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INTERNATIONAL

Standard Practice for
Full-Scale Chamber Determination of Volatile Organic
Emissions from Indoor Materials/Products ~ *

This standard is issued under the fixed designation D 6670; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope Chemicals in Atmospheres (Canister Sampling Methodol-

1.1 This practice is intended for determining volatile or-  09Y) ® _ _
ganic compound (VOC) emissions from materials and products D 6196 Practice for Selection of Sorbents and Pumped
(building materials, material systems, furniture, consumer Sampling/Thermal Desorption Analysis Procedures for
products, etc.) and equipment (printers, photocopiers, air _Volatile Organic Compounds in Air .
cleaners, etc.) under environmental and product usage condi- D 6345 Guide for Selection of Methods for Active, Integra-

tions that are typical of those found in office and residential _tive Sampling of Volatile Organic Compounds in Air
buildings. E 779 Test Method for Determining Air Leakage Rate by

1.2 This practice is for identifying VOCs emitted and _Fan Pressurizatién o
determining their emission rates over a period of time. E 1333 Test Method for Determining Formaldehyde Con-
1.3 This practice describes the design, construction, perfor- Centrations in Air and Emission Rates from Wood Products

mance evaluation, and use of full-scale chambers for VOC Using a Large Chambey .
emission testing. IEEE/ASTM SI 10 - Standard for Use of the International

1.4 While this practice is limited to the measurement of ~System of Units (SI): The Modern Metric Systém
VOC emissions, many of the general principles and procedures 2-2 Other Documents:
(such as methods for evaluating the general performance of the ACGIH 1995 (American Conference of Governmental In-
chamber system) may also be useful for the determination of ~ dustrial Hygienists), Threshold Limit Values (TLVs) for
other chemical emissions (for example, ozone, nitrogen diox- ~ Chemical Substances and Physical Agents in the Work
ide). Determination of aerosol and particle emissions is beyond (E)r;vwonment and Biological Exposure Indices. Cincinnati,

the scope of this document. o
ASHRAE 1999, ASHRAE 62-99 “Ventilation for Accept-

2. Referenced Documents able Indoor Air Quality,” American Society of Heating,
2.1 ASTM Standards: Refrigerating, and Air-Conditioning Engineers. Atlanta,
D 1356 Terminology Relating to Sampling and Analysis of GA ) _ o

Atmosphere’ CMEIAQ (Consortium for Material Emissions and Indoor
D 1914 Practice for Conversion Units and Factors Relating ~ Air Quality) Final Report 1.1 A Method for Sampling and
to Sampling and Analysis of Atmosphefes Analysis of Volatile Organic Compounds in Emission
D 3686 Practice for Samp“ng Atmospheres to Collect Or- Testing of BUIIdIng Materials. Institute for Research in
ganic Compound Vapors (Activated Charcoal Tube Ad- Construction, National Research Council Canada, Ottawa,
Sorption Metho(ﬂ Ontario K1A OR6, Canada

D 5116 Guide for Small-Scale Environmental Chamber CMEIAQ Final Report 3.1 Models for Predicting Volatile
Determinations of Organic Emissions From Indoor ~ Organic Compound (VOC) Emissions from Building
Materials/Product@ Materials, Institute for Research in Construction, National

D 5197 Test Method for Determination of Formaldehyde  Research Council Canada, Ottawa, Ontario K1A ORS,
and Other Carbonyl Compounds in Air (Active Sampler Canada _ _ _
Methodology)? ECA-IAQ (European Collaborative Action) “Indoor Air

D 5466 Test Method for Determination of Volatile Organic ~ Quality and Its Impact on Man,” 1997. Total volatile

organic compounds (TVOCS) in indoor air quality inves-
tigations. Report No. 19. EUR 17675 EN. Luxembourg:

1 This practice is under the jurisdiction of ASTM Committee D22 on Sampling
and Analysis of Atmospheres and is the direct responsibility of Subcommittee————————

D22.05 on Indoor Air. 2 Annual Book of ASTM Standards, Vol 04.11.
Current edition approved May 10, 2001. Published July 2001. 4 Annual Book of ASTM Standards, Vol 04.10.
2 Annual Book of ASTM Standards, Vol 11.03. 5 Annual Book of ASTM Standards, Vol 14.04.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Office for Official Publications of the European Commu- and mg/(nih) for the “unit,” line, area, mass, and volume
nity emission sources, respectively.

U.S. EPA Compendium of Methods for Determination of 3.2.5 emission rate—the mass of a VOC or total VOC
Toxic Organic Compounds in Ambient Air, Report EPA- emitted from all the test specimen(s) present in the space per
600/4-89/017 available through the National Technicalunit time, mg/h. It is equal to the emission factor times the
Information Service, Springfield, VA 22161; PB90- amount of emission source.

116989. This report contains TO-17 3.2.6 full-scale chamber—a room-size chamber that can

World Health Organization, 1989 “Indoor Air Quality: Or- house the material/product to be tested in its real dimensions,
ganic Pollutants,” EURO Reports and Studies No. 111and provide the required environmental conditions (tempera-

World Health Organization, Copenhagen, pp. 1-64 ture, relative humidity, and air velocity) that are similar to the
material/product use in full-scale room conditions.
3. Terminology 3.2.7 time zero—the start time when the emission factor is

3.1 Definitions—or definitions and terms commonly used inMéasured. 1t will depend on the purpose of the testing. For

ASTM standards, including this standard, refer to Terminologye*@mPple, time zero may be defined as the time when the test

D 1356. For an explanation of units, symbols, and conversiofPecimen is loaded into the chamber if the test specimen is
factors. refer to Practice D 1914. prepared outside the chamber. Alternatively, when the emission

3.2 Definitions of Terms Specific to This Standard: during an application process (for example, painting) is to be

3.2.1 chamber loading ratie-the total amount of test speci- (€St€d, time zero may be defined as the time when the
men divided by the net air volume of the environmental tes@PPplication begins. _
chamber in 1/, m/m?, m¥m?, and n¥/m? for unit, line, area, 3.2.8 total vc_)latlle organlc_co_m_pound (TVOC)—the sum of_
and volume emission sources, respectively (see 3.2.4). the co_ncentratlons of all the |nd|V|du§I VQCs captured from air
3.2.2 clean air—defined in this practice as air that satisfies®Y & 9iven sorbent, or a given combination of several sorbents,
all of the following criteria: thermally desorbed into and eluted from a given gas chromato-

(1) concentrations of total VOCs 10 pg/n?: graphic system, and measured by a given detector. For VOC
(2) concentration of any individual compound to be mea-d€finition, see Terminology D 1356.
sured= 2.0 ug/nt; Note 1—The measured value of TVOC will depend on the collection

(3) particle concentrationss 100 particles/m of 0.5 pm  and desorption efficiency of the sorbent trap; the efficiency of transfer to
diameter or larger (that is, the Class M2 according to ASHRAEhe GC column; the type and size of the GC column; the GC temperature
1995 (1) clean room requirement for >0.5 pm diameter Program and other chromatographic parameters; and the type of GC

: . detector.
particles;

(4) concentrations of ozone and other potentially reactive 3.2.9 tracer gas—a gaseous compound that can be used to
species such as nitrogen oxides (j@nd sulfur oxides (SQ  determine the mixing characteristics of the test chamber and be
should be at or below detectable levels (for example, <1@ cross-check of the air change rate. The tracer gas must not be
pg/nt). emitted by the test specimen and must not be contained in the

3.2.3 clean air change rate (1/k}-the flow rate of clean air supply air.

(defined in 3.2.2) in rith supplied into the chamber divided by
the net air volume (in ¥ of the environmental test chamber , ,
(that is, volume of an empty chamber minus the volume taken 4-1 Materials or products are placed in a full-scale test
by all contents in the chamber during testing such as the te§f@mber within which temperature, relative humidity, and air
specimen, sampling ports). The clean air flow rate may p&hange rate are controlled aqcordmg to set parameters. Air is
measured directly at the clean air supply duct. The clean afampled at the exhaust of or inside the chamber, and analyzed
change rate can also be determined by conducting a tracer gi¥% @ppropriate methods to identify the major emitted com-
test (for example, a tracer gas decay test) in the chamber. NoRounds and their concentrations as a function of time. The

that the air exchange rate (in units of 1/h) is abbreviated ag€@sured concentrations are then used to determine the emis-
ACH. sion rates, and/or the emission characteristics of the material or

3.2.4 emission factor—the mass of a VOC or total VOC Product. This information can be used to assess the contribu-
emitted per unit time and per unit amount of source testedtion of the materials and products to the concentrations in the
Depending on the type of source, the amount of source may bPace of interest (for example, the occupied zone).
expressed by its exposed surface area (that is, an area soutgesjgnificance and Use

such as a painted gypsum wallboard surface), its dominant . . : .
dimension (that is, a line source such as a caulk or sealant), its 2.1 VOCs emitted from materials/products affect indoor air

mass, or its standard setup (that is, a “unit’ source such as%uality (IAQ) in buildings. To determine the impact of these

predefined work station system). As a result, the unit for th&missions on IAQ, it is necessary to know their emission rates

o . over time. This practice provides guidelines for using a
emission factor will be mg/h, mg/(m h), mg/th), mgi(kg h), full-scale environmental chamber for testing large materials

and full-scale material systems/assemblies.
5.2 While this practice is developed for measuring VOC
S The boldface numbers in parentheses refer to the list of references at the end BfTMISSIONS, _the c_:hamber facilities and methods of eva_-luatlon
this practice. presented in this practice are also useful for a variety of

4. Summary of Practice
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purposes including: (1) testing the emissions during the appli- 6.2 Tests Under Non-Uniform Concentration Conditions—
cation process (for example, painting), or other related source3he full-scale chamber system can also be used to simulate the
(2) developing scaleup methods (for example, from smalfoom airflow conditions in real buildings, which are not
chamber results to a full-scale scenario3) Gtudying the necessarily well mixed (for example, in the case of a displace-
interaction between sources and sinks, and validating sourcedent ventilation system). In this case, the VOC concentrations
sink models which are the basis for IAQ prediction; addl ( measured within a defined occupied zone in the chamber (for
testing interactions between source emissions and other corexample, concentrations measured at the center of or various

pounds in the air (for example, NOozone, SQ). locations within the chamber) can be used directly to simulate
the impact of the test materials/products on the VOC concen-
6. Principles tration levels in the room under a specified material/product

6.1 Tests Under Uniform Chamber Concentration loading ratio and ventilation rate conditions that are similar to

Conditions—Assuming that the concentration of each emittedh0se expected in real buildings. Such tests may be useful in
VOC tested in the chamber air is uniform as a result of goocevaluating complex field situations. However, a detailed un-
mixing, the concentration is then governed by the mass balanéerstanding of air movement and emission dynamics for each

equation: simula_tion is_ necessary in order to extrapolate the test results to
dc) other field situations.
V—i = RH-QCH) -S1) 1) Typical airflow patterns and air distributions in ventilated
spaces may be simulated by appropriate designs of supply air
where: diffusers and return air grilles with appropriate recirculated
V= air volume of the chamber excluding air volume ajrflow rate if the goal is to assess emissions under realistic
taken by test specimens,’m airflow conditions. The total air change rate (outdoor/clean
t = time, h; _ _ , airflow rate plus the recirculated airflow rate) in office build-
C(t) = concentration of the emitted VOC in the air ex-

ings may range from 1.0 to 9.0/h, depending on the heating/
©ooling requirements for the space. Typical types of air
diffusers and airflow patterns in ventilated rooms are described

hausted from the chamber (can be measured at th
chamber return or exhaust air ducts), mg/m

