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Standard Practice for
Estimation of Short-term Inhalation Exposure to Volatile
Organic Chemicals Emitted from Bedding Sets !

This standard is issued under the fixed designation D 6178; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Terminology

1.1 This practice covers the procedures for estimation of 3.1 Definitions—For definitions and terms used in this
short-term human inhalation exposure to volatile organigractice, refer to Terminology D 1356.
chemicals (VOCs) emitted from bedding sets when a new 3.2 Definitions of Terms Specific to This Standard:

bedding set is first brought into a house. 3.2.1 air change rate n—the volume of outdoor air that
1.2 The estimated exposure is based on an estimated emmaters the indoor environment in one hour, divided by the
sion profile of VOCs from bedding sets. volume of the indoor space.

1.3 The VOC emission from bedding sets, as in the case of 3.2.2 bedding setn—an ensemble that includes a mattress
other household furnishings, usually are highest when théor sleeping and a supporting box spring.
products are new. Procedures described in this practice also are3.2.3 emission profilen—a time-series of emission rates of
applicable to used bedding sets. one or more compounds.

1.4 Exposure to airborne VOC emissions in a residence is 3.2.4 exposure scenarja—a description of how and where
estimated for a household member, based on location argh estimated exposure occurs, includidy the location and
activity patterns. emission profile of the product or material that causes expo-

1.5 The estimated exposure may be used for characterizaure, @) the indoor environment where the individual is
tion of health risks that could result from short-term exposuregxposed to airborne emissions from the product or material,
to VOC emissions. and @) the location and activity patterns of the exposed

1.6 This standard does not purport to address all of theindividual.
safety concerns, if any, associated with its use. It is the 3.2.5 potential inhaled dosen—the product of air concen-
responsibility of the user of this standard to establish appro-ration to which an individual is exposed times breathing rate
priate safety and health practices and determine the applicatimes duration of exposure.

bility of regulatory limitations prior to its use. 3.2.5.1 Discussior—The potential inhaled dose is different
from the dose actually absorbed by a target organ.
2. Referenced Documents 3.2.6 short-term exposurer—an exposure of one week or
2.1 ASTM Standards: less in duration.
D 1356 Terminology Relating to Sampling and Analysis of 3.2.7 volatile organic chemicaln—an organic compound
Atmosphere$ with saturation vapor pressure greater thar®iPa at 25°C.

D 5116 Guide for Small-Scale Environmental Chamber De- )
terminations of Organic Emissions from Indoor Materials/4- Summary of Practice
Products 4.1 This practice describes procedures for estimation of
D 5157 Guide for Statistical Evaluation of Indoor Air Qual- inhalation exposure to VOCs emitted from new bedding sets
ity Models? (1)3. The estimation of exposure is based on the emission
D 6177 Practice for Determining Emission Profiles of Vola- profiles for a bedding set, the environmental conditions in a
tile Organic Chemicals Emitted from Bedding Sets residence where the bedding set is being used, and the location
and activity patterns of an exposed individual. Emission
profiles are derived from environmental chamber emission

 This practice is under the jurisdiction of ASTM Committee D22 on Sampling tests 2) (see Guide D 5116 and Practice D 6177).

and Analysis of Atmospheres and is the direct responsibility of Subcommittee

D22.05 on Indoor Air.
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4.2 Estimation of exposure involves development of expoin relation to the two or three indoor zones previously
sure scenarios, modeling of indoor-air concentrations, andescribed . Also specify the time spent outside the house,
selection and calculation of exposure measures. during which the individual is assumed not to be exposed to
— chemical emissions from the bedding set. See X1.2 for
5. Significance and Use examples of location and activity patterns.

f 5.1 The_obje?tr:ve of th'i plra_ctlce Is 1o provmi/eorgocedqreg 6.3 Modeling of Indoor-air Concentrations

T e ossre s 8 3: The o majr steps n modeling re Seecton of &
. ‘ o X fodel and provision of model input parameters.

