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VOC EMISSIONS FROM LATEX PAINT: SINK
EFFECTS

Interior latex paint — used for ceilings, walls, and wood
products — is a source of volatile organic compounds
(VOCs) intheindoor environment. Emissionsareprimarily
from the release of organic solvents commonly used as
coalescents and from freeze/thaw stabilizers in the paint.
Over the past 2 years, EPA has been evaluating VOC
emissions from latex paint. Efforts have been concentrated
on a flat white latex paint with a vinyl acetate monomer.
VOC emissions from this paint consist of four maor
compounds:. propylene glycol, ethylene glycoal,
butoxyethoxyethanol (BEE), and Texanol. Initia testing
identified significant substrate effects on VOC emission
profiles and, as aresult, “real” substrates such as gypsum
board and wood were suggested for future testing. Models
were also developed and validated for prediction of both
short- and long-term emission rates.

To further assess the impact of VOC emissions from latex
paint onindoor air quality (I1AQ) and human exposure, sink
effects (i.e., the adsorption and desorption interactions
between the emitted VOCs and the interior surfaces) were
evaluated in environmental chambers. This article covers
the results of the sink effect evaluations of two common
indoor materias, carpet and gypsum board, on the four
major VOCs emitted from the latex paint tested.

Method

Each chamber test included two phases. Phase 1 was the
dosing/adsorption period during which sink materials
(carpet and gypsum board samples) were exposed to the
four VOCs. The sink strength of each material tested was
characterized by the amount of the VOCs adsorbed. Phase
2 was the purging/desorption period during which the
chambers containing the dosed sink materials were flushed
with purified air. The reemission rates of the adsorbed
VOCs from the sinks were reflected by the amount of the
VOCs being flushed.
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Results

Tables1 and 2 summarize resultsfor the adsorption and the
desorption phases, respectively. Chamber concentration
profiles are in Figures 1 through 4 for the adsorption and
desorption of ethyleneglycol and Texanol on gypsum board.

If there were no sink effects and the chamber air was well
mixed, mass balance indicates that the chamber VOC
concentration in the adsorption phase, C,, should approach
the value of C,, (the average inlet concentration) as:

Cs = Cin (1 - e-Nt) (1)
wheret = time, h, and N=air exchange rate, h*.

The chamber VOC concentration during the desorption
phase, C,, should decrease exponentially:

Cy=Cye™ 2
where Cy, = chamber VOC concentration at theinception of
desorption phase, mg/m®.

Figures 1 and 3 show that, during the adsorption phase, the
chamber outlet concentrations, C,, were considerably lower
than those predi cted by Equation (1) which assumesno sink.
The differences between the predicted concentration and the
actual chamber concentration wereattributed to sink effects.
Table 1 shows that, even at the end of the 168 hour
adsorption period, chamber concentrations, C,;, were still
considerably lower than C,,,.

The snk effects during the desorption phase are reflected by
the differences between the concentrations predicted by
Equation (2) and the chamber data shown in Figures 2 and 4.
Equation (2) predicts that, without snk effects, the chamber
concentration should decreaseto below 0.1 mg/m? within 10 h.
Nevertheless, experimental datain Figures 2 and 4 show that
the actual chamber concentrationswerewell above 0.1 mg/m?®.
Table 2 indicates that, when carpet was the Snk materid, the
chamber concentrations, C,,4, Were greater than 0.1 mg/m®
even after 300 hours of purging.
(Continued on Page 3)

Table 1. Mass Balance for the Dosing Period (Adsorption)

Test Test Cn Dosing Cout Dosage M e M_./Ci,
Compound Material (mg/m®) Period (h) (mg/m®) (mg/m?)  (mg/m?) (m)
Propylene Glycol Gypsum 5.32 168 153 893 488 91.7
Ethylene Glycol Gypsum 7.12 168 3.69 1196 628 88.2
BEE Gypsum 3.43 168 1.83 576 317 924
Texanol Gypsum 5.43 168 2.68 921 483 89.0
Propylene Glycol Carpet 5.38 168 211 903 627 116.5
Ethylene Glycol Carpet 5.68 168 2.56 954 662 116.5
BEE Carpet 3.80 169 1.72 642 264 69.5
Texanol Carpet 6.21 169 4.60 1049 232 374
C,, = average inlet concentration
C,.: = outlet concentration at the end of dosing period
M s = mass adsorbed by the sink by the end of dosing period
Table 2. Mass Balance for the Purging Period (Desorption)
Test Test Cend Purging M s M e M 4o M s
Compound Material (mg/m®) Period (h) (mg/m®) (mg/m?) (%)
Propylene Glycol Gypsum 0.09 356 488 55.7 11
Ethylene Glycol Gypsum 0.11 356 628 76.8 12
BEE Gypsum 0.03 387 317 434 14
Texanol Gypsum 0.08 387 483 85.5 18
Propylene Glycol Carpet 0.45 291 627 204 33
Ethylene Glycol Carpet 0.52 291 662 246 37
BEE Carpet 0.13 340 264 78 30
Texanol Carpet 0.16 340 232 163 70
Cqq = outlet concentration at the end of purging period
M e = Mass desorbed from sink during purging period
Inside IAQ, Spring/Summer 1997 Page 2
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Figure 1. Adsorption of Ethylene Glycol from
Gypsum Board in Dosing Phase
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Figure 2. Desorption of Ethylene Glycol from
Gypsum Board in Purging Phase
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Figure 3. Adsorption of Texanol from
Gypsum Board in Dosing Phase
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Figure 4. Desorption of Texanol from
Gypsum Board in Purging Phase

Sink Strength
The sink strength of the gypsum board and carpet test

samples can be characterized by afactor K, defined as:
Ke=MJC, ©)
where M, = sink surface organic concentration in
equilibrium with C,, mg/m?, and C, = gas-phase organic
concentration in equilibrium with M., mg/m?.

K. is the equilibrium capacity of the sink surface for the
specific VOC. That is, K, indicates the maximum quantity
(mg/m?) of the VOC adsorbed by the test sample in
equilibriumwiththegas-phase V OC concentration (mg/m®).

If equilibrium were reached at the end of the adsorption
phase, the chamber concentration should be equa to the
inlet concentration and can be considered as C,. M, should
be equal to the amount of VOC adsorbed per unit area, M,
at the end of each adsorption phase:

(Continued on Page 4)
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Mads = NV(Am - Aout)/S (4)
where, A, =areaunder C;, curve in chamber concentration
profile for adsorption phase, (mg/m®)h; A, = area under
C,.: curve in chamber concentration profile for adsorption
phase, (mg/m?)h; and S = sink surface area, m?.

However, Table 1 shows that equilibrium was not reached at
the end of the adsorption phase in any of the chamber tests.

The estimated values for M., based on chamber data and
Equation (4), arelisted in Table 1. By definition, M, should
be greater than the M, estimated for current cases.
Correspondingly, the value of K, should aways be greater
than that of M_,J/C,, listed in the last column of Table 1.

The snk strengths meaured in this study are much higher than
those measured in previous studies. For example, earlier IEMB
rescarch measured the snk drength of a carpet and a
wallboard for tetrachloroethylene and ethylene. The values of
K. wereintherange of 0.142 to 0.97 m. Ancther IEMB study
edimated the snk strength in a test house (a combination of
capet and gypsum board) for four akane species: octane,
nonane, decane, and undecane. The values of K, were in the
range of 0.90 to 6.25 m. It is gpparent that the values of
M/Ci, lisged in Table 1 and the corresponding K, values are
consderably greater than those K, values measured in these
previous studies. One explanation isthat the Snk srengthisa
function of the physica and chemical properties of the VOCs
being adsorbed and desorbed. It dso possible that the sink
strength of materias such as carpet and gypsum board toward
oxygenated polar compounds is considerably higher than that
toward non-polar VOCs.

