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NASA’s Odor Assessment (Test 6) for nonmetallic materials and assembled articles for
spacecraft has evolved since the Apollo program in 1966 for over 50 years to meet various
habitable spacecraft nonmetallic programmatic requirements.  The purpose of Test 6 is to
determine if the odor from a material or assembled article is objectionable or revolting on an
odor-characteristic scale of 0 to 4. Samples of the toxicity-screened test atmosphere from a
conditioned  specimen  container  are  administered  to  an  Odor  Panel  of  qualified  human
research  subject  volunteers  using  a  syringe  and  mask,  and  are  assigned  a  scored  odor
characteristic of undetectable (0), barely detectable (1), easily detectable (2), objectionable
(3),  or  revolting  (4).  The odor from  a  material  or  assembled  article  is  objectionable  or
revolting if an average rating of 2.5 or higher is assigned by an Odor Panel. This manuscript
presents the history of Test 6, beginning with the Apollo spacecraft nonmetallic materials
selection guidelines and test requirements in 1966, in which tests were performed in oxygen
atmospheres, and follows the odor test through Skylab, Space Shuttle, International Space
Station, and Orion nonmetals testing, and acceptance requirements.

Nomenclature
ISO = International Organization for Standardization
JSC = Johnson Space Center
M&P = materials and processes
NASA = National Aeronautics and Space Administration
MSC = Manned Spaceflight Center
MSFC = George C. Marshall Space Flight Center 
NHB = NASA Handbook
UCB = urine containment bag
WSTF = White Sands Test Facility
 

I. Background
tandard tests have been defined for NASA programs over several decades. NASA-STD-6001B2 Test 6 Odor
Assessment is the current NASA standard test to determine if the odor from a nonmetallic material or assembled

article intended for use in spacecraft habitable flight compartments and breathing gas environments is acceptable.
Odor testing is only performed after offgassing (Determination of Offgassed Products (Test 7)) has been performed
and all offgassed products are known to be below a specified toxic rating. Odor testing is the human evaluation of
odors  released  from nonmetallic  materials  or  components  destined for  use in the habitable areas  of  spacecraft.
Objectionable or revolting smells may nauseate astronauts and risk astronaut’s productivity and mission success.
Some odors may be initially pleasant, but on prolonged inhalation, become sickening. Smell is intensified by the
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enclosed space and heat in spacecraft environments and astronauts have no way to eliminate these odors once they
are introduced. Astronauts do not have access to fresh air such as by using a window to dissipate a strong odor. In
addition to astronaut discomfort, odors can saturate the sense of smell and reduce an astronaut’s ability to detect
critical events such as a spacecraft fire or an ammonia leak. 

Odor testing has been performed on fabric,  toothpaste,  circuit  boards,  ink, camera film, felt-tipped markers,
mascara, tampons, body bags, VELCRO®§ Brand fasteners, a refrigerator that flew to space, and certain types of
stuffed animals. Some examples of testing of odor containment articles with the potential for releasing extremely
disagreeable odor include the urine containment bag (UCB) for Orion use.1 Handley and Harper2 (2011) used Test 6
techniques to evaluate the odor containment potential of the Orion UCB in an environment simulating the planned
Orion spacecraft capsule, with a goal to determine the odor breakthrough time and the acceptability of the odor once
breakthrough occurred. This was accomplished by simulating waste content (emesis, urine, fecal matter, and food
waste), environmental factors (humidity, temperature, and time), and trash-to-free volume ratio. Some experimental,
non-spaceflight or applicable ground support equipment materials were used to evaluate modifications to Test 6,
such as food samples of tuna and balsamic vinegar used in the developmental trials of an elaborated odor test for
extended exposure, an extended-duration (15-min) odor test procedure (Buchanan et al (2016)).3 The elaborated
odor test was used to assess effects of extended exposure to a bonding material with known odor concerns.

Odor testing was one of the original standard tests for the Apollo program. The test identified was Odor and
Carbon  Monoxide in  MSC-A-D-66-3,4 Procedures  and  Requirements  for  the  Evaluation  of  Apollo  Crew  Bay
Materials. The latest version is  Odor Assessment (Test 6) in NASA-STD-6001B,5 Flammability, Offgassing, and
Compatibility Requirements and Test Procedures. Changes to the odor test over history include the materials and
gases tested, sample preparation and conditioning protocols, odor standards, Odor Panel protocols, human subject
testing requirements, detail of toxicity pre-screening, and reporting protocols. 

Materials and processes (M&P) control specifications, such as NASA-STD-6016A,6 Standard Materials and
Processes  Requirements  for  Spacecraft, are  used  to  define  minimum requirements  for  incorporation  in  NASA
program/project  hardware procurements and technical  programs. NASA-STD-6016A requires materials meet the
requirements  of  NASA-STD-6001B,7 Flammability,  Offgassing,  and  Compatibility  Requirements  and  Test
Procedures for flammability control, toxic offgassing, oxygen compatibility, and electrical wire insulation materials.
NASA-STD-6001B Determination of Offgassed Products (Test 7) specifies if strong odors are detected during the
Test 7 procedures, the test lead shall note this and recommend the Odor Assessment (Test 6) be performed. There are
61  “shall”  requirements  to  ensure  the  Odor  Assessment  (Test  6) is  performed  with  standardized  rigor.  Odor
assessment data are used to determine if the odor from a material or assembled article is objectionable or revolting. 

Test 6’s development, implementation, and improvement since its inception in 1966 for the Apollo nonmetals
evaluation program required significant experience and efforts. Test 6 was promulgated by NASA and remains as a
government unique standard. Other odor tests are available from voluntary consensus standards organizations, but
no space system equivalent standards were found elsewhere for odor testing of spacecraft materials. 

II. Objective
This manuscript examines the history of Test 6 as a standard test for the evaluation of nonmetals beginning with

the  Apollo  program  and  progressing  through  Skylab,  the  Space  Transportation  System  (Shuttle  program),  to
International  Space  Station (ISS) and Orion programs.  Relevant  experience  from the NASA White Sands Test
Facility (WSTF) is included. Due to space limitations, details on applicable spacecraft locations, sample preparation,
and reporting were omitted from this manuscript.