used as an input to characterization of health risks from . )

short-term VOC exposures. §.3.2Mocjel Selegtlon—Select a model that' is capable of

5.2 The results of exposure estimation for specific rawStimating indoor-air concentrations in multiple zones and
materials and components, or processes used in manufacturidos the user to specify various types of emission profiles in
different bedding sets, can be used to compare their relativ dition to the indoor zones, their volumes, their interzonal

impacts on exposures. airflow rates, and zonal airflow rates to and from the outdoors.
Three models that are known to meet these criteria are
6. Procedures for Exposure Estimation CONTAM (4), EXPOSURE %), and MCCEM §). All three

6.1 The procedures for exposure estimation include devemodels have been developed by or for U.S. government
opment of exposure scenarios, modeling of indoor-air concerdgencies, and are therefore in the public domain. Each model

trations, selection and calculation of exposure measures, aftgs advantages and disadvantages in terms of completeness,
model evaluation. simulation capabilities, the user interface, and how it addresses

6.2 Development of Exposure Scenarios exposure. For example, CONTAM has the capability of calcu-

6.2.1 An exposure scenario describes how and where exptting airflows among zones whereas for EXPOSURE and
sure occurs. In specifying the exposure scenario(s), include MCCEM, the airflows need to be specified by the user;
description of {) the emitting product or material, in terms of MCCEM includes a library of airflow rates for selected
its age, emission profile, and locatio®) the indoor environ-  residences.
ment where exposure occurs, ai¥l the location and activity 6.3.3 Model Inputs—In addition to emission profiles, indoor
patterns of an exposed individual. zones, and location and activity patterns as previously de-

6.2.2 Emitting Product or Material-For this practice, the scribed, specify 1) an air change rate for the residenc®) (
emitting product is a bedding set. Specify the assumed ageirflow rates among the indoor zones, arg) parameters
emission profile, indoor location, and size of the bedding set ofelated to indoor sinks. Some models may also require or allow
interest. the user to choose a time step.

6.2.2.1 Foraconservative estimate of exposure, assume thatg 3 3.1 Select a value for the air change rate for the

the bedding set has just been purchased and the wrapper is hgkigence to be modeled. The air change rate for the residence
removed Unt"_ it is placed in the re5|d_ence._ ) with the outdoors has units of inverse hours’hA measured
6.2.2.2 Estimate the emission profile using adjusted chamygye for the residence representing the conditions to be
ber air concentrations (Practice D 6177). _ modeled, if available, should be used as a first choice. An
6.2.2.3 The indoor location for the bedding set is assumed tqitemative is to select a value based on appropriate cases in the
be a bedroom. . _ . . literature. For example, a conservative value in the range from
. 6.2.2.4 Select a size of bedding set that is appropriate forth@_l to 0.2 h* and a central value in the range from 0.4 to 0.6
size of the bedroor_n. h™ were reported by Koontz and Rector) (based on an
6.2.3 Indoor Environment analysis of measurements from several residential field studies.

6.2.3.1 Conceptualize the indoor environment as consistingenresentative values for the residential building stock are not
of the following three zones1f the immediate vicinity of the 2iaple.

bedding set; 2) the remainder of the bedroom in which the 6.3.3.2 Multiply the air change rate by the zonal volume to

bedding set is located; an®)(the remainder of the house. : ) a1
Specify a volume for the entire residence and for each of thg.bta'r.] the . rate to and from the outdoors, i The
implifying assumption can be made that each zone has a

zones. For a typical volume of the total residence, use th | d infl d outfl ith . td Whil

average value (369 flisted in theExposure Factors Hand- tha'l anced in ?IW ant thou ow wi reslp;:clld_o outdoors. thl €

book (3). For a conservative value of the residential volume, IS IS generally not the case in a real bullding, one must have
measured interzonal airflow rates or rates that were calculated

use one of the 10th percentile values (147an167 n?) listed _ _ ; )
in the Exposure Fa?:tors Handboolsée X1.1 for e)xample with a multi-zone airflow model (such as CONTAM) to avoid
' gsing this assumption.