Reemissions

Table 2 shows that, after approximately 300 h of purging
with clean air, the mgority of the VOCs adsorbed still
remained in thesinks. Overall, after over 300 h, lessthan 18
and 70% of the VOCs were reemitted from the gypsum
board and the carpet, respectively. Assuming that al the
VOCsiin the sinks are reemittable and that the reemissions
proceed at alevel similar to the purging rates measured at
theend of the desorption period, it will take several yearsfor
al the VOCs adsorbed to reemit. The extremely dow
reemission process reflects the extraordinarily high sink
strength estimated from the adsorption data.

Surface Adsorption/Desorption Model

To account for the sink effects, a model based on a first
order reversible surface adsorpti on/desorption phenomenon
was applied. According to the model, the chamber
concentration during the adsorption phase can be predicted
by Equation (5) with initial conditions, C,=0att=0,

Co=GCin {1-[(N - rexp(-rat) - (N - rp)exp(-rit)]/ (ro- ry)} (5)
and the desorption phase chamber concentration predicted by
Equation (6) with initid conditions, C;=C, at=0,
Co={[LksMgo - (N+LK; 15) Coolexp(-ryt)-[LksMyo-
(N+LK;11) Coolexp(-rat)}/(r -r1) (6)
where, k, = adsorption rate congtant, m/h, k, = desorption rate
congtant, h; M, = sink surface organic concentration at the
beginning of the desorption phase, mg/m?, N = air exchange
rate, h't, L = chamber loading (SV), m *, V = volume a
chamber, m®, and r, and r, = two parameters estimated by
M2 ={(N+AkV + k) £ [(N + AkgV +ky)?
- 4Nk °°}/2 (7

Equations (5), (6), and (7) were used to analyze the chamber
data, and the values of sink parameters, k, and kq, were
edimated by a non-linear regresson curve fit routine,
implemented on a microcomputer. Asillustrated by Figures 1
through 4, the modd fit the adsorption phase data reasonably
well (Figures 1 and 3) but failed to predict the dow reemisson
process (Figures 2 and 4). In generd, the reemisson mode
tended to overpredict, and a better fit was obtained if one
assumed that only part of the adsorbed VOCswerereemittable.
The poor fit of the surface adsorptior/ desorption modd to the
long and dow reemisson daa seems to imply tha other
mechanisms (such as diffuson or chemicd reaction) were
controlling the desorption process.

Summary
In summary, the carpet and gypsum board tested have

sgnificant ank effects on the four VOCs eva uated: propylene
glycol, ethylene glycol, BEE, and Texanol. Andyss of
environmenta chamber dataindicated that the Sink strength of
the carpet and the gypsum board toward the four VOCs is
orders-of-magnitude higher than that toward other VOCs
sudied previoudy (i.e., tetrachloroethylene, ethylene, and
akane species). It is suspected that the physical/chemical
properties of those oxygenated polar compounds may have
sgnificant effects on the snk behavior. If dl the VOCsin the
dnks are reemittable, it will take years to complete the
desorption process for the four VOCs tested in this Sudy. A
snk mode based on surface adsorption and desorption
assumptions failed to smulate the chamber data during the
long-term reemisson process but predicted the adsorption
phase fairly well. It is likely that the adsorption/desorption of
those four VOCs were not controlled by surface phenomena
but involved mechanisms such as chemisorption and/or
diffusion reated processes. To determine whether 100% of the
adsorbed VOCs were reemittable, long-term desorption data
would be needed. (EPA Contact: John Chang, 919-541-3747,
e-mail, jchang@engineer.aeerl. epagov)
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THE EFFECTIVENESS OF ANTIMICROBIAL
SURFACE TREATMENTS

The efficacies of three commercidly avalable fungicida
surfacetrestmentsfor heeting, ventilating, and air-conditioning
(HVAC) sysemsarebeing evaluated in ajoint project between
IEMB and the Nationad Air Duct Cleaning Association
(NADCA). The tresiments are designed to prevent the
regrowth of microorganismsin HVAC systems.

Poor source control and/or ineffective filtration can cause the
interior surfaces of HVAC sysemsto become soiled with dirt,
dust, and debris over time. Non-porous surfaces such

as gdvanized sheetmetd can be trested using current air duct
cleaning (ADC) methods. Such techniques and equipment are
well established and are generdly very effective. (See rlated
aticle on page 6, “Field Study on Resdentid Air Duct
Cleaning.”)

However, if the HVAC surface is porous and is contaminated
with microbiologica growth, as can occur on fiberglass duct
lining (FGDL), effective remediation procedures are not well
edablished. In fact, the EPA recommends that microbially
contaminated FGDL be removed rather than trested in-place.

Because FGDL replacement can be very expendve, some
ADC companiestreat the contaminated FGDL in-place by: 1)
vacuuming the contaminated FGDL to remove as much
surface deposition and contamination as possible, 2) misting or
fogging the HVAC system with abiocide to kill the microbia
growth, and 3) encgpsulating the remaining contamination in-
place with afungicidal protective coating.

The primary objective of this research will be to determine the
efficacy of three commercidly avalable fungicida
encapsulantsin preventing microbia regrowth over aperiod of
1 to 2 years when coated on exigting contaminated FGDL.
Two smultaneous phases will be conducted: 1) in-dtu field
experiments conducted & EPA’SIAQ test housein Cary,

NC, and 2) laboratory experiments using static and dynamic
test chambers. The 121 m? 1AQ test house is 20 years old
including the air handler and duct work. The duct materid is
galvanized sheetmetd and flexibleductswith FGDL. Themain
supply air ductwork is located in the crawl space, and the air
handler islocated in a closet in the living area.

The in-situ fidd experiments will involve applying the three
encapsulants on selected patches of FGDL in the test house
supply ar ductwork. Surface samples from this ductwork
show that it is contaminated primarily with the fungus
cladosporium. Bioaerosol sampling in the ar shows a
predominance of the fungus Penicillium spp.

Once applied, long-term monitoring microbiologica
evauations will be performed every 3 months for a period of
1to 2 years. Fed evauations will include:
» sampling surface microbias on each coated patch,
* moisture meter readings,
* sampling the HVAC evaporator condensate during the
cooling season,
* measuring temperature and relative humidity (RH)
indoors and outdoors,
* measuring duct temperature and RH, and
» monitoring hegting and cooling system duty cycle.

FGDL samples will be taken from the IAQ test house and
coated with the encapsulants for use in the laboratory growth
sudies. Dynamic chambers will be used to determine growth
factors under "worst case" conditions of very high RH. Static
chambers will be used to evauate the performance of the
encapsulants usng an American Society of Testing and
Materids (ASTM) method devel oped under EPA sponsorship.

All ar duct cleaning services, equipment, and personnd are
being provided by NADCA under the authority of the Federa
Technology Transfer Act. (EPA Contact: Russdll N. Kulp,
919-541-7980; rkul p@engineer.aeerl.epa.gov)
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FIELD STUDY ON RESIDENTIAL AIR DUCT
CLEANING

A nine-home field study was conducted to invedigate the
impact of mechanicd ADC methods on IAQ and system
performance. ADC services were provided by NADCA. The
objectives were to: evauate mechanicd ADC methods
commonly used on non-porous surfaces, measure pre- and
post-ADC environmentd system parametersto investigate any
impacts on |AQ; and measure system performance pre- and
post-ADC. Surface treatments, such as biocides and
encapsulants were not a part of the field sudy. All nine
resdences are located in the Research Triangle area of NC.