R(t) = emission rate of the source(s) in the chamber, mg/h;, \ A sHRAE 1997¢(1)
= clean air flow rate supplied to the chamber (mea- . p . o
sured at clean air supply duct or determined by a 6.3 Variables Affecting Emission Rate§he emission of
tracer gas test), Ph: and pollutants from indoor materials/products generally involves
S(t) = sink term representing loss (or re-emission if nega- three mass transfer processel: diffusion of pollutants from

tive) of the VOC due to adsorption/desorption effect within the material to the surface2) thermal dynamic mass
on the interior surfaces of the chamber and ducts, €duilibrium conditions at the material/air interface (that is, at

mg/h (see section 8.6 for its determination). "the surface); and3) convection from the surface to the ambient

Based on Eq 1, the VOC emission rates of a test specimen Al Variablles affecting emission rates inp!ude those rela_ted to
a function of time can be determined by measuring thdhe materials/products thems_elves (emltt_lng source variables)
concentrations of the air exhausted from the chamber and tHf{'d those related to the environment within which they are
clean airflow rate (refer to Section 11 for the actual calculatiorfeSteéd or used (environmental variables). Other factors that
procedure). The concentrations and clean airflow rate must J82Y affect emission rates include chemical reactions or oper-
determined for the same temperature condition since the affing conditions of the test product (for example, emissions
volume changes with air temperature. For example, wheffom office machines may depend upon conditions of use).
testing products that generate significant heat (for example, 6.3.1 Emitting Source Variables—Emitting source variables
copiers), the exhaust air temperature will be higher than théclude the physical and chemical properties of the materials/
supply air temperature. If the concentration is measured at theroducts/application such as chemical composition, density,
chamber exhaust while airflow rate is measured at the chamb#tickness, internal structure, surface characteristics, and ways
supply, the supply airflow rate must be first adjusted to thenaterials are applied. These are related to raw materials,
equivalent airflow rate under the exhaust air temperature (tha&dditives, the manufacturing processes, and operating condi-
is, multiplied by the ratio of exhaust to supply air temperaturetions. These variables influence the type of VOCs that are
in degrees Kelvin) before it is used for determining theemitted, their diffusion coefficients within the material, their
emission rate. adsorption/desorption equilibrium constants over the surface,

Note that, in addition to the uniform VOC concentration and ultimately their emission rate profiles.
assumption, Eq 1 also assumes no chemical reaction in the The physical and chemical properties of manufactured
chamber, no air entry into the chamber other than the supplgroducts may change with time and may be affected by
air, and a negligible VOC concentration at the supply air,environmental conditions. Therefore, it is necessary to know
compared to that measured at the chamber exhaust. Thiee age of materials or products to be tested. It is also important
validity of using Eq 1 depends on how well the chamber'sto document the history (for example, environmental condi-
actual operation meets these assumptions. Therefore, the pépns during storage and transportation periods before testing)
formance of the chamber must be evaluated against certaof the test specimens from their manufacture until testing. If
criteria in order to obtain reliable and reproducible test resultshe goal of the testing is to compare the emission characteris-
(see Section 8). tics of different materials or products of the same type, all test
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specimens should be approximately the same age and hamffects VOC emissions depends on specific materials and
approximately the same history of exposure to environmentaV OCs emitted according to Wolkoff 1998) and Roache et al.
conditions. 1996 (5).

6.3.2 Environmental Variables—Local environmental con- As detailed information on the effect of relative humidity on
ditions can significantly affect VOC emissions. Major factorsemission rates is not available, chamber tests are usually
include temperature, relative humidity, air motion (velocity andconducted under a single relative humidity (for example;50
turbulence), and VOC concentrations in the ambient air. Th® % RH) for products that do not adsorb or generate significant
ventilation rate in test chambers (or building space) and th&mounts of moisture. Ideally, test specimens should be precon-
loading (amount of product used in a certain space V0|um§?|tlo_ned under the.tgst relative humld_lty condition befor.e
also affect the VOC emissions, since they affect the local vocesting. However, this is usually not practical because exposing
concentrations and airflow conditions in the chamber/spacdh® st specimen to conditioned air also means emitting VOCs
These environmental factors can change the VOC emissio%efore the test is actually s'garted:As .a'result, test product; are
rates at any given time and, therefore, produce differen't’s'“'a”.y wrapped or sealed in the.'.r or.|g|nal package matfarlals/
emission profiles. The following sections briefly review the CONtaiNers for temperature conditioning only before testing.
effects of these environmental factors. For moisture-adsorbing products (for example, fresh furni-
ture materials) or moisture-generating products (for example,

6.3.2.1 Temperature—An increase in the temperature of th_e rinters, liquid chemical products), a larger variation of relative

materials and or the ambient air can result in an increase i umidity may be allowed in the chamber. Similar to the

diffusivities and evaporative mass transfer coefficients. Moretemperature variation in the chamber when testing a heat-

importantly, increasing temperature will significantly 'ncreasegenerating product (see section 6.3.2.1), the moisture variation

the vapor pressure of VOCs. For instance, a temperaturg yhe chamber when testing moisture-adsorbing or moisture-
increase from 23 to 33 °C will increase the mass transfefenerating products also depends on the chamber operation.
coefficient for decane by only 6 %, but will increase the vaporgpecific chamber operating procedure and acceptable variabil-
pressure for decane by 83 %. This will lead to an increase ifty of relative humidity in the chamber should be established in
VOC emission rates, since emission rate is proportional to the product-specific test protocol based on the test objectives.
vapor pressure of the VOC for “wet” emitting sources. The g 3 2 3 Ajr Velocity and Turbulence-Air velocity and tur-
strength of this temperature effect depends on specific matefiyyjence affect the evaporative mass transfer from both solid
als and VOCs emitted according to Wolkoff 1988 and Van  and liquid sources. For “wet” materials such as paints, stains,
der Wal et al. 19973). Relationships between the ambient airand varnishes, whose initial emission period is primarily
temperature and emission rates have yet to be developegontrolled by evaporative mass transfer, increasing the air
Full-scale chamber tests are currently conducted under welocity and turbulence will lead to an increase in emission
standard temperature (for example, 23 0.5 °C for non rates of VOCs. The effect becomes smaller as the materials
heat-generating products). Specimens are, therefore, precontiecome drier according to Roache et al. 1#86and Zhang et
tioned under the same temperature before testing. al. 1996a(6). For dry materials such as carpets, wood-based

For products that generate significant heat (for exampleProducts, and polyvinyl chloride (PVC) floorings, air velocity
and airflow pattern in the chamber may be present due to th@ Of Peing exposed to the ambient air. After that, the effect
convective heat transfer from the test product. Ideally, the’ecomes insignificant because the emissions will be controlled
chamber air temperature should be controlled to typical indoopy Internal diffusion, according to Awad 1949), Yang 1999

air temperatures when evaluating heat generating devices, g@ Wolkoff et al. 199¢(9), Little et al. 199410), and Roache

happens in mechanically ventilated buildings [Brown, 1999° al. 1998§(5).

(4)]. Where this is not possible due to limitations of the [N office and residential buildings, the magnitude of air
chamber system, the test protocol should define the chamb¥flocities over material surfaces is typically in the range of 0
operating procedures consistent with the test objectives and t@ 0-25 m/s according to Mathews et al. 1981) and Zhang

: t al. 1995(12). Turbulence kinetic energy is typically in the
test protocol should address the impact of temperature of )
determination and comparability of emission rates. range of 0 t0 0.01 (m/3) In full-scale chambers, these air

. . . . velocity and turbulence levels can be simulated if the testing
6.3.2.2 Relative Humidity—Relative humidity may affect ,;nose is to simulate a real room airflow condition. Because
emissions of pollutants that are hydrophilic or pollutantsihe actual air velocity and turbulence levels will be different

generated by chemical reactions with water. It may also affegiom |ocation to location in the chamber, multi-point measure-
VOC emissions from materials that are hygroscopic since thghents should be taken near the surfaces (for example, 1.0 cm
adsorbed water may change the diffusion properties of thgom the surface) of test specimens to verify that the desired air
material and how the VOC desorbs from the surface. Foyelocity and turbulence levels are achieved. This is especially
emission sources that contain water (for example, water-baséghportant for testing convective-controlled emission sources
paints, water-based cleaners, and water-based adhesives), reJach as paints and wood stains. For internal diffusion-
tive humidity may have a profound impact on the VOC controlled emission sources such as carpets and engineered
emissions because it controls the rate of water evaporatiowood products, precise controls of the air velocity and turbu-
from the source. The extent to which the relative humiditylence over the surfaces of test specimens are not required
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unless the emission rates during the first 5-10 h are of interesioning, an air sampling and analysis system, and a data
For internal diffusion-controlled emission sources a generahcquisition and recording system. The system should be
specification on air velocity (for example, in the range of 0.05housed in a clean and air-conditioned laboratory space. Fol-
to 0.25 m/s) is usually sufficient. lowing are the general design and construction considerations:
6.3.2.4 VOC Concentrations in Air, Air Change Rate, and 7.1.1 The chamber should be large enough to accommodate
Loading Ratie—For an emitting material, the VOC concentra- the products to be tested and allow the simulation of the
tion at the material surface is higher than that in the surroundproduct use in full-scale room conditions.
ing air. A higher VOC concentration in the air will lead to a 7.1.2 The chamber HVAC system must provide stable and
lower concentration gradient between the material surface angecurate control of the airflow rate, temperature, differential
the surrounding air, and hence a lower convective mass transfgressure (pressure relative to the ambient pressure outside the
rate from the surface to the air. The emission rate decreases @ amber), and relative humidity within the chamber, and have
the VOC concentration in the chamber increases (for examplehe capacity to operate over the entire range of desired
during the initial emission period of “wet” materials). operating/testing conditions, considering the generation of heat
VOC concentrations in a chamber/space are dependent @fhd moisture from sources to be tested.
the air change rate (ventilation rate) and/or material loading 7.1.3 The chamber, air cleaning, and distribution compo-
ratio for a given emission source. A high air change rate or §ents must be constructed of materials that minimize adsorp-
low material loading ratio will result in a low concentration in tjon and emission of VOCs [for example, stainless steel, glass,
the chamber or space, and hence increase the emission ratespllytetrafluoroethylene (PTFE)]. Fans and bearings must be

addition, increasing the air change rate can also result in ajesigned to prevent intrusion of emissions from lubricants into
increase in velocity and turbulence levels over the emittinghe clean air system.

surfaces, and hence the convective mass transfer coefficient. 7 1 4 The chamber system should be airtight in order to
Chamber tests can be conducted to simulate the impact ¢finimize any air leakage between the inside and the outside of

outdoor/clean air supply on room VOC concentrations. I'the chamber system.

office and residential buildings, outdoor air change rates may 7 4 5 The chamber s -

. A ystem should be capable of providing
range from 0.05 to 1.5 air changes per hour [ASHRAE 1997 ficient mixing in the chamber for testing under the uniform
(13), ASHRAE 19975(13')’ and Reardon .?nd ﬁhangd1995 VOC concentration assumption. If the chamber is intended to
(15)]. ASHRAE Standard 62-19906) specifies the outdoor g ate airflow patterns, air distribution, air velocity, and
air flow requirements for achieving acceptable IAQ. Additionaly ;. ilence levels that are typically found in real ventilated

recirpulated air is required to meet the heating or cooling(ooms, in addition to having the capability to accurately
requirements for the space. If the purpose of a chamber test {gtormine the emissions from indoor products, the chamber
to evaluate the impact of clean/outdoor air change rate on thg, /4 be designed to accommodate both types of studies

VOC concentration levels, a small mixing fan (for example, 7.1.6 The chamber system should be able to provide on-line

those used for cooling a microcomputer) may be placed in th?nonitoring of the test conditions including airflow rates (clean

chamber to achieve adequate mixing for emission tests (Sea%d recirculated air), air temperature, relative humidity, and

ifljgnrgéi")n.s\;Vrr:eer?oih;n;ilg?en deinh%ﬁe:ﬁ;’m%glrow patterns Nifrerential pressure inside the c_hgmber and in the ventilation
6.4 The Role of Source Emission ModelSourée emission ductg. For example,. a data acquisition system may be set up to
models are used to describe the VOC emission rates ( monitor these c_:ondmons every minute. (Note that the reading
cfFequency required for achieving good control accuracy may be

emission factor) as a function of time, environmental cond|-much smaller, but will depend on the chamber system.) This

tions (temperature, humidity, and air velocity, etc.), and/or,

source (initial VOC content and composition, density, etc.)\;v#:jfﬁg:gti[i(;;zg Sc(iee;c)ergtgtljg mosf any malfunction of the system

variables. These models are useful for designing full-scale .
experiments. For example, they can be used to select air7'1'7 The chamber system should have adequate sampling

sampling intervals and experimental conditions. They are alsBors fo_r taking air samples both within the chamber and in the
ventilation ducts.

useful for analyzing emission test results from which the

coefficients of selected models are estimated (see Section 1 718 A". compor)ents O.f the chamber system (such as ducts,
Finally, the models can be used to extrapolate short-ter ns, coollng/he_atlng coils) should be thoroughly cleane_d
emission test data to a longer term and from environment efore t_hey_ are m_stalled. Effort ShQUId als_o be made to avoid
chamber test conditions to field conditions. However, caré©ntamination during the construction period.

should always be exercised in the extrapolation since any /-1-9 The chamber system and all components should be
model has its limitations [CMEIAQ Final Report 3.1, Guo €asily accessible for cleaning and maintenance.

