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Standard Guide for
Small-Scale Environmental Chamber Determinations of
: i : 1
Organic Emissions From Indoor Materials/Products
This standard ig isqued under the fixed designation T 5116, the number immediately following the desianation indicates the vear of
original adoption or, in the case of revision, the vear of last revision. A nmnber in parentheses indicates the vear of last reapproval. A
superscrpl cpsilon (e} indicalos an cdilmial change since the lasi revision or reapproval,
1. Scope

1.1 The use ol small environmental test chambers (o char-
acterize the organic emissions of indeor materials and products
is still evolving. Modifications and variations in equipment,
lesung procedures, and dala analysis are made as the work in
the arca progresses. Unul the mierested parues agree upon
standard testing protocols, ditferences in approach will oceur.
This guide will provide assistance by describing equipment and
lecchnigues suitable [or delermining organie cmissions [rom
mdoor malerials. Speeilic examples are provided (o illustrale
existing approaches; these examples are not intended to inhibit
alternative approaches or techniques that will produce equiva-
lent or superior results.

1.2 Small chambers have obvious limitatuoens. Normally,
only sumples of larger malerials (lor example, carpel) are
tested. Small chambers are not applicable for testing complete
assemblages (for example, furniture). Small chambers are also
mappropriaic [or lesung combusuon devices (for exanmple,
keresene heatersy or acuvites (for example, use ol acrosol
spray products). For some products, small chamber testing may
provide only a portion of the emission profile of interest. For
cxample, the rate ol enssions [rom the application of high
solvent materials (for example, paints and waxes) via brushing,
spraving, rolling, ete. are generally higher than the rate during
the drving process. Small chamber testing can not be used to
evaluate the application phase of the coating process.

1.3 The guide does notl provide speeilic guidance lor deter-
muung emissions of lormaldehyde [rom pressed wood prod-
ucts, since large chamber testing methods for such emissions
are well developed and widely used. For more information
refer (e Test Method T 1333, TU 15 possible, however, that the
guide could be used o support allernative esting methods.

1.4 The guide is applicable to the determination of emis-
sions from products and materials that mayv be used indoors.
The clleels of the emissions (lor example, (oxielly) are not
addressed and are bevond the scope ol the guide.

! This guidk is wder the jurisdiction of ASTM Commillee D22 on Sampling and
Analysis of Atmospheres and 14 the direct responsihility of Subcomimittes T322.05
on Indoor Air.

Currenl edilion approved December 10, 1997, Published February 1998, Origi-
mally published as L5116 900 Last proviouws edilion 13 5116 90,

1.5 As an ASTM guide, oplens arc described, but specilic
courses ol aclion are not recommended. The purpose ol this
ouide is to increase the awareness of the user to available
techniques for evaluating organic emissions from indoor
nualerials/products via small chamber wsling and (o provide
mlormation [rom which subsequent evaluation and standard-
ization can be derived.

1.6 Within the context of the limitations discussed in this
scelion, the purpose of this guide 18 lo deseribe the methods
and procedures for delennining organic cimission raies [Tom
mdoor malerials/products using small environmental (esi
chambers. The techniques described are useful for both routine
product testing by manufacturers and testing lzboratories and
[or more ngorous evaluation by indoor air guality (TAQ)
rescarchers. Appendix X1 provides additional relerences [or
readers wishing to supplement the information contained in
this guide.

1.7 The values stated in ST unils are 1o be regarded as
slandard.

1.8 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard lo esiablish appropriaie safetv and
health pracfices and determine the applicability of reguiaiory
limitafions prior fo use.

2. Referenced Documents

2.1 ASTAL Standards;

D 1193 Speeilicaiion or Reageni Waler”

1D 1356 Terminology Relating to Sampling and Analvsis of
Atmospheres®

D 1914 Pracuce lor Conversion Unils and Taclors Relating
to Sampling and Analysis o’ Atmespheres®

123195 Practice for Rotameter Calibration®

123609 Practice for Calibration Techniques Using Perme-
ation "Tubes®

D 3686 Prucuee lor Sampling Almoespheres w Colleet Or-
ganie Compound Vapors {Activaled Charcoual Tube Ad-
sorption Method)®

2 Amnual Rook of ASTA Sianderds, Vol 11.01.
* el Book of ASTH Standards, Yol 11,03,

Copyright & ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2955 United States.
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D 3687 Practice [or Analysis ol Orgamie Compound Vapors
Collected by the Activated Charcoal Tube Adsorption
Method?

L 355 Practice lor Gas Chromatography Termis and Rela-
tionships?

L 1333 Test Method [or Determining Formaldehivde Con-
centrations in Adr and Emission Rates from Wood Products
lJsing a Large Test Chamber>

3. Terminology

3.1 Definitions—For definitions and terms used in this
guide, refer w Termunology D 1356, Tor an cxplanation ol
unils, symbols, and conversion [aetors, reler o Pracuee
121914,

3.2 Definitions of Terms Specific to This Standard:

3.2.1 air change rate—the flow rate of clean, conditioned
air 1nto the chamber divided by the chamber volume; asually
expressed nunits of h .

3.2.2 procuct loading—the ratio of the test specimen area to
the chamber volume.

4. Significance and Usc

4.1 Ohjectives—1The use of small chambers to evaluate
organic eniissions [rom mdoor materials has several objectives:

4.1.1 Develop techmigues [or sereening of products [or
arganic emissions:

4.1.2 Determine the effect of environmental variables (that
18, lemperature, hundily, air exchange) on enussion rales;

4.1.3 Rank various products and product types with respeet
to their emissions profiles (for example, emission factors,
specific orpanic compounds emitted),

4.1.4 Provide compound-specilic dala on various organic
sources W guide ficld studies and assist i evaluating indoor air
quality in buildings,

4.1.5 Provide emissions data for the development and veri-
fication of meodels used to predict indoor concentrations of
orguanic compounds; and

4.1.6 Develop dala uselul o manulacurers and builders [or
assessing product emissions and developing control options or
improved produets.

4.2 Mass Tremsfer Considerafions—Small chamber evalua-
tion ol emissions [rom mndeor malerials requires consideralion
of the relevant mass transfer processes. T'hree fundamental
processes control the rate of emissions of organic vapors from
mdoor materials; evaporalve mass ransler [fom the surface of
the material o the overlying air, desorplion of adsorbed
compounds, and diffusion within the material. For more
information, refer to Bird, Stewart, and Lightfoot (1960) and
Bermett and Myers (1962) in X1.1.

4.2.1 The evaperalive mass (ransfer of a given organic
compound [rom the surlace of the material w the overlying air
can he expressed as:

K= km (VPs — VPa) m

where:

4 Annsed Rook of ASTA Stenderds, Vol 14.02.
* Anmed Book of ASTAS Standards, Yol 0410,

E = CIMISSION rale,

km = mass transler coellicient,

FPs = vapor pressure at the surface of the material, and
FPa = vapor pressure in the air above the surface.

Thus, the enussion rate 1s proporuonal o the diflerence in
vapor pressure between the surface and the overlving air. Since
the vapor pressure is directly related to the concentration, the
enussion rale 15 proportional W the dilference in concentration
belween the surface and the overlying air. The mass ransler
coefficient is a fumetion of the ditfusion coefficient (in air) for
the specific compound of interest, the level of turbulence in the
bulk [low.

4.2.2 "T'he desorption rate of compounds adsorbed on mate-
rials ean he determined by the retention time (or average
residence time) of an adsorbed molecule:

T=1T,¢ RT {2)
where:
T = relenllon wme, s, )
7, = constant with a typical value from 107'% to 10717 5
(7 = molar enthalpy change for adsormption (or adsorption

energy), Jimol,

= pas constant, 8.314 J/mol-X, and

= (cmperalure, K.

The larger the retention unie, the slower the tale of desorp-
ton.

423 The diffusion mass transfer within the material is a
[unction of the dilusion cocllicient (or dillusivily) of the
spectlic compound. The dillusien cocllicient of o given com-
pound within a given material is a function of the compounds
physical and chemical properties (for example, molecular
welght, size, and polarily), lemperature, and the strueture of the
malerial within which the dillusion 1s oceurning, The dilTusivity
of an individual compound in a mixture is also affected by the
composition of the mixture.

4.2.4 Fariables Affecting Mass Tramsfer—While a detailed
discussion ol mass translor theory 1s bevond the scope ol s
owide, it is necessary to examine the critical variables atfecting
mass transfer within the context of small chamber testing:

4.2.4.1 Temperature alleets the vapor pressure, desorplion
rate, and the diffusion coefficients of the organic compounds.
Thus, temperature impacts both the mass transfer from the
surluce (whether by evaporauon or desorplion) and the dillu-
s1om mass (ransler within the material, Inereases m (emperalure
cause mercases n the enissions due o all twee mass ransler
processes.

4.2.4.2 Air change rate 15 [How ol outdoor air enlering the
mdoor environment divided by the volume of the indoor space,
usually expressed in units of h™. The air exchange rate
indicates the amount of dilution and flushing that oceurs in
mdoor environments. The hugher the air change rate the greater
the dilution, assuming the indoor air 1s ¢leaner, and the lower
the concentration. If the concentration at the surface iz un-
changed, a lower concentration in the air increases the evapo-
rative mass transter by increasing the difference in concentra-
uon between the surlace and the overlying air.