Methods

Eight of the resdencesin thefield sudy were occupied and the
ninth was the EPA’s IAQ test house (TH). Each house was
equipped with a centrd heating and air-conditioning (HAC)
forced air digtribtion system. ADC had not been performed on
the air handling unit (AHU) or duct system for at least 10
years. All occupants were nonsmokers and none of the houses
had | AQ complaints. Table 3 showsthe characteristics of each
house.

Sampling procedures and instrumentation were identical for
eech of the test houses, and measurements were made during
a l-week sudy of each house. Pre and pos-ADC
measurementsincluded: supply and return air duct dust surface
mass, airborne particle mass (PM) and fiber measurements;
microbia bioaerosol and surface sampling; temperature; RH;
carbon dioxide; and system performance factors such as satic
pressure, ar flow rates, motor current, and refrigerant
temperature.

The mechanicd ADC methods and equipment used by
NADCA varied according to the house ar distribution system,
configuration, and accessibility. ADC methods included
portable negetive air systems to collect and remove loosened
dust and debris. Silica-carbide rotating brushes, air washing
with compressed air and air whips, contact vacuuming, and
hand wiping were used to loosen the dust and debris.
Substantid effort was required to clean the AHUS.

AHUs were subgtantially disassembled and cleaned using
hand wiping and contact vacuuming. The fan, impeller, and
scroll housing wereremoved and wet-cleaned using anon-toxic
cleaning fluid. The condensate drain pan, piping, and pumps
were ingpected and cleaned as necessary. System filters were
removed and cleaned or replaced. System coaling coils were
wet-cleaned in place usng a non-toxic cleaner. Hesting coils
were wiped and hand vacuumed.

Table 3. Characterigtics of Fidld Study Test Houses

House|House| House | # of | Duct |AHU| Duct
ID# | Age Size |Hoors| Age | Age [Materia

rs) | (m) (yrs) | (yrs)

TH 20 121.2 1 20 20
22 141.2 1 22 22
18 134.7 1 18 05
10 1839 2 10 10
9 185.8 2 9 9

28 181.6 15 NA | NA
25 929 15 25 NA
26 185.8 2 26 26

9 35 1393 2 35 |NA b

a- Gavanized sheet-metal ducts with interna fiberglass ductliner
insulation and insulated flexible branch ducts

b - Gavanized sheet-metal ducts with external fiberglass wrap
insulation

¢ - Galvanized sheet-metal ducts with external fiberglass wrap in
insulation and insulated flexible branch ducts

d - Insulated flixible ducts

NA - Not available

(oo} BN o>l O IE-N) WOSH I \V]
o3 Noll Roul HoN HoX No N Roul <]

NADCA routindy performed numerous visua inspections
during the cleaning to ensure that the ADC process was
proceeding satisfactorily. Access to the ductwork was
generdly through end-caps and flexible duct connections.
Access doors were indaled in the ductwork when access to
work areeswasdifficult. Registersand diffuserswereremoved
and wet-cleaned usng a non-toxic cleaning fluid.

Reaults

Themechanical ADC methods used wereeffectiveinremoving
deposited dust deposition from the duct surfaces. Figure 5
shows pre- and post-ADC supply duct depogtion levels. Pre-
ADC measurements ranged from 1.0 to 35.1 g/n?, whereas
post-ADC measurements ranged from 0.12 to 1.11 g/n?.

Indoor respirable (PM,5) and inhdable (PM,) particle mass
concentrationsin the houses were rdatively low, ranging from
4.2 to 32.7 ug/m?, condstent with studies in houses without
tobacco smoking. Interpretation of the PM measurement data
wasdifficult because outdoor concentrations had an apparently
grong influence on indoor concentrations. The outdoor
concentrations varied over the course of each week-long study
making it difficult to determine if the changes in indoor
concentrations after ADC were the result of cleaning or
changes in occupant activities.
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Figure 5. Supply Duct Deposition Levels

A comparison of average pre- and post-ADC bioaerosol levels
showed a reduction in arborne fungi; however, these
reductions are not consdered substantid. Initidly, the test
houses were not biocontaminated; therefore, a smal change
would not be surprising. Pre-ADC airborne fungi levelsin the
supply ducts ranged from 14 to 646 colony forming units
(cfu)/m® while the post-ADC levels ranged from 2 to 300
cfu/m®, Bacteriain samples collected from the surfaces of the
HAC system were highly varigble. PreeADC bacteria levels
ranged from 5 to 1100 cfu/cn? in the supply ducts and from 5
to 2300 cfu/cn?? in the return ducts, with a mean of less than
200 cfu/cm? in most houses. Mean concentrations of return air
bacteria levels were lower after ADC in Sx of seven houses
measured; however, in the supply ducts, thiswastruefor only
four of the occupied houses. Pre-ADC versus post-ADC
differences were generdly smal. Funga levelswere generdly
higher than bacteria levels and ADC had the most impact on
the ducts with the highest levels of fungi and noticesbly
reduced the leve of fungi in surface samples collected from
ductsin most houses.

Measurements of system performance factors suggest that
ADC had a positive impact. Because of the smdl sample sze
and the limited duration of the measurements, it isnot possible
to quantitatively determine the significance of ADC on sysem
performance and energy use. Generdly it resulted in increased
air flow to the house. Supply air flows increased between 4 to
32% in eight of the houses based on measure-

ments at the floor registers and diffusersin the house. Part of
the increese in supply ar flow rates may have been
attributable to minor duct repair. Return air flows measured at
the return air grilles increased 14 to 38% at two houses, but
were not subgtantialy different after ADC at the other seven
houses.

AHU blower motor current increased after ADC in four of the
houses where the messurements were peformed. Stetic
pressure increased in the return air duct at the Six houses with
complete measurements. Theincreasein blower motor current
and in gtatic pressure in the return air ducts suggest improved
system performance. There was no clear trend for changesin
gatic pressure in the supply ducts or the differentid pressures
across the cooling coil. Refrigerant line surface temperatures
did not provide useful information.

Summary
HAC systems contaminated with dirt and dust are potential

IAQ emission sources. Research shows that HAC totd VOC
emisson rates and odors may be effectively reduced by
removing depostion. This fidd sudy demonsrated that
mechanicd ADC methods can be an effective source
management tool when gpplied to non-porous bare sheet-metdl
ducts. Porous surfaces, such as FGDL, were not evauated
because houses with FGDL systems, but without vishble
surface microbid contamination, were not identified during
sdection of the sudy houses. When FGDL becomes
microbialy contaminated, the EPA recommends remova and
replacement rather than any form of ADC. Further researchis
required to evaluate ADC effectiveness on porous surfaces.

Differentidsin indoor PM levelsfrom pre-ADC to pos-ADC
could not be detected. Thisis cong stent with previousresearch
and is probably due to the strong influence of outdoor PM
SOUrCes.

Mechanicad ADC methods aone did not substantialy reduce
bioaerosol and surface microbid levels, however, surface
treatments such as biocides or encapsulants may be required if
it is determined that substantia reductions are necessary. To
fully evaluate this, future research could include comparisons
using mechanical ADC incombinationwith surfacetreatments.

