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FCREWORD 

The U.S. Environmental Protection Agency is charged by Congress with pro
tecting the Nation's land, air, and water resources. Under a mandate of national 
environmental laws, the Agency strives to formulate and implement actions lead
ing to a compatible balance between human activities and the ability of natural 
systems to support and nurture life. To meet this mandate, EPA' s research 
program is providing data and technical support for solving environmental pro
blems today and building 2 science knowledge base necessary to manage our eco
logical resources wisely, understand how pollutants affect our health, and pre
vent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory is the Agency's center for 
investigation of technological and management approaches for reducing risks 
from threats to human health and the environment. The focus of the Laboratory's 
research program is on methods for the prevention and control of pollution to air, 
land, water, and subsurface resources; protection of water quality in public water 
systems; remediation of contaminated sites and groundwater; and prevention and 
control of indoor air pollution. The goal of this research effort is to catalyze 
development and implementation of innovative, cost- effective environmental 
technologies; develop scientific and engineering information needed by EPA to 
support regulatory and policy decisions; and provide technical support and infor
mation transfer to ensure effective implementation of environmental regulations 
and strategies. 

This publication has been produced as part of the Laboratory's strategic long
term research plan. It is published and made available by EPA' s Office of Re
search and Development to assist the user community and to link researchers 
with their clients. 

E. Timothy Oppelt, Director 
National Risk Management Research Laboratory 
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Abstract 

The objective of this research was to investigate pollution prevention options to reduce 
indoor emissions from a type of finished engineered wood. Emissions were screened from four 
types of finished engineered wood: oak-veneered particleboard coated and cured with a heat 
curable acid catalyzed alkyd-urea sealer and topcoat (PBVST); oak-veneered hardboard coated 
and cured with a stain, and a heat curable acid catalyzed alkyd-urea sealer and topcoat 
(HBVSST); particleboard overlaid with vinyl (PBVY); and particleboard overlaid with melamine 
(PBM). The PBVST and HBVSST had substantially higher initial emission factors of summed 
volatile organic compounds (VOCs) relative to those for PBVY and PBM. The PBVST and 
HBVSST also had higher decay emission factors of formaldehyde relative to the initial emission 
factors of formaldehyde for PBVY and PBM. 

The acid catalyzed alkyd-urea coatings and particleboard were identified as sources of 
voes from the PBVST. A coatings study was conducted to evaluate emissions and performance 
properties of potentially low-emitting substitutes for the acid catalyzed alkyd-urea coatings. 
Within the scope of the emissions and performance tests of the study, three types of coatings 
were found to have significantly lower emission factors of summed voes and formaldehyde 
relative to those for the heat curable acid catalyzed alkyd-urea coatings; these included a two 
component waterborne polyurethane; a UV curable acrylate; and a UV and heat curable multi
functional acrylate-free emulsion. These coatings also had comparable performance 
characteristics to the heat curable acid catalyzed alkyd-urea coatings. All three wood coatings 
are currently available in the market place. 

A fiber study was conducted to evaluate emissions of potentially low-emitting engineered 
fiber panels. Three types of engineered fiber panels were identified as having significantly lower 
emission factors of summed voes and formaldehyde relative to those for particleboard; these 
included medium density fiberboard made with methylene diisocynate resin (MDI); a wheatboard 
panel made with MDI resin; and a panel made from recycled corrugated cardboard. All three 
fiber panels are in the market place and are used to construct a wide variety of interior products. 
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Chapter One 
Introduction 

1.1 Background 

A 1987 report by the U.S. Environmental Protection Agency (EPA) ranked indoor air 
pollutants as the fourth highest risk in a list of nearly 30 environmental problems. 1 A 1990 follow
up study by EPA's Science Advisory Board also identified indoor air pollution as a prime 
candidate for more aggressive risk reduction strategies. 2 The primary risk from indoor air 
pollutants is to human health. The high human health risk from pollutants in indoor air is a result 
of the following factors: 1) pollutant concentrations are higher indoors than outdoors; this occurs 
because indoor air includes outdoor air pollutants in addition to those pollutants generated 
indoors; and, 2) people spend more time indoors. On average, people spend an estimated 90 
percent of their time indoors where they are exposed to the higher levels of pollutants than 
outdoors. Particularly sensitive populations (such as the sick, elderly, and young) often spend 
more time indoors than outdoors, resulting in even greater than average exposure. 