III. Odor Test Document History
Standard procedures and requirements for the evaluation of spacecraft  nonmetallic materials for the Apollo

program were developed and mandated in MSC-A-D-66-3,  Procedures and Requirements for the Evaluation of
Apollo  Crew  Bay  Materials,  MSC-PA-D-67-13,8 Apollo  Spacecraft  Nonmetallic  Materials  Requirements,  and
Addendum No. 1 to MSC-PA-D-67-13,9 Apollo Spacecraft Nonmetallic Materials Requirements, which were issued
by the Manned Spaceflight Center (MSC). 

MSC-PD-66-3, Procedures and Requirements for the Evaluation of Apollo Crew Bay Materials , a pre-Apollo 1
(AS-204) fire incident standard, contained 7 different tests. Odor testing was within the set of  Oxygen Thermal
Exposure Test,  Odor Testing, and  Carbon Monoxide Measurements of Spacecraft Materials tests. The Apollo-era
and Skylab program material test requirements in MSC-A-D-66-3,5 MSC-A-D-66-3A,10 MSC-PA-D-67-13,6 D-NA-

§ VELCRO® is a registered trademark of Velcro® Brand. Velcro USA Inc., 95 Sundial Avenue, Manchester, NH.
2

International Conference on Environmental Systems



0002,11 MSFC-SPEC-101,12 MSC-PA-D-67-13 Addendum No. 1,7 MSFC-SPEC-101A,13 NASA-TM-7949314, and
MSFC-SPEC-101B15 focused primarily on fire,  flammability, ignition, combustion, offgassing, and odor testing.
NASA Handbook (NHB) 8060.1,16 NHB 8060.1A,17 NHB 8060.1C,18 NASA-STD-6001,19 NASA-(I)-STD-6001A,20

NASA-STD-(I)-6001B,21 and NASA-STD-6001B2 had similar focus. The odor test (Test 6) maintains a continuous
presence as a standard test for offgassed products from nonmetallic materials in the spacecraft materials testing
protocols and requirements. The odor test has always been performed by an Odor Panel. In general, test materials
were prepared for the odor test by thermal conditioning for a defined time in a container with a defined atmosphere.
The atmosphere or dilution thereof was administered to a  qualified Odor Panel and the odor rated on a scale.
Standards covering a wide spectrum of odors were used to qualify an Odor Panel. The test matrix atmosphere was
also subject to odor evaluation.

ASPO-RQTD-D67-5A  (May  3,  1967)  Apollo  Spacecraft  Program  Office  Nonmetallic  Materials  Selection
Guidelines  issued  by  the  Apollo  Spacecraft  Program  Office  at  NASA  MSC  imposed  the  Odor  and  Carbon
Monoxide (CO) test according to MSC-A-D-66-3 (May 13, 1966) for specific categories and types of spacecraft
materials.

MSC-A-D-66-35 (1966),  Procedures and Requirements for the Evaluation of Apollo Crew Bay Materials was
issued by the Apollo Spacecraft Program Office. MSC-A-D-66-3 contained the  Oxygen Thermal Exposure Test,
Odor Testing, and Carbon Monoxide Measurements of Spacecraft Materials test, which combined the determination
of carbon monoxide (CO) and odor in an oxygen atmosphere. Both CO and odor tests were performed with the same
sample atmosphere. The Test Conductor established a panel from a pool of qualified personnel. Members of the pool
were male and each member was capable of detecting the 7 basic odors. Members of the pool were given 3 odorless
solutions along with the 7 primary  odor standards  for  the detection of  odor.  A panel  consisted  of  five or  ten
members, but in the event the Odor Panel consisted of five members, each member evaluated each sample twice for
odor. Members of the pool did not participate on the panel if their sense of smell was affected in any manner. One of
the 7 basic odors was presented to the panel members as a standard prior to evaluation of sample material odor.
Panel members were not permitted to see or know the sample material being evaluated for odor. Each panel member
evaluated the odor of a sample using the mixed quantitative/qualitative scale shown in table 1:

Table 1. Odor Evaluation Rating Scale
Member’s Rating Test Conductor’s Rating
Undetectable 0
Barely detectable 1
Easily detectable 2
Objectionable 3
Irritating 4

Acceptance criteria was a total score of 20 or less. The sum of ten odor evaluations of any sample material by the
panel members signified the material  passed the odor test.  A total  score above 20 at  any dilution signified the
material failed the odor test and was rejected. The test chamber was glass with a minimum internal volume of 2
liters, had a gas-tight removable cover, a sampling valve, and a sampling port capable of being sealed with a septum.
A laboratory vacuum desiccator could be used. An oven capable of providing a constant temperature of 155 ±5 °F
(68.3 ±3 °C) was used. Oxygen was odor-free MIL-O-27210, Type 1.22 Syringes were used for measuring and
transferring the sample atmospheres from the test chambers to the panel member’s face mask. The olfactometer
consisted of a mask made of odorless flexible material applied to a panel member’s face. A mass spectrometer, gas
chromatograph, or apparatus of equal sensitivity, precision, and accuracy was used for measuring CO concentration.
The atmosphere in the test chamber at the start of the test exposure was MIL-O-27210, Type 1, oxygen at 260 ±5
Torr (this reflected the Apollo spacecraft atmosphere). The sample materials were heated at 155 ±5 °F (68.3 ±3 °C)
for at least 72 hours (hr), each sample material was tested in a separate test chamber, and all odor evaluations and
CO measurements were carried out within 3 hr of the conclusion of the thermal treatment. Following the isothermal
exposure, the test chambers were removed from the oven and allowed to return to room temperature. The pressures
in the test chambers were measured and recorded. Observation of distillable residues on interior chamber walls were
made and recorded. A material that deposited a residue on the chamber walls could be rejected. The test chambers
were pressurized to one atmosphere with oxygen and a sampling septum installed. The CO concentration in the
sampling atmosphere was measured, and if the CO concentration exceeded 20 ppm, the sample material failed the
CO test  and  was  not  odor-tested.  For  the  odor  test,  the  sample  atmosphere  dilutions  process  extracted  known
volumes of sample atmosphere from the test chambers by means of a syringe and diluted with fresh oxygen in the
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following proportions: One part of sample atmosphere to 29 parts of oxygen (1/30); one part of sample atmosphere
to nine parts of oxygen (1/10); and no dilution. A material that failed the criterion at any dilution was unequivocally
rejected for spacecraft usage.