Results of measurements of HAC system-related parameters
suggest that there is a podtive impact on HAC system
performance from mechanical ADC. These measured impacts
cannot be consdered sgnificant due to the smal sample sze
and the short monitoring period. Further research would help
subgtantiate these findings. (EPA Contact: Russall N. Kulp,
919-541-7980, rkulp@engineer.aeer] .epa.gov)
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EMISSIONS FROM ACID-CATALYZED
VARNISHES

Precticdly al furnishings sold in the U.S. have a coating on
the surface to provide water and stain protection and to
enhance gppearance. One type of coating used extensvely in
the furniture industry is the akyd/urea-formal dehyde topcoet.
These are thermosatting resins and are frequently called
converson varnishesor catalyzed finishes. They do not cureby
drying, as do many coatings, but by a chemicd reaction,
cregting a durable water- and chemical-resistant coating that
protects the wood during its use.

Converson varnishes are of interest for ambient air qudity
because of emissionsduring manufacturing. Fromanindoor air
perspective, these varnishes are of interest because VOCs,
including formaldehyde, may be emitted during use. EPA has
conducted anadlyses to gain an understanding of the magnitude
of emissionsfrom conversonvarnishesand to develop methods
and protocols for testing and analysis of these emissons.

Method
Three conventiona conversion varnish systems, coded A, B,
and C, were obtained from three different manufacturers.

Four tests were run:

* EPA Method 24 - Determination of Volatile Matter
Content, Water Content, Dengty, Volume Solids, and
Weight Solids of Surface Coatings,

* Proposad EPA Method 311 - Analyss of Hazardous Air
Pollutant Compounds by Direct Injection into a Gas
Chromatograph;

» Determination of Free Formaldehyde - Determination of
content in amino resin; and

*  Small Chamber Testing - Determingtion of emisson rate
profiles.

The free formadehyde content of the amino resins was
determined using amethod based on the quantitative liberation
of sodium hydroxide when forma dehyde reacts with sodium
aulfite:

HCHO + N&a,S0; + H,0 > NaOH + HOCH,SO;Na.

The small chamber tests were conducted according to the
procedures in ASTM D5116-90, except that dterations were
necessary to accommodate the required high-temperature
drying period specified by the manufacturer for two of the
varnishes, Stainless sted 53-L chambers were used. One
chamber was outfitted with hesting jackets Three
thermocouples were placed ingde the chamber to monitor
chamber air, subdrate surface temperature, and interna

temperature of the substrate. The chamber air temperaturewas
monitored in the center of the chamber directly below the
mixing fan. Each test was performed with a temperature
protocol developed using the manufacturer’ srecommendations
for curing temperatures and times.

The organic solvents used in these varnishes arefairly voldile.
Themgority of the VOCsfrom these solventsarereleased into
the air within severd hours of gpplication. A comparison of
emissions measurements on three different substrates (glass,
oak board, oak veneered hardboard) showed no effect of
Subgtrate on emissons.

Results

Thefreeforma dehyde contents of thethree conversion varnish
systems ranged from 1.46 to 5.35 mg/g varnish. Results of
smal chamber tests confirmed that the amount of free
formadehyde (HCHO) initidly applied to the surface
represents only afraction of the total formaldehyde emitted.

Formadehyde is generated during cure and ageing. For the
three converson varnishes teded, the totd formadehyde
emissons are 2 to 8 times the amount of free formadehyde
gpplied. Varnish B has the highest short-term emission rate,
and varnish C thelowest. Two factorsmay have contributed to
this result: 1) varnish B has the highest free formadehyde
content, and 2) higher curing temperatures may accelerate the
emissons.

Thelong-term emission datashow avery different picture. The
decay of the formadehyde emission rae is a dow process.
Varnish C has the highest rate, but the three varnishes follow
a very smilar pattern. Even 3000 hours (125 days) after
gpplication the formaldehyde emisson rate is greeter than 0.1
mg/mé/hr.

The long-lagting formadehyde emissons can cause devated
concentrations in indoor environments. To assess the impact,
we assumethat aset of kitchen cabinetsisingdled inatypica
house (300 m? volume) with a forma dehyde emission rate of
0.5 mg/m?/hr, which is about the rate a 42 days (1000 hours)
after varnish gpplication. Figure 6 shows the expected
formal dehyde concentrations for various loadings (5 to 20 nv)
and air exchange rates (0.1 to 1.0 air changes per hour). For
exanple, & 05 ar exchanges per hour, the indoor
forma dehyde concentration due to cabinets done could be 16
pg/m? (12 ppb) if the source areais 5 m?, and 67 pg/m? (50
ppb) if the source areais 20 m?. Theirritancy threshold for
formaldehyde is 100 ppb. (EPA contact: Betsy Howard, 919-
541-7915, bhoward@ engineer.aeer] .epa.gov)

Inside IAQ, Spring/Summer 1997

Page 8



400

w
o
o
I
T

Conc. (ug/m3)
N
o
o

100 +

Air Exchange Rate (1/hr)

[—-—5m2 —s—lOm2—9—15m2—A—20m2]

Figure 6. Predicted Indoor HCHO Concentrations in a 300 m® House Due to Ingtalation of Kitchen Cabinets

With Varnish Applied 1000 Hours Previoudy

MEASURING TONER EMISSIONS USING
HEADSPACE ANALYSIS

As pat of a larger project to identify pollution prevention
approaches for reducing indoor air emissons from office
equipment (see related article on page 10, “A Large Chamber
Test Method for Measuring Emissons from Office
Equipment”), heedspace andyses were performed to evaluate
three toners. The three toners are each manufactured by the
same company in different plants but use the same raw
materids. It was hoped that the results might help to provide
ingght into options for developing lower emitting toners. The
headspace tests are smpler and less labor intensve than the
large chamber test method discussed on page 10.

For each headspace test, 50 mg of toner powder was placed in
a28.3mL container and alowed to equilibratefor 1.5 hours at
which time a 1 mL headspace air sample was taken for
anadysis using a gas chromatograph-flame ionization detector.
Tests were conducted at 150°C which is within the range of
typical fusing temperatures in dry-process photo-

copy machines (100-160°C). Four of the magor VOCs
identified in earlier large chamber tests — ethylbenzene, m,p-
xylene, styrene, and o-xylene —were quantified (Table 4).

The headspace concentrations shown in Table 4 show
concentrations from Toners A and B that are typicaly 2-5
times higher than concentrations from Toner C. According to
the Materia Safety Data Sheets, al three toners are composed
of: 80-90% by weight styrene/acrylate copolymer; 5-10% by
weight carbon black; 5-10 % polypropylene wax; 1-3 %
titanium dioxide; and less than 1 % quarternary ammonium
st

Toner Cismanufactured using the extrusion process. TonersA
and B are manufactured using the Banbury® process. The
extruson process (Toner C) is more modern and, in addition,
the toner can be manufactured under a vacuum, which may
decrease the amount of VOCsin the toner. These preliminary
resultsindicate that it may be of vaueto further investigate the
extrusion process as a potential option for producing lower-
emitting toners. (EPA Contact: Kelly Leovic, 919-541-7717,
e-mail:kleovic@engineer. aeerl .epagov)

Table 4. Toner Headspace Concentrations (ng/mL)

Chemical Emitted Toner A Toner B Toner C
Ethylbenzene 1100 950 220
m,p-Xylene 1100 930 470
Styrene 290 260 130
o-Xylene 740 660 290
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A LARGE CHAMBER TEST METHOD FOR
MEASURING EMISSIONS FROM OFFICE
EQUIPMENT

Indoor air emissions from dry-process photocopy machines
include: VOCs, ozone, and paticles.  These emissons can
contribute to adverse hedth effects such as eye, nose, and
respiratory system irritation, and severd ae liged as
hazardous air pollutants under the Clean Air Act.