Health effects from exposure to indoor air pollution range from eye, nose, or throat 
irritation to cancer. The high relative risk from exposure to indoor air pollution is supported by a 
series of long-term EPA studies of human exposure to indoor air pollutants. 3 Major findings from 
these studies are: 1) for many pollutants, indoor levels are 2-5 times higher than outdoor levels; 
2) in both rural and heavily industrialized areas, personal exposures and concentrations indoors 
exceed those outdoors for essentially all of the prevalent volatile organic compounds (VOCs); 3) 
after some activities (e.g., hobbies, painting), indoor air pollutant levels can be up to 1,000 times 
higher than outdoor levels; and, 4) in new non-residential buildings, levels of VOCs can be as 
much as 100 times higher than outdoor levels. 

Sources of indoor air pollutants include both gases (organic and inorganic) and particles. 
The indoor environment is affected by numerous emission sources and activities that can impact 
indoor air quality (IAQ). The major sources of indoor air pollution can be categorized into: outdoor 
air, soil gas, building materials, building systems, consumer products, and human activities. 

Three general approaches exist to reduce exposures to indoor air pollutants: 1) source 
management, i.e., controlling the source of emissions or preventing emissions indoors through 
use of less toxic or lower risk materials; 2) ventilation, i.e., providing general or task-specific local 
ventilation to reduce human exposure to pollutants in the indoor environment; and, 3) air 
cleaning, i.e., removing pollutants from the indoor air through filtration, adsorption, or chemical 
destruction. 

In many cases, the most effective and efficient strategy for reducing exposure to indoor 
air pollution is at the source of the pollution through source management. According to the 
definition in the Pollution Prevention Act of 19904 section (S)(A and B) the term "source 
reduction" means any practice which: 1) reduces the amount of any hazardous substance, 
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pollutant, or contaminant entering any waste stream or otherwise released into the environment 
(including fugitive emissions) prior to recycling, treatment, or disposal; and 2) reduces the 
hazards to public health and the environment associated with the release of such substances, 
pollutants, or contaminants. The term includes equipment or technology modifications, process 
or procedure modifications, reformulation or redesign of products, substitution of raw materials, 
and improvements in housekeeping, maintenance, training, or inventory control. The term 
"source reduction" does not include any practice which alters the physical, chemical, or biological 
characteristics or the volume of a hazardous substance, pollutant, or contaminant through a 
process or activity which itself is not integral to and necessary for the production of a product or 
the providing of a service. 

Source reduction or pollution prevention (P2) can be the best way to reduce risks from 
indoor air pollution, because it minimizes the potential for exposure to indoor air pollutants by 
minimizing the amount released into the indoor environment, while simultaneously reducing the 
environmental impacts of products used indoors throughout their life cycle. One way to reduce 
emissions is through the use of lower-emitting materials (LEMs). LEMs are products that have 
lower emissions to the indoor air than other alternatives for the same use. This encompasses the 
"reformulation or redesign of products, substitution of raw materials" activities listed in the 
definition of source reduction. 

The Air Pollution Prevention and Control Division (APPCD)/lndoor Environment 
Measurement Branch (IEMB) of EPA's National Risk Management Research Laboratory 
(NRMRL) is responsible for much of EPA's IAQ research and seeks to integrate IAQ and P2 into 
a strategic approach to indoor source management. Strategies for improving IAQ and preventing 
pollution include evaluating existing data to identify LEMs; encouraging the development of 
LEMs, products, and equipment; and developing appropriate test methods for use by industry to 
promote P2. P2 projects currently underway within IEMB focus on the many sources of indoor 
air pollution, including office equipment, aerosol consumer products, textile products, conversion 
varnishes, biocontaminants, and engineered wood products. 