1996(17), Little et al., 199410), and Zhang and Shaw 1997 7.2 The Full-scale Chamber

(18)]. 7.2.1 Construction Material—Materials such as stainless
o ) steel, glass, aluminum, and PTFE coating are acceptable for the
7. Facilities and Equipment construction of the interior surfaces of the chamber, with

7.1 General Considerations for Chamber System Desigrstainless steel being the most common choice. Type 304 or 316
and Construction—A complete full-scale chamber test facilitystainless steel with No. 4 finishing (a general purpose polished
consists of: a full-scale chamber and its heating, ventilationfinish that finds wide applications in restaurant, dairy, food
and air-conditioning (HVAC) system for air supply and condi- processing, medical, and chemical equipment as well as
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various architectural products) may be used as the interior walide of the doorframe are usually necessary to ensure proper
and floor surface. For example, 11 gage stainless steel panelstightness. In either case, the door should be operable from
may be used for the floor, and 14 gage used for the ceiling anishside and outside the chamber for safety purposes. For
walls. Sections can be fastened together by continuous weldingxperiments in which a technician will enter and exit the
at the joints of two panels and by tack welding to theirchamber (painting, etc.), it is desirable to have a small entry
supporting frame. Some discoloration may be observed in thehamber with its own airtight door.
vicinity of the welded lines due to the heat and oxidation in the 7.2.3 Lighting and Observation Windows—Lights may be
welding process. The interior welded joints may be cleaned bynstalled above ceiling glass panels sealed with PTFE gaskets.
wire brushing or mechanical grinding. If a highly polished PTFE-gasket-sealed observation windows may be installed on
surface finish is desired, matte-finish stainless steel sheetgalls or the chamber door.
should be used since they can be more easily polished 7.2.4 Insulation—The floor, ceiling, walls, and door of the
mechanically after construction to a semi-mirror finish (equiva-chamber should be well insulated to minimize the influence of
lent to the sterile finish used in hospitals). Ideally, it is desirableéemperature fluctuation outside the chamber on the air tem-
to electro-polish the surface to minimize the sink effect on theperature in the chamber.
surfaces, but this is generally not practical because of the size 7.2.5 Air Sampling Ports—Sampling ports should be in-
of the chamber. stalled at desired locations depending on the test purpose (for
7.2.2 Chamber Door—The chamber door must be largeexample, at the mid-height of walls). Stainless steel feed-
enough to accommodate the largest material/product compohrough connectors with sealing caps may be used for this
nents to be tested. The seals between the door and chamlgmrpose. The length of the sampling line between the sampling
surfaces must be made of non-emitting and non-adsorbindevice (for example, adsorbent tube) and the sampling location
materials (such as PTFE) and be adequate to maintain chamksrould be minimized in order to reduce the effect of VOC
leak rates at or below acceptable levels. PTFE gaskets and doadsorption/desorption in the sampling line on the measure-
clamps are usually used. If the door opens to the inside and thaents.
chamber will operate under a positive pressure relative to the 7.3 The HVAC System for the Full-scale Chamber
outside of the chamber, the positive pressure in the chamber 7.3.1 System Desigr-Different approaches may be used to
will improve the tightness of the door during chamber operasupply controlled and conditioned airflow to the chamber. Figs.
tion. If the door opens to the outside and the chamber id and 2 show two different example systems. Depending on the
operated under a positive pressure, at least two clamps on eaphrpose of testing, System 1 (Fig. 1) may operate in several
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FIG. 1 Schematic of a Full-Scale Chamber System—Example 1 (EPA and NRC Chambers)
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FIG. 2 Schematic of a Full-Scale Chamber System—Example 2 (OCSIRO Chamber)

modes: (1) full exhaust (FE) mode, in which all the supply airis accomplished by passing the air through a particulate filter,
is exhausted with no air recirculated back to the chamI®r; ( an electric preheater, a chilled water cooling unit, and a
recirculation (RC) mode, in which part or all of the air from the desiccant dehumidifier. A single-speed fan is used to circulate
chamber is recirculated back to the chamber; @)dof-pass  the air in the preconditioning loop. This preconditioning loop
(BP) mode, in which part or all the air from the chamber isallows the system to operate at -40 to 30 °C outdoor air
recirculated back to the chamber, bypassing the heating anémperature and up to 95 % relative humidity. The precondi-
cooling coils and humidifier. The BP mode may be used taioning equipment should be sized to condition the air to the
determine if the HVAC components have significanttemperature and humidity ranges that can be handled by the
adsorption/desorption effects for the VOCs measured. Systegpnditioning components downstream in the recirculation loop
2 (Fig. 2) uses a completely different design for air supply.to achieve the required control accuracy. In example System 2,
conditioning, and handling of air to the chamber. Air supply is 5i; delivered from the compressor is passed through two

from a compressor at 690 kPa, regulated to 150 kPa beforg.coalescing filters and a refrigerative dryer, and then im-
reaching a flow-regulating valve that is linked via Processyroved by purification.

controllers to a turbine flowmeter. Chamber pressure can be at

0-250 Pa above the ambient pressure in the laboratory spacgazifff’tﬁ‘g gﬁgzgagf (r:lle_a Eh:if?spepe!ysilétisgr?gg 2? (fll_ﬁ‘;nggr%e
and requires no extraction fan for operation. An air- e

- ; ccomplished by passing the air through a catalytic oxidation
conditioning plant operates between the flow regulating valvé';lystem’ activated carbon filters or packed beds, and a high-

and the meter, conditioning only the supply air. Air enters the>’>" i ) . . ;
chamber along a central, perforated duct at ceiling level. TW(?fﬁCIenCy pgrtlculate air (HEPA) filter. Thgse filters or chemi-
al adsorption beds should have sufficient capacity and be

similar ducts at floor level are connected to a supply duct vid?d' .
a fan so that chamber air can be recirculated. Extra heater af@S!ly accessible for replacement.
chiller components are located in the recirculation duct. The 7.3.4 Heating, Cooling, and Humidification—The supply
clean supply air is forced from the chamber under positivedir should be further conditioned to achieve the required
pressure via six exhaust ports in the chamber walls. Thié¢émperature and humidity control. This may be achieved by
chamber can operate under the FE and RC modes describgéssing air through cooling/heating coils and a steam or other
above, but without humidification of recirculated air. humidifier. All the components which are exposed to the
7.3.2 Air Preconditioning—The air supplied to the system supply air stream should be made of inert materials such as
may come either directly from outdoors or from the laboratorystainless steel or tin-plated copper. PTFE gaskets must be used
space. The supply air must be preconditioned to avoid corto seal the various joints (for example, between air duct
tamination of the chamber system and to allow the chambesections, between the cooling/heating component and ducts).
system to operate at all designed temperature and humidiffhe water supplied to the humidifier must be purified and
conditions. For example, in System 1 (Fig. 1), preconditioningdeionized.
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7.3.5 Control of System Operation—The operation of thepractice [see Fortmann et al. 19980) for a more detailed
chamber system may be controlled by a stand-alone DDdiscussion]. Detailed considerations specific to individual
(direct digital control) controller or a dedicated computer. Thesources are beyond the scope of this document. CMEIAQ Final
set points for airflow rates, temperature, and relative humidityReport 1.1 describes detailed considerations in sampling and
can be set by a microcomputer, which also monitors, displaysnalysis for testing VOC emissions from building materials.
and records the operation conditions. The sensor reading Many of the procedures and equipment items utilized for
frequency should be at least once every second, and the contigiaracterization of indoor air source emissions are adapted
system should be able to make the control adjustment within from methods developed for ambient air sampling and analy-
min to achieve continuous control. One minute average of thejs. The general applicability of a particular method for source
1 s readings may be recorded every minute. In System 1 (Figsharacterization will depend upon the nature of the source, test
1), airflow rates are measured by using orifice plates at thgonditions, and limitations of the sampling and analysis meth-
outdoor air supply duct, the preconditioning loop, immediatelyods. For example, a broad range of VOC emissions may be
before the activated carbon adsorber, immediately before angbllected on sorbent media. Analytes are typically thermally
after the chamber, and the exhaust duct. By controlling thejesorbed from the sampling media, concentrated on a second-
positions of the interlocked air dampers at the exhaust anglry trap, then flash-desorbed in an inert gas flow to the column
recirculation ducts, the exhaust airflow rate (and therefore thef a gas chromatograph (GC) for separation and subsequent
clean air supply flow rate) can be controlled. The total supplyetection and quantitation. Accurate quantitation of chamber
airflow rate is controlled by adjusting the position of the air emissions depends upon collection efficiency of the sampling
damper upstream of the return fan (Fig. 1). The chambegystem, stability of analytes during storage, transfer efficiency
pressure is controlled by the air damper installed upstream @ff the concentrator system, separation efficiency of the column,
the activated charcoal filter. These controls are accomplisheghd sensitivity and range of the detection system. Such a
by PID (proportional integral differential) control algorithms system may be optimized for accurate determination of a broad
programmed in the DDC or the dedicated computer. Inrange of non-polar VOCs. Optimization of the system for a
example System 2, temperature, humidity, and supply air flovparticular polar, oxygenated, or reactive species may reduce or
are controlled by PID-programmable process controllers in alpreclude recovery of other analytes.
processes except recirculation flow, which is controlled by @ The amount of emissions in a sample may also influence
fan speed control module (calibrated in-situ). The temperaturesystem performance. Sample collection and concentration
humidity, and supply airflow conditions _achieved within the systems optimized for ambient sampling and analysis may
chamber are monitored by dual sensors in the chamber and Q& erience incomplete desorption and carryover when used to
output from the turbine flowmeter, all connected to a datgyetermine high concentrations that are sometimes encountered
logger. Chamber pressure is adjusted manually within the, champer tests (for example, during application and drying
O-ZSQ Pa above the a_mb|ent pressure in the laboratory space Bﬁases of paints and coatings). Thus, when embarking upon
opening extra vents in the chamber walls. Recommendationg, racterization of a particular source, it is often necessary to
on control accuracy are described in section 8.3. conduct pilot tests to evaluate sampling and analysis protocols,