IEMB, Research Triangle Indtitute, and a group of industry
technical advisors are working together to better understand
indoor air emissons from office equipment so that lower-
emitting equipment can be developed. The project includes: 1)
reviewing the literature on emissons from office equipment
(summarized in Ingde 1AQ, Spring/Summer 1995,
EPA/600/N-95/004); 2) developing a standard test method to
characterize emissons, 3) measuring emissons from dry-
process photocopy machines using this test method; and 4)
identifying pollution prevention approaches (eg., source
reduction) for reducing emissons.

Review of the literature showed that no standard test method
exigs to evduate emissons from office equipment, thus
making it difficult to compare the results from different
dudies. To addressthislack of standardization, atest method
specific to measuring emissions from office equipment was
developed as part of this project. The method was then
evauated at Research Triangle Ingtitute using four dry-process
photocopy machines. This article covers the test method and
the results from using the test method to evauate emissons
from the four machines.

Test Method

The test method developed as part of this project uses flow-
through dynamic chambers because they ae generdly
gpplicable to dl types of equipment and generdly mimic
typicd use conditions found in an office Unique
Characterigtics of the the test method include:

e Chamber Sze: The test chamber's linear dimensions must
be a minimum of 1.4 times the dimensons of the
equipment tested in accordance with typicd industry
testing procedures.

e Hea Genedtion: Depending on the machine, hesat
generdion in the chamber may be a problem. To account
for this, the method specifies a temperature range of 28.5
+ 2.5 °C and an air exchange rate of 2 changes per hour.
RH within the chamber ismaintained between 30 and 35%.
(A RH of 35% at 31°C represents a mass of water
equivaent to 50% RH at 23°C.)

o Limited Paper Supply: A finite paper supply for copy
machines limits the duration of the test. For this Sudy, a
paper supply of 2000 sheets was used for each test. This
supply was copied after 20 to 40 minutes for the four dry-
process photocopy machines evauated.

» Toner Carryover: When testing equipment that uses toner,
atoner depletion and replenishment procedure is followed
to avoid carryover of the previous toner between tedts.

» Power Requirements The type of outlet required varies
among copiers. Indalation of new outlets, changing
outlets, or multiple outlets may be required.

* Remote Starting: Remote darting of the machines is
necessary to maintain chamber integrity. Problems can be
minimized if an experienced servicetechnician ingalls, sets
up, and checks out the equipment.

Before placing the photocopy machine in the chamber,
background levels of target pollutants in the chamber air are
measured. A service representative from the manufacturer
sarviced and ingdled the photocopier in the chamber prior to
testing. A toner recommended by the manufacturer was used
for each test, and the same type of paper — containing 20%
recycled materiads — was used for dl teting. A sandard
image, representing about 15% coverage, wasused to represent
atypica maximum image for copying.

The chamber air was then measured with the equipment idling
(i.e,, powered but not operating) to obtain data on off gassng.
For this study, 2000 copies were copied for each test, and an
integrated chamber air sample was collected from the sart of
operation until 2 hours (4 ar changes) after the paper supply
was exhaugted. The 2000 sheets were copied after 20 to 40
minutes (depending on the maching) for a totad sample
collection time of 140 to 160 minutes.

Chamber air concentrations of VOCs were collected with
multisorbent tubes and analyzed by gas chromatograph/mass
spectrometry. Aldehyde/ketone sampleswere collected on2,4-
dinitro phenylhydrazine-coated slica cartridges and analyzed
by high performance liquid chromatography. Ozone was
monitored continuoudy using a DASIBI monitor. Particle
concentrationswere monitored continuoudy for two of thefour
machines usng a LAS-X optica particle counter.

Reaults

The edimated emisson rates for the four mid-range dry-
process photocopy machines tested in this Sudy are shown in
Table5. Emissonsof VOCsare consstently lower for Copier
4, which uses a mono-component toner, than for the three
machinesthat use dual-component toners(Copiers 1, 2, and 3).
However, emisson ratesfor many of theadehydesand ketones
are higher for Copier 4. Also, ozone levels for Copier 4 are
higher than for the other three machines tested.
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The data presented in Table 4 dso show that, dthough the
same compounds are emitted from al four machines, the
emisson rates of these compounds can vary consderably
between machines. For example, the emisson rae for
ethylbenzene is 28,000 pg/h for Copier 1 and <50 pg/h for
Copier 4.

Limited particulate data were collected for two of the four
machines tested. Results showed that operation of one of the
machines increased particulate levels to 30 times chamber
background levelsfor particles smdler than 2 um in diameter.

for one machine. Since emissions were tested using chamber
conditions that might approximate conditions found in office
buildings, it is likely that the indoor air concentrations of this
magnitude would aso be found in offices. (EPA Contact:
Kely Leovic, 919-541-7717, e-mal: kleovic@engineer.
aeerl.epagov)

Table5. Edmated VOC and Ozone Emission Ratesfrom
Four Dry-Process Photocopiers (ug/h - copier)

summ Chemical Copier | Copier | Copier | Copier
Resultsof thisstudy have provided vauableinformation onthe ! 2 > :
performance of the test method and on emission characteristics Ethylbenzene 28000 [ 360 | 2400 | <50
of selected dry-processphotocopiers. Thetest method provided mp-Xylene 29000 | 510 6.100 100
acceptable performancefor characterizing emissionsfrom dry- : i i
process photocopy machines. Percent recovery for caculated Styrene 9,900 | 3,000 | 12,000 | 300
emisson rates for standard materials emitted into the chamber
at known rates was greater than 85%. Precision of replicate O-Xylene 17000 | 80 | 450 | <0
tests using both standard emitters and photocopiers was good Propylbenzene 790 460 2100 <50
(less than 10% Relative Standard Deviation). In order to
evauate the performance of the tes method in different 2-Ethyl-1-hexanol 230 [ 5600 | 14,000 | 130
|aboratories, a round-robin evaluation in four different U.S. n-Nonanal 1,100 3.900 3600 | 2000
laboratories was recently performed, and the results will be
presented in afuture issue of Insde 1AQ. n-Undecane 2,000 62 70 103
For the four machinestested in this study, the compoundswith Formaldehyde <50 | <500 | 2600 | 2200
the highest emission rates overdl were ethylbenzene (28,000 Acetaldehyde 710 <500 960 1,200
pg/hour), m,p-xylene (29,000 pg/hour), o-xylene (17,000
ug/hour), 2-ethyl-1-hexanol (14,000 pg/hour), and styrene Acetone 2000 [ >100 | >500 | 2800
(12,000 pg/hour). To put these results in perspective, chamber Benzaldehyde 1800 | 3800 | 2600 | <100
air concentrations of styrene were about 100 pg/m?