4.2.43 dir lelocin—"The mass transfer coefficient (nr) is
affected by the velocity in the boundary layer above the surface
and the level ol wrbulence. Generally, the higher the veloeity

~x
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and the hugher the level of turbulence, the greater the mass
transfer coefficient. In a practical sense, above a certain
velocity and level of turbulence, the resistance to mass transfer
through the boundary layer 1s nuninuzed (that 1s, the nmass
transler cocllicient reaches 11s maximum value), In chamber
lesting, some nvestigators prefer (o use velocities high enough
to minimize the mass transfer resistance at the surface. For
example, air velocities of 0.3 to 0.5 m/s have been used in
evaluaung lormaldehyde enussions [rom wood produets. Such
veloelues are higher than those observed in normal residential
environments by Matthews et al ¢ where in six houses they
observed velocities with a mean of 0.07 m/s and a median of
0.05 nv/s. Thus, other investigalors preler o keep the veloeilies
m the range normally [ound indoors. In cither case, an
understanding of the effect of velocity on the emission rate is
needed in interpreting small chamber emissions data.

4.3 Other Fuctors Affecting Emissions—NMost organic conm-
pounds emitled [rom indoor matenals and products are non-
reacuve, and chambers are designed o reduee or climinate
reactions and adsorption on the chamber surfaces (see 5.2.1).
In some cases, however, surface adsorption can oceur. Some
relatively high melecular weight, high boiling compounds can
react (that 15, with ozone) alier being deposited on e surlace.
In such cases, the simultaneous degradation and buildup on and
the ultimate re-emission trom the chamber walls can affect the
(inal c¢hamber concentrauon and the wme history of the
cmission prolile. Unless such laclors are properly accounted
for, incorrect values for the emission rates will be calculated
(see 9.4). The magnitude of chamber adsorption and reaction
clleets cun be evaluated by way of mass balance caleulatons
(sce 9.3). Tor [urther mformauoen on these processes sec
Jayjock, et al. (X1.1).

4.4 se of the Results—It is emphasized that small chamber
evaluations are used to determine source emission rates. These
rates are then used in TAQ models Lo prediet indoor coneen-
tration ol the compounds cmiled [ren the tested material.
Consultation with 1AQ modelers may be required to ensure that
the small chamber test regime 1s consistent with the 1AQ) model
assumpuons. The concentralions observed n the chanmbers
theniselves should not be used as a subsutute [or coneenlra-
tions expected in full-scale indoor environments.

3. Facilities and Equipment

5.1 A [weility designed and eperated (o delemmine organic
emission rates from building materials and consumer products
found indeors should contain the following: test chambers,
clean air generalion syslem, moniloring and contrel syslenis,
samiple collection and analysis equipmenlt, and standards gen-
eration and calibration systems. Fig. 1 is a schematic showing
an example svstem with two test chambers.

5.2 Emvironmental Test Chambers—Small enviromnenial
lest chambers are designed W permil the iesung of samples of
various lypes of buillding malerials and consumer products.

© Matlhows, 1. )., Thompson, C. ¥, Wilson, 12 L., Hawthome, A, R, and Mage,
D. L., *Adr Veloeilics inside Domeslic Environmenls: An Imporianl Paramcler [or
Passive Monitoring,” Tndoor A0 '87—FProveedings of the Sl Tndermadivnad Confer-
enwe on Tndoor Afr Qualite ad Climare, Tnatitnte tor Water, Soil and Air TTvpiene,
West Baedin, Vol 1, Awgusl 1987, pp. 154 158,

FI3. 1 Small Chamber Test Facility Schematic

They can range in size [roni a few littes lo 5 m®. Generally,
chambers of more than 5 m? are considered “large” l.arge
chambers permit the testing of complete assemblages (for
example, lunuture); they may alse be used w0 evaluale aclivi-
ues (for cxample, spray pamting). For the purpose ol this
ouide, small chambers are assumed to be used to test samples
of larger materials and products, as opposed to full scale
malerials o1 processes.

3.2.1 Consfruction—>Small cnvironmental test chambers
should have non-adsorbent, chenueally ner(, smooth interior
surfaces so as not to adsorb or react with compounds of
interest. Care must be taken in their construction to avoid the
use ol caulks and adhesives thal cmil or adsorb volaule organic
compounds. Electropolished stainless steel and glass are com-
mon interior surfaces. The chamber must have an access door
with air tight, non-adsorbent seals. T'he chambers must be fitted
wilh nlet and ouilet ports [or air [ow. Porls [or lemperaiure
and hunudity probes may also be required. Portls for sample
collection are needed only if the sampling is not conducted in
the outlet air (see 6.2

5.2.2 Mixing—The chamber and 1ts air moving conmiponenls
need o be designed W ensure good mixing of e incoming air
with the chamber air. While conlaminant conceniralion gradi-
ents are expected to exist in the chamber, particularty near the
emissions source, the mixing issue concerns only the unifor-
muty of the distuibution of (the air entering Uie chamber. Mixing
[ans and mula-port mlet and oullets are two eelniques that
have been used successfully to ensure adequate mixing of air in
the chamber.

5.2.2.1 Assessment of iy Mixving—The adequacy ol mixing
m the chamber can be assessed using a (rucer gas decay Lest,
but other approaches may also be useful. Tests to determine the
adequacy of mixing sheuld be conduected not only in an empty
chamber, but also willy inert substraies ol the types ol samples
W be lested o ensure that placement of the samples i the
chamber will not resull in inadequale mixing,.

52.22 Decay Test for Quantifying Aixing—'The decay
approach imvolves establishing a uniform tracer pas concentra-
uon within the chamber and moniloring the racer gas concen-
tration deeay m e oullel air over me. A umform concentra-
tion can be established by injecting tracer at a constant rate and
waiting, until the outlet air concentration has reached equilib-
riunt. The monitering of the decay should siart as soon as the
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lracer gus Injection 15 slopped and continue for at least one (ime
constant t,, where t, equals the inverse of the chamber air
change rate. In this analysis, the tracer gas concentration is
assumed 1w equal zero 1n the nlet air during the decay, The
depree of mixing 1s assessed by determining a mixing level 1
delined as Lollows:

_;1[ Codry — Colie, — ¢, )]

p=41- . X 100 % %3
2T = 1)
i
where:
M = mixing level,
N = chamber air change rale m wnits of inverse Ume,
by = (ime constant of chamber =N ',
Claf1) = ftracer gas concentration in chamber exhaust,
Crty = concentration for pertectly mixed system, caleu-
lated by C (H=C_, 7,
7] = number of discrete concentration measurements,
and
f = (mme of 1th concentrauion measurement, and
_, = (raeer gus concentralion al (=10,

I the mixing level 1, as determined using T 3, 15 above
80 %, then the air mixing within the chamber can be consid-
cred adequale.

3.2.3 Surfuce Velocifp—As discussed in 4.2.4.3, the veloelly
near the surface of the material being tested can affect the mass
transler coellicient, Thus, sources with evaporative {gas-phasc
limited) emissions should be tested under typical indoor
veloelues (for example, 5 - 10 en/s). A small [an can be used
to achieve such velocities. Some investigators have had suc-
cess with DC vollage compuler lans (the ones used w0 cool the
chips). The [an can be suspended above the source with wire.
A diffuser should be used to eliminate the calm spot down-
stream of Uwe [an hub. I the air stream 15 direeled upward, the
air will circulate and flow across the source. Velocity measure-
ments can be made with hot wire or hotl [ilm ancmomelers.
These devices typically have lower detection limits of 3 to 5
camds. Velociues should be measured close w the source; [or
example, a height of 1 em above the surlace of 4 horizental
source. An average velocity can be based on measurements at
severdl locuuons. Tor example, a source arca could be divided
inte grid sectors (for example, 2 by 3. 3 by 4. and so forth) and
measurements made al the seetor mid-points. Without a [an,
velocities near the source surtace will be below the detection
limit ol the anemonieter. If the emissions [rom the source belng
lested are limuted by dillusion willun the source, a [an 15 not
necessary. For example, multisorbent traps containing glass
beads, Tenax, Ambersorb, and charcoal have been used [or
quantitative collection and thermal desorption of compounds
with beiling points fom 36 o 233°C, Mulusorbenl lraps
containing graphitized carbons and carbon molecular sieve are
also usclul for collection and thenmnal desorpuon of a4 broad
range of analvtes. Recoveries of analytes may vary dramati-
cally from one medium to another as well as with desorption
lemperature or other faclors.

