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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce
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n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
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editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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d the definitions;

d Clauses 1@.a1d 12 as well as Table 2.
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Introduction

In this document, the following verbal forms are used:
— “shall” indicates a requirement;
— “should” indicates a recommendation;

— “may” indicates a permission;

— “can” indicates a possibility or a capability

seryiceable economical and practical designs. Deviations from the recommended critéria m
only after careful consideration, extensive testing and thorough service evaluatign have
altgrnative method to be satisfactory.

Redommended criteria are, while not mandatory, considered to be of primary importance i]l providing

hy be made
shown an

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=34d5aece07a124fd8fe3d8dd9b0de8c2



https://standardsiso.com/api/?name=34d5aece07a124fd8fe3d8dd9b0de8c2

INTERNATIONAL STANDARD 1SO 14624-3:2023(E)

Space systems — Safety and compatibility of materials —

Part 3:
Determination of off-gassed compounds from materials
and assembled articles

1 (Scope
Thif document specifies a method for determining the identity and quantity,of-volatile| off-gassed
conjpounds from materials and assembled articles utilized in manned, pressurized spacecrdft.

2 [Normative references

Thdre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

[SO|and [EC maintain terminology databases for usein standardization at the following addgesses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

3.1
asspmbled article
conjbination of materials and/orysubcomponents resulting in a complete assembly

3.2
average percent relative standard deviation
quotient of the standard,deviations for each off-gassed constituent of y replicate samples off|a standard
material and the total,number of off-gassed constituents

Note 1 to entry: Eor-actual samples, the expected test results and average relative standard deviations for the
quaptities of off\gassed compounds (3.6) can be near 50 %. The calculations for standard deviation gnd average
pergent relative standard deviation are as follows:

The|standard deviation, s, is given by:

n-1
where X is the mean for an individual off-gassed constituent.

Therefore, the calculation for the average percent relative standard deviation A4, is given by:

S
A= 2 x 100 %
y

where

©1S0 2023 - All rights reserved 1
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Zs is the summation of the standard deviations for each off-gassed constituent;

y is the total number of off-gassed constituents, for a standard material.

3.3

equilibrium plateau

point at which the quantified total hydrocarbon content (normalized to a certified laboratory gas
standard such as propane or methane) shows <10 % change

3.4

good laboratory practice
GLP
practice which involves the testing of standard reference materials to verify data accuracy pnd
repeatability

[SOURCE: ISO 14624-1:2023, 3.5, modified — Note 1 to entry has been removed.]

3.5
maximum| limit
value indidative of the maximum mass of material or the maximum numberof-assembled articles ([3.1)
that can b¢g safely utilized inside the habitable volume of the spacecraft witheut exceeding a total tpxic
hazard index (T) (3.14) of 0,5

Note 1 to e:]:ry: Maximum limit can be maximum limit mass (MLM) or maximum limit article (MLA).

Note 2 to enftry: See Annex A for detailed calculations.

3.6
off-gassed compound
organic or fnorganic compound evolved as a gas from.aimaterial or assembled article (3.1)

3.7
off-gassing
evolution df gaseous products from a liquid-ot.solid material into an atmosphere

3.8
primary gps standard
gas mixtures that have gravimetfic“or analytical traceability and to which all measurements|are
ultimately compared

3.9
reportable quantities
quantities |determined by each analytical laboratory and based on analysed concentrations of|the
specific compound

Note 1 to emptry: Compounds that have been identified, but for which the specific compound is unavailable|as a
standard, may-have reportable quantities based on analysed concentrations of a representative compound.

3.10
ambient temperature
temperature equal to (23 +5) °C

3.11
sample container
vessel which contains the test sample

2 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=34d5aece07a124fd8fe3d8dd9b0de8c2

1SO 14624-3:2023(E)

3.12

spacecraft maximum allowable concentration

SMAC

maximum concentration of an off-gassed compound (3.6) allowed in the habitable area of the spacecraft
for a specified flight duration

Note 1 to entry: SMAC values for manned spacecraft are determined by the cognizant procuring authority/user
toxicologist. SMAC values vary with exposure duration; SMAC values for a seven-day flight duration are normally
used to evaluate toxicity of off-gassed compounds. A current listing of NASA SMAC values is maintained on the

Internet at https://maptis.ndc.nasa.gov/matsel/GasPage.aspx with registration via https://maptis.nasa.gov/.