1.2 Engineered Wood Products 

Engineered wood products are used throughout residential, office, and commercial 
settings. Examples of products using engineered wood include computer stations, desks, 
entertainment units, book cases, kitchen and bathroom cabinets, counter tops, etc. Most of 
these products are assembled from one or more types of finished engineered wood. 

Engineered wood is distinct from solid wood, in that it is composed of wooden elements 
of various sizes held together by a synthetic resin. Particleboard (PB} and medium density 
fiberboard (MDF) are the most common types of engineered wood for constructing interior 
products. Hardboard (HB) is also used. PB is made from wood particles of various sizes, 
whereas MDF and HB are made from wood fibers. In the US, most interior-grade PB and MDF 
are bonded with urea-formaldehyde (UF) resins: hardboard is bonded with phenol-formaldehyde 
(PF) resins. 

Engineered wood is often finished prior to assembling it into a product. Panels are 
printed or overlaid with materials to give them a solid color, a wood grain pattern, or other 
decorative look. Common types of overlays include vinyl, wood veneer, and paper. Paper 
overlays usually contain resins to give the paper strength and durability. A protective coating 
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may also be applied to the paper after it is overlaid to the board. Wood veneered panels are 
usually coated with sealers and topcoats. 

Most engineered wood products consist of three or four types or finished engineered 
wood. For example, a cabinet may have sides and shelves made from PB printed with a wood 
grain pattern; a back made from HB overlaid with a vinyl film; and a door made from MDF 
overlaid with wood veneer and then coated with a sealer and topcoat. 

Indoor emissions from engineered wood products can arise from the engineered wood 
(both the wood and resin); finishing materials applied to the engineered wood; and glues used to 
assemble pieces of finished engineered wood together. Emissions from specific products will 
vary with the amount and type of materials used to construct them. For example, emissions from 
a cabinet made with vinyl and paper overlaid PB will differ from emissions from a cabinet made 
with printed PB and wood veneered MDF. 

1.3 Research 

In September 1993, the Research Triangle Institute (RTI) began a collaborative research 
effort with EPA's NRMRUAPPeD/IEMB to identify and evaluate P2 techniques to reduce indoor 
emissions from engineered wood products. 

To begin the research, RTI reviewed the literature to characterize the engineered wood 
industry and to identify existing information regarding emissions from engineered wood products. 
Emissions from engineered wood were well characterized then, however, few studies were 
available on the contribution of finishing materials. RTI published these findings in the report 
Sources and Factors Affecting Indoor Emissions from Engineered Wood Products: Summary and 
Evaluation of Current Literature. 5 

RTI and EPA established a group of technical advisors to provide input to the research. 
The technical advisors included representatives from the engineered wood and wood products 
industries and their trade associations. These advisors played an integral role in the research by 
providing feedback regarding research plans, providing materials for emissions testing, and peer 
reviewing papers and reports of the research. 

In May of 1994, RTI and EPA convened an initial research planning meeting with the 
technical advisors to discuss the focus and approach of the research. Since emissions from 
engineered wood products vary with the amount and type of materials used to construct them, 
the group decided that the research should focus on reducing indoor emissions from specific 
types of materials rather than from specific products. The objective was to reduce indoor 
emissions from one or two types of materials used in large quantities in a wide variety of 
engineered wood products. The approach to the research consisted of three major phases. 

In Phase 1, emission tests were conducted to screen (i.e., estimate) emission factors of 
voes from several types of finished engineered wood. The purpose of the screening was to 
select a type of finished engineered wood for P2 evaluation (i.e., source reduction evaluation). In 
Phase 2, emission tests were conducted to determine emission factors of VOCs from 
components of the selected type of finished engineered wood. The purpose of the component 
study was to identify the source(s) of voes from the finished engineered wood. In Phase 3, 
potential LEMs were identified and evaluated as alternatives for the emission sources identified 
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in Phase 2. 

