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1.0 BACKGROUND 

SPACECRAFT MAXIMUM ALLOWABLE CONCENTRATIONS FOR AIRBORNE CONTAMINANTS 

This document provides a tabular summary of official Spacecraft Maximum Allowable 
Concentrations (SMACs) for airborne contaminants that have been previously established based 
on guidelines developed by the National Aeronautics and Space Administration (NASA) and the 
National Research Council’s Committee on Toxicology, externally peer-reviewed, and published. 
Complete documentation of the rationale used to establish the values summarized here is 
provided in the reference section below. Based on documented guidance (NRC, 1992; NRC, 
2016), NASA has to date established SMACs for 59 chemical compounds and classes that are 
particularly relevant to atmospheric contamination of the International Space Station (ISS), 
commercial vehicles, habitats, and suits as well as Exploration-class vehicles, habitats, rovers, 
and space suits. Some long-term limits (1000-days) have also been established to support deep-
space exploration. The limits are based upon experiments conducted at standard pressure and 
oxygen environments. However, planned Exploration missions are likely to employ altered 
atmospheres: reduced atmospheric pressure with an appropriate level of oxygen to 
accommodate more frequent Extra-Vehicular Activities (EVAs) (e.g., 10.2 psia and 26.5% O2).  To 
account for uncertainties in physiological changes that may occur in altered atmospheres, a 
reasonably conservative approach was reviewed and accepted by the Human Health and 
Performance Directorate to apply the published values in parts per million (ppm) across all 
atmospheric scenarios. This approach applies only to chemical compounds that enter the vapor 
phase (i.e., ideal gases); any contaminant present as a particle or aerosol (e.g., manganese 
particles or mercury droplets) should be considered in gravimetric terms (mg/m3). 

As a result of that change, SMACs are listed below in only ppm units. When converting to mg/m3, 
the atmospheric pressure must be factored into the calculation. At 14.7 psia (i.e., the terrestrial 
sea level and ISS environment pressure ), a mole of gas occupies 24.45 L of volume. 
However, at 8.2 psia (the planned atmospheric pressure for future lunar missions), a mole of gas 
occupies 43.9 L of volume. Gravimetric measures of each SMAC will vary by atmospheric 
pressure and as such are not listed.  
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To convert from ppm to mg/m3, the following equation is used:

[ ] =
[ ]

/
 

where y refers to the volume of air occupied by one mole (L/mol) of a substance at the 
proposed atmospheric pressure (when temperature = 25C).  Potential values for y are 
as follows: 

 

Atmospheric 
pressure in psia 

Volume of one mole of 
ideal gas (y, in L/mol) 

14.7 22.45 

10.2 35.2 

8.2 43.8 

4.3 83.6 

Note: values other than 14.7 represent proposed atmospheres 
for upcoming missions, while 4.3 psia represents nominal 
pressure for current EVA posture.  Actual pressures should be 
verified prior to SMAC conversion. 

 

Short-term (1- and 24-hour) SMACs apply to off-nominal situations, such as accidental releases 
aboard a spacecraft. These limits permit risk of minor, reversible effects, such as mild mucosal 
irritation. In contrast, the long-term SMACs are set to fully protect healthy crewmembers from 
adverse effects resulting from continuous exposure to specific air pollutants for up to 1000 days. 
Because allergic reactions or chemical idiosyncrasy to certain airborne pollutants are very 
difficult to predict, crewmembers with allergies or unusual sensitivity to trace pollutants may 
not be afforded complete protection, even when long-term SMACs are not exceeded. 

 
Conversely, exceedance of a SMAC does not mean that health impairment is certain (there 
are many other factors that influence ultimate health outcomes), although it does indicate that 
the crew may be subject to increased risks that must be closely evaluated. Environmental 
pollutant control to mitigate exposure will likely be triggered. 
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These values have been specifically established for human spaceflight and are not intended to 
apply to other situations, such as ground operations. The SMACs take into account a number of 
unique factors such as the effect of space-flight stress on human physiology, the uniform good 
health of the astronauts, and the absence of pregnant or very young individuals. 

Crewmember exposures involve a mixture of contaminants, each at a specific concentration 
(Cn). These contaminants could interact to elicit symptoms of toxicity even though individual 
contaminants do not exceed their respective SMACs. We assume that the effects of a
toxicologically similar group of compounds are additive. The air quality is therefore 
considered acceptable when the toxicity index (Tgrp) for each toxicological group of 
compounds is less than 1, where Tgrp is calculated as follows: 

Tgrp = C1/SMAC1 + C2/SMAC2 + … + Cn/SMACn 

 

Toxicological groups are defined according to the target organ and the nature of the toxic 
response from exposure to the compounds in the group. As shown in the table of SMACs, the 
target organ and toxic effect can change depending on the duration of exposure. 

In addition to official SMACs used for the evaluation of spacecraft air, the JSC Toxicology Group 
sets interim 7-day SMAC values that are posted to the “MAPTIS” database, which is used to 
evaluate materials and hardware off-gassing data. Following registration, these values can be 
accessed at: https://maptis.nasa.gov/. For help with registration or using MAPTIS, contact 
MAPTIS support at maptissupport@mail.nasa.gov. 

2.0 PUBLISHED SMACS 
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CASRN Chemical Abstract Service Registry Number

Cn   Specific Concentration

CNS   Central Nervous System 

DCD   Decreased Color Discrimination 

EVA   Extra-Vehicular Activity 

GI   Gastrointestinal

ISS   International Space Station 

JSC   Johnson Space Center 

NASA   National Aeronautics and Space Administration 

NRC   National Research Council

PNS   Peripheral Nervous System 

ppm   Parts Per Million

RespSys   Respiratory System 

SMACs   Spacecraft Maximum Allowable Concentrations 

Tgrp   Toxicity Index 
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