3.17
thermal chamber

ap
3.1

toxjc hazard index

T

dimensionless ratio of the projected concentration of each off-gassed compound (3.6) in th

vol
(3.1
catd

Not

Not
spa
arti

3.1
tra

off

Not
con
that
spe

q

ratus into which the sample container (3.11) is placed during thermal conditioning

me of the spacecraft under consideration to its spacecraft maximum'allowable concentrat
2) value and summing the ratios for all off-gassed compounds witheut separation into tq
gories

e 1 to entry: See Annex A for detailed calculations of the T value‘for ' materials or assembled article

2 to entry: T value calculations for materials assume the use of 45 kg of material in habitable v
ecraft for concentration calculations. T value calculations$\for assembled articles assumes a singl
Cle used in the in habitable volume of the spacecraft for‘€oncentration calculations.

D
e

e 1 to entry: This category includes campounds that are labelled as unidentified components,
entration is too low for the spectyal information to allow for identification. It does not include
have adequate spectral informationi but are labelled as unidentified components because suital
tra for identification are not available.

b habitable
ion (SMAC)
xicological

s (3.1).

lume of the
b assembled

jassed compound (3.6) present in less than the threshold limit defined by an individual laporatory

because the
compounds
le standard

4 (Principle

When this method isutilized for a toxicological assessment for a component or a materialf (assuming
45 kg of materialyuse) and/or assembled article, the total toxic hazard index (T) values for|all volatile
off-gassed compounds shall be less than 0,5 (see Annex B). In addition, the toxic hazard infdex can be
usef to calctilate the maximum limit mass (MLM) for use in the habitable volume of the spagecraft. See
Annex B,

5 Heatthrand safety of testoperators

Testing outlined in this document may generate toxic substances in either the gas or condensed phase.
Care shall be taken to protect test operators, other personnel and, if necessary, the environment from
such substances.

6 Test conditions

6.1 The test atmosphere should be at least a volume fraction of (20,9 * 2) % for oxygen with the
balance nitrogen or argon, and the test pressure should be +15 kPa of the ambient pressure of the test

© IS0 2023 - All rights reserved
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facility. The maximum volume fraction limits (expressed as a volume fraction in pl/19) for impurities in
the compressed gases are:

a) carbon monoxide 1;

b) carbon dioxide 3,0;

c) total hydrocarbons, as methane 0,1;

d) halogenated compounds 0,5;

e) water 7,0.

6.2 Battéries or assembled articles containing batteries should be tested in an inert atmosphere
to reduce the risk of generating an explosive gas mixture. Batteries or assembled articles)containing

batteries t

6.3 Thes
to be teste
assembled
Annex B.

7 Appa

The test sy
with contr

71 Sam
The sample
from the s

7.2 Ther
duration o
record the

7.3 Anal
selected of

psted in an inert atmosphere do not need to be tested again in an oxygen atmosphere.

ample shall be subject to a thermal exposure for (72 + 1) hat (50 + 3) °C. Samples do not h
l in spacecraft anticipated oxygen concentration. Off-gassed compeunds from materials
articles which are sensitive to high temperatures shall be determined in accordance V

ratus and materials

rstem shall comprise the following major components: sample container, thermal chan
blled temperature, and analytical instrumentation:

ple container, being easy to clean and const¥uct so that gas samples can be collected ea
b container, including any soft goods, shall not affect the concentration of products off-gas
mples.

mal chamber, having the capability to maintain the test temperature to within +3 °C for
[ the test. The thermal chamber instrumentation shall have the capability to continuo
temperature.

ave
and
vith

ber

5ily.
sed

the
1sly

ytical instrumentation, capable of the separation, identification, and quantificatiop of

f-gassed compounds (indicated in Table 1 and Table 2), with reportable quantities af

below, their SMAC concentrations.

If the instr
off-gassed

For formal

Lmentationseannot achieve this sensitivity, the minimum reportable concentration for th
compounids (except formaldehyde) should be reported.

dehyde, the analytical technique shall be capable of detecting a concentration of 0,1 pl

current SM

, or

ose

l or

AC.

The recommended analytical instruments include a gas chromatograph using primarily a flame
ionization detector, gas chromatograph/mass spectrometer, and infrared spectrophotometer. Some
analytical compounds can be more difficult to determine, therefore, special methods may be required

to identify

and quantify these compounds.