calculations to determine the volumes for the bedroom and th ) ) )
vicinity of the bedding set. 6.3.3.3 Use measured values, if available, for interzonal

6.2.3.2 To simplify calculations, the indoor environment cand@irflow rates between the bedroom and the remainder of the
be considered as consisting of just two zones, the bedroom af@use. Alternatively, interzonal flows can be estimated using
the remainder of the house. Such calculations would result ithe CONTAM model (or some other multizone airflow model)
less realistic yet useful estimates for screening purposes.  Or an equation such as the following:

6.2.4 Location and Activity Patterrs-Specify the locations Q = V(0.078+ 0.31N) (1)
of an exposed individual throughout a 24-h (or longer) period
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where: exposed individual's location within the indoor environment,
Q = interzonal flow rate, fh integrating across contiguous time periods in each zone as
V = volume of the house, fnand previously described for the potential inhaled dose.

N = air change rate of the house;*h 6.5 Model Evaluatior—Ideally, the models that predict

The above empirical equation is based on an analysis of flowndoor air concentrations for the purposes of exposure estima-
rates from several hundred nonrandomly selected residencéen should be evaluated with concentration measurements
(). from actual residences. Use tools described in Guide D 5157 to

6.3.3.4 If three zones are elected for calculations, thgudge the comparability of predicted and measured concentra-
bedroom area in the vicinity of the bedding set is assumed t&ons.
exchange air only with the rest of the bedroom. See X1.3 for
example calculations to determine the airflow rate between thé: Report
vicinity of the bedroom set and the remainder of the bedroom. 7.1 The report on estimation of inhalation exposure should

6.3.3.5 For a conservative approach, assume no indoaontain the sections listed as follows:
sinks. If indoor sinks are present, they are likely to be 7.2 Bedding Set SamplesGive description of the bedding
reversible. Both CONTAM and EXPOSURE are capable ofsets (for example, size, style), sample selection process (for
handling reversible sinks. The MCCEM allows only a one-wayexample, random), and brand name (if appropriate).
sink, expressed as a first-order rate constant in units™of h 7.3 Emission Profiles-List the time-varying emissions, or
6.3.3.6 If the model requires or allows user input for theprovide an equation describing the time-varying emissions, for
time step, then specify a time step of no longer than 15 mineach chemical emitted from a bedding set. Describe the
and preferably as short as 5 min or 1 min. A shorter time steghamber conditions and the technique used for estimating
will result in longer execution time but will increase the emissions from the chamber data.
resolution of the results. 7.4 Exposure ScenariesDescribe all assumptions used in

6.4 Selection and Calculation of Exposure Measures estimating exposures, including the age and indoor location of

6.4.1 Two commonly used measures of exposure are thihe bedding set, the emission profile, the volume and partition-
potential inhaled dose and the maximum indoor concentratiomg of the indoor environment, the air change rate, interzonal
to which an individual is exposed. airflows, and human location and activity patterns, and asso-

6.4.2 Potential Inhaled Dose-The potential inhaled dose is ciated breathing rates.
the product of indoor-air concentration times breathing rate 7.5 Modeling of Indoor-ConcentratiorsDescribe model
times duration of exposure. This dose needs to be calculatesklection. List all inputs including the number of zones, air
separately for each contiguous period of time when thehange rates, interzonal airflow rates, zonal volumes, and the
exposed individual is in a different zone of the indoor envi-time step used in modeling. Include the comparison of pre-
ronment; the resultant estimates are then summed to determideted and measured concentrations, if available.
the total inhaled dose. The time period over which the total 7.6 Exposure EstimatesDescribe the exposure measures
inhaled dose is determined could be 1 h, 8 h, or 24 h, or longeselected, the manner in which each exposure measure was
depending on the health end point of potential concern. calculated, and the resultant exposure estimates.

