Assessment of Air Quality in the Shuttle and International Space Station (ISS)

Based on Samples Returned by STS-105 at the Conclusion of 7A.1

The toxicological assessment of air samples returned at the end of the STS-105 (7A.1) flight to the ISS is reported.  ISS air samples were taken in August 2001 from the Service Module, FGB, and U.S. Laboratory using grab sample canisters (GSCs) and/or formaldehyde badges.  Preflight and end-of-mission samples were obtained from Discovery using GSCs.  Analytical methods have not changed from earlier reports, and surrogate standard recoveries were 64-115%. Pressure tracking indicated no leaks in the canisters.

The two general criteria used to assess air quality are the total-non-methane-volatile organic hydrocarbons (NMVOCs) and the total T-value (minus the CO2 and formaldehyde contribution).  Because of the Freon 218 (octafluoropropane, OFP) leak, its contribution to the NMVOC is indicated in brackets.  When comparing the NMVOC values with the 25 mg/m3 guideline, the OFP contributions should be subtracted.  Control of atmospheric alcohols is important to the water recovery system engineers, hence total alcohols were also assessed in each sample.  Formaldehyde is quantified separately.  These five indices are summarized below:

Sample Location
Date/Type
NMVOCs [OFP]
T Valuea     Alcohols
Formaldehyde






(mg/m3)    (mg/m3)
(units)
      (mg/m3)
(mg/m3)

Lab-GSC
8/06/01
74
[67]
0.39
3.3
0.031
SM-GSC
8/06/01
82
[76]
0.28
3.6
0.028

FGB-GSC
8/06/01
140
[61]
8.47
74.4
ns

MPLM
8/13/01
25
[10]
1.39
5.2
ns

Shuttle middeck-GSC
7/12/01(preflt)
0.5
[0]
0.02
0.2
ns

Shuttle middeck-GSC
7/23/01(EOM)b
159
[151]
0.53
7.9
ns

Acceptable Guideline>>>
<25
[85000]
<1 
<10 
0.050

a Formaldehyde (methanal) and CO2 not included in T calculation.

bns = not sampled and EOM = end of mission sample

The FGB sample contained an unprecedented concentration of methanol (71 mg/m3, T contribution = 7.9).  Since concomitant samples in the SM and Lab showed typical levels of methanol, we suspect a momentary source in the FGB, somehow occurring at the same time as the sample was acquired. 

The MPLM sample shows that the overall pollution level was acceptable for first entry (T=1.39); however, it also shows that it was not a true first-entry sample.  This can be deduced from the presence of OFP (10 mg/m3) in the sample.  This could have come only from spread of this pollutant from the ISS complex into the MPLM after the hatch was opened and before the sample was taken. The alcohol concentration in the MPLM (5.2 mg/m3) was not a significant impact to the ISS alcohol load.

Taken as a whole, these data suggest that air pollutants were controlled to acceptable levels to protect crew health.  The increase in the average OFP concentration from 7A GSC samples, and the higher quantity in the SM GSC sample suggest that OFP was continuing to leak from an ISS system in the SM faster than it was being scrubbed from the air.  The concentration of OFP was far below any that would cause a health concern.  To the extent that the samples were representative of each respective vehicle atmosphere, there was no evidence that the MPLM or Discovery contributed significantly to the alcohol load in the ISS atmosphere.
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