5.2.4 Temperaiwre Confrol—Temperalure control can be
achieved by placing the test chambers in mcubator cabinets or
other controllable constant temperature environments. The
temperature ol the mlet air can be controlled by using
condilionmg coils,

5.2.5 Lights—Smull chambers are normally operated with-
out lights. I the elleet of Lighting on cmissions 18 1 be
determined, appropriate interior illumination should be pro-
vided. I lighting is used. care should be taken to avoid heating
of the chamber interior

3.3 Clean Air Generation Svstem—Clean air must be gen-
craled and delivered 1o the chambers, A typical clean air system
mughl use an otlless compressor drawing m ambient air
followed by removal of moisture (for example, using a
membrane drver) and trace organics (for example, by catalvtic
oxidation units). {xther options include gas evlinders or char-
coal [illered ouiside or laboratory air IF granular media (for
example, charcoal) are used lor control of organies, a liller
should be used downstream to remove particulate matter.
Calculations should be conducted on the amount of air flow
required belore a decision 15 teached on the supply systent. Tor
most sources o be lested, extremely clean air 18 needed. Inlet
concentrations should not exceed 2 pg/m’ for any single
compound or 10 pg/m? for the sum of all VOCs. The purity of
the air should be verilied by rouunce analysis of background air
samples [Tom a clean chamber,

5.3.1 Humidity Comtroi—ITunudity control ol the chamber
air 18 achieved by adding deionized waler (see Specilication
121193) or HPLC grade distilled water to the air stream.
Injection by syringe pumps followed by heating to vaporize the
waler can achieve desired humidity levels, although syringe
pumips are prone o breakdown during prolonged, continuous
use. Other types of pumps (for example, HPLC) might also
provide sufficient aceuracy. Humidification can also be accom-
plished by bubbling a portion of the airstream through deion-
1zed waler al a controlled temperature {(lor example, In a waler
batly). The satwrated alr 1s then niixed with dry air lo achieve
the desired humidity. Steam humidification can also be used.
Coiled lines imside the constant temperature environment can
be used lor inlet temperaiure equilibration belore delivery o
the test chanibers.

34 Emvirormentol Measurement and Confrol Svstems—
Measurement and control are required lor air (low, wmpera-
ture, and humidity. Air flow can be automatically monitored
and controlled by electronic mass flow controllers, or manual
How control (for cxample, needle valve, orilice plale) and
measurement (for example, bubble meter, rolameier) (sce
Practice 12 3195) can be used. Some investigators recommend
that the chamber be operated slightly above atmospheric
pressure and that measurements be made of bolh aunospheric
and chamber pressure. Temperaure control 18 discussed
5.2.4, Temperalure measurenient can be accomplished aulo-
matically via thermocouples or thermistors; manual dial or
stem thermometers can also be used. Control of humidity
depends on the hunudificauon system emploved, I hgud
mjeclion 1s used, water low 1s controlled by the pump seuing,
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Control of humidity by saturated alr requires lemperalure
control of the water and flow econtrol of the saturated air
stream. Humidity measurement can be dene by several types of
sensors, neluding dew point delectors and tin-lilng capacitors.
Temperature and hunudity sensors should be localed inside the
chamber at least 5 cm from the mside wall and near the
midpoint between the air inlet and outlet ports.

541 Awtomatic Spstems—NMicrocomputer based measure-
ment and control systems can be used o sel air (low rates and
monior lemperature, relative hunudity and air flow during the
course of experiments. Analog signals trom temperature,
relative humidity, and flow sensors are converted to digital
uriits that can be stored by a microcompuler-based sy stem, then
processed Lo engineering unils using appropriale calibration
factors. In this way, chamber environmental data can be
continueusly monitered, then compiled and reduced for archi-
val storage or display with muinimal operator ellort. Aulomalic
syslems arce also capable of certain control [unctions, Digital
signals can be outpul 1o control valves or converled (o analog
signals and sent out as set point signals to mass flow control-
lers. A graphics overlay program can be used to show current
selpoints and measured values on a system schemaltic displayed
on lhe microconpuler’s MO

542 Manual Systems—While automatic systems provide
enhanced data collection and control, they are also expensive
and complex. The simplicity and low cost ol manual systenis
may be prelerable under many eircumsiances.

6. Sample Collection and Analysis

6.1 Indoor sources of organic emissions vary widely in both
the strength of their emissions and the type and number of
compounds cmided. Dillerences in amissions rales ol several
orders o magnitude anlong sourees 1s not unusual. To charac-
terize organic emissions fully, the sample collection/analysis
system must be capable of quantitative collection and analysis
of volatile, semivolatile, polar, and non-polar compounds. Any
siall chamber sampling and analysis echmique or siratlegy
developed must comnsider the enussion characleristics of the
specific source being evaluated. The design and operation of
sample collection and analysis systems must be appropriate for
the organic compounds (and their concenilrations) being
samipled. Such sysienis generally melude sumpling deviees (for
example, syringes, pumps), sample collectors (for example,
syringes, adsorbent media, evacuated canisters), and instru-
ments (o analyze organic cmissions (for example, gas chro-
matographs [(C], sce Practee T 353). The remainder of this
section provides a discussion of the alternatives available for
small chamber sampling and analysis of organic emissions,
technical details of specific systems are not included.

6.2 Swmpling Devices—The exhaust llow (lor example,
chamber oullet) 15 normally uwsed as the sampling poml,
although separate sampling ports in the chamber can be used.
A multiport sampling manifold can provide flexibility for
duplicate samples. A mixing chamber between the lest chaniber
and the mamlold can be used w permil addition and nuxing of
internal standard gases with the chamber air stream. Sampling
ports with septums are needed if syringe sampling is to be
conducted. The sampling systen should be constructed ol mert
material (for example, glass, stainless sicel), and the system

should be mamntamed at the same emperature as the test
chambers. The exhaust from the sampling system should be
ducted into a fume hoed, ensuring that any hazardeus chemi-
culs cmitied by the lest malerials are 1solaled [fom  the
laboralory enviromment.

6.2.1 Samples can be drawn nw gas ught syringes, GC
sampling loops, evacuated canisters, or through sorbent car-
tridges using sampling pumps. Gas tight syringes and closed-
loops are [Tequently used when chamber concentrations are
high and sample volumes musi be small (o prevent overloading
of the analytical instrument. |.arger volume samples can be
pulled through sorbent cartridges using sampling pumps. Flow
rale can be controlled by an clectroniec mass low controller or
other means. The sampling [low rate should be regulated o
prevent instabilities in the chamber svstem flow Generally, this
will require that the sampling flow rate be limited to <50 % of
the chamber [low rate. Valves and a vacuum gage may be
meorporaled mio the system W pernul vertlicaton ol syslem
mitegrity belere sumples are drawn., The eniire syslem can be
connected to a programmable electronic timer to permit
unattended sample collection.

6.3 Sample Collection Medio—3Sclecuon ol appropriale
sample collection welmique(s) will depend upon laclors such
as boiling point, polarity, and concentration ranges of the
compounds of interest, as well as the amount of water vapor in
the sample airstream. No single suniple colleclion, concentra-
uon, and delivery systen will be adequate [or all analyles of
interest, and the user must understand the limitations of any
system used to characterize source emissions. If the sample 13
collected by way ol syringe or closed-loop sampling, il is
mjected dircelly mnto a GC or other mstrumaent [or analysis.
Colleetion i a sumpling bag (for example, Tedlar™) or vessel
(for example, glass, stainless steel) allows for larger samples.
For many small chamber evaluations of indoor materials, low
concentraiions ol the conpounds of Interest require large
volume samples, and collection on an appropriate adsorbent
medium is required. Several sorbent materials are available for
use, singly or in combination, including activated carbon (see
Practice D 36863, glass beads, Ambersorb,? Tenax® (polyphe-
nylenc oxide), graphitized carben, and XAD-2.'"" The sclection
of the sorbent (or sorbent combination) depends on the
compound(s) to be collected XAI»-2'% resin can be used to
colleel compounds considered 1o be senui- or non-volatle (for
example, boiling points above 180°C). I sorbent colleetion is
used, the laboratory must be equipped with appropriale slorage
capahilities. Air tight glass tubes or chemically inert bags are
both appropriate. Flushing the storage containers with high
purily nitrogen prior o use will help assure their eleanliness,
Samples should be stored m a [reczer al —20°C. I possible,
sorbent samples should be desorbed and analyzed within 48 h
of collection.

6.3.1 When sorbents are used lor sumple collection, desorp-
uon and concentralion 15 necessary (sce Praciice D 3687). Tor

? Teldar i a renistered trademark of Dupont.

® Ainbersorh is a registered trademark of Rohm and TTaas.

" Tenax is a repistered trademark of Tinka Research Tnstitute.
19 XADR2 is a regislored irademark of Rohm and Haas,



Ay D 5116 - 97
-u

example, a clamshell oven can be used W thernially desorh
sorbent cartridges with the vapors fed to the concentrator
column of a purge and trap concentrator that thermally desorbs
the organie compounds o the GC column. Superentical luid
or solvent extraction and ligud myection 1o the GC can also be
cmployed. Other concentration lechniques are also available,
including eryvotrapping.