MSC-A-D-66-3 Revision A9 (1967), Procedures and Requirements for the Evaluation of Spacecraft Nonmetallic
Materials, issued by the MSC Reliability, Quality, and Test Division and the Apollo Spacecraft Program Office
contained  an  expanded  list  of  numbered  tests,  11  required  (standard)  tests  and  two supplementary  tests,  each
numerically identified (e.g., Test 1, Test 2, etc.). This test numbering system is consistent, with some exceptions for
Test 6, throughout the succession of revisions to NASA standard materials testing protocols. The revised odor test
was identified as  Test No. 6, Odor Test. CO testing was added to Test No. 7,  Carbon Monoxide and Offgassing
Products Determinations. MSC-A-D-66-3 Revision A consisted of revisions to the standardized test plans found in
MSC-A-D-66-3 to conform with the new nonmetallic materials selection guidelines of ASPO-RQTD-067-5A, which
imposed more requirements on the selection and performance of Apollo Spacecraft  materials. Test No. 6 was a
required test to eliminate unsuitable materials from use in the habitable area of spacecraft. Acceptance criteria was
unchanged from MSC-A-D-66-3: A total score of 20 or less, for the sum of ten odor evaluations of any sample
material by the panel members, signified the material passed the odor test. A total score above 20 at any dilution
signified the material failed the odor test and was rejected. The odor standards were also unchanged. The number of
Odor  Panel  members  was  not  specified,  but  they  were  still  all  male.  A  Test  Discipline  section  included  the
requirement that all materials be tested for CO on the “Kitegawa”**, suspected to be Kitagawa colorimetric gas
detector pump and tube system, before the odor test in order to prevent possible poisoning of the panel members.
Glass syringes were specified. The criteria for maximum CO was increased from 20 ppm to 25 ppm and a CO
content in excess of 25 ppm precluded odor testing. 

MSC-PA-D-67-13 Apollo Spacecraft Nonmetallic Materials Requirements (February  1968)  was  issued  by  the
MSC and  succeeded  MSC-A-D-66-3  Revision  A (1967).  It  defined  test  requirements  for  materials  in  various
locations of the Apollo spacecraft. Test No. 6 Odor Test was used to identify materials that were undesirable to the
olfactory senses. A material that failed would not be used in the habitable areas of the spacecraft. A Test Conductor
established pool of qualified personnel forming an Odor Panel of a minimum of five members and a maximum of
ten members. There was no requirement for a male-only Odor Panel. The 7 basic odors and their solutions remained
the same except the camphoraceous, minty, and putrid standards were increased in concentration by 1000 (in fact,
all the µL units in the odor solution table changed to mL). Odor Panel requirements included some clarifications and
the  addition  of  a  medical  statement,  that  Odor  Panel  members  should  (not  shall)  receive  a  nose  and  throat
examination by medical staff prior to and after each odor test session. Odor Evaluation (Member’s Rating and Test
Conductor’s Rating) terms and values were unchanged. The material acceptance criteria changed from a total to an
average and the numerical rating increased from an equivalent of 2 (Easily Detectable) to 2.5 (halfway between
Easily Detectable (2) and Objectionable (3)): An average rating of 2.5 or lower of any sample material signified the
material passed the odor test. Previously, MSC-A-D-66-3 Revision A (1967) required, for the material to pass the
odor test, a total score of 20 or less for the sum of ten odor evaluations (the average score would be 2 (Easily
Detectable)).  A total score above 20 at any dilution signified the material failed the odor test and was rejected.
Therefore, this version of the odor test was less conservative, and passed materials with stronger odors than MSC-A-
D-66-3 Revision A. The Test Discipline section changed the criteria for CO and added Total Organics (T.O.) to the
rejection criteria for performing the odor test. All materials were, therefore, tested for CO and T.O. before being
subjected to the odor test. If a material yielded over 25 µg of CO/gram of material, or over 200 µg of T.O./gram of
material, no odor test was performed and the material was rejected for odor. Both CO and T.O. were now expressed
in µg per gram of material, which necessitated a calculation rather than a direct measurement. Previously, MSC-A-
D-66-3 Revision A Test  No. 6 precluded odor testing with an excess of 25 ppm CO in the test chamber.  Test
equipment changes included the oven had to be capable of providing a constant temperature of 200 °F (93 °C); the
previous constant temperature value was 155 ±5 °F (68.3 ±3 °C). Test conditions were unchanged with the sample
materials still being heated at a temperature of 155 °F (68.3 °C) for a test duration of at least 72 hr. Test conditions
were largely unchanged; the atmosphere in the test chamber remained MIL-O-27210, Type 1, oxygen at 260 ±5
Torr, with the exception that CO measurements were removed from the requirement to perform within 3 hr of the
conclusion of the thermal treatment. Previously, MSC-A-D-66-3 Revision A (1967) required CO measurements and
odor evaluations were carried out within 3 hr of the conclusion of the thermal treatment. Now, MSC-PA-D-67-13
only required odor evaluations within 3 hr of the conclusion of the thermal treatment because the test discipline

** Kitagawa was a product of KOMYO RIKAGAKU KOGYO K.K., Head Office, 1-8-28 Shimonoge, Takatsu-ku,
Kawasaki-shi Kanagawa, Japan.
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section required all materials be tested for CO and T.O. before the odor test. Therefore, Test No. 7, Determination of
Carbon Monoxide and Total Organics, was performed before Test No. 6, Odor Test on a separate sample.