7.3.6 Air Distribution in the Chamber-To achieve good air - and it is often necessary to generate relevant airborne concen-
mixing in the chamber, air should be introduced through aitrations of target analytes in order to optimize performance and
diffusers that create air jets (for example, ceiling radial squarglemonstrate the efficacy of sampling and analysis systems.
diffusers like those used in cold air distribution systemsTherefore, a standards generation system that includes a clean
[Kirkpatrick and Elleson 199§19)]), or introduced through ajr supply, source generators such as diffusion or permeation
tube(s) with small perforated holes that distribute air evenlysystems, as well as air temperature, relative humidity, flow
across the chamber. The tubes are usually located at the floor @ntrol, dilution, mixing, and sampling manifold systems are
ceiling level. Air is usually exhausted at or close to the ceilingessential components of a source characterization laboratory.
or floor level. If the purpose is to study the spatial distribution 7 4 5 gelection of Sampling and Analysis Strategy—The
of VOC concentrations in ventilated spaces, stainless Ste%llowing approach may be used to develop a sampling and
diffuser(s) should be made to represent actual air diffusers thaf, 5\ s strategy for a particular source. The first step is to
produce realistic airflow distributions. gather information about the possible types and ranges of

7.4 Sample Collection and Analysis emissions from the test material. Examine the emission data

7.4.1 General Considerations—There are many ways toand test methods employed to determine if exploratory sam-
collect, detect, and quantify VOCs emitted from products.pling and/or analysis strategies are required to identify com-
Every approach has its applications and limitations. Selectiopounds that may not have been reported due to the methodol-
of the appropriate sampling and analysis strategies oftengy used. The next step may be to conduct scoping tests to
depends upon the goals of the testing and resources availableasluate the adequacy of sampling and analysis methods. For
well as the nature of the source emissions. It is often necessapyoducts where the chemical composition of the source is
to tailor sampling strategies to test conditions and to analytes dnown or may be determined by extraction and analysis, it is
interest and/or employ several sampling strategies in order toften possible to implement a mass balance approach to
characterize emissions from a particular source and test coemissions characterization. This approach provides feedback
dition. General considerations that are generic to sourceegarding adequacy of emissions sampling and analysis meth-
characterization using large chambers are presented in thils, fundamental information about the product that may be
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central to understanding factors controlling emission rates, andn the required analysis cycle time and the range of analytes
understanding chemical reactions that result in emissions dhat can be collected by the traps and transferred to the GC
compounds not observed in the source. column without loss or carryover.

7.4.3 Selection of Sampling Methodd/OC emissions 7.4.3.3Whole Air Samples—Whole air samples may be
from sources that impact the IAQ include very volatile, collected for subsequent off-line analysis using gas sampling
volatile, semi-volatile, polar, non-polar, oxygenated, and othesyringes, bags, and lined or passivated stainless steel canisters
species of organic compounds. Sampling systems includésee Test Method D 5466). Whole air samples permit sample
syringes, sampling loops, sorbent traps, sorbent tubes, crystorage and repeated analyses of the same sample. Gas sam-
genic traps, whole air canisters, and other devices that colle@ling syringes have limited applicability to source testing due
and concentrate analytes of interest. The choice of sampling their relatively low capacity, poor reproducibility, and
systems depends upon the nature and concentration of tip@tential for losses to syringe surfaces. Sampling bags provide
analytes as well as testing goals. Guidance on selection @& adequate volume of air for concentration, but analytes may
sampling systems is provided in Test Methods D 5197, D 5466diffuse through the bag or be lost to bag surfaces. Canister
Practice D 6196, and Guide D 6345. Traps to remove particletechnology has been proven to be effective for many volatile
or reactive compounds such as ozone may be required ugompounds at ambient concentrations. Source testing often
stream of the adsorbent. Whenever a sampling line, probe, @enerates atmospheres with high concentrations of pollutants
trap is placed upstream of the sample collection device, it magnd generates pollutants of less volatility than those for which
be necessary to demonstrate quantitative recovery of analyté§e canister technology has been developed and demonstrated.

There are several methods that are generally applicable th1€réfore, as with any sampling system, it may be necessary to

the collection and analysis of VOC emissions from products irff€termine the appropriate application of the technique for a

chamber tests. These methods includs): gnline sampling Particular source.

without concentration, (2) online sampling with concentration, 7-4.3.4 Collection of VOCs on Sorbent Media—Collection

(3) whole air sampling, and4} collection on sorbent media. On sorbent media is currently the most commonly used

The merits and limitations of each approach are briefly@pproach for indoor air source sampling. Sorbents are packed

discussed. in glass or metal tubes, and known volumes of air are drawn
7.4.3.10nline Sampling Without Concentration—Online hrough them. Analytes collected on these traps may be

sampling is usually accomplished by means of automatefl€rmally desorbed to a concentrator unit or extracted with
systems consisting of a GC configured with a gas samplin ppropriate solvent for liquid injection. Thermal desorption is
valve, actuator, sample loops, and detector. Typically, air i€ MOost common approach due to ease of use and lower
pulled from the chamber through transfer tubing and thdn€thod detection limits.

sample loop via a vacuum pump and flow controller. Rotation The air sampling system should include a sorbent tube (or
of the sample valve allows injection of the contents of the loopcartridge), an air sampling pump, and an airflow controller
onto the column of the GC by the carrier gas flow and placedvhich can measure and control the airflow rate through the
the second loop in line with the vacuum pump and samplingg@mpling system to withint5 % of a specified value. All
lines. This system is efficient when concentrations of emission§ystem components between the chamber and the sorbent tube
are within the method quantitation range and losses to sam{or cartridge) should be constructed of chemically inert mate-
pling system components do not affect the transfer of analytedals. The sorbent tube or cartridge should be connected
from the chamber air to the GC column. Sampling lines shouldlirectly to the sampling location at the chamber return/exhaust
be of minimal length and made of inert materials. Control ofor inside the chamber by using a short (<0.4 m) stainless steel
temperature may be required in all parts of the systen®’ PTFE tube/connector. The pump should be operated in
(sampling lines, manifolds, valves, loops, transfer tubing) tosuction mode downstream of the sorbent tube or cartridge to

prevent loss or carryover, depending on the compounds to bRvoid contamination of air samples by the pump. Refer to
measured. Practice D 6196 and EPA TO17 for selection of appropriate

7.4.3.2 Online Sampling With ConcentratierDue to the ~ Sorbents.
low concentrations of VOCs often encountered in emissions 7.4.3.5 Collection of Carbonyls on Sorbent Megkdor
testing, it is often necessary to concentrate analytes from the a§€lected low-molecular-weight aldehydes and ketones, com-
stream. The purpose of the concentration step is two-fdld: ( pounds are collected and derivatized on cartridges containing
to lower the method detection limits, an@l)(to collect the silica gel coated with 2,4-dinitrophenylhydrazine (DNPH)
analytes but pass water vapor so as to reduce potentiffest Method D 5197). The derivatized compounds are
interference of water vapor on performance of the GC columrsolvent-extracted and determined by high-performance liquid
and detector. For example, an online concentration system m&jiromatography (HPLC) with ultraviolet (UV) or photo-diode
have two VOC traps. The sample air is pulled through one tragray detection.
during the desorption/analysis phase of the other trap. Each 7.4.4 Selection of Sampling Methods and ProtoeelBhe
trap may contain a single adsorbent or combination of materifollowing are important factors to consider in the selection of
als. The range of analytes that can be collected and recoversampling methods and protocold:) (compounds to be deter-
from the traps will depend upon the composition of the trapsnined, (2) expected concentrations of specific compounds
and the efficiency of the transfer of analytes from the traps taluring the tests, 3) collection efficiency, (4) recovery effi-
the GC. Applicability of the online sampling method dependsciency, (5) amount of water vapor in the samplg) ¢$torage



www . babake . net
Free download from babake.net

Ay b 6670

stability, (7) linear range of the analytical syste®), &nalytical 7.4.6 Quality Control and Quality AssuraneeDue to the
method detection and quantitation limits, an@l) (artifact complexity of source emissions testing, careful planning is
formation during collection, thermal desorption, or transfer ofusually required to ensure meaningful data. A quality assurance
the sample to the analytical system. plan identifies the critical data needed to meet testing goals and
Sampling volumes and flow rates for sorbent traps used tgrovides a framework for collecting data that will help ensure
collect VOCs are selected based upon method quantitatiofitat the data are of sufficient quantity and quality to meet the
limits, breakthrough volumes of compounds of interest, acceptdoals of the testing program. Certain kinds of quality control
able pressure drop across the sampling traps, and time resoiiata are necessary to assess the performance of sampling and
tion required for calculation of emission rates from chamber@nalysis systems. These data include results of periodic flow
concentration data. For a particular analyte: the sample volumi@te checks of sampling systems, analysis of replicate samples,
should be equal to or less than the safe sampling volume (SS@nalysis of field and laboratory blanks, spiked field control
see Practice D 6196), the mass collected on the adsorbent tr&gmples, daily tuning criteria for MS systems, and results of
should be equa| to or greater than the method limit Ofdal|y mid—range calibration check samples. Guidance on de-
quantitation (LOQ), the sampling flow rate should be belowvelopment of quality assurance and quality control programs is
that which causes excessive pressure drop (see manufacturedilable from several sources [for example, EPA QA/R-5
recommendations), and the sampling period should be of &3)]-
duration that permits intended use of the data. The limit of
quantitation is defined as the level above which quantitativd. Performance Evaluation

results may be obtained with a specified degree of confidence g 1 Background Concentration of the Chamber System

(21, 22) A proper s.ampling vplume .ShOU|d be determined 8.1.1 The background concentration of the chamber system
through a prescreening analysis (section 11.'1)' Refer to Praihould have a mean value of less than 15 % of the lowest
tlcle [1.6196 agd 'Gwde ? 6345 for more guidance on sorben oncentration to be measured in a test, and a standard deviation
selections and air sampling. of less than 50 % of its mean value. As a general guideline for

7.4.5 Selection of Chemical Analysis SysterThe appro-  quality assurance, the background concentration of a full-scale
priate instrumentation for the determination of emissions fronthamber should satisfy the following criteria:

products and processes depends upon the nature of the emisg 1 1 1 TVOC= 10 ug/n?:

sions and testing goa.lls. ) 8.1.1.2 any individual compound to be measured2.0
7.4.5.1 VOC Chemical Analysis Systems—A gas chromato; e

graph (GC) equipped with capillary column and flame ioniza- '
tion (FID) or mass spectral (MS) detector is commonlyIa
employed for identification and quantification of VOC emis- . :
sions. Due to the complexity of emissions from many types of™ diameter particles [ASHRAE 1_99-(%)]’ e_md .
sources, a GC/MS system may be considered essential for8:1.1.4 ozone and other potentlally reactive species,(NO
identification of VOC emissions from most sources. A GC/FID>Co €tc.) should be at or below their detectable levels (for
system is often useful for quantification of emissions due to th&*@mPple, each reactive compound <10 ug/m
sensitivity and broad linear dynamic range of the detector. 8.1.2 The background concentration of the chamber system
Other GC detectors such as electron capture (ECD) or phot&hould be checked with the chamber operating under the
ionization (PID) detector are useful for specific types offéquired test conditions (temperature, relative humidity, and
compounds. If VOCs are present at relatively high concentra@irflow rates). Air samples should be taken from the exhaust air
tions (~1 ppm), detection systems such as Fourier transforuct to represent the background contamination of the chamber
infrared (FTIR) or mass spectral detection with atmospheri¢ystem. The following procedure can be used for commission-
pressure ionization interface (API/MS) may be useful foring the chamber system immediately after the construction:
identification of compounds that do not pass through the GC 8.1.2.1 Clean the chamber by scrubbing its interior surfaces
columns to the detector. with a sponge mop and a solution of laboratory ionic detergent
7.4.5.2 Formaldehyde and Other Carbonyl Analysis that con_tains p_hosphate as the water softener a_nd rinsing
Systems—Many carbonyl compounds may be collected c,ﬁeveral times with clean water, followed by a final rinse with
silica gel coated with DNPH and determined by liquid chro-filtered deionized water.
matography with UV or photo-diode array detectors (see Test 8.1.2.2 Operate the chamber system under maximum design
Method D 5197). Other wet chemical colorimetric techniquestemperature, minimum relative humidity, and maximum air-
are available for monitoring specific compounds such adlow rate in the full exhaust mode overnight to flush and dry the
formaldehyde. chamber system.