Ozone 3,000 1,300 4,700 7,900

GLOSSARY OF ACRONYMS

ACS-Air Conveyance Sysem

ADC-Air Duct Cleaning

AHU-AIr Handling Unit

AMSI-Aerosol Mass Spectrd Interface
ASTM-American Society of Testing and Materials
A&WMA-AIr & Waste Management Association
BEE-Butoxyethoxyethanol

FGDL-Fiberglass Duct Lining

GAC-Granular Activated Carbon

HAC-Hesting and Air-Conditioning
HUD-Housing and Urban Development
HVAC-Hesating, Ventilating, and Air-Conditioning
IAQ-Indoor Air Quality

IEMB-Indoor Environment Management Branch
MS-Mass Spectrometer

NADCA-Nationa Air Duct Cleaning Association
NRMRL-Nationa Risk Management Research L aboratory
NTIS-Nationa Technica Information Service
OA-Outdoor Air

PIV-Particle Image Ve ocimetry
PCO-Photocatalytic Oxidation

PM-Pearticle Mass

RH-Rdative Humidity

TH-Test House

VOC-Volaile Organic Compound
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IEMB PAPERS AT ENGINEERING SOLUTIONS TO INDOOR AIR QUALITY PROBLEMS SYMPOSIUM

Aninternationa symposium, Engineering
Solutions to Indoor Air Quality
Problems, was held July 21-23, 1997, in
Research Triangle Park, NC. The
Symposium was cogponsored by APPCD
and the Air & Wase Management
Asociation (A& WMA) and wasattended
by more than 100 participants.
Summaries of the IEMB-sponsored oral
and poder papers presented a the
Sympaosium follow. Proceedings from the
Symposum  will be avalable from
A&WMA (412-232-3444) in early 1998.
Copies of the IEMB papers should soon
be available from the Nationa Technical
Information Service (703-487-4650).

Characterization of VOC Emissons
From an Alkyd Paint-Tests have been
performed to identify VOCs emitted from
akyd paint, to characterize the emisson
profiles, and to determine the emissons
rates. The approach includes both
andyss of the pant formulation to
identify and quantify VOC concentrations
and dynamic smdl chamber emissons
tests to characterize the emissions after
application. The predominant
condituents of the paint sdected for
testing are akanes (C9-C12) and C8-C9
aromatics. Primer and paint have been
gpplied to glass, gypsum, and pine to
assess subdtrate effects in small chamber
emissons tests. The VOCs in thee
solvent-based paints are rapidly emitted
after application, with over 90% of the
target VOCs emitted during the first 24
hours following application. The data do
not indicate any subgtantia effect of the
subgtrate on the VOC emissons. In
addition to the akanes and aromatics,
adehydes are detected in the emissons
during paint drying. (EPA Contact: John
Chang, 919-541-3747; jchang@engineer.
aeerl.epagov)

Characterizing Sink Effects in Large
Environmental Chambers-IEMB
conducted experimentsto characterizethe
capacity of alarge chamber to absorb and
re-emit VOCs. Test mixtures used were:
1) octane, nonane, decane, undecane, and
dodecane; and 2) ethyl benzene, octanal,
p-dichlorobenzene, decane, dodecane, and
ethylene glycol. This paper presents the
methods used to characterize dnk
behavior of the chamber, the results, and
adiscusson of theimplicationsfor source
characterization usng large chambers.
(EPA Contact: Mark A. Mason, 919-541-
4835; mmason@ engineer.aeerl.epa.gov)

Cost Analysis of Activated Carbon vs.
Photocatalytic Oxidation for Removing
VOCs from Indoor Air-The capitd,
operating, and maintenance costs were
compared for VOC ar cleaning by in-
duct granular activated carbon (GAC)
and photocatalytic oxidation (PCO) units
for new (i.e., non-retrofit) officebuildings.
A deady concentration of 1 ppm VOC
was assumed in the indoor air. Even with
the reatively optimistic assumptions for
the PCO system, this analyss suggests
that a VOC air cleaner based on current
PCO technology could have an inddled
cost about 10 times higher, and a total
annua operating cost about 2 times
higher than the cogts of a comparable
GACair cleaner. (EPA Contact: D. Bruce
Hensche, 919-541-4112: bhenschd @

engineer.aeerl.epa. gov)

Defining Requirements and Data
Outcomes for Environmental
Verification Program for Indoor Air
Products-Building on exiging test
methods, IEMB and Research Triangle
Indtitute are developing atest protocol for
office furniture as pat of EPA’s
Environmental Technology Verification
Program. Themethod will bevdidated at
Research Triangle Inditute and Air
Quaity Sciences and then will be
submitted for approva by a sakeholders
group. Results will be provided to clients,
but will dso beincorporated in adatabase
of indudiry-specific daidtical averages
which may be used for modeling pollutant
concentrationswithinabuilding. A matrix
of data outcomes such as emisson
factors, room concentrations, emisson
rates, input for modds, time to reach
acceptable level of emissons, exposures,
and risk factors will be developed. (EPA
Contact: LedieE. Sparks, 919-541-2458;

Isparks@ engineer.aeerl.epa. gov)

Design of an Aerosol Mass Spectral
Interface-An Aerosol Mass Spectra
Interface (AMS) has been designed and
condructed to chemicdly characterize
aerosol consumer products. The product
is sprayed into the ASMI, reduced to dry
partticles, and passed into the mass
spectrometer (MS) for characterization
for red-time, on-line analyss. Chemica
separation is achieved mass spectraly.
The AMS can dso be operated to
introduce only specific sizes of agrosol
paticles into the MS dlowing for
chemicd characterization by particlesze.
The AMS has been successfully used on
a patide beem MS and on an
amospheric MS. The ASMI is being
applied to help analyze aerosol consumer
products so that indusiry can produce
lower-emitting, moreefficaciousproducts.
(EPA Contact: Kelly Leovic, 919-541-
7717; kleovic@engineer. aeerl.epagov)
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Devdopment of a Digital Optical
Measurement System for Analysis of
Aerosol Spatial Didtribution in the
I ndoor Environment-A new techniqueto
measure aerosol gpatid didtribution in
redigic rooms is presented.  This
mesasurement system is based on Particle
Image Ve ocimetry (PIV) which has non-
intrusve, smultaneous, and whole fied
measurement features. Tracer particles
and representative aerosolsareintroduced
into the indoor air, illuminated by alight
sheet, and photographed. The particle
Sze, a vdocty vector map, and
concentration spatid digtribution can be
obtained by applying different data
andyss techniques and cdibration
procedures. Theresultsfrom thisresearch
can be usad to help understand aerosol
spatia distribution indoors which can be
used to evauate occupants exposure to
indoor pollutantsand ass st manufacturers
in developing more efficacious agrosol
consumer products. (EPA Contact: Kelly
W. Leovic, 919-541-7717, kleovic@

engineer.aeerl.epagov)

I nvestigation of Contact Vacuuming for
Remediation of Fungally Contaminated
Duct Materials-The objectives of this
research program were to: 1) determine,
under consgtant temperature, RH, and air
flow test conditions, whether funga spore
levels on HVAC duct materid surfaces
coud be subgstantidly reduced by
thorough vacuumming; and 2) evaduate
whether subsequent fungd growth would
be limited or contaned by a sngle
mechanica cleaning treatment. Threeduct
materias were tested: two new FGDLs
(one containing an antimicrobial
trestment) and one new gavanized ded
duct materid. All wereartificialy soiled.
Results show that notable amounts of
surface dust were removed and surface
sporeleves could be reduced in the short-
term on dl materids by vacuuming.
However, fungd re-growth occurred
within 6-12 weeks. (EPA Contact: John
Chang, 919-541-3747,

jchang@engineer.aeerl. epagov)