D-NA-0002 Procedures and Requirements for the Flammability and Offgas Evaluation of Manned Spacecraft
Nonmetallic  Materials (July  1968)  was  the  next  MSC  document  providing  standard  test  procedures  for  the
evaluation of nonmetallic materials for flammability and offgassing. D-NA-0002 reversed the test numbers for Test
No. 6 and Test No. 7: Test No. 6. Determination of Organic Offgassing Products and Carbon Monoxide; and Test
No. 7. Odor Test. Test No. 7 Odor Test re-established the requirement the Odor Panel was all-male and it reverted
the camphoraceous,  minty,  and putrid  standards  concentrations  back  to  the  MSC-A-D-66-3 Revision A (1967)
concentrations; the previously changed mL units were changed back to µL units. This was done with handwriting,
suggesting no convention for µ in typewriter font and perhaps affirming the authors’ suspicion the previous change
of these units was in error. The acceptance (pass/fail) criteria reverted from an average to a total score, where a total
score above 25 at any dilution signified that the material failed. The total score expressed as an average, however,
remained at 2.5, halfway between 2 (Easily Detectable) and 3 (Objectionable). The criteria for CO and T.O. changed
from the MSC-PA-D-67-13 (February 1968) criteria, where all materials shall have been tested for CO content and
T.O.  before  being  subjected  to  the  odor  test.  The  current  criteria  to  reject  the  material  for  odor  testing  was
determined by Test No. 6, Determination of Organic Offgassing Products and Carbon Monoxide and consisted of
rejection based on over 25 µg/g of CO or over 100 µg/g of T.O., but 10 µg/g of offgassing products (in context the
same as T.O.) would also reject the material for odor testing if judged noxious by the appropriate space medicine
division. No elaboration was given to the definition or noxious. Changes to test equipment included 30 cc minimum
capacity glass syringes for measuring and transferring the sample atmospheres  from the test chambers  to panel
members face masks.  The pressure gauge was now required to measure absolute pressures  to within ±0.1 Torr
accuracy.  Test  condition changes included  the test  atmosphere  and pressure  in the test  chamber at  the start  of
exposure was that specified for each program rather than MIL-O-27210, Type 1, oxygen at 260 ±5 Torr for all
previous versions. Thermal conditions and heating duration remained unchanged: 155 ±5 °F (68.3 ±3 °C) for a test
duration of at least 72 hr.  Cleaning all equipment using commonly accepted laboratory practices, giving them a
distilled water rinse, and oven-drying them at a minimum of 200 °F (93 °C) was now required. Consistent with the
change in test atmosphere, the thermal conditioning test procedure changed from  pressurizing the test chambers
with MIL-O-27210, Type 1, oxygen, to test pressure and test atmosphere. After removal from the oven and cooled
to room temperature, the test chambers were now pressurized to one atmosphere with test atmosphere and for the
odor test, sample dilution used fresh test atmosphere rather than oxygen.

MSFC-SPEC-101,  Flammability  Requirements  and  Test  Procedures  for  Materials  in  Gaseous  Oxygen
Environments (August 20, 1968), was a George C. Marshall Space Flight Center (MSFC) specification establishing
flammability acceptance criteria for materials used in gaseous mixtures containing oxygen. Test no. 6 was Electrical
Overload Tests for Sealed Containers. Neither odor nor offgassing tests were included in MSFC-SPEC-101 (1968),
but this reference is included to illustrate a discontinuity in the naming and numbering convention of standard tests. 

MSC-PA-D-67-13,  Memorandum, Addendum  No.  1  to  MSC-PA-D-67-13  (November  7,  1969)  provided  a
consolidated  summary of  the  various  approved changes  and clarifications  as  a  result  of  testing of  nonmetallic
materials according to MSC-PA-D-67-13. This memorandum described a change to  Test  No. 6 Odor Test:  The
change was all materials were tested for CO and T.O. before being subjected to the odor test, and if the CO or T.O.
concentrations of the gas sample exceeded the maximum personnel safety limits of the test agency, the sample was
diluted with pure oxygen until the maximum safe level was attained. This diluted sample was then tested and the
results specified the dilution required to attain the safety limit and were reported as a special test.

MSFC-SPEC-101A,12 Flammability,  Odor, and Toxicity Requirements and Test  Procedures  for Materials in
Gaseous Oxygen Environments (January 12, 1970), was a MSFC specification establishing flammability, odor, and
toxicity acceptance criteria for materials used in gaseous mixtures containing oxygen. This MSCF specification did
not  supersede  any  MSC  program  documents.  MSFC-SPEC-101A  identified  Test  No.  7,  Materials  in  Closed
(Unsealed) Containers, Test No. 8, Determination of Organic Offgassing Products and Carbon Monoxide, and Test
No. 9, Odor. Of these, Test No. 9 corresponded to the Test 6 addressed in this manuscript. The purpose of Test No.
9,  Odor,  was to detect those materials that produced an objectionable or irritating odor, thereby rendering them
unsuitable for use in spacecraft habitable areas. The elements of the odor test were essentially the same as in MSC’s
D-NA-0002  Procedures  and Requirements  for  the  Flammability  and Offgas  Evaluation  of  Manned Spacecraft
Nonmetallic Materials (July 1968). The Odor Panel was all male. The odor standards and solutions were the same.
The rating criteria was the same. The test pressure and gas atmosphere condition for the pertinent materials category
were designated by the requirements for each program. The test temperature of 155 ±5 °F (68.3 ±3 °C) for a test
duration of at least 72 hr was the same. All materials tested were classified into the same four categories, surface,
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volume, weight,  or specialized items. All  materials were tested for  CO and T.O.,  as determined by Test  No. 8
Determination of Organic Offgassing Products and Carbon Monoxide, before being subjected to the odor test. If a
material had over 25 µg/g of CO or over 100 µg/g of T.O., no odor test was performed. If the offgassing products
above 10 µg/g were analyzed and were judged by the appropriate space medicine division to be noxious, this fact
was noted and no odor test was needed. The sample atmosphere dilutions prepared and administered to the Odor
Panel were the same and the 1/30 and 1/10 dilutions were with test atmosphere. There were no quality assurance
requirements.

NASA-TM-79493,13 Flammability, Odor, and Offgassing Requirements and Test Procedures for Materials in
Environments which Support Combustion (Draft Copy) (December 1970), was a draft technical memorandum (TM)
prepared by the Skylab Intercenter Working Group. NASA-TM-79493 described itself as a specification controlling
the selection of materials to be used in and around manned spacecraft during flight and test operations with respect
to flammability and offgassing. It identified Test No. 6,  Odor Test.  NASA TM X-64900,23 Skylab Atmospheric
Contamination Control, published in November 1974, required all materials considered for use on Skylab, including
stored materials and experiments, be evaluated for flammability and offgassing characteristics in accordance with
MSFC-SPEC-101B14, D-NA-0002,10 and NHB 8060.1A.16 The NASA-TM-7949313 Test No. 6 Odor Test appeared
nearly identical to MSC’s D-NA-0002 and derived and expanded from related documents. Members of the Odor
Panel were still all male, odor standards, solutions, and odor evaluation were unchanged. The acceptance (pass/fail)
criteria was unchanged. Test equipment was similar, except the oven was capable of providing a constant interior
temperature from 70 ±2 °F (21 ±1 °C) up to 200 ±5 °F (93 ±3 °C). Glass syringes for measuring and transferring
sample atmospheres from the test chambers to the panel members' face mask now had a 3 cc minimum capacity. 