7.4.5.3 Other Chemical Analysis SystemPBrocess equip- 8.1.2.3 Operate the chamber system under the required test
ment such as photocopiers, laser printers, and air cleaners mggnditions (for example, 23 °C, 50 % RH, 0.5 ACH clean air
emit ozone and NQ Combustion sources such as cigarettechange rate, and 5 ACH total air supply flow rate) for a period
smoke may emit SQas well. Standard source and ambientof time that is at least equivalent to 3 ACH of clean air (that is,
monitoring equipment and sampling protocols may be utilized h at 0.5 ACH).
or adapted to determine concentrations of these pollutants in 8.1.2.4 Take a minimum of two air samples per day over 5
chambers and chamber exhaust. days from the exhaust air duct.

8.1.1.3 particulates 100 particles/mof 0.5 um diameter or
rger, which is the Class M2 clean room requirement for >0.5

10
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8.1.2.5 Analyze the air samples using a GC/MS, GC/FID, ogiven operating condition, the control accuracy and precision
other appropriate analytical systems to detect, identify, an@df the chamber system can be evaluated by continuously
quantify the background concentrations (see section 7.4.5.1)monitoring the control parameters (that is, airflow rates,

8.1.2.6 Calculate the mean and standard deviation of thtemperature, relative humidity, and pressure) over a period of
background concentrations, and compare them against thgme (a minimum of 24 h is recommended). The control

requirements in section 8.1.1. accuracy (expressed as the bias) and precision can be calcu-
8.1.3 Check the chamber background concentration befor@ted by Eq 2 and 3, respectively:

each experiment. These measurements will establish a history A=X-Xg 2

of the chamber background concentration, and help better TR

characterize the variations of the chamber background concen- r= /nTliEl [X(t) — X 3)

trations. They will also be very useful for identifying causes of
chamber contamination in the future. Chamber backgroundyhere:

concentrations measured before each experiment should b& = control accuracy, defined as the difference between
subtracted from concentrations measured during tests in the the mean value of the control parameter and its set
data analysis (see section 11.1). point,

8.2 Airtightness: X = mean value of the control parameter,

8.2.1 Airtightness of the chamber system can be assessed by 12
measuring the air-leakage rate through the chamber envelope X= n 21 X(t)
and its HVAC recirculation loop under a specified chamberx_ = set point of a control parameter (flow rate, tempera-
pressure (for example, 10 Pa ). This air-leakage rate can be ture, relative humidity or pressure),
measured under a static condition (that is, when the chamber = control precision defined as the standard deviation of

HVAC system is off) or a dynamic condition (in which the the control parameter from its mean value,
chamber is operating under 100 % recirculation mode). As an number of data measured for the control parameter,
guideline for general quality assurance, the air-leakage rate index, representing a data point,

should be less than 0.03 and 0.05 ACH at 10 Pa pressur(t) value of the control parameter measured at time t
difference between inside and outside the chamber under the and

static and dynamic operating conditions, respectively. ti = measurement time of data point i.

8.2.2 Several methods can be used to determine the air-8-3.2 As a guideline for quality assurance, the control
leakage rate of the chamber system (suitably sealed at tfecuracy and precision of the chamber system should meet the
supply and exhaust ducts) as follows: criteria in Table 1 during an assessment test of at least 24 h

8.2.2.1 Pressurization Method-The chamber and its With @ minimum measurement frequency of four samples per
HVAC recirculation loop is pressurized by supplying air into Nour (that is, a 15 min maximum sampling interval):
the chamber to maintain a constant pressure differential (for 8-4 Air-Mixing in a Chamber: , o
example, 10 Pa) between inside and outside the chamber. The8-4-1 Good air-mixing in a chamber is essential if concen-
supply airflow rate required to maintain the constant pressur@tions measured at the return or exhaust duct are used to
difference is the air-leakage rate of the chamber system at tHEPresent the average concentrations in the chamber. The tracer
pressure differential between the inside and outside the char§@S Stepup can be used to assess the air-mixing conditions
ber (that is, 10 Pa). Detailed procedures for the pressurizatioffithin the chamber. In the stepup method, a tracer gas (for
test can found in Test Method E 779. The laboratory com&X@mple, Sp) is injected through the clean air supply duct to
pressed air line can be used to pressurize the chamber. As tAEiNtain a constant concentration (for example, 200 to 300 ppb
laboratory pressure (that is, pressure outside the chamber) % SFe) at the inlet. Immediately after the injection, the gas
much more stable than that outside the building, a 10 pgoncentrations are measured continuously at the return or
pressure differential between inside and outside the chamber is
usually sufficient to obtain accurate measurements.

TABLE 1 Recommended Control Accuracy “ and Precision “in a

8.2.2.2 Tracer Gas Method-A small amount of tracer gas 24-Hour Assessment Test
[for example, .sulfur hexafl_uorlde_ (§H is introduced into t_he — Control Accuracy, & Control Precision. T
chamber and its HVAC recirculation loop. The concentration of (expressed as bias)
the tracer gas is measured continuously. The absolute value @ perature, °c~ ~05 05
the slope of the concentration decay curve on a semi-log scaleelative humidity, % +2 +5
. . . . B H A
plot is the air change rate due to the air leakage in the chamb%rhamber pressure”, =10 % of the set point or 20 % of the set point or
. . . a +5 Pa, whichever is greater =10 Pa, whichever is greater
system. This method requires that the tracer gasin the Chambﬂ#flow rates®, LIs =3 % of the set point +5 % of the mean value
_be well mixed, which can be achieved by running a mixing fan— Defined as the standard deviations of the measured parameters.
in the chamber (see Test Method E 741). B Static chamber pressure referenced to the pressure outside the chamber.
8.3 Control Accuracy and Precision € Including clean airflow rate, total supply airflow rate, return airflow rate, and

o exhaust airflow rate. Tracer gas tests should also be conducted to determine the

8.3.1 The capability of the chamber system to control theean air change rate and demonstrate its consistence with the clean airflow rate
airflow rates, temperature, relative humidity, and pressure jfjieasured at the clean air supply duct. Note that the above criteria are provided as
.a guide for evaluating the integrity of the chamber facility. Specific and possibly

the chamber should be assessed for the range of Operatlﬁﬁerent criteria may be established in product-specific test protocols according to

conditions for which the chamber system is designed. For &pecific test purposes.

11
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exhaust air duct. The mixing condition in the chamber can be 8.5.1 The air distribution, air velocity, and turbulence levels
assessed by comparing the measured gas concentration at the chamber depend on the type of air distribution system used
return or exhaust with the theoretical curve for the uniformin the chamber. Using an air diffuser that has similar charac-

concentration condition as described in section 8.4.2. teristics to a real commercial air diffuser (for example, a radial
8.4.2 A mixing level (n) may be defined as: square or slot ceiling diffuser, a floor register) can generally
. provide the realistic airflow patterns and air velocity and
fO" |Ca(t) — C(t)|dt turbulence levels found in typical office or residential rooms.
m=|1l-—Fg——— | xX100% (4)  Air velocity measurement in a chamber using perforated-duct
fo CHat diffusers also demonstrated that velocities typical of indoor
) spaces are achieved, but turbulence levels are unknown.
where: i 8.5.2 For agiven air distribution system, the air velocity and
M = mixing level, X : .
t, = nominal residence time of the clean air supply turbulence !evels can t_>e characterlzed by measuring their
(equal to 60/N), min, vglues at different |OC_atIOHS in the chamber. T_he maximum
C..() = measured SFconcentration, ppb, distance between adjacent measurement points is recom-
C(t) = theoretical concentration at the return air under ménded to be 0.5 m and the points closest to a surface are
the uniform concentration condition, ppb [note recommended to be 0.01 m away from the surface. Low
that C(t) = G, (1—-e"Y)], velocity thermal anemometers are generally suitable for these
C, = tracer gas concentration in the chamber air supply, measurements. As a guideline for quality assurance, the aver-
ppb, age value of the measured air velocities should be in the range
N = air change rate, air change per hour, 1/n; and  of 0 to 0.25 m/s, and the turbulence kinetic energy should be in
t = time, min. the range of 0 to 0.01 (m/jor locations where test specimens

Note that only the measured concentrations from time zer§'@y be placed unless for special test cases, where measure-
to t, are used in the above procedure, which makes the mixing!€nt of emission rates at higher air velocities (for example,
level, v, more sensitive to the non-uniform concentrationClose to air diffusers) is of interest.
condition in the chamber. A mixing level of higher than 80 % 8.5.3 The materials/products to be tested in the chamber
may be considered satisfactory since the corresponding spati@lay also affect the air flow pattern and the air velocity and
non-uniformity (maximum concentration difference betweenturbulence levels. Therefore, it is necessary to verify the
the sampling locations inside the chamber and at the exhaustelocity and turbulence levels with the test specimen in the
divided by the average concentration between the measuréfiamber for evaporative-controlled sources such as “wet’
locations) of the tracer gas concentration inside the chamber Ruilding materials whose emission rates are strongly affected
estimated to be less than 5 % based on the experimental resulty air velocity and turbulence above them.
of Zhang et al. 1996K(24). For sources with a constant 8.6 Chamber Sink Effect:
emission rate, a 5 % non-uniformity in the chamber concen- 8.6.1 The interior surfaces of the chamber and the HVAC
tration is estimated to cause a maximum of 5 % error in theecirculation loop (including the stainless ducts, and cooling
determination of the emission rate. and heating coils) may adsorb VOCs. This sink effect may

Other tracer gas test procedures such as the stepdovaffect the accuracy of emission testing results, needs to be
(decay) method may also be used for assessing the mixingvaluated and, if significant, be taken into account.
condition in the chamber, but an equivalent mixing criterion 8.6.2 Ideally, the sink effect should be evaluated for the
should be established. compounds to be measured and for the chamber operating

Also note that the foregoing tracer gas test procedur@OﬂditiOﬂS under which the emission tests are to be conducted.
essentially measures how well the supply air is mixed with thé=or quality assurance, the following example procedure can be
chamber air. A chamber system that meets the above criteria #5€d to evaluate the sink effect of the chamber system [Mason
adequate for testing relatively stable emission sources such gal. 199725), Mason et al. 199@6), and Zhang et al. 1999a
most dry materials and the later emission period of “wet”(28)]:
materials. However, for testing the emission sources that have 8.6.2.1 Operate the chamber system to achieve a standard
highly variable emission rates such as the initial emissioriest condition (23 °C, 50 % RH), then turn off the chamber
period of “wet” materials, the time required for the VOCs to HVAC system or operate it under full-recirculation mode,
travel from the source to the exhaust may cause large concedepending on the system components to be included in the test.
tration gradients in the chamber and thus cause significantlJake a baseline air sample and ensure that the background
larger error in the determination of the emission rates. Thigoncentrations meet the requirement in section 8.1.1.
problem may be more pronounced for point sources than 8.6.2.2 Inject a small amount of a non-adsorption tracer gas
distributed (or large surface) sources. In such cases, multipoirtfor example, 14 mL of Sgfor a 55 n? chamber) into the
air sampling must be taken inside the chamber in addition tehamber, and monitor its concentration over time (for example,
sampling at the chamber exhaust to verify whether the VOGy using a GC/ECD- or IR-based gas monitor).
concentrations measured at the chamber are suitable forg 6.2.3 Inject a vaporized mixture of VOCs to be tested (for
representing the average concentrations in the chamber.  example, ethylbenzene, decane, 1,2-dichlorobenzene,