Energy Consumption Comparisons for
High Efficiency vs. Low Efficiency
Central FiltersIn addition to the
incressed initid cost associated with a
high efficiency filter as compared to a
gandard low efficiency filter, differences
in pressure losses and changesin air flow
associated with various levels of filter
load can impact the energy consumption
of the syssem. This paper discusses the
results of an analyss of yearly energy
consumption for high and low efficiency
filters applied to a representative
commercid office building located in
three different climatic regions. Using
computer Smulation, yearly energy
consumptionisestimated for two different
HVAC system types for two of the most
common packaged system szes. (EPA
Contact: LedieE. Sparks, 919-541-2458;

Isparks@engineer. aeerl.epagov)

Evaluation of Sink Effects on VOCs
from a Latex Paint-The sink grengths
of two common indoor materids, carpet
and gypsum board, were evauated by
environmental chamber tests using four
VOCs. propylene glycol, ethylene glycal,
BEE, and Texanol. Results indicate that
the snk strengths measured were more
than 1 order-of-magnitude higher than
thosefor other VOCs previoudy tested by
EPA. The high sink strengths reflect the
unusually high adsorption capacity of
common indoor materids for the four
VOCs. Results dso show that reemission
was an extremely dow process. If dl the
V OCs adsorbed wereremittable, it would
take more than ayear to completely flush
out the VOCs from the snk materias
tested. The long reemisson process can
resultin chronic and low level exposureto
the VOCséfter painting interior wallsand
surfaces. (See related article on page 1,
“VOC Emissons From a Latex Pant:
Sink Effects”) (EPA Contact: JohnC. S.
Chang, 919-541-3747; jchang@
engineer.aeerl. epagov)

Fungal Emisson Rates and Their
Impact on Indoor Air-Duct materids
were dlowed to develop Penicillium and
aspergillus contaminations in a congtant
temperature and high RH environment.
Almost no spore release was seen over 6
weeks with a congtant 95% RH, while
surface growth increased at least 2 orders
of magnitude. After 6 weeks, the RH was
decressed in 5% increments a 1 hour
intervals. Decreasng RH had little effect
on the emisson rate until the RH was
between 60 and 65%, when a spike of
Penicillium was detected. In another
experiment, the impact of HVAC sysem
cycling was measured on fiberglass duct
liner contaminated with Penicillium. The
RH was st at either 55 or 95%, and the
ar flow was 25 m/s. At 95% RH, only
periodic sporeemissonsweredetected. At
55% RH a much higher rdlease was
detected. (EPA Contact: John Chang,
919-541-3747; jchang@ engineer.aeerl.

epa.gov)

Identification and Evaluation of
Pollution Prevention Techniques to
Reduce Indoor Emissions from
Engineered Wood Products-Emissons
were screened  from  four  products:
veneered particleboard with seder and
topcoat; veneered hardboard with gain,
seder, and topcoat; particleboard overlaid
withvinyl; and particleboard overlaid with
melamine. Tota VOCswere highest from
veneered particleboard with sedler and
topcoat. The acid catalyzed akyd-urea
sedler and topcoat and the particleboard
werethe primary emisson sources. Three
types of coatings were identified as
potential  subdtitutes; a  2-component
waterborne polyurethane; an diphatic
urethane acrylate; and a water-based
acrylic. Four types of fiber panels were
identified as potentia aternatives for
particleboard: fiber panels made with
medium density fiberboard using
methylene diisocyanate resin;  whesat
straw; corrugated cardboard;, and
recycled newspaper. (EPA Contact: Kdly
W. Leovic, 919-541-7717,
kleovic@engineer.aeerl. epagov)
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Indoor Air Quality Large Building
Characterization Project Planning-
Three buildings were characterized by
examining radon concentrations and IAQ
as dfected by building ventilaion
dynamics. Measurements included:
carbon dioxide, particle concentrations,
temperature, RH, pressure differentias,
radon (indoor, ambient, and sub-dab),
and outdoor air (OA) intake flow rates.
The OA intske was adjused when
possible, and fan cycles were controlled
whiletracer gas measurementsweretaken
in al zones. Techniques to vary OA and
pressure differentia, and track IAQ were
incorporated into the experimental plan
and are discussed with project rationale.
(EPA Contact: Marc Y. Menetrez, 919
541-7981; mmenetrez@

engineer.aeerl.epagov)

Indoor Emissons from Converson
Varnishes-Three commercidly avallable
converson varnish systems were
evaluated. Results confirmed that the
amount of free formadehyde initidly
gpplied to the surface represents only a
fracion of the totad amount of
formadehyde emitted, implying tha
formaldehyde is formed as aresult of the
curing reaction. Long-term (133 days)
testsshowed aformaldehydeemissonrate
greater than 0.14 mg/m?hr, which can
cause elevated concentrations in indoor
environments. (Seerelated article on page
8, “Emissons from Acid-Caayzed
Varnishes”) (EPA Contact: Betsy M.
Howard, 919-541-7915; bhoward@

engineer.aeerl.epagov)

Large Indoor Air Test Chamber
Characterization-A 30 m® stainless stedl
test chamber is being used by IEMB to
characterize emissionsfrom products and
processes that cannot readily be studied
using smal chambers. Initid experiments
have evauated chamber performance and
the comparability to two other chambers
recently built in Canada and Ausdtrdia
Tedts have evaluated critica factors that
may influence experiments: 1) the ahility
to maintain awide variety of temperature
and RH set points;, 2) air velocitieswithin
the chamber at different flow conditions;
3) mixing of pollutants at different flow
and temperature conditions, and 4)
adsorption of organic compounds by
chamber wadlls, air ducts, and components
of the ar-conditioning sysem. (EPA
Contact: Betsy M. Howard, 919-541-
7915; bhoward@ engineer.

aeerl .epagov)

A Research Plan for Determining the
Penetration of Ambient Particles into
Buildings-Most people receive over 90%
of their exposureto airbornefine particles
indoors. IEMB has begun a study to
determine the relaionship between the
outdoor and indoor particle sSze
digtributions and concentrations, and to
determine the factors that affect their
relationship. The study will include a
detailed theoretica andysis of the ways
that particles can enter the indoor
environment and an andysisof the effects
of these entry pathways on the particle
concentration and particle size
digribution indoors. This presentation
will summarize the scientific literature on
rel ationships between outdoor and indoor
fine particles, the gpproach being taken to
theoretical analyses of particle
penetration into buildings, and the
approach to the complementary
experimenta studies.  (EPA Contact:
Rondd B. Modey, 919-541-7865;

rmod ey @engineer. aeerl.epagov)

Pilot Air Conveyance System Design,
Characterization, and Cleaning-The
objective of this project was to develop
and refine surface and arborne
contamination measurement  techniques
that could be used to evduate ar
conveyance system (ACS) cleaning in
support of afield study to be conducted
later. (Seerelated articleon page 6, “Field
Study on Residential Air Duct
Cleaning.”) A pilot air conveyance sysem
using full-sizeresdential HAC equipment
was congiructed and operated to provide
a controlled, artificidly soiled, ACS
environment. Three types of duct systems
were evauated with the proposed
measurement methods under unsoiled and
soiled conditions. Each  duct system was
then cleaned by professond ACS
cleaners and reevaluated. As a result of
the pilot study, the surface contamination
measurement methods were evauated
over arange of conditions and improved.
Surface contamination (microbid and
total dust) messurements and visud
inspections showed that the pilot unit was
effectivdly ceaned by the methods
applied. Submicron and larger particle
counts were reduced following ACS
cleaning, and respirable particlemasswas
reduced for two of the three duct systlems
used. (EPA Contact: Russdl M. Kulp,
919-541-7980; rkulp@engineer.

aeerl.epagov)