MSFC-SPEC-101B14 (March 15, 1971), Flammability, Odor, and Offgassing Requirements and Test Procedures
for Materials in Environments which Support Combustion, was the next revision of MSFC-SPEC-101A12, approved
by MSFC, and available for use by MSFC and associated contractors, and did not supersede any MSC program
documents. This MSFC specification identified Test No. 6 as Odor Test, in contrast to MSFC-SPEC-101A, which
identified Test  No. 9 as  Odor.  The purpose of the test  was similarly to detect  those materials that  produce an
objectionable or irritating odor, rendering them unsuitable for use in habitable areas of the spacecraft. The test was
conducted at the most hazardous test pressure and gas atmosphere conditions designated for the applicable program.
The odor standards and solutions were the same from MSFC-SPEC-101A Test No. 9 Odor and the test equipment
was  similar  to  that  specified  by NASA-TM-79493.  Members  of  the Odor  Panel  were  still  all  male,  and  odor
evaluation used the same acceptance (pass/fail) criteria: An average score above 2.5 at any dilution signified the
material failed. Oven and syringe test equipment were unchanged. Materials tested remained classified into the four
familiar categories; surface, volume, weight, or specialized items; test conditions were unchanged; the atmosphere
and pressure in the test chamber at the start of exposure were specified for each program; and the sample materials
were heated at a test temperature of 155 ±5 °F (68.3 ±3 °C) for a test duration of at least 72 hr. Sample atmosphere
dilutions were similarly prepared: One part of sample atmosphere to 29 parts of test atmosphere (1/30), one part of
sample atmosphere to 9 parts of test atmosphere (1/10), and no dilution or as drawn from the flask. Testing began
with the greatest dilution and progressed toward no dilution. A material that failed at a high dilution was not tested
at the more low or no dilutions. There were no quality assurance requirements. 

NHB 8060.116 (November 1971),  Flammability, Odor, and Offgassing Requirements and Test Procedures for
Materials in Environments that Support Combustion, was issued as a NASA Handbook (NHB) by the Office of
Manned Space Flight. NHB 8060.1 was managed by the NASA Headquarters Reliability, Quality Assurance, and
System Safety, was based on materials technology developed during the Apollo and Skylab Programs, and was
intended for implementation on all future applicable NASA contracts and program. NASA Manned Space Flight
Centers (MSFC, JSC, and the John F. Kennedy Space Center) used this NHB and developed implementation plans
for Center-peculiar operations. NHB 8060.1 provided standard requirements for control of flammability, odor, and
offgassing  of  materials  to  be  used  in  the  design  and  development  of  manned  space  vehicles;  guidelines  and
directions for material  selection; and testing procedures  for the candidate materials used in and around manned
space vehicles during flight and test operations. The purpose of NHB 8060.1 Test No. 6 Odor Test was to determine
the  odor  characteristics  of  materials;  nonmetallic  materials  were  not  specified.  A  material  that  failed  the
requirements was not used. A note indicated the results of Test No.7  Determination of Offgassing Products and
Carbon Monoxide Test should (not shall) be reviewed before conducting the Odor Test so members of the odor team
were not inadvertently exposed to toxic offgassing products. As the first of the series NHB/NASA-STD documents
describing Test 6 in this manuscript, many of the Test 6 details were closely related. However, the reader will also
note the similarity of this Test No. 6 to earlier versions of the odor test. The details of the NHB 8060.1 Test No. 6
Odor Test clearly originated with the earlier documents as the test evolved. The Test Conductor established a pool of
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qualified personnel to serve as the Test Panel for Odor Evaluation (Odor Panel). Members of the pool were all male
and each member was capable of detecting the 7 basic odors. Members of the pool were given 3 odorless solutions
along with the 7 primary standards for detection of odor. A panel of at least five members was selected from the
pool for odor evaluations.  Odor Panel members  should (not  shall) receive a nose and throat  examination by a
medical staff member before and after each odor test session. Members of the pool did not participate on the panel if
their sense of smell was affected in any manner such as by recent smoking, ingestion of highly flavored foods, and
exposure to pungent vapors. At least one of the 7 basic odors was presented to the panel members as a standard for
sensing odor before evaluation of odors from any sample material. Panel members were not permitted to see the
material or to know the gas sample being evaluated for odor, nor to see the ratings of the other panelists. Odor
evaluation on sample materials was performed in a suitable room actively ventilated and free from extraneous odors.
Odor evaluations were performed on every new bottle of oxygen or gas used for the tests. Provisions were made for
flushing the face mask of residual odors. If the odor was offensive to one person, the material was disqualified. The
test pressure and atmosphere conditions for the pertinent materials category were designated by the requirements for
each program. Test equipment requirements were: The test chamber was made of Pyrex®†† glass and its internal
volume was two liters  minimum. The test  chamber  had a gas  tight  removable cover,  a  sampling valve,  and a
sampling port  capable of being sealed with a septum. A laboratory vacuum desiccator  could be used as a test
chamber. The oven was capable of providing a constant interior temperature from 70 ±2 °F (21 ±1 °C) up to 200 ±5
°F (93 ±3 °C). The test atmosphere was commercially available and conformed to the appropriate specifications.
Suitable equipment for transferring gas to the test chamber was used.  Glass syringes, of 3 cc minimum capacity,
were used for measuring and transferring sample atmospheres from the test chambers to the panel member's face
mask. The pressure gage was capable of measuring absolute pressures to within 0.1 psia accuracy. The olfactometer
consisted of a mask made of odorless flexible material that could be applied to a panel member's face. All odor
testing equipment  were  non-producers  of  odor  and  CO. Pre-test  procedure  was  to  note  the  material  had  been
identified through manufacturer's or NASA certification. Before the odor tests, candidate materials were tested for
T.O. and CO and met the criteria of acceptability. The procedure was conducted in the following order: Sample
materials were prepared according to specified conditions. After placing the sample material in a test chamber, the
chamber  was  evacuated  to  0.1  psia  or  less.  The  test  chamber  was  then  pressurized  to  test  pressure  with  test
atmosphere. The test chamber was exposed to 155 ±5 °F (68.3 ±3 °C) in an oven for at least 72 hr, allowing time for
initial warm-up. Following the isothermal exposure, the test chamber was removed from the oven and returned to
room temperature. The pressure in the test chamber was measured and recorded after return to room temperature.
Observation of distillable residues on interior chamber walls were made and recorded. Odor evaluations were started
within 3 hr of the conclusions of the thermal treatment. The test chamber was pressurized to one atmosphere with
test atmosphere and a sampling septum installed.  Known volumes of sample atmosphere were extracted from the
test chamber with a syringe and diluted with test atmosphere in 1 part of sample atmosphere to 29 parts of test
atmosphere (1/30), 1 part of sample atmosphere to 9 parts of test atmosphere (1/10), and no dilution. Testing began
with the greatest dilution and progressed toward no dilution. A material that failed at a high dilution was not tested
at low or no dilution. 