8.5 Air Distribution, Air Velocity, and Turbulence Levels in 1-octanol, and dodecane) into the center of the chamber. This
a Chamber: can be done using an injector that is heated to 250 °C. A small
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mixing fan may be located under the injection point to blow theconcentration decay follows the first-order decay equation,
mixture upward to distribute the vaporized mixture within theM,.,, can be determined using the VOC and tracer gas
chamber. Alternatively, a small amount of the VOC mixture concentrations measured at the start and end of the adsorption
contained in a small dish can be placed in the chamber foperiod (that is, t={=18 h) as follows:
evaporation under the normal temperature of 23 °C (in this - i N i
case, sufficient time should be allowed for complete evapora- Mieak = Niea f o Crirar® At = VG g~ (L= ") (6)
tion of all VOCs in the mixture) or at 250 °C if the dish is
placed on an electrically heated plate. The resulting maximumwhere:
concentrations in the chamber may be on the order of 1 to 1QNiea™ 728(1N G initiar = 1N Gy _eg) the leakage rate in
mg/nT. Note that the mixing fan and the heating plate must be air changes per hour
cleaned before use to avoid contaminating the chamber. , (h), and

8.6.2.4 Take duplicate air samples to determine the initialX = Yiea (1N Gnitia = 1n G the VOC concentra-
VOC concentrations, ., and measure the tracer gas con- tion decay rate (h
centration G ;.o Leave the chamber under the static or . ) 1)'_ )
full-recirculation condition for 18 h after the injection to allow  (2) Non-recoverable sink ratior defined as the ratio
the concentration to reach an equilibrium state (for somdetween the non-recoverable VOC mass and the total VOC
compounds that have a lower vapor pressure than dodecaneM&ss in the chamber at equilibrium:
longer time period may be required to reach equilibrium). Then Qfm Cltyet
take an air sample to determine the equilibrium concentrations, Mi_ Mi=Mew _ = Jo

Ceq Of injected VOCs, and also measure the tracer gas R VAR VO Y Mo~ Mieak )
concentration in the chamber, G, where:
8.6.2._5 Turn on the HVAC system and_ operate it at 0.5 ACH » = irreversible sink ratio (1- is sometimes called
clean air, 23 °C, _and 50 % RH: The time when the HVAC mass recovery ratio, quantifying the mass recov-
system is started is defined as time zero. ered from the air exhausted from the chamber),
8.6.2.6 Take air samples from inside the chamber and thevi;, = VOC mass that is not re-emitted from the sink (that
return or exhaust air duct of the chamber at appropriate time is, irreversible), mg,
intervals from time zero for a minimum of 48 h, and determine M_,, = VOC mass exhausted from the chamber during the
the concentrations of the VOCs by using GC/FID, GC/MS, or desorption period, mg,
other appropriate method. Also monitor the concentrationQ = clean airflow rate (which is equal to the exhaust
decay of the tracer gas for verifying the chamber air change airflow rate), ni/h,
rate during the test. C(t) = concentration of exhausted air, mgiat t=0,
8.6.2.7 Calculate the following parameters: C=Cy, and _
(1) Total sink ratio, &, is defined as the ratio between the t = elapsed time since the start of the desorption
mass adsorbed during the 18 h period and the total VOC mass period (that is, t=0), h. _
in the chamber at the end of the 18 h adsorption period: (3) Reversible sink ratio, s defined as the ratio of re-
emitted VOC mass to the total VOC mass in the chamber at
_ Mst_ Mo_Mleak_Mair _ Ceqv HH™N™ H H H .
=W MMy - 1—,\”0_,\/"%lk (5)  equilibrium (that is, at the start of the desorption period):
where: My Mog—My Qf o COAt=VCqq
r« = total sink ratio, M =M, = My Mo My—Miome ®)
Mg = total VOC mass adsorbed by the chamber surfaces
(sink) at the end of the adsorption period, mg, ~ Where: _ , _
M, = total VOC mass in the chamber (MM,;) at the re, = reversible sink ratio, and _
end of adsorption period, mg, Mg, = VOC mass re-emitted from the sink, mg.
M, = VOC mass injected, mg, Note that = rgt+ rs. In the actual experiments, the concen-
M = VOC mass loss due to air leakage during the 18 htration in the chamber could be measured only for a limited
adsorption period, mg, period of time due to the detection limit of the VOC measure-
M, = VOC mass in the chamber air at equilibrium mentinstrument. The mass exhausted,;Min Eq 7 and 8 can
(M4;=CqqV), Mg, be calculated by:
Ceq = the concentration at the end of the adsorption n
period (that is, the start of the desorption period), Meyi = Q > 0.5C(t) + C(ti_)] (t —ty) 9)
which is assumed to be the equilibrium concen- o
tration, mg/nt; and where:
Y = volume of the chamber system (including the air n = number of sampling points in the dynamic test period,
volume of the recirculation loop if the loop is and
included in the test), i = sampling time point, i =0, 1, 2,..., n [note that (&
The loss of tracer gas can be attributed entirely to the air C(0) = G-

leakage, while the VOC concentration decay is due to both 8.6.2.8 For a VOC of interest, the irreversible sink ratig, r
leakage and adsorption to the surface. Assuming that VOGhould be less than 0.1. Otherwise, the cause of the problem
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should be identified (for example, unknown air leakage or Assuming uniform concentration in the full-scale chamber,
condensation around cooling coil) and rectified. If the recircuthe concentration of a VOC in the chamber during the
lation loop is acting as a strong irreversible sink for the VOCdesorption period can be described by [Tichenor et al. 1991
of interest, the chamber should be operated in the full-exhaug7); Zhang et al. 1999¢28)] as,
mode in the emission tests.
8.6.2.9 For a VOC of interest, the reversible sink ratio, rsr, Clt) =
should be less than 0.1. Otherwise, the adsorption and desorp-
tion rate constants of the chamber system should be estimatedwhere:
using the procedure in section 8.6.3. These constants can be 1
used to account for the sink effect in analyzing the emission <N F kLot Ea) . [(N kLt k_ﬂ>2_4NEa]§
test data (see section 11.3) if the sink effect has significant fp= ke ke ke
impact on the emission rates measured.
8.6.3 Determination of the Adsorption and Desorption To summarize, the procedure for calculating the adsorption,
Constants—The following first-order reversible sink modeldesorption, and equilibrium constants is:
can be used to describe adsorption/desorption of indoor VOCs (1) calculate g and t, by Eq 7 and 8, respectively,
on chamber surfaces [Tichenor et al. 192Y); Zhang et al. (2) Calculate k by Eq 12; and

Ceql(N— r)e™—(N-rye™
="

(13)

2

1999a(28)]: . .
(3) Fit Eq 13 to the measured C(t) data using the least square
) = % = K,C(t) — kym(t) (10)  regression analysis to determingtkat is, only one parameter
is determined by the regression).
:’here: sink rate mg/(r’?h) Note 2—The understanding of the non-recoverable sink effect is very

limited. Using stainless steel surfaces can generally limit the non-

m() B mass in the sink per unit surface area, nig/m recoverable sink ratio to below 0.1 for VOCs most commonly emitted

Ka - adsorptlon_rate Constant,. m/h, from materials and products found for indoor applications. However, for

C(t) = concentration over the sink surface, md(at t=0, compounds that may have significant non-reversible sink effects (for
C:Ceo)’ _and example, due to degradation on the chamber surfaces), a different method

= desorption rate constant, 1/h. or facility may be required for the emission testing [Jayjock et al. 1995

The adsorption and desorption rate constaniauid k) are  (29)]. The extent to which the reversible chamber sinks affect the emission
measures of how fast adsorption and desorption take place dgsts also depends on the emission characteristics of the source. The
the sink surface. The ratio between the adsorption and desor'pnpact of the reversible sink effect on the emission test results is most
tion rate constants is called the equilibrium constagtyich significant for “wet” coating materials which usually have high initial

is a measure of the reversible sink capacity of the surface |ﬁmission rates and fast initial decay rates of emissions. The impact for dry
" ‘materials is usually minimal because of their low emission rates and slow

expression, decay rates. The impact of reversible sink effect on emission test results
ks 1 should be estimated for specific conditions (chamber volume, air change
ke = Ky 11 rate, specimen loading ratio, compounds to be measured, and emission

At equilibrium (that is, at t=0), s(t)=0 C(t)=e<; and rate profile) under which emission tests are conducted [Zhang et al. 1999b

_ s . . (30)]. The first-order reversible sink model described above may be used
m(t)=mg(which is the re-emittable VOC mass adsorbed in theto account for the reversible sink effect if it is considered to be significant

sink per unit surface area at equilibrium), it can be readily(see section 11). Also note thatz.0 % error in the measurement of VOC

derived from Eq 10 and 11 that concentrations by using thermal desorption-GC/MS or GC/FID analysis is
m VM, ry not uncommon. Duplicate or multi-samples are recommended in using the
ke=c_ = AM,, " L(d-r,-r,) (12)  above test procedure to assess the sink strength of the chamber system.
eq air S SI Sr.

8.7 Evaluation of Overall Chamber Performance Using a

m, = re-emittable VOC mass adsorbed in the sink per unitStandard Source—The overall performance of the chamber
surface area at equilibrium (M /AJ), mg/nt, system can be_ assessed by using a standard source whose

A, = the total area of the sink surfaces in the chamber€mission rate is measured independently from the chamber
system, r, and testing method. In the procedure described below, a pool of

L, = loading ratio of the sink surfaces &), mm?®. pure liquid VOC (for example, decane, dodecane) contained in

Theoretically, the sink surfaces of the chamber systen® petri dish is used as a reference emission source. The
should include all the interior surfaces of HVAC componentsreference source is placed in the test chamber and its weight
(ducts, heating and cooling coils, HEPA filter, etc.) as well adoss due to evaporation/emission is measured by an electronic
the walls, ceiling, and floor of the chamber if the chamberbalance to determine the reference emission ratéf)RThe
system is operating under the recirculation mode (that is, R@nvironmental chamber is operated under a well-mixed air
mode). However, because it is difficult to quantify the surfacecondition with a constant air temperature, relative humidity,
areas of heating/cooling coils and HEPA filters, only theand air change rate. The concentration of the VOC measured at
interior surfaces of the chamber, ducts, and housing boxes fdhe chamber exhaust (or a location in the chamber that is
cooling and heating coils may be included for calculatingm®  sufficiently far away from the reference source) is used to
a standard test. This area may be referred to as the nominal sidletermine the emission rate, R(t), as is typically done in
surface area. environmental chamber testing (referred to as the chamber

where:
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method). The overall performance of the full-scale environ- Assuming uniform concentration in the chamber, the emis-
mental chamber is quantified by the relative differertig), sion rate at time;tcan be calculated by:
between R(t) and Rt) [Zhang et al. 19991§30)]: 1 /Ct)-C(t,) Clt,,)—C(t)

R() R :zV< T ) +Qat)  (17)

RO
where:
8.7.1 Determination of Reference Emission Ratéhe V = volume of the chamber,

weight of the reference source, w(t), is measured by anc concentration, mg/m

electronic balance with a resolution of at least 10 mg (a better index representing time point i, and

resolution such as 1.0 mg is preferred if a low referenceQ clean airflow rate supplied to the chamber/im
emlssc:og rat::‘ IS :0 *Ijle m.’iﬁsurEd)' ;I_'he weight ?ata Cant beNOTE 3—Sufficient data points are needed in using Eq 17. It also
recoraed automatically with an on-iné personal compu errequires that measured ((be sufficiently smooth (see note in section
(PC), a chart recorder, or manual readout. The size of the petih 7).

dish should be selected so that maximum concentration in the 8.7.3 Experimental Procedure—The following procedure
chamber is on the order of 1 to 10 mginThe cross section may be used:

area of the cylindrical petri dish is constant except near the 8.7.3.1 Precondition the chamber to the test condition. The

bottom of the dish. As a result, a constant weight decay (angackground concentrations should be less than 0.002 hg/m

thus a constant emission rate of the source) is obtained undghd 0.05 mg/rifor decane and TVOCs, respectively
a constant ambient environmental condition until the liquid 8.7 3 2 Start the data acquisition s’ystem to mo.nitor the

surface approaches the bottom of the dish. Two proc:edur%eight decay and VOC concentrations
may be used for generating the reference source: 8.7.3.3 Inject the liquid source into the petri dish.