This report presents research of Phases 1 through 3. Chapter two provides an overview 
of the results from each phase of the research. Chapter three presents the conclusions of the 
research. Chapters four through seven discuss each phase of the research in terms of their 
objectives, experimental design, methods, and results. 
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Chapter Two 
Results 

2.1 Overview 

Sections 2.2 through 2.4 present the key results from each phase of the research. In 
each phase of the research, emission tests were conducted to estimate or quantitate voes from 
selected materials. Multiple environmental test chambers, like the one shown in Figure 2-1, were 
used to measure voes from materials under dynamic conditions. The 0.012 m3 chambers 
operated at 50% relative humidity (% RH), 23 ± 2 °c, an air exchange rate (ACH) of 1/h, and a 
loading ratio (L) of 1.0 m2/m3 (total surface area of the tested material (0.012 m2

) divided by the 
volume of test chamber). Air that entered the chambers was treated to remove VOCs. The test 
chambers were constructed of glass. Teflon, and stainless steel. 

voes in the test chambers were collected by passing chamber air through sorbent 
cartridges. The mass of each voe collected on a sorbent cartridge was either estimated (using 
a response factor for toluene) or quantitated (using calibration standards), depending on the 
objective of the emission tests. The mass of total volatile organic compounds (TVOC) collected 
on a sorbent cartridge was estimated using a response factor for toluene. (Chapters 4 through 7 
provide detailed descriptions of how individual voes and TVOe were extracted and analyzed 
from sorbent cartridges). The estimated or quantitated masses of individual VOCs and TVOC 
collected on a sorbent cartridge were converted to chamber air concentrations based on the 
volume of chamber air that passed through the cartridge. The chamber air concentrations of 
individual VOCs and TVOC were then converted to emission factors (EFs) using the following 
equation 

where 
Cm = measured concentration of a VOC or TVOC in a chamber air sample (µg /m3

) 

ACH = air exchange rate in the test chamber 
L = loading ratio in the test chamber 

An emission factor of summed VOCs for a tested material was calculated by summing the 
individual emission factors of VOCs for the tested material. 

Throughout Chapter 2 and the remainder of the report, emission factors derived by 
estimating the masses of individual voes and TVOC on sorbent cartridges are labeled in Figures 
as estimated emission factors; emission factors derived by quantitating the masses of individual 
VOCs on sorbent cartridges are labeled in Figures as quantitated emission factors. 
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Chamber Operating Conditions 
for Emissions Testing 
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Relative Humidity 50±5% 
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Figure 2-1. Emissions test chamber. 
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2.2 Phase 1 

The objective of Phase 1 was to conduct emission tests to identify a type of finished 
engineered wood for P2 evaluation. Phase 1 testing included screening tests and quantitative 
decay tests. 

2.2.1 Screening Tests 

Emission tests were conducted to screen (i.e., estimate) initial emission factors of 
summed voes for four types of finished engineered wood; these included oak-veneered 
particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat (PBVST); 
oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea sealer 
and topcoat (HBVSST); particleboard overlaid with vinyl {PBVY); and particleboard overlaid with 
melamine (PBM). Melamine is a paper overlay saturated with melamine and UF resins. These 
materials were selected for screening because they were identified by focus group members as 
materials used to construct a high volume of engineered wood products (MDF was also identified 
as a type of material used to construct a high volume of engineered wood products. however, it 
could not be acquired for the screening). Samples of the engineered wood were collected from a 
single manufacturer of finished engineered wood; the samples were collected from the end of the 
manufacturing line. 