NHB 8060.1A16 (February 1974),  Flammability, Odor, and Offgassing Requirements and Test Procedures for
Materials in Environments that Support Combustion, was the next revision to NHB 8060.1. The purpose of NHB
8060.1A Test No. 6,  Odor Test, was verbatim with that in NHB 8060.1, to determine the odor characteristics of
materials.  The  results  of  Test  No.  7  Determination  of  Offgassing  Products  and  Carbon  Monoxide  Test were
reviewed before conducting Test 6 so members of the odor team were not inadvertently exposed to toxic offgassing
products. A material that failed Test 7 was not used. Prerequisites to Selection of Odor Evaluation Test Panel added
a review NASA Management Instruction NMI 7100.8, Human Research Policy and Procedures;24 preparation of a
protocol and authorization of human research where required by NMI 7100.8; and preparation of voluntary consent
forms for signature of Test Panel members where required by NMI 7100.8. Other changes from NHB 80160.1
included changes to the selection of the Test Panel. An all-male panel was now not required. The Test Conductor
now established a pool of qualified personnel composed entirely of either NASA or contractor personnel, yet a panel
of at least five members was selected from the pool for odor evaluations. Where contractor personnel were used,
NASA contracts included human research activity within the statements of work so applicable state workmen’s
compensation statutes  would apply in the event of  injury. The 7 basic odor standards  and their solutions were
unchanged. Test Panel members were now required to receive a nose and throat examination by a medical staff
member before and after each odor test session. Odor evaluations and acceptance criteria were unchanged. Steps for
sample chamber preparation were added. Leak check criteria changed from 0.1 psia to 0.2 psia from for 1 hr after
†† Pyrex® is a registered trademark of Corning Incorporated, Corning, NY.
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isolation  from the  pump.  Samples  were  now heated  at  test  temperature  corresponding  to  their  maximum use
temperature +10/-0 °F (+6/-0 °C), formerly 155 ±5°F (68.3 ±3 °C), for a test duration of at least 72 hr, allowing time
for initial warm-up. Sample atmosphere dilution ratios remained unchanged, however now the odor dilutions were
administered to the Odor Panel at random instead of progressing from greatest dilution to no dilution.

NHB 8060.1B25 (1981), Flammability, Odor, and Offgassing Requirements and Test Procedures for Materials in
Environments  that  Support  Combustion, was  the  next  NHB revision  and  was  issued  by  the   Office  of  Space
Transportation Systems. Test 6 was identified as Test 6 - Odor Test. The requirements for Test 6 – Odor Test were
very similar to that of NHB 8060.1A. The Test Conductor established a pool of medically qualified personnel (all
male was not specified and the either/or of NASA and contractors panel participation requirement was removed) for
the Odor Panel.  Similarly,  NASA contracts  included human research activity within the statements of work so
applicable state worker's compensation statutes applied in the event of injury to contractor personnel. The 7 basic
odor standards and their solutions remained the same except some wording and unit changes that did not change the
solution concentrations. The test pressure and gas atmosphere conditions for the pertinent materials type were now
designated  by  the  Center  program  office.  Test  conditions  would  normally  be  11.8  to  12.0  psia  (conditioning
pressure), 49 °C (120 °F), and 25.9% oxygen (balance nitrogen). The mixture of 25.9% oxygen (balance nitrogen)
was known as Shuttle air. The volume of glass syringes for measuring and transferring sample atmospheres from the
test  chambers  to  the  panel  member's  face  masks  went  from  3  cc  to  30  cc  minimum  capacity.  The  word
“olfactometer” was changed to “mask”, and mask was defined as an odorless, flexible material which can be applied
to a panel member's face to cover the nose and mouth. A passing Test 7 remained a prerequisite. Use of a vacuum
grease sealant on the ground glass surfaces of the container to effect a gas seal was now specified. The test chamber
evacuation and backfill procedure and pressure values were slightly changed. Test atmosphere composition could
now be obtained by partial pressure addition of oxygen and nitrogen during the loading step or by use of a cylinder
of premixed test atmosphere. The test chamber was now heated to test temperature with a tolerance of ±3 °C (±5.4
°F) rather than +10/-0 °F (+6/-0 °C as in NHB 8060.1A) for 72 ±1 hr. The odor test was performed within 72 hr of
the conclusion of thermal treatment. Sample atmosphere dilutions units changed but the dilutions were equivalent
and the order of administering the odor dilutions shall not be known by the panel members. The average rating
numbers for each dilution determined by the panel members and the material classification and size were reported.