6.4 Crganic Analysis Instrumentation—A variety of analyti-
cal mstruments 13 available Tor detennining the concentralion
ol the organies sampled [rom the chamber, with GCs being the
most commeonly used. GCs have a wide variety of columns
available for separating organic compounds. Capillary columns
are generally preferred. Several deleelors can be used depend-
myg on the purpese of the test and the compounds of mierest.
Mass spectrometers (MS) are the most versatile and can be
used in the scan moede to identitfy unknown compounds. When
used in the scan mode, a convenuonal MS has a scusiivily of
about 10 ¥ ¢ An 1on (rap may have a sensilivily approaching
10 " g in the sean mode. I converttional MS is being used 0
analyze for known compounds, it is operated in the selected ion
mode where its sensitivity increases to 1071% g M$ can be
made cven more scnsilive via negalive iontzalion. Flame
wnization delectors (FIDY are alse widely used. They respond
to a wide variety of organic compounds and have a sensitivity
of 107 g FKlectron capture detectors (KC12) are used for
analyzing cleclronegative compounds (for example, haloge-
naled organics) and have a sensitivity of 10 ™ g Some
compounds are not easily measured with GCs; for example,
low molecular weight aldehydes require other instrumentation
(lor example, ITPLC or wel chemical colorimetrie).

6.3 Standards Generation and Svsiem Calibration—
Culibration gas may be added (o the wst chamber or sampling
manifold from permeation ovens (see Practice 1) 3609), gas
cvlinders, or dilution bottles. Calibration (or tracer) gas is
added through the test chamber i tests o determine chamber
mixing, check lor leaks, or w evaluale chamber “sink™ efleets.
Internal standards for quality control may be added at the head
of the sampling svstem. The internal standard should not be
added W (he chamber due (o the polenuial [or adsorpuon on the
material being wsted. Qualily conirel can also be achieved by
spiked samples.

7. Expcrimental Design

7.1 test Ohjectives—The first step in designing an experi-
ment [or chamber (ests ol mdoor malerials/products 15 (o
deternine the test objeclives. Tor example, a builder or
architect would be interested in emissions from a variety of
materials to be used under a given set of conditions for a
specific building. In this case, the experiment would be
designed (0 handle many materials with one sel ol environ-
mental conditions. A manulacturer might want o know the
emissions characteristics of a single product under both normal
and extreme conditions and would design a test to cover the
appropriale range ol environmental vanables. TAQ rescarchers
mterested in the inleractions ameong variables would use a more
complex design involving ranges of several variables.

7.2 Critical Parameters—A basic experimental design for
small chamber (ests should inelude consideration of the elleets
ol vartous paramclers on the cnuission characteristics ol the

0

malerials W be tested. Six variables are generally considered o
be critical parameters: temperature |7, hwmidity |7/, air
exchange rate |&|. product loading |/|. time |[¢]. and air
veloeily [v].

7.2.1 Temperature (°C), [7] allects the vapor pressure,
ditfusion coefticient (diffusivity), and desorption rates of the
organic eompounds in the materials/products and can have a
major impact on emission rates.

7.2.2 TTumudity, [H] has been shown Lo alleel the emission
rate of formaldehyde from particleboard and may have similar
effects for other water-soluble gases. Humidity can be ex-
pressed in relative (% ol saluration) or absolule (g waler/im®
air) lernis.

723 Air Exchange Rate (h™'). |¥| is determined by the
flow rate of clean air to the chamber divided by the chamber
volume. The air exchange rale mdicates the amount of dilution
and (lushing that oceurs 1 indeor environments and can have
a major impact on chamber concentrations.

7.2.4 Product Loading (m%mn™, [Z] is the ratio of the test
specimen arca (o (he chamber volume, This vanable allows
product usage in the test chambers to correspond to normal use
patterns for the same product in “full scale™ environments.
Studies of formaldehyde enussions have shown that the rauo of
air change rate () o product loading (£) 1s properuonal (o the
emission rate. Thus, (A7) is often selected as a parameter in
designing chamber experiments. In some cases, the configura-
tion of the source makes product loading an inappropriate
parameter. For example, studies of scalanls ollen employ
clongated beads. In tus case, the conliguration and length of
the bead are appropriate experimental design parameters.

7.2.5 Age (hours, days, cle.), [£] 15 o crilical parameler, sinee
most matenals have cimssion rates that vary with ume. Tresh,
wet solvent-containing products can have emission rates that
vary several orders of magnitude in a few hours, other
malerials such as pressed wood products may have enuission
rales that lake several years (o decay.

7.2.6 Air Veloeity (em/s or m/s), |v| is a critical parameter,
because the air velocity over the surface of the emitting source
cun alleel the cnussion rale, especially for wel, evaporalive
sources (sce 4.2.4.3 and 5.2.3).

7.3 FProduct fistory—Information on the history of the
malerial/product o be tested 15 uselul i designing the westing
program. Detalls of manulacture, production, or assembly niay
be uselul in detenmining compoeunds W be enutied. Infenmation
on product age, treatment (for example, coatings, cleaning),
storage conditions (that 1s, time, temperature, humidity, venti-
lation), and handling/iransportation may previde additional
msight. Tor example, older materials may cmit al a lower Taie
than new materials; materials stored at high temperatures may
also have lower emission rates when tested; storage or trans-
portation with other materials may cause adsorplion ol organ-
1es that will be enutied during the chamber tests.

7.4 Selection af Sample to be Tested—he method used to
scleet samples of materials [or evalualion m small chambers
depends on the purpoese ol the proposed lestng,.

7.4.1 If the purpose is to develop emission rates that are
representative of a piven product or material (or class of
products or maierialg), a statistically bused sampling strategy
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(lor example, random, stratified, systemaue) should be devel-
oped and implemented. The sampling strategy may be applied
to the selection of multiple items (for example, cans of paint)
or muliiple sub-samples of a4 coniplete plece of material (for
cxample, carpel). A stalistical consullani should be used to
assisl i the design ol such a strategy, Also, ASTM standards
for sampling are available for many types of materials, and
they should be reviewed.

7.4.2 1L, on the other hand, the purpose of the lesung 1s o
mvestigaie the elleet o environmental variables on the cmis-
sion rates of a type of indoor source, a simple “oft the shelf”
retail purchase of one or more “brand names™ of the product
may be adequate. ITowever, 1 the cmission mechanisms, the
VOCs amided, or the magitude of the cmissions diller
significantly between materials apparently of the same “type”,
the observed effects of the environmental variables may differ
with dillerent cheiees of west material. U may be thatl the
magnitude of the elleels ol enviremmental variables applies
only W the particular test malerial evaluated. This same
technique may also be used to compare emissions among
various mamifacturers of the same product. Because of the
clleet of product history (sec 7.3) on the cmission characleris-
tics ol matenals, when making such comparisons 1L 1s umpor-
tant to assure that the histories of the products being compared
are the same. It 13 also important that the products are, in fact,
the same; for example, producls made lor residenual or
commereial use can have widely varying enussion characler-
istics.

7.4.3 A detailed discussion of sampling strategies is bevond
the scope ol tus guide. The reader should consull appropriate
stausucal relerences lor [urther mlormation.

7.5 Tesf Matrix—Tor cach malerial tested, a lesl mairix 15
developed to allow the variables of interest to be investigated.
Az is normal in experimental programs of this type, the desire
o colleel data over an extensive parameler range 1s limiied by
cosl and ime constraints. To maxinize the nfommation pro-
duction within available resources. a statistical consultant can
be used to provide guidance on appropriate experimental
designs, Table 1 1s an example ol 4 (est malrx developed (o
evaluale the efleet of several variables on cmission [actors.

8. Experimental Procedures

8.1 Fmissions Composition—A preliminary evaluation of
the product/material is performed to guide selection of appro-
priate test strategies and analylical wehmiques. This evalualon
18 eonducted (o oblain nformation on the speeilic compounds
to be quantified. If only a single compound is to be quantified,
selection of the appropriate sampling and analvsis strategy is
straightforward, and no further sereening, is needed. When a
more complete characlerization 1s desired, more infonmalion 1s
required. An nutial evaluation of the composiuon ol the
emissions expected from a source can be conducted by
surveving available information, including: reports or papers
on previous studics of the source, mmgredients listed on the
product label, material salety data sheets (MSDS), and mlor-
mation obtained from the manufacturer or appropriate trade
organizations. Such information is usually insufficient to iden-
iy the compounds of interest, bul it docs provide somc
guidance 1n what compounds 10 look [or. Analysis of the

TABLE 1 Example Test Matrix

Nork 1 This test matrix covers five exparimental conditions, cach
with two replicates (A and B). The tast matrix was designed to evalnate the
ellecl of specilic parameters as [ollows

Iffect of Tamperatnre (T)—Tests 1 and 5:

LEffecr of Air Excliange Rate (W)—Tests 1, 2. and 3:
Fffect of Prodic Logding (L) Tests 2 and 4 and
Fvalnarion of Comienn 7 Tlests 1 and 4.

The ezl of hunidily was not sxamined durig his sei ol experinigenls.
The ellect of age was mvestigated by collecting multiple samples over the
drving {ime ol the product.