Figures 2-2 and 2-3 present estimated emission factors of summed voes and aldehydes 
and ketones, respectively, for test squares of PBVST, HBVSST, PBVY, and PBM conditioned 
under typical indoor conditions (23 °e, 50% relative humidity [RH]. and one air exchange [ACH]). 
{Tables A-1 through A-4 in Appendix A list emission factors of individual voes. aldehydes and 
ketones for each of the test squares). Figure 2-2 shows that initial emission factors of summed 
voes were substantially higher for test squares of PBVST and HBVSST relative to those for 
PBVY and PBM. Alcohols made up a large portion of the emission factors of summed voes for 
test squares of PBVST and HBVSST, whereas, virtually no alcohol emissions were detected from 
test squares of PBVY and PBM. Alcohols were listed as solvents in the material safety data 
sheets (MSDS) for the coatings (i.e., the sealer and topcoat). Terpenes were only detected from 
test squares made with PB. Terpenes are volatile constituents of certain wood species such as 
pine (used to make the PB). Terpenes are not major constituents of hardwood species, which 
are used to manufacture HB. The presence of terpenes in emissions from the PB test squares 
suggests that they may permeate through all three types of finishes, (i.e., veneer with coatings, 
melamine, and vinyl). 

In Figure 2-3, n-hexanal was unique to test squares made with PB. Acetone was emitted 
primarily from test squares made from PB, although small amounts were measured from test 
squares of HBVSST. Acetone and n-hexanal have been associated with wood fibers in certain 
types of engineered wood panels.6 The fact that these compounds were not detected in the 
emissions from the HB test squares suggests that these compounds may be specific to certain 
wood species or specific types of engineered wood. 

Initial emission factors of formaldehyde were substantially higher for test squares of 
PBVST and HBVSST relative to those for test squares of PBVY and PBM. The acid catalyzed 
alkyd-urea sealer and topcoat were believed to be the major reason for these differences. 
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Test squares are labeled by material acronym (PBVST, HBVSST, PBVY, or PBM), followed by sample number 
(1, 2, or 3), followed by test square number (1 or 2), where 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 
HBVSST = oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea sealer and 
topcoat 
PBVY = particleboard overlaid with vinyl 
PBM = particleboard overlaid with melamine 
Emissions variability between samples is shown by test squares with the same material acronym, but different 
sample numbers. Emissions variability wilhin samples is shown by lest squares with the same material 
acronym and sample number, but different test square numbers. 

Figure 2-2. Estimated emission factors of summed VOCs for test squares of 
finished engineered wood conditioned for six hours. 
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Test squares are labeled by material acronym (PBVST, HBVSST, PBVY, or PBM), followed by sample 
number (1, 2, or 3), followed by test square number (1 or 2), where 
PBVST = oak-veneered particleboard coated and cured with a acid catalyzed alkyd-urea sealer and topcoat 
HBVSST = oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea sealer 
and topcoat 
PBVY = particleboard overlaid with vinyl 
PBM = particleboard overlaid with melamine 
Emissions variability between samples is shown by test squares with the same material acronym, but 
different sample numbers. Emissions variability within samples is shown by test squares with the same 
material acronym and sample number, but different test square numbers. 

Figure 2-3. Estimated emission factors of aldehydes and ketones for test 
squares of finished engineered wood conditioned for six hours. 
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Research has shown that catalyzed alkyd-urea coatings release formaldehyde over time as part 
of their curing process. 7 

2.2.2 Quantitative Decay Tests 

As a final step in the selection of a type of finished engineered wood for P2 evaluation, 
emission tests were conducted to quantitate emission factors over time for PBVST and HBVSST. 
The purpose of the quantitative decay tests was to evaluate potential emissions from PBVST and 
HBVSST at a time when they might be installed in an indoor environment as part of an 
assembled product. 

Figure 2-4 shows quantitated emission factors of formaldehyde over time for test squares 
of PBVST and HBVSST. All test squares showed a rapid decay of formaldehyde during the first 
week of sampling. By the fourth time point (14 days). formaldehyde emission factors for PBVST 
and HBVSST appeared to level out to approximately 300 µg/{m2•hr), which was substantially 
higher than initial emission factors of formaldehyde from PBVY and PBM [initial emission factors 
ranged from 51 to 90 µg/(m2•hr)]. Based on these results and those from the screening tests, 
PBVST was selected for P2 evaluation. 