NHB 8060.1C17 (April  2,  1991),  Flammability,  Odor, Offgassing, and Compatibility Requirements  and Test
Procedures for Materials in Environments that Support Combustion, was issued by the NASA Office of Safety and
Mission Quality.  NHB 8060.1C17 identified the odor test  as  Odor Assessment  (Test  6),  whereas  NHB 8060.1B
identified the odor test as  Test 6 – Odor Test. Rewording and additions were prevalent. Test 6 was optional for
materials or assembled articles that met the criteria for Test 7 (Determination of Offgassed Products) for quantities
of at least 100 pounds (45.4 kg). Definitions of assembled article, objectionable odor, offgassed product, offgassing,
and revolting odor were provided. Test conditions changed: The test atmosphere was at least 20.9 percent oxygen
(balance nitrogen or argon), and the pressure when the sample is loaded should be ±0.5 psi (3.5 kPa) of the ambient
pressure of the test facility. Maximum limits for impurities in the test atmosphere were established. The sample was
subjected to a thermal exposure for 72 ±1 hr at a temperature of 120 ±5 °F (49 ±3 °C). Samples tested at one oxygen
concentration did not have to be retested at a different oxygen concentration. Specific ratios of sample volume to
sample container volume were given, depending on sample type. Before odor testing, materials or assembled articles
were tested for offgassed products (Test 7, Determination of Offgassed Products) to ensure Odor Panel members
were not exposed to unacceptable levels of toxic components. Duplicate samples of materials should be offgassed:
one sample for  offgassing analysis  and the other  for  odor assessment.  If  the sample could not  be provided in
duplicate, the sample was used in both offgassing analysis and odor assessment. This allowed a Test 7 and a Test 6
to be performed on the same sample in the same container. Changes were made to the odor standards and solutions
(table 2).
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Table 2. Odor Standards used from NHB 8060.1C to NASA-STD-6001B w/Change 2 (2016) (Upper) and from
MSC-A-D-66-3 (1966) to NHB 8060.1 B (1981) (Lower)

Primary Odor Standard Compound Dilution in Water
Ether
Ethereal

Diethyl ether
1,2-Dichloroethane

90 µL in 333 mL
0.4 mL in 500 mL

Camphor
Camphoraceous

1,8-Cineole
1,8-Cineole

5 µL in 500 mL
5 µL in 500 mL

Musk
Musky

15-Hydroxypentadecanoic acid lactone
15-Hydroxypentadecanoic acid lactone

1 mg in 1000 mL
1 mg in 1000 mL

Floral
Floral

1-Methyl-1-ethyl-2-phenylpropanol
1-Methyl-1-ethyl-2-phenyl propanol-1

75 µL in 500 mL
0.075 mL in 500 mL

Mint
Minty

dl-Menthone 
Menthone (dl)

2 µL in 333 mL
2 µL in 333 mL

Pungent
Pungent

Acetic acid
Formic acid

2 mL in 500 mL
25  mL  of  90  percent
solution in 500 mL

Putrid
Putrid

Methyl disulfide 
Methyl  dithiomethane  (Methyl
disulphide)

1 µL in 10 L
1 µL in 10,000 mL

Odor Panel members received a nose and throat examination (for nasal  irritation or other abnormal conditions)
before each test. Test procedures were modified: The sample was weighed and placed in the sample container. The
sample container should be evacuated and exposure of the sample to a vacuum must be less than 3 minutes. The
sample container was then pressurized to 0.5 psi (3.5 kPa) less than the ambient pressure of the test facility. For
samples  not  able  to  withstand  evacuation,  the  containers  were  purged,  then  pressurized  to  establish  the  test
atmosphere. The sample in the sample container was heated to the test temperature and held for 72 ±1 hr. Once
cooled,  the pressure was recorded  and then the sample container  was pressurized to ambient pressure with the
compressed gas. The Odor Panel was convened, and at least five qualified members administered at least 30 cm 3 of
the atmosphere from the sample container. Each Odor Panel member assigned an odor characteristic to the gas from
the sample container that would be assigned a number based on the unchanged 0-4 scale. Between 2 and 4 hr after
the test, the panel members were medically examined for nasal irritation or other abnormal conditions. Each Odor
Panel member could only be exposed to one odor sample every 48 hr. When there was a deviation from standard test
parameters  such  as  nonstandard  sample  preparation  or  test  conditions,  the  test  was  identified  as  nonstandard.
Precision and Good Laboratory Practices sections were added. 

NASA-STD-600118 (February 9, 1998),  Flammability, Odor, Offgassing, and Compatibility Requirements and
Test Procedures for Materials in Environments that Support Combustion (Previously Published as NHB 8060.1C17),
was issued as a NASA technical standard by Office of the Chief Engineer. This was a transition from the NASA
Office  of  Safety  and  Mission Quality  and  now it  was a technical  standard  versus  a  safety standard.  With the
exception of the cover, introduction, and administrative information, NASA-STD-6001was essentially a verbatim
copy of NHB 8060.1C and is sometimes referred to as NHB 8060.1C/NASA-STD-6001.