In some cases, where there is a specific target compound of concern that has a reporting limit greater
than the SMAC, it is necessary to test more than the standard test material. The quantity of test
material should be increased proportionally from the standard sample-mass-to-container-volume ratio
(5,0 £ 0,25) g/1 to a quantity that allows the analysis to meet the SMAC requirement.

EXAMPLE
1) 1u/l=
4

1 part per million (ppm). The use of “ppm” is deprecated.
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Benzene SMAC = 100 parts per billion

Reporting limit = 500 parts per billion

Standard material mass per chamber volume =5 g/1

Necessary material mass per chamber volume = 25 g/1

8

8.1

Test samples

Alixna luacais

Har

addling contaminants. Materials and assembled articles can be significantly compremised

of d
in h
mat
ton

Tes
test

a)
b)

‘)
d)

8.2

8.2
safe
sha
the
If th
the
rep

NO1
allo
to

NOT
are

Ilo i
llauuuus/ 1 3 C\'Clpt
dling of test articles shall be in a manner that preserves the integrity of the sample(surf3

ontamination, such as exposure to solvents, cleaning agents, abnormal temperatures,
umidity, environmental pollutants, particulate, and handling. It is important that expo
erial(s) and assembled articles to these and other contamination sources_be sufficiently]
linimize variation in test results.

L samples shall be prepared from either materials or assembled articles. Preparation of {
ing involves the following tasks:

receiving and inspecting the material or assembled article;
preparing samples to the proper dimensions, if required;
cleaning the samples, if specified by the requester;

inspecting the samples.

Preparation

ce without
by sources
variations
sure of the
controlled

amples for

1 When received, the test material shall be accompanied by proper identification.

'mal chamber volume ‘shall be tested, with the actual specimen mass and geometric s
brted. Sample preparation for test materials based on mass shall be as specified in 8.2.2

E1 Increasedsurface area of a sample (made of several smaller pieces vs. a single large pie
v for increased off-gassing. Approximation of end use configuration (thickness, size of pieces, e
linimize eonfigurational variable impact.

E 2, \VExamples of materials that often cannot meet the standard sample-mass-to-container-y
foams, coatings, paints, and other materials applied to substrates. Approximation of end use cd

ppropriate

ty data sheets should also be previded. Note flaws and any residual contamination. All materials
1 meet the requirement of sample-mass-to-container-volume ratio of (5,0 £ 0,25) g/1, And record
approximate total sample’geometric surface area (see 7.3 for special target compounds ¢f concern).
e specimen mass cannét be met, the maximum practical quantity of specimen, (750 + 50) cm?/1 of

rface area
08.2.4.

fe) typically
Lc.) can help

olume ratio
nfiguration

(thi

thwacs ciza ofniacac ate ) can haoln o minimizg configurational yariahlg imnact
- —S+~ P+ ete-ca-Rep-to-HHRHR % A He R Y B re-HRpaet—

8.2.2 Materials that are essentially two-dimensional and require application to a substrate (e.g.
coatings, primers, inks, paints, adhesives, tapes, thin film lubricants) shall be applied at their thickness
of use to clean aluminium substrates. Samples may be applied to both sides of the substrate.

8.2.3 Materials that are essentially two-dimensional and are not applied to a substrate (e.g. fabrics,
photographic film plastic, plastic film, elastometrics, non-adhesive tape) should be cut to approximate
end use configuration as closely as the sample container allows. Shrink heat-shrinkable tubing so as to
simulate actual use configuration. Place liquids and semi-solids in certified clean nonreactive vessels

(e.g

©IS

. glass) approximately 5 cm in diameter.

02023 - All rights reserved
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8.2.4 It shall be recognized that some specialized items and materials may not meet the above
requirements and shall require special handling, most often with non-homogeneous materials. Test
these materials in the manner designated by the responsible procuring activity or authority having
jurisdiction. Report the manner of testing and sample preparation.

8.2.5 Ifasampleisanassembled article, configure the assembled article in intended use configuration
per the direction of the test requester or authority having jurisdiction. Inspect it for parts that are not
designated for flight, such as dust covers, tape, or test leads. Remove these items before testing. Record
the absence of such items as batteries or photographic film included during flight but not included with
the sample. The ratio of sample volume to sample container volume should be approximately 1:3. Pre-
test and pdSt-test photos may be taken wiien needed or requested.

8.3 Cleaning

Samples s}
at the test
sample red
the reques
all prepars
procedure
results. Ag
nitrogen.