Pilot Study to Evaluate the Impact of
Air Duct Cleaning on Indoor Air
Quality in Residences-A nine-homepilot
sudy was peformed to evauate the
effectiveness of ar duct cleaning
methods, to test sampling and andysis
methods that might be used to measure
the impact of air duct cleaning on IAQ
and energy use, and to collect an initid
data st in occupied residences. (See
related article on page 6, “Field Study on
Residentid Air Duct Cleaning.”) (EPA
Contact: Russell M. Kulp, 919-541-7980;
rkulp@engineer. aeerl.gpa.gov)
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Reducing Solvent and Propellant
Emissons from Consumer Products-
The development of a spray dispenser
that removes the need for VOC solvents
and hydrocarbon propellants, replacing
them with water and air, repectively, is
discussed. Maintaining, or improving,
Spray performance using such adispenser
requires insengtivity to the increases in
product viscodty and surface tension that
result from replacement of acohol by
water. It aso requires a dispenser that
consumes condderably less propdlant
snce air (a gas) will be subgtituted for a
hydrocarbon (liquid) without an increase
in container volume or pressure réting.
Such a dispensr was desgned by
ressarchers a Purdue. Results for a
variety of liquid viscosties and surface
tensons spanning the range of current and
anticipated consumer products ae
included. (EPA Contact: Kdly W.
Leovic, 919-541-7717, kleovic@

engineer.aeerl.epagov)

Research Agenda on Air Duct
Cleaning-Duct cleaning practices
include: source control by remova of
contaminants from the ar ducts and
rdated HVAC sydem components
gpplication of antimicrobia agentsto kill
bacteria and fungi; encapsulants and
sealants to contain imbedded
contaminants, and the introduction of
ozone to mask odors and Kkill
microbiologica organisms. In addition to
the direct costs of acquiring duct cleaning
sarvices, long-term cods or savings may
be experienced by the consumer due to
duct-cleaning-rdated changes in energy
use and hedth care expenditures. Four
priority research aress are discussed for
the purpose of reducing risk and pollutant
exposure: source removal/control
techniques, application and use of
antimicrobid agents; HVAC sysem
sedanty encapsulants; and use of ozone
in ventilation sysems. (EPA Contact:
Russdll M. Kulp, 919-541-7980; rkulp@

engineer.aeerl.epagov)

RISK - An |AQ Modd for Windows-
RISK, a computer modd for caculating
individual exposure to indoor ar
pollutants from sources, is presented.
The modd cdculates exposure due to
individual, as opposed to population,
activity patterns. Source emissons
modelsinclude empiricd first and second
order decay and masstrandfer models.
Themodd alowsfor consderation of the
effects of room-to-room ar flows, ar
exchange with the outdoors, and air
cleaners on the concentration/time history
of pollutants. Comparison of modd
predictions with data from experiments
conducted in IEMB’s IAQ test house is
discussed. The modd predictions are
generdly in good agreement with the test
house measurements. (EPA Contact:
Ledie E. Sparks, 919-541-2458,
Igparks@ engineer.aeerl.epagov)

Round-Robin Evaluation of a Test
Method to Evaluate Indoor Air
Emissions From Dry-Process
Photocopiers-A test method for
measuring emissions from office
equipment and a specific versgon of the
method for the evauation of dry-process
photocopy machines were developed.
Because different test chambers may not
perform smilarly because of Sink effects,
temperature and humidity control, air
exchange, and pollutant monitoring, a
“round-robin” evaluation was performed
in four U.S. laboratories. Results
demondrate that the test method
developed can be used successfully in
different chambers to measure VOCs
from dry-process photcopiers. Excluding
problems with suspected andytica bias
observed from one of the laboratories, the
precison between laboratories was
excdlent with relative sandard deviations
below 10% in most cases. (EPA Contact:
Kelly W. Leovic, 919-541-7717,
kleovic@ engineer.aeerl. epagov)

SUMMARIES OF OTHER RECENT
PUBLICATIONS

Thissection providessummariesof recent
publications on EPA’s indoor air
research. The source of the publication is
listed after each summary. Publications
with NTIS numbers ae avalable
(prepaid) from the Nationa Technica
Information Service (NTIS) at: 5285 Port
Roya Road, Springfield, VA 22161, 703
487-4650 or 800-553-6847.

Characterization of Emissions from
Conversion Varnishes-Emissons from
three commerciadly available converson
varnish coating “systems’ (stain, seder,
and topcoat) were measured.
Formaldehyde emissions were 6-7 times
the free formaldehyde content, indicating
thet theformal dehydeisformed during the
curing process. Results of formulation
analyses and emission tests are described
in this paper. Source: Proceedings The
Emisson Inventory: Key to Planning,
Permits, Compliance and Reporting, New
Orleans, LA, September 4-6, 1996. (EPA
Contact; Elizabeth M. Howard, 919-541-
7915, bhoward@engineer.aeerl .epa.gov)

Effects of Fan Cycling on the Particle
Shedding of Particulate Air Filters
Used for | AQ Control-Loaded fiberglass
and synthetic organic media bag filters
were tested in a laboratory test duct for
total particle and bioaerosol shedding as
the fan cycled off and on. No measurable
particle shedding was observed dueto fan
cycling. Source: Proceedings of Indoor
Air'ge. (EPA Contact: Russ N. Kulp,

Inside IAQ, Spring/Summer 1997

919-541-7980, rkulp@
engineer.aeerl.epagov)
(Continued on Page 16)
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Reducing Indoor Air Emissions from
Dry-Process Photocopy Machines-
Emissons from dry-process photocopy
machines includeVOCs, ozone, and
particles. A number of the compounds
emitted can contribute to adverse hedlth
effects such as eye, nose, and repiratory
system irritation, and severd arelisted as
hazardous air pollutants under the Clean
Air Act. Through measuring emissonsin
alarge chamber, reviewing the literature,
and interacting with industry, anumber of
potentia pollution prevention approaches
for reducing emissions from dry-process
photocopy machines have been identified:
1) formulating toners using high purity
raw

materials and state-of-the-art manufact-
uring processes, 2) using acharged roller
system (rather than eectricaly charged
coronawires) to reduce ozone emissons,
3) minimizing the need for and/or
improving equipment maintenance to
improve machine performance, 4)
reducing temperature of the fusng
operationtoreducethe VOC volatilization
from the toner; and 5) improving transfer
efficiency of the toner to the paper to
minimize toner emissons. Source In
proceedings of Hedthy BuildingslAQ
‘97, Washington, DC, Sept. 27 - Oct. 2,
1997. (EPA Contact: Kelly W. Leovic,
919-541-7717, Kkleovic@engineer.aeerl.

epa.gov)

Update on EPA’s Air Duct Cleaning
Research Activities- The paper focuseson
the IEMB/NADCA pilot fidd study
conducted in nine homes during the
summer of 1996 (see rlated article on
page 6, “Fidd Study on Resdentia Air
Duct Cleaning”). The objectives of the
sudy were to collect information on: 1)
the effectiveness of currently available air
duct cleaning methods used on resdentid
heeting and ar-conditioning systems, 2)
the impact of ar duct cleening on
resdential 1AQ, and 3) the impact of air
duct cleaning on energy usage. Source: In
proceedings of Indoor Environments ‘97
Symposium, “Setting the Standard for
Hedthy Building Management,” held in
Baltimore, MD, April 7-9, 1997. (EPA
Contact: Russall N. Kulp, 919-541-7980,
rkulp@engineer.aeerl.epagov)
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