Test Temperature RH M L MA
Mumkber L] (%) (h" {rm3m*) [mih}
1 23 s0 0.5 0.2 25
1B 23 =0 0.5 oz 2.5
2A 23 =0 1.0 oz 5.0
2B 23 s0 1.0 0.2 5.0
34 23 20 2.0 02 10.0
3B 23 =0 2.0 oz 0.0
44 23 0 1.0 04 25
4B 23 s0 1.0 o4 25
oA 33 20 0.5 0.2 2.9
=B 35 =0 0.5 oz 2.5

formulation or composition of Hquid products (for example,
paints) provides information on the maximum VOCs that could
be cmitied. This 15 uselul for caleulating a mass balance of the
enissions over lme (see 9.5). Such lonnulation analyses can
be difficult depending on the matrix. Investigators should try to
identify existing methods and wvalidate them on the specific
product. Even 1 the composition of the product 18 known, the
enussions could mnelude compounds fommed during the use of
the product or compounds not identified as ingredients by the
manutacturer or the tformulation analvsis. Therefore, further
analyses are required, and testing must be conducled 10
determine the actual compounds being amiued. One (echnique
mvolves headspace analysis of the source emissions.

R2 Headspace Analvsis—The process of identifving the
organic compounds present in the “headspace™ or air above the
malerial 15 ermed “headspuce analysis.”™ Boil statie (that 1s,
closed container) and [ow-through headspace analyses are
used.

8.2.1 One method of conducting a headspace analy sis 13 1o
place o sample ol material in a sniall (for exanmple, one lite or
less) container lined with inert material. For materials with
high emission rates of organic compounds, the quantity of
volatile organic material in the sealed (for example, static)
headspace over o 0.1 w 0.25 g sample may be more than
cnough 1 meet the detection limit requirements ol an MS
operated in the scan mode or other detectors. |.ow emission
materials, such as carpet, may require a ditferent approach. A
purge gas (for example, nilrogen) can be pulled over the
malerial (Lor example, llow-through) and collected on a sorbenl
trap. Sufficient material and sampling time must be used to
accumulate components to a level adequate for detection by the
MS or other detector. While headspace analyses are normally
conducted al ambienl wemperature (for example, 23°C) and
pressure, it may be necessary to inerease the temperature (and
thus the emissions) or collect a larger sample if insufficient
material is collected for the detector heing, used.
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%.2.2 Idenulication of the headspace components 1s usually
accomplished by gas chromatography coupled with a mass
spectrometer (GC/MS) operated in the scan mode, although
other detectors can be used il sullicient information 1s avallable
on the retention times for all compounds of mterest for a given
GC column, gas flow, and temperature program. Use of several
sampling and analytical approaches may be necessary 0
characterize the spectrum of compounds present in the head-
space 0l 2 material. Techniques applied depend upen such
[actors as polarily, solubility, and boiling points ol the com-
pounds emitted. A variety of sorbent materials are available
{sce 6.3). Onee the sample 15 collecled, appropriale techniques
(for example, thermal desorption or solvent extraction) are
used to remove the organics from the sorbent. Methods for
mjeeting the sample inw the GC will depend on the sample
phase (vapor or liquid) and on the specific equipment available.

823 Il dillerent mstruments are used lor the headspace
analysis and chamber lesting, the GC colun, gas (ow, and
temperatire program used in both instruments should be the
samie 50 the retention tmes for the compounds selected for
quaniilication will be known,

8.2.4 Based on the study objectives, some {or all} of the
compounds 1denulicd in the headspace analysis are selected lor
meastwrement and quantification in subsequent chamber tests.
Criteria for selection of compounds may include: major peaks
m the gas chromatograph; known carcinoegen, loxicant, or
irritant; low odor threshold: ete.

8.2.5 While the headspuce analysis provides uselul nlor-
mauon on the direet ennssions [ton the mailerial or product ol
interest, it does not ensure that all emissions will be identified.
Sampling and analysis wehmigues may be isullicient, or
compounds not found in the headspace may be emitted later
due to being formed in the drying process or by interactions
wilh the subsirale.

8.3 Chamber {esting—Chamber testing requires a prepara-
tion phase as well as a testing phase. The preparation stage
begins with developmeni of the test plan that specilics envi-
ronmental conditions for each test (see Section 7 on Experi-
mental Design), methed of application of the malerial, condi-
tioning period, and methods of sample collection and analysis.
The conditoning penod 15 the ime (he (est speeimen 18 held n
a conditioned environment, usually at the same temperature
and humidity as the test conditions, prior to placement in the
lest chamber. Development ol the (est plan 18 [ollowed by
calibration of environmental control and measurement svs-
lems, sample collection and concentration deviees, and ana-
Iytical systems as specified in the quality assurance plan. At
this stage the mlormation [rom the GC/MS headspace analysis
is evaluated to provide guidance in selection of analytical
columns and detectors and sample collection media and an
appropriale mlernal standard.

8.3.1 fmrernal Standard—The internal standard, an organic
compound added al a known rate o the chamber exhaust, must
meet the following criteria:

83.1.1 It must be a readily available matenal (that 1s,
suitable for use in a permeation tube or available in a gas
evlinder);

83.1.2 Tl must have a relention Ume on the analylical
column that does not overlap other compounds emitted by the
malerial;

83.1.3 It must be able to be quantitatively collected and
recovered [tom the sample collection media used during the
testing.

83.1.4 Also, it is desirable that the internal standard be
mexpensive and have low toxieily,

8.3.2 Chamber Preparation—Irior to actual testing, cham-
bers are cleancd by serubbing the inner surlfaces with an
alkaline detergent followed by therough rinsing with tap water.
Deionized waler 18 used as a [inal rinse. Chambers are twn
dried, placed in position in the temperature controlled environ-
ment and purged at test conditions. Chamber background is
monitored o nsure that background contamination 15 within
quality asswrance (QA) limits. At this point, the chamber
condilions are at test setpoints of Jow and relative humadity, all
analytical svstems have been calibrated. the quality control
system has been developed, and the intemal standard has been
sclected, A chamber background sample 15 then laken o
quantity any contribution of organic compounds from the clean
air system or the empty chamber, or both. In addition, any
substrale matenals, such as wood, that will be used during the
wests must be ineluded o account Lot aclual buckground. Onee
all the preparatory steps have been completed, testing of the
selected material/product can commence.

R.3.3 Specimen Preparation—1he types of test specimens
used 1n the chambers vary according (o the material or product
being tesied. Sohd matenals are tested “as 1.7 I enuissions
from edges may differ from the normally exposed surface, the
edges should be sealed. For example, particleboard specimens
cunl have their edges sealed with sodium silicale (o climinate
excessively hugh edge cmmissions, Wel products (for example,
paint, stain, polyurethane, wax) may be applied with a brush,
roller, spray, sponge. or other typical method. Such products
may also be applicd using slit applicalors or other devices
desymed lo provide unilorm and repeatable coating thick-
nesses. The type of applicator depends on the objectives of the
testing, program. For example, if the objective iz to compare
emission from a large number of produets, a slit applicator will
provide accurale and repeatable coating thickness on the
subsirate. Liqud products may be applicd o a number of
different substrates, including glass, stainless steel. wood,
plastic, and so forth. The selection of substrate is important,
beeause the substrale can allect the enuissions [rom the produet,
T'or example, VOC cmissions [tom lalex painl on gy psumboard
are quite different than those tfrom stainless steel. Some of the
VOCs are adsorbed into the gypsumboard, and the emissions
occur over long tume periods. In this case, usig 4 non-
adsorbent substrate (that 15, stainless sleel) would nol provide
a useful emission regime. Therefore, if the test results are to be
used to predict exposures, realistic substrates should be used.
For example, a wood stain would be applied to a board: a vinyl
Hoor wax o [loor ule, cie. As noled above, the uncoeated
substrate should be placed i the chamiber during background
tests to determine the magnitude of its organic emissions. Also
edoe effects should be eliminated by edge sealing. Wet mate-
rials are applied o the subsirale outside the chamber and
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placed in the chamber shortly thercaller. The start of the est
(time = 0) is set when the door to the chamber i3 closed. As
discussed in the scope. small chambers are not suitable for
evaluating the application phase ol wel material use, Thus,
cmissions [tom the carliest portion of the drying evele (thal 15,
[rom application unlil placement in the chamber) will noet be
measured. The time between application and the start of the test
should be less than 10 min; the time of application and the test
start ume should both be recorded.

8.3.4 Specimen Conditioning—In some cases, emissions
data are desired on later stages of a material/product lifecvele
{(Lor example, several months aller 4 coaling has been applied).
In these cases, the speeinien must be condilioned prior
testing. Conditioning, should occur under the same environ-
mental parameters {temperature, humidity, air change rate, and
product loading) as those used Tor chamber wests, I( this 15 not
possible, the conditioning envirommenial parameiers should be
well docunmiented. Tdeally, the sample should be conditioned
over its complete life-cycle up to the time of testing. If this is
not possible, conditioning should be conducted for a period of
iime sullicient w allow the emissions (o equilibratle 1o the lest
conditions (for example, one (o lwo weeks),

8.3.5 Specimen Contamination—Care should be taken in
lesung malerials that have been used or stored with other
malerials. In such cases, e malernial of mteresi could have
acted as a “sink” and adsorbed organics from the other
materials. Subsequent testing could provide emissions data that
represent the re-emission of the adsorbed compounds rather
than emissions [rom the original material,

8.4 Sampling—Collection of a representative sample of
chamber effluent requires the use of a sampling strategy that is
appropriale (o the ranges ol volatliies of the compounds
present. The information gamed [fom a GCMS headspace
analysis should be used with caution for selection of appropri-
ate sample collection and concentration media, since the
headspace sample may be dommaled by (he most volatile
compounds rather than the compounds that will be cmitled as
the product or material ages. As discussed above, the sampling
method can range from syringe/pump samphing to adserption
on various sorbent media.