8.4 Insp

Inspect thg
new sampl

9 Prete

9.1 The
cleanlinesq

9.2 C(lean the sample containers/by-heating to drive off residual container contamination then pt

them with

9.3 Befo
nitrogen tk
be conditig
contamina
sufficiently

ould be cleaned and dried to the end-use specifications by the requester-prior to rec
facility. The cleaning of assembled articles shall be the responsibility ofthe’ requester.
eived by the test facility is visibly contaminated, clear instructions shall be received f
Ler as to proper procedures for continuing testing. For samples prepaxed by the test fac
tion and cleaning shall be in accordance with user or requester specifications. All clea
b shall be first approved by the requester, and verified to have no influence on analyt
a minimum, particulate on sample surfaces should be remeéved with filtered, gase

ection
es should be prepared.

st procedure

pretest procedure includes cleaning of sample containers, certification of conta
, and calibration of the quantitative analytical instruments.

clean air or nitrogenbefore each use. Solvent cleaning should be avoided.

‘e loading the.sample into the container, fill the container with the test atmosphery
len conditiomitfor at least (72 = 1) h at (50 + 3) °C. Alternatively, the sample container

Lion. Certify the sample container as clean for use if the concentrations of residual gases
r low ¢hat they do not interfere with interpretation of results of the off-gas analysis.

}

eipt
If a
fom
ity,
ing
ical
ous

sample and note any flaws. If the flaws result.ffom sample preparation at the test faciflity,

ner

rge

h

or
can

ned for atteast 24 h at (70 = 3) °C. Analyse the sample container atmosphere for residual

are

available, ensure standards used to quantify sEacific compounds are traceable to the national,

a Al

international or intrinsic standard.

10 Test procedure

en

10.1 Weigh the sample and place it in the sample container. Replace the room atmosphere in the
sample container with the test atmosphere, either by purging or by evacuation. Ensure the requesting
organization indicates if the sample can or cannot withstand a vacuum. Expose samples to vacuum less
than 3 min. Ensure the sample container, with the test atmosphere, is at the requested test pressure
when the test temperature is achieved.

© IS0 2023 - All rights reserved
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NOTE1 Purging can be used for samples that can be damaged under vacuum, such as closed cell foams, and
assembled articles having sealed volumes.

NOTE 2 In some cases any losses of off-gassed compounds are strictly minimized by enclosing and analysing
the sample in room air without purging with test atmosphere. A separate room air analysis can be performed for
background subtraction.

10.2 Place the sample container in a test thermal chamber and heat to the test temperature of
(50 % 4) °C, unless otherwise specified and maintain this temperature for (72 * 1) h. Then cool the
sample container to (23 * 3) °C, record the pressure, and sample and analyse the off-gassed compounds.
Perform the sampling and analysis of off-gassed compounds as soon as ambient temperature is

achjeved and no later than 24 h subsequent to reaching ambient) temperature. In cases wh
temperature is not within the specified range, perform the sampling and analysis within
testl facility’s laboratory reaching its own ambient temperature. Determine and record the i

qu
NOTI

immediately after removal from thermal chamber to minimize cooling (as approved by the auth

juri

NOTI

app
at tg

10.
toH
aw
may

monoxide and ammonia. This abbreviated screening shall be reported as non-standard.

tity of each analysable off-gassed compound (7.3).

E1 In some cases where a material or assembled article possesses adsprbent propert

bdiction) provides conservative data.

E2  Underrare conditions where operational temperatures higher than’50 °C are anticipated :
oval of the cognizant toxicologist and approval of the authority having.jurisdiction, the article c
mperatures above or below 50 °C. These tests would be considered and reported as non-standar

B An abbreviated screening test for total organics may be used to determine if a full
e performed. However, it is necessary to evaluate alhorganics quantitated but not ident
orst-case scenario of SMAC value equal to 0,1 mg/m3. The abbreviated screening test
r include specific methods to detect critical components of the target list, i.e. formaldehy

re ambient
4 h of the

entity and

ies, testing
rity having

nd with the
hn be tested
d.

analysis is
ified using
procedure
rde, carbon

11|Precision

Megsurements shall be made to the following precision:

a) |absolute pressure #19% of reading;

b) [temperature +3°C;

c) |oxygen concentratien  *0,5 % of reading;

d) [mass +0,01 g. for standard materials, greater allowed for assembled| articles.

