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This research is a combination of experimental ltesand analysis of formaldehyde
penetration across a residential building envelopth the objective of developing an
understanding of the factors that govern indoorcaircentrations of air toxics and to provide
linkages between EPA's research on indoor and outdo toxics and human exposure
modeling. Experiments were conducted at an EPAarekehouse. Air flow rates between
zones of the research house were determined bgtimgetracer gases and measuring the
decay rates with time. This was done over a rarigmposed pressure differences between
the indoors and outdoors, simulating natural vetiih caused by weather effects.
Formaldehyde was introduced from the exterior eftibuse and measured in the same zones
as the tracer gas measurements using multiple measat techniques. The outdoor zone
was simulated by an external structure that waediasth formaldehyde immediately prior to
measurements.
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INTRODUCTION

The EPA is moving forward with development of madéb represent population-based
human exposures that integrate exposures in bdtdoimand outdoor environments (Isakov et
al. 2009). While pollutants in the outdoor enviment are relatively well characterized, the
same is not true for indoor environments. Polltgan the indoor environment have major
contributions from both indoor and outdoor source#\ better understanding of the

relationship of indoor and outdoor contaminanteaesded to categorize both individual and
population exposures because most individuals spefadge fraction of time indoors. In

order for models to properly account for exposuessilting from both indoor and outdoor

sources, a better understanding of the penetraiffoambient pollutants into the indoor

environment is needed.

Development of strategies for reducing indoor exipes to certain toxic contaminants also
requires a better understanding of the contribgtivom similar contaminants in the ambient

air. To address this issue, a study of the petatraf selected air toxics from a simulated

ambient compartment into the EPA research houserkSpet al. 1991) has been conducted.
The principle of mass conservation is applied ideorto measure rates of adsorption and
desorption of the contaminants of interest on titerior surfaces of the zone of injection

while also accounting for losses due to ventilatioButer wall assembly penetration was
achieved by inducing a negative pressure in thesénavhile zone to zone flow rates were
measured using multiple tracer gases.



METHODS

Shown in Figure 1, a building pressurization systeas used in addition to tracer gas
measurements. An outer “zone” was attached tob#uk of the building to simulate the
desired ambient conditions.
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Figure 1: Layout of the research house. Tracerspasee measured in Zones 1 and 2.

Main building de-pressurization was conducted aR.6, 5, 7.5 and 10 Pa lower than the
simulated outer zone to induce infiltration via coon weather pressure differentials. Results
from the 2.5 Pa pressure difference case are gegsbare. For comparison, average pressure
differences due to weather effects are of the stalePa and so the values used here can be
considered representative of a real world settifig.create this pressure drop in the house, a
filtered blower was used which allowed for measuwretrof the ambient to house pressure
drop as well as an estimate of the house air cheatge Flow rates were determined using
tracer gas concentrations and a mass balance appradth derived equations for each
predefined zone. The house (excluding garage)defised as Zone 1, the simulated ambient
environment Zone 2, and the ambient Zone “a”. TdiBwing equations represent these
defined zones. The flow rates entering and leadioge 1 and Zone 2 were solved through
an iterative technique using Equations land 2enMiicroMath Scientist software including a
least squares curve fit with experimental data.
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Where [Z] is defined as a combination of measured tracecgasentrations for Zone i

e.g. in Zone 2 where [] denotes concentrati{ﬁ]2 = [SFG]2 + [CFSCHFCFS]2



Vi is the volume of Zone i
Qj is the to-be-determined flow rate from Zone i ting |

Where the “Z” term is used to minimize the numbé&requations solved and has no direct
effect on the computed results. Although the gtaf data did not allow for a statistical
analysis of the results based on outdoor conditiormiilding to building differences, the data
available does provide an initial view of HCHO p&ation into the indoor environment for a
specific case.

In each tracer gas experiment, the sulphur hexadleo(SFk) and heptafluoropropane
(CRCHFCR) tracer gases were injected into different zooeallbw for measurement of the
flow rates between zones. In addition to air flmeasurements, formaldehyde (HCHO) was
injected into Zone 2 and its concentrations wer@sueed in Zones 2 and 1. Vapor phase
HCHO was dosed by way of a heated gas collectiob bnd paraformaldehyde-water
solution. The bulb and bulb outlet line were wragphpeth heating tape and had a syringe
sampling port at the side. The temperature ofhisating tape was approximately 140 °C.
Total HCHO mass injected was 0.46 ml, resultingaminitial nominal concentration of 2
ppm in Zone 2.