%.4.1 Sampling techniques and sampling (imes must also be
appropriate to the concentrations of compounds in the chamber
air stream over time.

8.4.2 For constant emission rate sources, the sampling times
are not critical since the chamber concentration will reach a
constant equilibrium value. A minimum of three samples
should be taken alier the (ime required o reach 99.9 % ol the
cquilibrium value, By 3 can be rearrunged and used (o caleulale
this time, hased on the air change rate, ¥ (that is,
0.999=1—¢ ¢ =0001, ¥t =6.9; r =6.9/A). Thus, at
an air change rate (&Y of 1 h ", it tukes 6.9 h for the chamber
concenlration (o reach 99.9 % of its equilibnium value when a
constant emission source is placed in the chamber at time = 0,
for ¥ =0.5_ 1t would take 13.8 h, etc.

%.4.3 When (esting wel materials such as glues, waxes, and
wood finishes, chamber concentrations may change by orders
of magnitude over a period of minutes. Note that glues and
adhesives are open Lo the air uniul they are covered by a barner

(for example, carpel, ule, wall covermg) thal will inhibii
emiszions. T'he effect of this barrier can also be tested in the test
chamber:; however, the emissions from the hatrrier itself must
also be considered. Accurale deseription ol ¢hamber concen-
tration with time may require sampling very [requenily or use
ol 4 conlinuous or serniconunuous moniloer. /A combinatoen of
both techniques is the most effective way to characterize
rapidly changing emissions. The concentration of individual
compounds varics as the malerial ages. In some cuases, com-
pounds not deteeted n the headspace or in the (irst [ew hours
of testing may become the major emission component. There-
fore, a total hyvdrocarbon monitor can be effective in tracking
rapidly changing concentrations bul may provide an ineomn-
pleie qualitative piclure.

844 It i3 important, therefore, to monitor changes in the
emission profile as the material dries. The sampling strategy
should provide a means (o collect approximalely the same mass
m cach sample, Thus, the sample volume 1s an mmportani
consideration. When chantber concentrations are high, sample
volume must be kept low to avoid breakthrough in the
collection trap or overloading of the concentrator column of a
purge-and-trap device, Sample volumes less than 1 Locan be
drawn dircely by gas tughi syringes, then injected through a
heated port to a clean air stream flowing through sampling
cartridges. (ias tight svringes should be used with care, since
adsorplion of higher molecular weight compounds can occur
on the surlace (for example, glass) and cause poor accurdacy
and precision. Much smaller samples (for example, 1 ml.) can
be injected directly into the GC. Larger volume samples are
taken by pulling chamber air stream through sample cartndges
as deseribed. Sinee the low through the carindges 1s conslant,
mereasimg the sanpling tume will mercase the sanple volume,
It may be necessary to conduet trial muns to develop a sampling
strategy.

8.4.5 Dxtreme care must be emploved in handling  the
sample cartndges W avold contumination. One welimgue s W
immediately place the cartridge in a sealed inert (for example,
TFE-Aluorocarbon bag that has been purged with nitrogen).
Class tubes willh air tight [iings are alse used,

8.3 sArabsis—The analysis weehnique depends on the sam-
pling strategy and adsorbent media emploved Methods of
introducing the sample to the GC include direct injection,
thermal desorption followed by purge-and-trap concentration,
and solvent extracuon [ollowed by ligud injection.

9. Data Analysis

9.1 Data reducuon and analysis 15 a mullslep process.
Electronic spreadsheets can be used to reduce and compile the
environmental and chemical analysis data with minimal data
entry sleps. Chamiber concentration dala are used in various
models o produce estmales ol malernial/product enussion
rates.

92 Environmental Data—FEnvirommental data (that is, tem-
perature, relative hunmdity, flow rate, air veloceiy) can be
recorded manually or aulemalically stored by a PC based
svsterm. Summary statistics that describe the environmental
condition “setpoints” and the actual values achieved (including,
variability) can be compuicd, and a dala summary sheetl
prepared (see Table 2).
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TABLE 2 Example Environmental Data Summary

Test I© Murnber: PWF10

Material: Polyurethane Wood Finish

Sample Size: Weight =2.30 g Area = 347 om?
Chamber 1D: #1U Chamber Yolume: 0.166 m*

Material Loading (Ly: 0.21 m?/m?

Start Date Btart Time End Date End Time
BABIET 11:05 B8/M19/87 13:00
Chamber Envircnmental Parameters

Farameter Setpoint Average Star_‘d"?”d MaX!mumf
Deviation Minimum

Temp (") 35.0 34.61 018 35.4/34.5
RH (%) 50.0 5425 1.67 B0.4/45.2
Flow {Lfmim) 2.8 272 0.0 2.86/2.67

9.3 Gas Chromeography Dafe—GCs (including GC/MMS)
arc interfaced (o compuling integrators (or PC-bagsed chremato-
graphic data analysis systems) for plotting of the chromato-
grams and computation of the areas of peaks obtained. The data
oulpul 18 printed on paper as an analog chromalogram plus a
summary report. The data can also be stored on magnetic
media [or [ulure review Or reprocessing.

9.3.1 The environmental information and the GC analysis
results are combined to give chamber concentrations for
mdividual compounds and tolal organies. In caleulating con-
cenlrations, the followmg [aclors are considered:

9.3.1.1 Gas chromatographic system background (includes
sorbent blank for sampling cartridge and purge-and-trap con-
centralor),

9.3.1.2 Chamber background (dewernuned [fom analysis ol
sample of chamber hackground, including substrate, the
sample volhume will be dependent on the sampling media and
analvtical system);

9.3.1.3 LClapsed ume (peried of tme m nunules or hours
[rom start of test 1o midpoint ol sampling peried),

9314 Flow rate of the airstream carrving the internal
standard;

9.3.1.5 Mass ol internal standard added and mass observed
providing percenl recovery;

9.3.1.6 Mass observed for individual selected organic com-
pounds;

9.3.1.7 An esumale of the (olal organies reported as o given
compound (for example, (oluene);

9.3.1.8 Sampling duration and flow rate; and

£
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VOGC Concentration {mg/m*)
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WOC Emission Factor (mgfm?-h)

Time {h)
FIG. 2 Direct Calculation of Emission Factor from the
Time—Concentration Profile {Latex Paint Test)

9.3.1.9 Test chamber How rale.

9.3.2 Chamber concentrations for total organics and indi-
vidual compounds for each sample are calculated via a
nultisiep process: !

9.3.2.1 Duala may be nermalized 1o the recovery of the
internal standard by multiplying the measured mass by the
reciprocal of percent recovery of the internal standard. For
example, if the percent recovery was 95 %, the multiplier
would be 1/0.95=1.053. II' data arc nol normalized, the
pereent recoveries should be reporied.

9.3.2.2 Normalized mass iz adjusted for system background
and chamber background.

9.3.2.3 The adjusted mass is divided by sample volume o
generale sumpling manilold concentrauon data.

9.3.2.4 Hinally, chamber concentration iz calculated by mul-
tiplying the sampling manifold concentration data by the ratio
ol Now oul of the chamber plus standard additon ow divided
by (low oul:

chamber conceniralion = sample concenlralion

{chamber [low + mntemal standard [low)
(chamber flow)

(4)

This compensates for dilution of the chamber effluent with
the internal standard flow.

9.3.3 Chamber concentraiion data coupled with sample size
and chamber air exchange rate are then used o estimate
emission factors, as discussed in the following sections.

8.4 FEmission Factors—1wo technical terms are commonly
used W deseribe the rale of cimissions [rom mdoor malerials:
enussion laclor (LI and emission rate (ER), related as
[ollews:

LR = 4(EF) (5)
where:
KR = emission rate, mg Wt
A = gouree ared, m-, and
EF = cmission [ctor, mgm *h ',

Thus, the emission rate can be applied to both area sources
and non-arca sources, whercas the cmssion [aclor can only be
applicd (o arca sources. In sonie cases, cmission [aclors are
reported as mass/massftime, or in the case of caulk heads,
mass/length/time, when a standard bead diameter 13 used. In
the remainder of this secuion, only the enussien [acter 15 used
m the examples.