NASA-STD-(I)-6001A,19 Flammability, Offgassing, and Compatibility Requirements and Test Procedures, an
interim NASA technical standard issued by the Office of the Chief Engineer and approved April 21, 2008 was the
next update to Test 6 after NHB 8060.1C17/NASA-STD-6001.18 NASA-STD-(I)-6001A superseded NASA-STD-
6001 and changed  Odor  Assessment  (Test  6) to  a  supplemental  test.  Guidelines  for  supplemental  tests  can  be
obtained from the responsible NASA Center’s M&P organization. All of the “must” statements were changed to
“shall” statements. Test 6 underwent some changes and a lot of rewording. Test 6 determined if the odor from a
material or assembled article was objectionable or revolting. The odor was objectionable or revolting if an average
rating  of  2.5  or  higher  (on  an  odor-characteristic  scale  of  4)  was  assigned  from  the  test.  Ambient  (room)
temperature: Room temperature was 23 ±5 °C (73 ±9 °F) was added to the definitions. Test atmosphere and pressure
were not changed, but the maximum volume fraction limits (expressed as a volume fraction in µl/L) were now CO
(1.0); carbon dioxide (3.0), total hydrocarbons, as methane (0.1), halogenated compounds (0.5), and water (7.0). The
thermal exposure was changed from 72 ±1 hr at 120 ±5 °F (49 ±3 °C) to 72 ±1 hr at 50 ±3 °C (122 ±5 °F), believed
in order to harmonize with the International Organization for Standardization (ISO), of which ISO 14624-1:2003,
Space  systems  —  Safety  and  compatibility  of  materials  —Part  3:  Determination  of  offgassed  products  from
materials and assembled articles26 was incorporated and tailored for Test 7. It  was noted batteries or assembled
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articles containing batteries should be tested in an inert atmosphere to reduce the risk of generating an explosive gas
mixture. The test-material-mass-to-specimen container-volume ratio was now 5.0 ±0.25 g/L for specimens prepared
by mass except for specialized items and materials, which were tested in the manner designated by the responsible
NASA Center’s M&P organization. The ratio of assembled article volume-to-specimen-container-volume for flight
articles was approximately 1:3, and a new note indicated when flight articles were required for other activities and
had to be unloaded before the Test 7 results could be evaluated for toxicity, the offgas test atmosphere could be
transferred to another specimen container and preserved for odor assessment. “Shelf life” or “holding time” was
introduced  for  flight  articles;  the  authority  having  jurisdiction  determined  the  specific  requirements  for  the
preservation of the offgas test atmosphere; and the odor assessment was initiated within 14 days from the start of the
specimen gas  preservation.  The test  chamber  capability  to maintain the test  temperature at  ±5 °F (±3 °C) was
changed to ±3 °C (±5.4 °F) to harmonize  with ISO. Consent  form documentation changed from NMI 7100.8,
Protection of Human Research Subjects to NPR 7100.1, Protection of Human Research Subjects,27 and NPD 7100.8,
Protection of Human Research Subjects.28 Odor Panel volunteers (formerly called “members”) were required to
sign a consent form, be examined and qualified medically, and be odor-qualified by distinguishing the 7 primary
standards from 3 odorless standards. The table with the 7 primary standards for detection of odor was fraught with
typographical errors in units for dilution; all µL units were erroneously presented as mL. From an odor perspective,
this was a significant error, potentially exposing Odor Panel volunteers, to 1000 times the intended concentrations.
A note was added to the odor standards table indicating the Test 6 convention was to express primary standards for
detection of odor in metric units only, which was curious because the units had always been metric. Test 6 and Test
7 continued to be closely coupled as with NASA-STD-6001. The Good Laboratory Practices section was reduced to
a requirement for each Odor Panel member to be requalified every 4 months. 

NASA-STD-6001A was never issued. The interim NASA-STD-(I)-6001A and NASA-STD-(I)-6001B standards
bridged the gap between NASA-STD-6001 and NASA-STD-6001B. An interim NASA standard is given an “-(I)-”
designation and represents the technical consensus of the developing group, does not have final NASA Office of the
Chief Engineer approval, but can be specified contractually. 

NASA-STD-(I)-6001B20 (November 10, 2009), Flammability, Offgassing, and Compatibility Requirements and
Test Procedures was the next revision of Odor Assessment (Test 6). Test 6 was identical to NASA-STD-(I)-6001A,19

dilution unit errors in the 7 primary standards for detection of odor were corrected. 
NASA-STD-6001B2 (August 26, 2011),  Flammability, Offgassing, and Compatibility Requirements and Test

Procedures, was the next update to Test 6.  Only minor changes/clarifications were made. Added to the Test System
was “When administering the specimen, a low-odor non-obtrusive mask that covers the nose and mouth shall be
used.” The note “The Test 6 convention is to express primary standards for detection of odor in metric units only”
was deleted. 

NASA-STD-6001B w/Change 1: Administrative/Editorial Changes (April  7,  2016),  Flammability,  Offgassing,
and Compatibility Requirements and Test Procedures ,  made  no  changes  to  Test  6  from  NASA-STD-6001B2

(August  21,  2011),  Flammability,  Offgassing,  and  Compatibility  Requirements  and  Test  Procedures,  Odor
Assessment (Test 6). 

NASA-STD-6001B  w/Change  2:25 Administrative/Editorial  Changes  (April  21,  2016),  Flammability,
Offgassing, and Compatibility Requirements and Test Procedures, made no changes to Test 6 from NASA-STD-
6001B w/Change 1 (April 24, 2016).

NASA-STD-6001C29 is, at the time of preparing this manuscript, under development. It is premature to imply
any  firm  new  or  changed  requirements,  but  under  consideration  is  a  change  to  separate  the  negative  odor
characteristics (Objectionable or Revolting) from the 0-4 potency scale.  

 

10
International Conference on Environmental Systems



IV. Historical Perspective at NASA White Sands Test Facility

The odor test was implemented after inception at WSTF. Schluter and Pippen30 (1970) from WSTF noted a major
problem of manned space flight was the buildup of objectionable, nauseating, and hazardous gaseous contaminants
released from nonmetallic materials such as paints, adhesives, insulation, and fabrics. The spacecraft, unlike earth,
contained no "fresh morning breeze." Buildup of odors from nonmetallic materials in the spacecraft cabin could
become nauseating and jeopardize a mission. The authors described the necessity of a medical exam and cited an
example, where after odor testing six materials, the medical examination revealed small, clear blisters in several of
the members’ throats. It was surmised and later shown one of the specimens was cured insufficiently. Additionally,
they related that a complement of 10 Odor Panel members had been used since extensive odor testing began at
WSTF in 1967. Since panel membership was permitted to vary from 5 to 10 members, WSTF initiated a study to
determine the effect of the size of the Odor Panel on odor-test results. This study used 20 panel members testing 33
samples. The results indicated that 10 members was the minimum number that should be used on a panel and the
decrease in standard deviation was quite small as the panel size was increased from 10 to 20. One of the most
difficult aspects in developing the odor test was finding a sufficient number of qualified volunteers. This problem
was overcome by forming an elite “Sniffers’ Club” with fringe benefits of a periodic steak dinner and special awards
for having participated in a certain number of tests.

V. Conclusion
NASA Odor Assessment (Test 6) standard test protocols appeared to originate with the Apollo program in 1966

and progressed to the present edition used in 2020. The odor test evolved in a number of ways: Apollo-era tests were
conducted in oxygen atmospheres and current tests are performed in atmospheres specified by a program. An Odor
Panel of human test subjects (formerly all-male in several test documents for unspecified reasons) was always used,
and requirements for screening the sample for CO and/or other offgassed products prior to odor testing always
existed. The odor standards covered a wide range of odors for qualifying Odor Panel members but do not factor into
the odor assessment criteria.  The test methods, odor standards,  descriptions and rating criteria in the odor tests
discussed have remained relatively constant. The authors do not foresee reinstatement of historical methods and
practices,  but  do not rule out changes  in odor standards and rating criteria.  The use of human subjects  is  also
anticipated to continue. 
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