The outdoor to house pressure difference was satnominal 2.5 Pa, and a measure of the
adsorption and desorption characteristics of theeZp surfaces (the zone of injection) was
acquired. Mass loss of HCHO due to its relativatprt half life was not considered. The
following mass balance equations were used (Tichebal. 1991, Singer et al. 2004) to
determine the adsorption and desorption coeffisieBRCHO concentration measurements
included high performance liquid chromatography (B using 2,4-Dinitrophenylhydrazine
(DNPH) cartridges in Zone 1 and an Innova optieglser in Zone 2. Equations 3, 4 and 5
are HCHO mass balance equations with the Langnasioration processes assumed. These
equations are solved with the MicroMath Scientistvgare using the flow rates that were
determined using equations 1-2. In Zone 2, thesnimdance equations are presented in
Equations 3 and 4, where Equation 4 is written geaeral form as it can be applied to either
Zone 1 or Zone 2 (with the zone number represdmyail
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These equations are solved in each zone, where
V is zone volume [rj
C is zone formaldehyde concentration [mg/m
Q is flow rate [ni/hr.] between zones, determined by solving equatioand 2.
ka4 is the adsorption rate coefficient [m/hr]
kq is the desorption rate coefficient [1/hr
M is the sorbed-phase concentration [mg/m
S values are the surface aread| [available for adsorption and desorption.

The equation representing Zone 1 is given by Eqoai which is similar to Equation 3 but
includes two additional terms. The first, appeamdsghe second to last term in Equation 5, is
an effective emission rate [mg/hr] from indoor fiimy materials based on stainless steel



chamber measurements of similar loading. Thisrapsion of emission only from flooring is

based on chamber measurements of this flooring rrab&howing the dominant effect of

desorption over adsorption and has been shown thebease for indoor wooden material of
similar age (Park et al. 2006). The Equation Bnteinvolving adsorption and desorption
relate to HCHO interaction with the drywall surfacenly. The final term appearing in
Equation 5 is associated with the mass enteringn ftbe Zone 2, which is equal to
P*Q,,*C, where Q, is the flow rate from Zone 2 to 1,@& the concentration in Zone 2

and P is the penetration factor. Equation 4 remaichanged in this zone.

dcC
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Using the same outdoor to house pressure differeho@eminal 2.5 Pa, Equations 4-5 were
then solved at this pressure difference, providinmeasure of HCHO penetration into the
building.

RESULTS

The house to ambient pressure differences impogethd filtration blower resulted in a
building exhaust flow rate and, consequently, aiake from Zone 2. Although this intake
was inevitably from multiple origins (attic, crawkce, Zone 2, etc), HCHO mass was
introduced solely through Zone 2 and so incomingH@Cmass from other zones does not
appear in the equations. If the main rooms withenhouse are taken as a single well mixed
zone, a correlation can be made between the bgilididoor to ambient pressure difference
and the air flow based on tracer gas measuremeniohe 2 to house flow rate, presented in
Figure 2. The adsorption rate coefficient for Zéhéor the 2.5 Pa pressure difference case
was found to be 0.14+0.07 [m/hr], and the desormptite coefficient was 0.12+0.06 Thr
The adsorption and desorption rate coefficientsl deethe interior building painted drywall
surfaces are those reported by Liu et al. (2009) the HCHO emission rate for the wood
flooring was experimentally determined to be 2.0/hmg Using these values in the 2.5 Pa
building to outdoor pressure difference case reduih a building penetration factor of 0.87
for HCHO at this pressure difference over the ahithour of the experiment, when the
measurement uncertainty was at a minimum. Thistpatien factor, appearing in Equation 5,
relates the amount of contaminant that is abledsscthe building envelope.
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Figure 2: Flow rate from outdoor simulated Zone @ Zone 1 (left figure), HCHO
concentration measurements for the 2.5 Pa caskeasidsquare curve fits (right figure) where
the HPLC bars represent the time integrated meamumeperiod.



DISCUSSION

An initial review of the data results in a penetmatfactor for formaldehyde for the 2.5 Pa
outdoor to indoor pressure difference. Additioaaalysis of the existing and additional data
is needed to quantify the adsorption and desorgtam the indoor building materials as the
real world use of materials and weather conditimay result in numbers which differ from
those determined in chamber tests. Liu et al. §@desent values for the desorption and
adsorption coefficients of drywall surfaces, whatcount for some of the interior material
used here. Use of mass balance equations has sbdwenan efficient method of estimating
flow rates, initial mass transfer, etc. This paigeronsidered a preliminary analysis of results
from an extensive research program involving maspeats of penetration to the indoor
environment from the ambient for a particular resithl building in addition to indoor
surface contaminant sink effects. Future work imitlude a continuation of this analysis with
different parameters, inclusion of full scale chamtdata and an uncertainty analysis of the
experimental results.

CONCLUSIONS

The research presented is a first look at contamhipanetration into the indoor environment
from ambient. While a penetration factor has he@sented for a specific case of outdoor to
indoor formaldehyde transport, analysis of addalotata is needed to quantify the loss and
re-emission from building materials in additionadroadening of outdoor to indoor pressure
differences. The included results are not to beegadized across building types, regions, etc.
and so care must be taken in interpreting and usiese results. This and future research is
expected to aid in the continued development ofefsothat require input on both indoor and
outdoor contaminants in estimating risk and theeptil for exposure towards developing
options for risk management.
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