12|Test report

The test report shall:

a) reference this document;

b) include a unique report number;

c) include the sample identification, test container free volume (1), sample mass (g), specialized
preparation, specialized method, test conditions and observations from the test; for materials also
report geometric surface area (cm?); clearly identify any preconditioning of the article or materials
that was conducted prior to the current test;

NOTE Final use articles or materials require replicate preconditioning before they are flown.

d) include the quantity as pg/g of material or pg/assembled article for each off-gassed compound;

e) include the toxic hazard index (T);

© 180 2023 - All rights reserved 7
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f) be submitted to the authority having jurisdiction and/or test requester;

g) be identified as non-standard when there is a deviation from standard test parameters, such as
non-standard sample preparation or test conditions;

Additionally, the test report should include trace constituents [although they are not used in the
calculation of the toxic hazard index (T)].

13 Good laboratory practices (GLP)

13.1 Calibrate the quantitative analytical instrumentation before use. Evaluate accuracy by analying
the standafd gas mixtures given in Table 1 at least every three months, and measure the concentratjons
to within P5 % of the specified concentrations. Ethyl alcohol, methyl alcohol, tetrachloroethylgne,
tetrachlorgmethane, and acrylonitrile shall be measured to within 30 % of the gas standand specified
concentratjions. The accuracy analysis of furfural in Table 1 for mixture B is not requiredyhowever, this
compound|is useful as a diagnostic tool because it presents a meaningful challengéto the analyfical
system.

As a good| practice to further assess performance, it is recommended that-the linear correlation
coefficient|(R%) be evaluated for Table 1 compounds via regression analysis.to->0,95 R2.

Evaluate frecision every three months using average percent relative standard deviation of |gas
standard (Jlable 1) triplicates. Precision within 10 % is preferred. Exeluded compounds (ethyl alcghol,
methyl alcghol, tetrachloroethylene, tetrachloromethane, and acrylonitrile) may demonstrate incredsed
variability{Furfural in Table 1 for mixture B is not required.

13.2 In addition, the test facility shall successfully demenstrate the ability to obtain repeatable data
when testing a selected material. The authority having jurisdiction shall choose appropriate [GLP
materials dnd shall determine the frequency of testingthese materials for its test facilities. Handle GLP
materials i a manner that preserves the integrity‘of the sample surface without adding contaminalnts.
Inspect all|GLP materials prior to preparation,Prepare all GLP material to the proper dimensions pnd
mass as determined by the authority havingyjurisdiction. Inspect all GLP material prior to loading |nto
the sampld container. Sample, store and.transport all GLP materials in a manner that preserves|the
integrity of the material.

Table 1 — Standard gas mixtures‘and recommended concentrations (as gravimetric standar|ds)

Suggested 7-day
volume ppm 7-day
fraction Molecular | SMAC SMAC(C
Mixture (nL/L) Component CAS No. Formula mass (ul/1) | (mg/m3)
5,0 Tetrachloromethane 56-23-5 CCl, 153,82 2 13
10,0 Ethyl alcohol 64-17-5| C,H0 46,07 1000 2 00(
10,0 Methyl alcohol 67-56-1 CH,0 32,04 20 26
10,0 Isopropyl alcohol 67-63-0| C3HgO 60,10 60 150
1,0 Benzene 71-43-2 CeHg 78,11 0,5 1,5
A 1,0 Vinyl chloride 75-01-4| C,H,CI 62,50 1 2,6
5,0 Acetonitrile 75-05-8| C,H3N 41,05 20 34
1,0 Trichloroethylene 79-01-6| C,HCl; 131,39 9 50
10,0 1-Butene 106-98-9| C,Hg 56,11 50 115
10,0 Toluene 108-88-3 C,Hg 92,14 4 15
10,0 Tetrachloroethylene 127-18-4| C,Cl, 165,83 5 34
1,0 Dichloroethylene 540-59-0| C,H,Cl, 96,94 50 198
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Table 1 (continued)

1SO 14624-3:2023(E)

