 
25.99 

6004183.38 
2021809.70 
761419.06 
923684.23 
605400.00 
395891.04 
141349.29 
6274.00 

105900.00 
5760.80 
14158.00 

28.00 
458.00 

364866.29 
125752.13 
29789.22 
41161.04 
32662.25 
43504.52 
47242.81 
19330.00 

pha-methylstyrene 9245.87 
2,4-trimethylbenzene 11052.71 
3,5-trimethylbenzene 13184.68 
ethyl-2-methylbenzene 13516.59 

28808.06 
18514.20 
11410.00 

butylbenzene 6141.69 
isopropyl-4-methylbenzene 9213.61 
thanoic acid methyl ester 1766656.97 

1124000.00 

HENRY'S 
LAW CONST 

0.31 

0.51 
0.00 

I 0.27 
0.22 

1 2.81 
1.36 
0.00 
0.19 
0.68 
0.00 
31.32 
3.27 
1.04 
0.09 
0.27 
3.41 
1.48 
0.01 
5.58 
64.69 
5.31 

147.08 
7.63 
12.49 
0.00 
28.46 
2.45 
23.75 
0.00 
0.27 

257.40 
353.10 
146.30 
232.50 
370.10 
336.90 
446.80 
0.00 

157.30 
313.00 
440.40 
157.97 
805.30 
567.10 
287.35 
730.70 
13.62 
630.50 
6.54 
3.81 
6.26 
0.00 
0.00 

182.50 
0.00 
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-b 

I 

ethanolc acld propyl ester 
ethyl 2-methyl propenoatc 
ethanoic acid butyl ester 
ethanoic acid isobutyl ester 
lactic acid ethyl ester 
2-methoxy ethyl ethanoate 
ethanoic acid isoamyl ester 
ethanoic acid amyl ester 
2-ethoxyethyl ethanoate 
ethyl acetylglycolate 
oxalic acid dibutyl ester 
1,4-epoxy-1,3-butadiene 
1,4-epoxybutane 
3-methoxy-1-propene 
diethyl ether 
2-methylfuran 
2,3-dihydropyran 
1,4-dioxane 
1,3,5-trioxane 
2-ethoxyethanol 
epichlorohydrin 
tetramethyl-1,2-epoxyethane 
4-ethylmorpholine 
1-propoxybutane 
2-butoxyethanol 
chloromethane 
chloroethene 
chloroethane 
3-chloropropene 
dichloromethane 
1-chlorobutane 
1,l-dichloroethene 
1,2-dichloroethane 
l,2-dichloropropene 
chlorobenzene 
1,2-dichloropropane 
trichloromethane 
1,2-dichloro-2-methylpropane 
trichloroethene 
l,l,l-trichloroethane 
1,1,2-trichloroethane 
1,2-dichlorobenzene 
3-chloromethylheptane 
tetrachoromethane 
tetrachloroethene 
chlorodifluoromethane 
dichlorofluoromethane 
1-chloro-1,2,2-trifluoroethane 
dichlorodifluoromethane 
dichlorodifluoroethene 
chlorotetrafluoroethane 
trichlorofluoromethane 
bromotrifluoromethane 
dichlorotetrafluoroethane 
trichlorotrifluoroethane 
tetrachlorodifluoroethane 
methane 
ethyne 
ethene 

cm' /mole 
128.80 
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ethane 
propadiene 
propyne 
propene 
propane 
1,3-butadiene 
1-butene 
2-methylpropane 
butane 
cyclopentene 
2-methyl-1,3-butadiene 
1-pentene 
2-methylbutane 
pentane 
3,4,5,6-tetrahydrobenzene 
2 -hexene 
cyclohexane 
methylcyclopentane 
2,2-dimethylbutane 
3-methylpentane 
hexane 
4-methylcyclohexene 
1-heptene 
methylcyclohexane 
2,2-dimethylpentane 
2,4-dimethylpentane 
3-ethylpentane 
heptane 
1,l-dimethylcyclohexane 
2-octene 
6-methyl-1-heptene 
trans-1,2-dimethylcyclohexane 
2,2,3-trimethylpentane 
3,3-dimethylhexane 
3-ethylhexane 
octane 
4-ethylheptane 
nonane 
isopropenylmethylcyc1ohexene 
2-methyl-3-ethylheptane 
decane 
undecane 
dodecane 
2-propanone 
3-buten-2-one 
2-butanone 
cyclopentanone 
3-penten-2-one 
acetyl cyclopropane 
2-pentanone 
3-methyl-2-butanone 
4-methyl-3-penten-2-one 
cyclohexanone 
3,3-dimethyl-2-butanone 
4-methyl-2-pentanone 
2,4-dimethyl-3-pentanone 

cm' /mole 
56.70 
63.00 
60.00 
66.60 
74.50 
82.00 
90.40 
96.00 
96.40 
94.00 
103.60 
110.00 
117.40 
117.80 
114.00 
132.50 
117.00 
122.00 
138.60 
140.60 
139.90 
138.00 
154.80 
144.00 
163.00 
163.00 
163.00 
162.60 
162.60 
177.60 
178 .OO 
164.30 
185.00 
185.00 
185.00 
186.30 
207.00 
207.00 
207.00 
229.00 
229.00 
252.00 
274.00 
77.50 
86.00 
96.70 
99.00 
108.00 
101.00 
118.30 
118.40 
129.00 
119.00 
139.80 
140.00 
162.00 
162.80 
162.00 
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5-methyl-3-heptanone 

1518920.52 
1391158.36 

2-ethylhexanoic acid 

108523.59 

6539209.36 

801400.00 

116500.00 

100400.00 
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