Variable Source Procedure (VSP): The source is allowed t0 g 7 3 4 \onitor the source weight and VOC concentrations
deplete completely in the chamber, and thus provides a Variabkﬂroughout the tests

reference emission rate when the liquid level reaches the 8.7.3.5 Remove the source approximately 18 h after the start
battom of the petri dish. o of injection (for the constant source procedure only). Stop the
Constant Source Procedure (CSPhe petri dishis removed  .hamper HVAC system and restart it immediately before and

from the chamber about 18 h after the start of the test. Ayqier removing the source. The total time for removing the
sufficient amount of the source is placed in the dish so that the ) ;;ce must be less than 2 min so that the effect on the

liquid source surface will not reach the bottom of the dishyaasurement is minimal.

before the source is removed. As a result, only a constant g 7 3 6 Continue to monitor the source weight and VOC

reference emission rate is generated. ~ concentrations until both are undetectable or less than twice the
In either procedure described above, the measured weighhckground concentration. Each test lasts a minimum of 48 h.

3(t) = 1 (14)

decay data, w(t), can be represented by: 8.7.4 The forgoing procedure can be used to identify both
b ( a+bt0=st=t 15 systematic and random errors. Plo©gf) over t can be used to
W = \a+ bt + ot -ty + dit—tp* ty =t =t 19 determine where the difference between the measured and

reference emission rates is largest. As quality assurance, the

where: . =
_ . . oo time average 08(t) should be withint15 % and the standard
\;v(tt)) c d _ \(/:vc()—:tr:%?atmc;gthe compound in the petri dish, g, deviation ofd(t) should be within+10 %. Otherwise, causes
t = time, h, ' for any large error should be identified. Note that the error can
t, = time at which the weight no longer decreases b€ due to the uncertainty in the measurement of VOC concen-
linearly with time, h, and trations as well as to the construction and operation of the
t = time at which the measured weight data becamechamber system.

zero.
Eq 15 is continuous to the first order derivative at t-For
the variable source procedure (VSR)ahd the constants (a, b,

9. Collection and Preparation of the Test Specimen

9.1 Material Collection, Packaging, Transportation, and

. . : tStorage—A standard procedure should be established for the
¢, d) are all determined by a least square regression curve fit {0 . . .

. ollection, packaging, transportation, and storage of the
weight decay data. For the constant source procedure (QSP)’:inaterials/ roducts to be tested. The procedure is likely to differ
is the elapsed time when the source is removed, and c=d=0, 'S/P : P y

The reference emission rate, ® in mg/h, is then calculated erendln_g on the type Qf material/product to .be tested. The _key

’ is to avoid contamination of the test material/product, while

by keeping the procedure practical. Examples of procedures for
R (1) = —1000dw(t) _ < —1000b, 0 <t = b material collection, packaging, transportation, and storage may
dt — \-100Qb + 2t -ty + 3dt-t)7, , =t S(ine ) be found in product-specific test protocols such as Test Method

E 1333.

8.7.2 Measurements of the VOC Concentrations and Calcu- 9.2 Preconditioning—A test specimen (material/product)
lation of Emission RatesThe same method used for emission should be preconditioned before testing in the full-scale
testing may be used for measuring the VOC concentrations. Akhamber to improve test repeatability. It is recommended that
measurement instruments must be properly calibrated befotle test specimen be kept within its original packaging material
the tests. in a space that has the same temperature for a minimum of 48
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h for temperature equalization. The relative humidity of thedetection limit of the GC/MS and/or GC/FID system(s). The
preconditioning room should be maintained at the same valusampling volume should also be adjusted in the subsequent
as the test condition (for example, 50 % RH), and the roondynamic environmental chamber test (section 10.2) according
should be supplied with clean air to prevent contamination ofo the trend of the emission decay rate of the source.

the test specimen. Detailed preconditioning requirements and 10.2 Dynamic  Environmental Chamber  Testing
procedures should be established in the product-specific tepfocedure—A specific test procedure should be established for
protocols. The specifications and duration of preconditioningyroduct-specific test protocols. This section provides a general
procedures will be dependent upon the objectives of the tesfesting procedure to be used as a guideline:

They may also be influenced by practical considerations; for 10.2.1 Purging—The environmental test chamber should be

example, the need ta minimize the time in which test SIOecI'operated at the selected environmental test condition (for

mens monopolize the test chamber. If the objective is tq xample, 23 °C, 50 % RH, and 0.5 ACH clean air supply) for
determine the emissions to which occupants will be exposed, minimu’m of 3 :alir change,s. This allows the removal of at least

might be desirable to perform a test after the material has beeéb % of the background contamination that might be intro-
preconditioned for some period; for example, 2 weeks. duced when the door of the chamber was opened

10. Test Procedure 10.2.2 Checking of Background Concentration—Sample at

10.1 Screening Analysis Procedure—A screening analysis i$he return, the exhaust, or inside the chamber using a sorbent
usually needed to identify VOCs emitted by the product, sefube or cartridge to check the_background concentranon.. The
proper operating conditions for the analytical instruments sucRackground VOC concentrations should meet the criteria
as GC/MS, GC/FID, and/or HPLC systems, select targegpecified in section 8.1.1. Otherwise, the testing system should
VOCs, and determine a proper air sampling volume forbe phecked for the cause of tht_a e_xcessiv_e backgrognd_contami-
subsequent dynamic full-scale environmental chamber test§ation and steps taken to eliminate this contamination (for
For materials/products from which a small specimen can b&xample, using the procedure in section 8.1.3). The acceptable
collected to represent the entire piece of materials/products, tHeackground concentration is denoted ag, @nd will be used
prescreening analysis may be conducted using a small chambérthe data analysis in section 11.1.

(Guide D5116). For full-scale materials/products (for ex- 10.2.3 Prepare the test specimen according to the procedure
ample, a work station system), the screening analysis may bie a product-specific test protocol or a predefined procedure,
conducted using the full-scale environmental chamber with thelepending on the objective of the testing.

following procedure: 10.2.4 Loading of Test SpecimesPlace/install the test

10.1.1 Follow the environmental chamber testing procedurgpecimen system in the chamber according to the requirements
in sections 10.2.1-10.2.5 to prepare the chamber air and sorbegit the specific test. Record the time when the chamber door is
tubes or cartridges for sampling. closed after loading the test specimen. (This time may be

10.1.2 Take multiple air samples using sorbent tubes witljefined as time zero for the environmental chamber testing.)
different air sampling volumes ranging from low to high (for Alternatively, a period of time following the installation of the
example, 1, 3, 5, 7, and 10 L). This should be done after théest specimen may be used to conduct the screening analysis, or
environmental test chamber has been supplied with clean ajgreconditioning the test specimen. The time at the end of the
for at least 3 air changes at the standard air flow rate (that iprescreening analysis or preconditioning period can then be
6 h if the air change rate is 0.5')so that approximately 95 % defined as time zero for the tests. In any case, time zero should
of the background VOCs introduced during loading the specibe well defined in a product-specific test protocol.
men have been removed.

10.1.3 Analyze the sorbent tubes (or cartridges) by using the Note 4—Maintain positive pressure in the chamber during sample
GC (or HPLC) (preferably in the order of low to high volume loading to prevent intrusion of air from the laboratory. Systems equipped

les t id il loadi f th Ivtical with automatic pressure control may require special precautions when the
samples 10 avold possible overloading o € analylical sySgqq; is opened. Note that opening the chamber door to load the test

tem). Different GC operating parameters (columns and teMspecimen with the HVAC system off may introduce VOCs from the
perature program) or HPLC operating parameters may Dbgboratory space into the chamber. An air sample should be taken in the
tested to obtain a good separation of emitted VOCSs. The resultgboratory space to verify whether this will affect the test results
will be used to determine a proper set of GC or HPLCsignificantly. To reduce such an effect, the HVAC system may be operated
operating parameters for subsequent environmental chamb@ia higher clean air supply flow rate (for example, 2 instead of 0.5 ACH)

. o . ith the return air damper shut and the return fan off. As a result, the clean
testing. Additional sorbent tube or cartridge samples may b(\gir is supplied to the chamber and exits through the open door. However,

taken from the_ environmental tes_t chamber if necessaw' a specific operating sequence should be developed for a given chamber
10.1.4 Identify the VOCs emitted by the test specimengystem. An example procedure for System 1 (Fig. 1), i¥:tgrn off the
based on the results of GC or HPLC analysis. The selection aiiVAC system; ) shut the return and recirculation dampers, and fix the
major VOCs for subsequent environmental chamber testingosition of the supply air damper (that is, disable the PID control for the
depends on the objective of the testing. For each selected VOEhamber pressure3) open the door and turn on only the clean air supply

identification should be confirmed by spiking with a corre-fan: (4) load the test specimen and close the door; &jdjerate the
sponding VOC standard. HVAC under the specified test condition. (Note: A separate control

. . . sequence can be set up for running the HVAC system during the period of

10.1.5 Determine proper air sampling volume for subseipaging the test specimen.) Example System 2 (Fig. 2) can also operate at
quent environmental chamber testing so that the amount Qfhigher air change rate by directly increasing the supply airflow rate since
VOC mass measured is at least 3 times higher than theo feedback control is used in controlling the chamber pressure.
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10.2.5 Sampling—The following example procedure is rec- 11.2 Direct Calculation of Emission Rate—(Guide D 5116)

ommended: 11.2.1 For sources with a constant or near-constant emission
10.2.5.1 Clean and condition the sorbent tubes before amate, the emission rate can be calculated by:

sampling (or prepare cartridges or other sampling devices). Rt) = QC(t) (19)
10.2.5.2 Purge the sampling port/line for 5 min prior to the

collection of air samples. where:

10.2.5.3 Take air samples at predefined time intervals toR(f) = emission rate at timg,tmg/h, and
determine the concentrations of TVOCs and compounds ofQ clean air supply flow rate, ffh.
interest at the chamber exhaust or return air ducts, and at The above calculation method should not be used until the
pre-selected locations in the chamber, depending on the teghamber concentrations reach steady-state. This means that
objectives. C(t) should be taken after at least 3 air changes from the start
of the test.