Suggested 7-day
volume ppm 7-day
fraction Molecular | SMAC SMAC
Mixture (nL/L) Component CAS No. Formula mass (nl/1) | (mg/m3)
5,0 Acetone 67-64-1| C3HZ0 58,08 22 52
5,0 Acetaldehyde 75-07-0f C,H,0 44,05 2 4
10,0 Methyl ethyl ketone 78-93-3| C4HgO 72,11 10 30
5,0 Furfural 98-01-1| CgH,0, 96,08 2 7,89
B 1,0 Acrolein 107-02-8| C3H,0 56,06 0,015 0,03
5,0 Acrylonitrile 107-13-1| C3H3N 53,06 0,2 0,4
10,0 Methyl isobutyl ketone 108-10-1| CgH4,0 100,16 35 140
1,0 Furan 110-00-9| C,H,0 68,07 0,025 0,07
5,0 Propionaldehyde 123-38-6| C3HO 58,08 5 12
5,0 1,4-Dioxane 123-91-1| C,HgO, 88,11 20 72
Table 2 — Additional target compounds for method performance evaluation
7-day
ppm
Molecular SMAC day SMAC
Component CAS No. Formula mass (nl/1) (mg/m3)
Formaldehyde 50-00-0 €H,0 30,03 0,1 0,12
Carbon disulfide 75-15-0 CS, 76,14 0,3 1,1
Carponyl sulfide 463-58¢1 COS 60,08 36 88
Carjbon monoxide 630-08-0 CcO 28,01 55 63
Notflurane 811-97-2 C,H,F, 102,03 2263 9441
Trimethyl silanol 1066-40-6| C3H,,0Si 90,20 1 4
Sulfur dioxide 7446-09-5 SO, 64,06 0,5 1,31
Amfmonia 7664-41-7 NH; 17,03 3 2
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ISO 14624-3:2023(E)

Annex A
(informative)

Materials and assembled articles toxic hazard index and maximum

A.1 Material toxic hazard index (T) calculation and maximum limit mass
application
The calculgtion for the concentration of compound detected per material tested is given'|by:
¢ o
pm; M
where
Cpm, | is the concentration of compound detected per materiaktested, expressed in microgr
per gram (ug/g);
Q; is the quantity of each off-gassed compound detectéd; expressed in micrograms (pug);
M is the mass of material tested, expressed in grams (g).
The calculption for the concentration of compounddétected, extrapolated to applicable spacec
volume, nofrmalized to 45 kilograms (kg) of material, is given by:
45
Csvmi T Cpmi X7
where
Csym; | is the concentratiop-of Compound detected, extrapolated to applicable spacecraft volu
normalized to 45ckilograms (kg) of material, as expressed in milligrams per cubic m
(mg/m?3);
Cpm, | is the concefitration of compound detected per material tested, expressed in microgr
per gram(iig/g);
14 is the-habitable volume of the spacecraft under consideration, as expressed in cubic me
).

limit mass/article example calculations

raft

me,
bter

fers

The calculation for the individually detected compound toxic hazard contribution (dimensionless)
normalized to 45 grams (g) of material is given by:

T

10

material; —

C

svim;

i
S
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where

T,

svm;

1SO 14624-3:2023(E)

material; 1S the individually detected compound toxic hazard contribution (dimensionless), normal-

ized to 45 kilograms (kg) of material;

is the concentration of compound detected, extrapolated to applicable spacecraft volume,
normalized to 45 kilograms (kg) of material, as expressed in milligrams per cubic meter

(mg/m3);

is the spacecraft maximum allowable concentration or maximum concentration of an
nff-gnccpd rnmpmmd allowed in the habitable area of the Qpnrpr‘rnﬂ' for a qppr‘ified f]ight

Thg summation for a total toxic hazard index for n T,

whére

material

material ;

Therefore, the maximum limit mass (MLM) in kilograms (kg) can be calculated as:

n
Taterial = ZTmaterial ;
i=1

duration, as expressed in milligrams per cubic meter (mg/m3).

aterial, values is calculated as:

is the toxic hazard index or summation of all individually detected compound t¢xic hazard
contributions for a total toxic hazard index for the éntire material (dimensionlegs), normal-
ized to 45 kilograms (kg) of material;

is the individually detected compound toxic hazard contribution (dimensionlegs), normal-
ized to 45 kilograms (kg) of material.

0,5
W=——"—x45
Tmaterial
whére
Thaterial 1S the toxic hazard.ihdex or summation of all individually detected compound t¢xic hazard

contributions for a total toxic hazard index for the entire material (dimensionlegs), normal-
ized to 45 kilograms (kg) of material;

is the maXimum limit mass (MLM) or the maximum mass of material, expressed in kilo-
grams,(Kg), that can be safely utilized inside the habitable volume of the spacecrpft without
exceeding a total toxic hazard index (T) of 0,5.

A.2 Assembled article toxic hazard index calculation and maximum limit{article

application

The calculation of the individually detected compound toxic hazard contribution (limitless) is given by:

T,

article; —

1

C 1000 | 1

X —
|4 S
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