941 Fmission Facror Calcalation Methods—UOmnee the
chamber concentration data are obtained, the emission factor
can he caleulated by four methods: (7) direct caleulation from
mdividual data points, (2) direet caleulauen [tom the (ime-
coneentration profile, (3) using an explicit chamber model, and
(<) using advanced techniques. Selection of the most suitable
method or methods depends on several factors such as the type
ol source, data qualily, and sampling [requency,

" Tichenor, T, A Sparks, 1. T and JTackson, M. T, ~Tvaluation of Perchlo-
roethylene Tanissions trom Drv Cleaned Tabwics” TLS. Toviromnental Protection
Asnency, TTPA-G00:2-88-061, Research Triangle Park, NC, October 1988,
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9.4.1.1 Direct Calenlation of Emission Faclor from Indi-
vidual Concentration Data Foints—If the emissions rate is
nearly constant and the chamber has reached steady -state, the
cmission [aclor can be caleulated [fom a single data point:

K= AL (6}
where:
(', = steady slale chamber concentration, mg n1 °,
N = air change rale, h™!, and
. e 2 —_
. = loading factor, m* m™.

It should be pointed out that this method may have signifi-
canl error 1l the enussion rale 15 nol constanl and/or the
chambcer has nol reached steady-state,

94.1.2 Direct Calewlation of Fmission Factor from the
Time-Concenfration Profile—Il there are enough  chamber
concenlration vs, (ume data points {for example, 10 or more)
and the data are relatively smooth, a time-dependent emission
factor profile can be obtained directly from the concentration
data:

KU = (AC, fAs — WO (7N
where:
LIt = cmission [uetor al une G,
', = chamber concentration al ume (;, and
AC/Ar, = the slope of the time-concentration curve at time

I,
The slope 1s approximated by the average ol the slopes of
iwo adjacent inlervals:

ACT AL = [0, = Coo =) + 10 = CH =142 (8)

Thus, if there are # + 1 data points for concentration _ a2 — 1
emission factor values can be obtained by this method. Such
caleulations can be casily carried oul 1n an electrome work-
sheel, Belore making the caleulations, nmake sure that replicale
samiples are replaced by the average values o aveld dividing
by zero. This method has broader usage than the one described
in 9.4.1.1 because it does not require that the emission rate be
corslant nor does 1L require sleady stale conditions. The resulls
[rom t(his method are independent of any source cmission
models. The benefits of direct caleulations are two-fold: the
results can be used to check the validity of a chosen model (see
below), and they can help seleet the most appropriate model lor
[urther data analysis, Note that dillerential methods such as this
have the potential for high levels of uncertainty. If there are
sutficient data points but the random error is significant, a data
smoothing process can be considered belore using this method.
Figure 3 15 an example of tus method using VOO enussions
lorm latex paint.

9.4.1.3 Estimation of Emission Factor Based on an Explicil
Chamber Mode{—If the emission pattern for a source can be
approximated by a mathematical expression (that is, a source
model), the emission factor can be estimated by fitting a proper
chamber model (not the source mwodel wselly o the Ume-
concenlration data by means ol non-lincar regression. Many
indoor source models can be found in the literature; two simple
examples are provided below. Note that choosing the right
model 15 as mmportant as collecung quality data [rom the

chamber. One way lo assess the appropriateness of the model
is to estimate by way of statistical methods the uncertainty in
the estimates of the model parameters (for example, #£#, and &
m the [lirst-order decay model [see &]). Large crrors m the
eslimales may mdicale that the wrong model was sclected.
Unlorwnately, large errors i parameler eslimales can also
result from rough chamber data even when the appropriate
model is selected. One can also compare the fitted curve to the
data (sce Tig. 4) visually or by caleulaung the goodness of [it,
[or example, by way ol the sum ol the squares ol the deviaiion
of the data from the predicted value, SS,. Assuming the same

number of data points, the lower the SS.. the better the fit.
(@) Example 1: Constant Sorrce—T or a conslanl source with
enussion laclor £ he Tollowing mass balance equation holds:
dCidr = LEF) — NC (9

(riven the initial conditions: t = (0 and C =1{)_ the solution to

Cis;
C = LEFNL — ¢ N (10)

The unknown parameter #F can be estimated by fitting Hyq
10 to the chamber concentration data. Note that at large values
ol ¢, Ty 10 approaches Ty 6.

(b)Y Example 2: First-Order Decen Souwrce—The [irst-order
decay source model is one of the mest commonly used
empirical models for decaying emissions:

KF = {kbe M (m
where:
EF, initial cmissions factor, mgn *h ', and
k = [irst-erder decay rale constant, b '
The corresponding chamber model is
AVl = LR e M — N {12

which has the following solution under the condition of ¢
=0and ("=

= LR e M — e M — b (13)

Eq 13 is the model to be used to fit the chamber concentra-
tion data using non-linear regression techniques. Figure 4 is an
example of the data-litung results, Using o curve-liling pro-
gram 1mplemenied on a compuler requires the user lo provide
initial values for the parameters to be estimated (that is, £/, in
Eq 10 or £+, and & in Eq 13). If the initial estimates are too far
[rom the real values, the non-linear regression may [l A good
milial estumaie for & in Lq 13 1%

b= ['\]r_,’ ik Nimax

{14

where:

fmae = the wme of maximum concentration, Cniax,

Nor 1—Eg 14 has two rools, one of which is & — &, The other root
should be sclected.

9.4.1.4 Estimation of Fmission Factor Based on Advanced
Technigues—IL 4 source model does nol have an explicit
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solutlon [or chamber concenirauon, or ihe solulion 15 (oo
complicated to handle, the emission factor can be estimated
with the chamber model in its ordinary differential equation
lorm. Some commercial sollware packages have the capability
lo esumale model parameters while solving the dillerential
cqualions numerically, Source models based on mass (ranslor
theory, including, evaporation, diffusion, and adsorption, have
been developed for several products and materials. Chamber
data are it with such models using numerical lechmiques.
Readers miteresied m these methods are encouraged (o review
the references in the Appendix.

9.5 Mass Balaee Caleulafions—Caleulaling a mass bal-
ance [or a lest chamber can be uselul lor several reasons: (f)
determine the total pollutant mass emitted from the source
being tested, (2) check on the performance of the chamber
lesung nicthod with a known source, and (3) evaluale the sink
clleet of the chanber walls.

9.5.1 General Mass Balance Fguation for Source
Testing—If the air pollutant of interest does not participate in
any gas-phase chemical reactions mside the (est chamber or on
the chamber walls, the mass bulance cquation 1s

Wp={W,, — W0+, - W) - (15)

where:

Wz = total mass emitted by the source during the test
period 0 to ¢,

W, = total mass in the chamber air at the end of test,

I'I'::r:(, = lolal mass in the chamber air at the beginning of the
test,

W,, = lolal mass adsorbed by the chaumber walls at the
beginming of the wsi,

W,o = lolal mass adserbed by the chanber walls at the end
ol test, and

W, = lotal mass leaving the chamber through the air

change (low,
When the test starts with a clean chamber (that 15, #,0=10
and H 0 = 00}, the mass balance equation can then be simplified
to

W= W, + W, + I, (16)

Further simplification can be made if the adsorption by the
chambcer walls can be 1gnored;

Wyp=W, + W, (17)

Thus, the total mass enutted [fom the source 15 the sum ol
the mass remaining in the chamber plus the mass that is carried
out by the air change flow. Determination of F, is described in
the [ollowing seelion and ¥, , cun be caleulated [rom

Lt

W, =C.F (18)
where:
., = chamber concentration at time ¢, and
' = chamber volume,

9.5.2 Calculate the Totaf Mass Teaving the Chamber—The
total mass carried out by the air change flow can be estimated
by inlegraung the ume-concentration data by the (rapesoid

rule. Suppose there are 7 + 1 data points: (£, o), (6, T s,
€5, (71, ) the tolal arca under the concentralion curve, S,
can be approximaled by the sum ol 7 trapezolds:
Se= SHC + s ey — L¥21 1= 0.1, 2. ) {19
This calculation can he easily made in an electronic work-
sheet. The total amount of a given pollutant leaving the
chamber, W, 1s:
(20

where:
e
953 lising a Mass Balance to Determine the Total Pollut-
amd Mass Emitied from the Source—II there are no gas-phase
reactions 1 the chamber and the adserplen by chamber walls
at the end of test can be ignored, the total amount of pollutant
enutled [rom the source can be caleulaled [rom Eq 17,

chamber flow rate.

954 fising a Mass Balance to Check the Performance of
the Chamber Svstem—A simple way to check the performance
ol the chamber syslem 18 lo introduce & cerlain amount of 4
nen-adsorbing test compound by pulse injection (for gas) or
Hash vaporization (fer hiquid), then purge the chamber with
clean air while momwtonng (he concentration over ume. Con-
tinue the monitoring until the chamber concentrations are
below the quanulication lnnit. A sigmilicant dillerence between
the amount ol the compound mroduced and that caleulated
from Eq 17 is an indicator of problems with either the chamber
syslem or the sampling/analytical method.