Note 5—Proper sampling intervals and periods should be selected 11.2.2 If there are enouah data points and data are suffi-
according to the objectives of the specific testing. Generally more samples. ="~ 9 P

should be taken when the emission rate changes relatively fast and fewgtently SmOch’ the emission ratef can be calculated by Eq 7.
samples are needed if the emission rate is constant or only changes slow-ll;/he Ca_|CU|at|0n met.hOd gives emission rate Va|U?S atn-1time
The period of loading/installing the test specimen can result in significanpoints if concentration values are given at n+1 time points.

variations in the test results of the initial period. If the test objective is to ) )
determine the long-term emission rate based on the concentrations NOTE 7—Eq 17 involves the subtraction of two large numbers,) @(td

measured at the return or exhaust air ducts, it is recommended that actifaft-1) OF C(t.1), to get a small numbeAC(t). Numerically, this process
sampling start after a minimum of 3 air changes of clean air supply inhas high potential to introduce propagated error into the results. The

order to minimize the effect of the loading/installation period on the testincertainty (error) in the measurement of VOC concentrations may result
results. in relatively scattered data of concentration over time, and may result in

a negative emission rate when Eq 20 is used. In this case, the concentra-

10.2.5.4Unloading and Background Verificatienldeally,  tion data may be smoothed using a moving average technique before they
equilibrium sorption coefficients are determined prior to testingare used for calculating the emission rate. However, such an analysis
and sorption effects can be incorporated into the data analysig?ould be used only to identify the trend of emission rates. For a more
Alternatively, remove the test specimen after the last air Samplguantltatlve analysis, the procedure described in section 11.3.2.2 is

. referred.

has been taken and purge the chamber for 3 air change%.
Sample the air from the chamber exhaust. If the concentration 11.3 Calculations of Emission Rate Using Appropriate
of the selected VOCs exceeds 15 % of the minimum concenSource Models:
tration measured during the test, the problem should be 11.3.1 Selection of Source Models—A mathematical model
identified and corrected, and the test should be repeated. can be used to describe the emission factor as a function of
Note 6—The background concentration of the supply air should betlmef Choosing "’? proper model is as Important as collecting
verified frequently during the entire test period. quality data during the chamber testing. For example, a

commonly used simple empirical model is the first-order decay

11. Data Analysis and Interpretation source model:
11.1 Calculation of the ConcentratiorsThe concentra- R(t) = Re™ (20)
tions of the VOCs are calculated by: )
) Where._ N o
ct) =~ ¢ 18 Ry, = mmal emission rate, mg/h, and
)=, ~ G @8 = firstorder decay constant, 1/h.
where: ) ) Note 8—Models based on fundamental mass transfer principles are
C(t) = concentration of the compound at timerhg/n?, also available [for example, Little et al. 19940), Guo et al. 199§31),
m(t) = mass amount measured by a GC/FID, GC/MS, Awad 1999(7), and Yang 19998)]. These models are more advanced
HPLC, or other analytical system, mg; note that, if because they can predict emission rates over a longer period of time than
a split ratio less than 1 is used in the analysis (for the empirical models. However, more complicated data analysis proce-
example, in a thermal desorber—GC/MS analysis), _dures are r_1eeded to estimate the coefficients for these models. Readers
) should be the detected mass amount dividedlnterested in the more advanceq mode!s are encouraged to review the
m(t) s . - references listed at the end of this practice.
by the split ratio o _ _
t; = elapsed time from time zero, h 11.3.2 Determination of Model Coefficients—The following
V., = sampling volume (equal to the air sampling airflow two approaches can be used to determine the coefficients for a
rate times the air sampling period for sorbent or selected model:
cartridge samples), fnand 11.3.2.1 Fit the model to the emission factor obtained from
Cok = background concentration of the compound in the the direct calculation methods in section 11.2.1 by using
chamber measured before the test, mig/m non-linear regression techniques. Many commercial software

The concentrations measured in the occupied zone within theackages can be used for such analysis. For example, if the
chamber can be used directly to assess the impact of tHest-order decay model is chosen, Eq 20 should be fitted to the
materials/products tested on the concentration levels in buildemission rate data to determing &d k. As noted before, this
ings with similar material/product loading ratio and air changemethod is useful for identifying the trend of emission rate.
rate. Once the trend is identified (that is, a specific model is found
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to better fit the data than others), it is recommended that then = amount of materials/products tested in the chamber,
following method be used for a more accurate estimation of the unit, m, nf, m?, and kg for unit, line, area, volume,
model coefficients. or mass emission sources, respectively.

11.3.2.2 Fit the model directly to the measured concentra- 11.6 Use of Emission Models for Interpolation and
tion versus time data: Extrapolation—A model with its coefficients determined from

For example, if the first-order decay model is chosen and théhe measured concentration data can be used for interpolation
chamber sink effect is negligible, the concentration at thef it fits the measured data satisfactorily (for example, Coeffi-
chamber return or exhaust duct can be described by solving Egjent of Determination > 0.9). However, its validity for

1 (assuming C=0 at t=0, see Guide D 5116): extrapolating the test results to a time beyond the test period
Ry(e™— &™) depends on how well the emission process is physically
Cy= VN (21)  described by the model. In a product-specific test protocol, the

emission characteristics of the specific product type should be
Eq 23 can be directly fitted to the measured concentratiofysed to specify the time period within which the model is valid.
versus time data using non-linear regression techniques to
determine coefficients Rand k. 12. Report of the Test Results
For models for which an explicit mathematical expression 12.1 The report should generally include the following
for the concentration versus time data is not available, or théformation:
solution is too complicated to handle (for example, when the 12.1.1Testing Objectives-The purpose of the testing
chamber sink effect is not negligible; see section 11.4), th@roject and intended use of the results.
differential equation (Eq 1) needs to be solved numerically to 12.1.2 Testing Laboratory IdentificatierThe name, ad-
determine the model coefficients. Commercial software packdress, phone/fax numbers, and contact person.
ages are read"y available for such ana|ysis_ 12.1.3 Product Identification—The name, SpeCifiC identifi-
11.4 Consideration of the Sink Effectif the chamber sink €rs from the manufacturer, and a brief description of the
effect for the VOCs measured is significant, the adsorption anBroduct, its application, and history. _ _
desorption coefficients determined in section 8.6.3 should be 12.1.4 The procedure of collecting, packaging, handling,
used in solving the following set of equations for the emissiors"PPINgG, and storage of material samples.

rate, R(t): 12._1.5 Facility and_ .Ij:quipment !dentificqtienA_ generall
dci) description of the facilities and equipment, including chemical
V=gt = RO + Akm(t) - AkC(H) - QC(t) (220 sampling and analysis. _ »
12.1.6 Test Conditions—Including temperature, humidity,
dm(t) air change rate, and dimensions of the test specimen.
—— = k,C(t) —kgm(t 23 ' ; e
gt~ KGO~k (3) 12.1.7 Results—(1) names of VOCs identified in the pre-
att=0;Ct)=0;m() =0 screening analysis2] basis of selecting the individual VOCs
for environmental chamber testing; (3) concentration versus
where: ) time data; and (4) emission factors calculated and/or the
V= airvolume of the chamber system (chamber plus theselected model and its coefficients for TVOCs and selected
recirculation loop), m, individual VOCs. The report should clearly state all of the
C(t) = concentration, mg/iy sampling, recovery, and analytical conditions relating to the
t = time h, determination of all analytes, as well as the method of
A, = sink surface area of the chamber systeri, m ;
B . calculating TVOC values.
ky = desorption rate constant of the chamber system, 1/h,
m = mass adsorbed by the chamber system, mg/m Note 9—The TVOC value is a method-dependent measurement. When
k, = adsorption rate constant of the chamber system, m/hreporting TVOC values, the user of this practice should indicate the
and measurement method used, including a detailed description of the adsor-
Q = clean air flow rate (which can be measured at cleanPents employed, the sampling volume, instruments, and analytical condi-

- - tions. It is recommended that the VOC range, expressed as vapor pressure
a'g supply duct or determined by a tracer gas test), (v.p.) at 25 °C, of a given method be reported in parentheses with TVOC
m/h. results; for example, TVOC-by-GC/MS (v.p. 150 to 0.3 kPa) = 10 nig/m
Note that both K and k; are determined by the method Nore 10—The European Union and WHO define VOCs by different
described in section 8.6.3. Also note that the non-reversibleriteria. The WHO definition is based upon boiling point; whereas, the EU

sink effect is not accounted for by the above procedure. definition contains a specific list of 64 compounds. The definition in
. o I Terminology D 1356 may exclude some of the VOCs listed by the
11.5.Calculat|on of .the Emission FacterThe emission European  Union  (for  example,  4-phenylcyclohexene,
factor is calculated by: 2-butoxyethoxyethanol, and some of the higher boiling n-alkanes).
_R® 12.1.8 Reference—Refer to this practice and others as
EF(t) = »— (24) ;
An appropriate.

where: 12.2 Report all values in Sl units unless specified otherwise.

EF(t) = emission factor at time t, mg/h, mg/m/h, m@/m 13, Quality Control and Quality Assurance

mg/nv/ héi and mg/kg/nih for unit{. Iinle,. areda, vol- 13.1 Quality Assurance/Control (QA/QC) Plan—A QA/QC
UME and Mass SOUrces, respeclively, an plan should be designed and implemented to ensure the
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integrity of the measured and reported data obtained during 13.2.3 Record Keeping and Logs—Various documentation
product evaluation studies. This plan should encompass atequirements shall be implemented for all test parameters
facets of the measurement program from sample receipt to finahcluding environmental chamber and analytical performance.
review and issuance of reports. Many of these are identified in Guide D 5116. Additionally, the
13.2 Data Quality Objectives/Acceptance Critedalhe  identity of persons conducting each procedure shall be re-
QA/QC plan should be based on established data qualitporded. All devices used, date and time of tests, and the test
objectives and acceptance criteria that will depend on theélata should be part of QA/QC recording process. Complete-
purpose of the testing and the capability of the laboratoryness of records demonstrates the care and attention given to the
(equipment and personnel) to conduct the test procedures. Da@C process.
quality objectives should be established for the following 13.3 Calibration—Calibration must be frequent enough to
parameters prior to initiating the testing program: ensure performance of the system within specified parameters.
13.2.1 Test Material/Product Transfer Time and Environ- Frequency of calibration should be determined prior to the test,
mental Conditions—Tolerance limits should be established foand periodic equipment checks should verify the acceptable
the elapsed time from production to testing under an acceptabferformance. All calibration and verification measurements
range of specified environmental conditions. should be recorded including the time, equipment description,
13.2.2 Test Chamber Conditions and Test Reswlts and measurement data.
Precision and accuracy limits should be established for each 13.4 Accuracy Determinatiors-Accuracy determinations
parameter in Table 2. require measurements of a known emission source (for ex-
Accuracy certifications are supplied by the manufacturers ofMple, permeation tubes, spiked samples) or test gas. These
the sensors who calibrate them against National Institute dheasurements should be made prior to establishing the project
Standards and Technology (NIST)-traceable primary sourcesdata} quality ob_jectives, and shall be consistent wi.th the overall
Accuracy checks are performed with independent sensof§Sting objectives. The procedures and materials used for
calibrated against NIST-traceable primary standards. Precisiditablishing the accuracy of the measurement system should be
measurements are obtained in the laboratory by continuou§corded. n o _ _
recording of the parameters. Non-compliance requires imme- 13-5 Precision—Precision determinations require replica-
diate correction and/or replacement of sensors. Calibratetons sufficient to establish the systematic variation associated
replacements should be retained in the laboratory. Experiendth all measurements. When multiple chambers are used as

shows that routine calibration and tracking of precision carPart of an experiment, duplicate samples shall be used.
prevent non-compliance. Variation in test data from a single chamber and among

chambers can be established by use of standardized sources
such as permeation tubes for determining organic concentra-
TABLE 2 Recommended Accuracy and Precision Limits tions and Ca_‘ICUIated em',SS'On rates. .
Parameters 13.6 Duplicate Analysis—-No fewer than 15 % of the air
samples collected should be subject to duplicate analysis. The

Parameter Accuracy (as bias) Precision

. results of such analyses shall be recorded and assessed to
Temperature, °C +0.5 +0.5 .
Relative humidity, % 450 50 determine the adequacy of the total system performance
Air flow rate, % +50 +5.0 relative to the testing objectives.
Area of the testing surface of the specimen, % +1.0 +1.0 13.7 Charting—Charting QC data will allow analysis of
Time, % *+1.0 *+1.0 . ..
Organic concentration, %RSDA +15.0 system performance and observation of anomalistic or unac-
Emission factor, % RSD* . +20.0 ceptable deviations.

A RSD= Relative standard deviation = (s/m) X 100 %, where, s = estimate of the
standard deviation; and m = mean. For the concentration, RSD is calculated from 14. Keywords
replicate air samples taken at the median of the chamber concentration observed 14.1 bui|ding materia|s; environmental test chambers; full-
during the test period. For the emission factor, the RSD is calculated from replicate L . Lo . i
standard source tests described in section 8.6.3 using the constant source _SC<’:1|e chamber teStmg_' mdo_or _all’ quallty,_ mdopr _materlals,
procedure. indoor pI’OdUCtS; material emissions; organic emissions
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in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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