6.4.3 Maximum Indoor ConcentratierThe maximum in-
door concentration to which an individual is exposed typically8- Keywords
is integrated over a relatively short time period sushleh or 8.1 activity pattern; air change rate; bedding set; emission
8 h, depending on the reference value against which thprofile; emissions; environmental chamber; exposure assess-
time-integrated concentration will be compared. In determinment; exposure scenario; indoor air quality; inhalation expo-
ing this maximum concentration, it is necessary to track thesure; potential inhaled dose

APPENDIX
(Nonmandatory Information)

X1. SUPPLEMENTAL MATERIAL

X1.1 Example Calculations for Bedroom and Bedding: Set 20 nt. This volume would be appropriate for a conservative

X1.1.1 Volume of Bedroom-There is little published infor- estimate of exposure. A typical value would be associated with
mation on measured volumes of bedrooms in residences. THebedroom having a length on the order of 10 ft, a width of 12
volume can vary considerably, with length typically varying ft, and a ceiling height of 8 ft, resulting in a nominal volume of
from 8 to 12 ft, width from 10 to 20 ft, and ceiling height from 960 ft or 27 nr.

7 to 9 ft. Intuitively, a smaller bedroom has a length on the
order of 8 to 9 ft, a width of 10 to 12 ft, and a ceiling height
of 7 to 8 ft, resulting in a nominal volume of about 708 dr
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X1.1.2 Size of Bedding SetThe size of bedding set should typical and conservative estimate), 0.8 m* for light activity
be consistent with the bedroom volume. For example, use & the bedroom, and 1.35%h™* for moderate to light activities
twin- or full-size bedding set for a bedroom volume of 38 m in the remainder of the house.
or;rflge:.ﬁcmity of Bedding Set-Although uniform mixing X1.3 Exampl_e Calculations for Airflow Rate Between Vicin-
of chemicals released from a bedding set eventually mightty of the Bedding Set and Remainder of the Bedroom
prevail within the bedroom, higher exposure intuitively can be X1.3.1 In simulating the reclining human form, only half of
expected in close proximity to the bed. For inhalation exposuréhe surface area (1.6 49nwould be in contact with room air.
during sleeping hours, then, a source clo8)i ifear the bed The exchange coefficient between this hypothetical volume and
should be considered, to define a virtual volume containinghe remainder of the room can be defined from room air
freshly emitted chemicals before they are mixed into the largevelocities. Assuming homogeneous mixing (that is, draft-free
room volume. One way to postulate the source-cloud volume isonditions), room air would enter the source cloud through one
to consider a cylinde2 m inlength ty 1 m in diameter. The half (0.8 nf) of the surface area in contact with the room air
total volume of this cylinder would be about 1.6nand the and would exit through the other half. The flux through the

total surface area would be about 3.2.m entry/exit surface is the product of air velocity (m*hand
surface area (f), giving a net volume flow (hh™2).
X1.2 Example of Location and Activity Patterrd-or an X1.3.2 Matthews et al9) measured room air velocities in

estimate of typical exposure, assei® h inbed, followed by  six occupied houses and one research house. In the master
0.25 h of personal (light) activity in the bedroom and 0.75 h ofbedroom for three of the occupied houses, the median air
moderate to light activity in the remainder of the house. Thisvelocity was found to be 1.8 cmt$65 m ™) with the central
pattern is followed by an 8-h period away from the house thaheating and air conditioning (HAC) system off, increasing to
does not contribute to exposure. Upon return to the house, theiel cm $%(220 m h®) with the HAC system on. The value with

is a 6.75-h period of moderate to light activity in the remainderthe HAC system off is suggested as a conservative approach,
of the house, followed by a 0.25-h period of light activity in the because not all houses have central HAC systems and the HAC
bedroom. For a conservative estimate of exposure, assumefan does not run constantly in those that have central systems.
convalescent who is in bed for the entire 24 h. These 24-Multiplying the HAC-off median air velocity of 65 m1 by
patterns can be assumed to be repeated over any numberthé entry/exit surface area of 0.&yields a net airflow of 52
days. Use a breathing rate of 0.5 r* for sleeping (for both  m?h™.
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