9.5.5 Lising a Mass Balance 1o Determine Chamber Wall
Sink Kfecrs—If the adsorption of a compound by chamber
walls 18 reversible, 4s 1 most cases, one way W delermine the
adsorption by chamber walls is to introduce the test compound
mio the chamber through pulse mjection or [lash vaporizaion.
Adler sieady-state 1s reached, (ake air samples o determine the
initial chamber concentration, . Then flush the chamber with
clean air and keep monitoring the coneentration decay until the
chamber concentration 1s much lower than (7, or below method
quantification limit. The total amount of test compound ad-
sorbed by the chamber walls, M, can be estimated [tom:

A, =08, — 10, — 3] 2n

10. Quality Assurance/Quality Control

10,1 Small chamber testiing of orgame enissions [tom
indoor materials/products should be conducted within the
[ramework ol a quality assurance projeet plan (QAPP). The
QAPP should centain the following:

10.2 Project Description—2a brief description of what ma-
lerials are 1o be lested; how the testing 18 1o be conducied; who
is responsible for various project activities. 'Ihe project experi-
menlal design (see Section 7) should contain the necessary
mlormation for this poruon ol the QAPP.

103 Data Quality Ohjectives’Aceeprance Criteria—1his
scelion ol the QAPP delines the precision, accuracy, and
compleleness desired [or cach parameter being measured.
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Table 3 provides an cxample. These erieria need w be
developed to meet the specific needs of the measurement
program.

10.4 Q400 Approaches Aciivities—The types ol QA/QC
aclivities that nught be specified m the QAPP include estab-
lisliment of a system of records/molebooks (o ensure proper
operation of equipment and recording of data, such as the
following:

10.4.1 Sample log book lo record receipl, storage, and
disposition of materials;

10.4.2 GC standards preparation log to document prepara-
tion of all organic compound standards;

10.4.3 Permeation lube log o record weight loss data [or all
permeation whbes;

10.4.4 Calibration logs to contain environmental systems
calibration data;

10.4.5 Instriment maintenance logs w documenl mainte-
nance and repairs of all equipmient;

10.4.6 Materials (esting log books in which w record all
pertinent information for each test, including sample details,
sample identification (112) number, and GGC run [1) number;

10.4.7 Sorbent carridge cleanup/desorption log  detailing
thermal eleanup and QU validation ol sorbent cartridges;

10.4.8 Floppy disk or lab noteboolk storage log to document
location and content of electronically stored data; and

10.4.9 Muintenance of manuals governing operation ol all
cquipment used by the project.

10.5 Quality control activities are carried out by project staff
in a routine, consistent manner to provide necessary feedback
m operation of all measurenient systems. Such acliviles might
melude the following:

10.5.1 Rouune mainienance and calibration ol sysiems;

10.5.2 Daily recording of (GC calibration accuracy and
precision (that is, control charting),

10.5.3 Timely monitoring ol pereent recovery ol the inlernal
standard that was added (o all samples;

10.5.4 Collection and analysis of duplicate samples;,

10.5.5 QC checking of organic collection sorbent tubes; and

TABLE 3 Example Data Quality Objectives/Acceptance Criteria

NotE 1— Precision and accuracy are normally reporled as — one
standard deviation unless oilherwise noted. Compleieness relers 1o ihe
pereentage of planned measurements actually conducted. For cxample, if
100 measurcments were planned and 92 were conducted, the complete-
ness would be 92 %,

Parameter Precision Accuracy Completeness
Temperature L10.5°%C _0.5C =50 %
Relative Humidity +5.0% —10.0 % =80 %
Air Flow Rate +1.0% —20% =0 %
Substrate Area 110 % =50 %
Sample Weight® +10.0 % =0 %
Qrganic Concentration +20 % RSDE =0 %
Emission Rate 120 % RsD =50 %

AFor wet samples.
PRS0 = relative standard deviation = (s/m) 100 %, where, s= estimate of the
standard deviation, and m = mean.

10.5.6 Periodie analysis ol audit gases supplicd by an
independent source.

106 QA0C Audits—VFinally, the QA/QC program should
melude perniodic audits by QA personnel (o evaluale compli-
ance wilh QAPP prolocols.

11. Reporting Test Results

11.1 The report of the test results should contain the
following sections:

11.2 Test Objectives—Provide a clear deseription ol the
purpose ol the (est progran.

1.3 Facififies and Egquipmenti—Give o descriplion ol the
test chambers, clean air systems, environmental measurement
and control, sample collection (including adsorbents if used),
analylical mstrumentation (thai 1s, GC, GC/MS), and standards
generalion and calibration,

11.4 Experimental Design—eseribe the test conditions,
including temperature, humidity, air exchange rate, and mate-
rial loading; include a (est mainy i appropriate.

11.5 Semple Descripfions—Provide u complele deseriplion
of the sample(s) tested, including type of material/product, size
or amount of material tested, product history, brand name (if
appropriale), and sample scleclion process ([or example, ran-
dom). For wet samples, deseribe the samiple substrate. Also,
provide inlormation on sumple condiiomng, meluding dura-
tion and environmental conditions.

11.6 FExperimental Procedires—NDeseribe the experimental
procedures used during the testing, ineluding details of the
sampling and analysis wehniques. For wel samples provide
information on the application method.

1.7 Data Analvsis—Show the methods, including appro-
priate models or equations, uscd W analyze the chamber data 1o
produce emission [actors.

11.8 Results—Provide emission factors for each tvpe of
sample tested and for each environmental condition evaluated.
Emission factors can be provided for individual organic com-
pounds or wlal organics, or bolth, Tor sources with variable
enwssion rales provide appropriale rale conslants.,

1.9 Discussion and Concliusions—I Niscuss the relevance of
the findings and provide conclusions. For example, describe
the elleet of temperature or air exchange rale, or boih, on the
enussion [uclor.

10 Quality AssuranceQuality Controfl—Iesceribe the
data quality objectives and discuss adherence to the acceptance
eriteria. This should be dene [or both the environmental
variables and the chenueal results. Provide the results of
duplicate and replicate sampling, and discuss the outcome of
any audits.

12. Keywords

12,1 mdoor air quality; mdoor sources, indoor materials;
mdoor produects; snall chamber (esung; envirommental wsl
chambers; organic emissions; emission factor; emission rate;
mass transfer.
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APPENDIX

(Nonmandatory Information)

X1.

X1.1 The scientific and technical literature contains numer-
ous references that report on the use of small environmental
lest chambers [or delermining emissions ol organie compounds
[rom indoor malerials and produets. The [ollowmg relerences
give information on approaches to small chamber testing taken
by several investipators. These references are provided as
suggesied reading lor those who wish w supplement the
mlommation conlamed in this guide. TFurther relerenees are
cited in each of these publications.

Bird, R., Stewarl, W, and Lighulool, L., Traresport Phenom-
ena, John Wiley and Sons, New York, 1960,

Bennew, € and Myers, 1, Momenivm, Heol, and Mass
Tramsfer, MeGraw-I0ll Book Company, New York, 1962,

Black, M., “Lovironmental Chamber Technology [or the
Study of Volatile Organie Compound Dmissions [fom Manu-
lacwred Productls,™ Indoor Air '90  Proceedings of the Sth
International Conference on Indoor dir Qualiny and Climate,
Vol. 3, Toronto, Canada, 1990, pp. 713-718.

Colombo, A, De Bortoli, M., Knappel. H., Schauenburg, H..
and Vissers, H., “Determination of Volatile Organic Com-
pounds [tom [ouschold Produets in Small Test Chambers and
Conmparisen with ITeadspace Analysas,” Indoor Air °90
Proceedings of the 3th Imernationad Conference on Indoor dir
Quality anrd Climate, Vol. 3, Toronto, Canada, 1990, pp.
599-604.

Clausen, I, Wolkoft, I’, Holst, H., and Nielsen. 1>, “l.ong
Term Emission of Volatile (rganic Compounds trom Water-
borne Paints,” fndoor i, Vol. 1, 1991, pp. 562-576,

Tichenor, B. “Characterizing Material Sources and Sinks:
Current  Approaches,” In: Sources of Indoor Air
Contaminants—Characterizing Tnissions and Tealth Impacts,
Annals of the New Tork Academy of Sciences, Vol 641, 1992,
pp- 6378

Colombo, A, D¢ Bortol, M., and Tichenor, B., “Inilcma-
tional Comparison Experiment on the Determination of VOCs
Hmitted from Indoor Materials Using Small Test Chambers,”
Indoor Air "93—Proceedings of the 6th International Confer-
ence o Indoor Afr Oualinv and Climate, Vol. 2, Tlelsiki,
Finland, 1993, pp. 373578,

Tichenor, B., Guo, Z., and Sparks, L., “Tundamental Mass
Transfer Model for Indoor Air Hmissions from Surface Coat-
ings.” fndoor Air, Vol 3, 1993, pp. 263-268.

Wolkoft, I° and Nielsen, . fndoor Climate labeling of
Building Materials—Chemical Emission Testing, Modeling,
arrd Indoor Relevent Qdor Thresholds, Nauonal Insttule ol
Oceupational ITealth, Copenhagen, Denmark, 1993,

Jayjock, M., Doshi, D., Nungesser, L., and Shade, W,
“Development and Tvaluation of a Source/Sink Model ol
Indoor Air Concentration from I[sothiazolone Treated Wood
Used Indoors,” dmerican Industrial [ {ygiene Association Jour-
paf, Vol. 36, 1995, pp. 346-557.
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