2.3 Phase 2 

The objective of Phase 2 testing was to identify the source(s) of emissions from PBVST. 
Emission tests were conducted to quantitate emission factors for various components of PBVST; 
these included particleboard (PB); veneer (V); oak-veneered particleboard (PBV); oak-veneered 
particleboard coated and cured with an catalyzed alkyd-urea sealer (PBVS); and oak-veneered 
particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat (PBVST). 
Samples of the components were collected directly from a manufacturing line (the same 
manufacturing line from which samples of PBVST were collected in Phase 1). 

Figures 2-5 and 2-6 present quantitated emission factors of summed voes and 
aldehydes and ketones, respectively, for test squares of PB, V, PBV, PBVS, and PBVST 
conditioned/aged under typical indoor conditions for 31 days. (Table 8-1 in Appendix B lists 
emission factors of individual voes, aldehydes and ketones for each of the test squares.) As 
shown in Figure 2-5, emission factors of summed VOCs for PB and PBV were 1600 µg/(m2•hr) 
and 470 µg/(m7•hr), respectively. The emission factor of summed VOCs for the veneer was 17 
µg/(m2•hr), which suggests that voes from PBV were being emitted by the PB and possibly the 
glue used to adhere the veneer to the PB. (The glue is a mixture of polyvinyl acetate (a white 
glue) and an UF resin; the mixture contains less than 0.6% formaldehyde.) Since the emission 
factor of summed voes for PBV was substantially lower than the emission factor of summed 
voes for PB, this suggests that the veneer was suppressing emissions from the PB. 

The emission factor of summed voes was 470 µg/(m'•hr) for the test square of PBV 
compared to 1400, 1600, and 1300 µg/(m2•hr) for test squares of PBVS and 2300, 1900, and 
1800 µg/(m2•hr) for test squares of PBVST. The increase in emissions from PBV to PBVS 
appears to be due to the addition of the sealer to PBV. The increase in emissions from PBVS to 
PBVST appears to be due to the addition of the topcoat to the PBVS. 
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Test squares are labeled by material acronym (PBVST or HBVSST), followed by sample number (1 or 2), 
followed by test square number (2 or 3), where 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and 
topcoat 
HBVSST = oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea 
sealer and topcoat 
Emissions variabilily between samples is shown by test squares with the same material acronym, but 
different sample numbers. 

Figure 2-4. Quantitated emission factors of formaldehyde for test squares of finished engineered 
wood conditioned for 31-days. 
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Test squares are labeled by material acronym (PB, V, PBV, PBVS, or PBVST), followed by sample number (1, 
2, or 3), followed by test square number (1 ), where 
PB = particleboard 
V =veneer 
PBV = oak-veneered particleboard 
PBVS = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 
PB, V, PBV, PBVS, and PBVST all came from the same manufacturer. 
Emissions variability between samples is shown by test squares with the same material acronym, but different 
sample numbers. 

Figure 2-5. Quantitated emission factors of summed voes for test squares of 
components of finished engineered wood conditioned for 31-days. 
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Test squares are labeled by material acronym (PB, V, PBV, PBVS, or PBVST), followed by sample number (1, 2, 
or 3), followed by test square number (1 ), where 
PB = particleboard 
V = veneer 
PBV = veneered paricleboard 
PBVS = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 
PB, V, PBV, PBVS, and PBVST all came from the same manufacturer. 
Emissions variability between samples is shown by test squares with the same material acronym, but different 
sample numbers. 

Figure 2-6. Quantitated emission factors of aldehydes and ketones for test squares 
of components of finished engineered wood conditioned for 31-days. 
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As shown in Figure 2-6, emission factors of n-hexanal for PB and PBV were 490 
µg/(m2•hr) and 97 µg/(m2•hr}, respectively. Emission factors of acetone for PB and PBV were 
270 and 110 µg/(m2•hr), respectively. The presence of n-hexanal and acetone in emissions from 
the test square of PB supports the hypothesis from Phase 1 that these compounds are 
associated with the wood in the PB. The lower emission factors of acetone and n-hexanat for the 
PBV test square relative to those for the PB test square suggests that the veneer suppressed 
emissions of these compounds from the PB. PBV, PBVS. and PBVST all had similar emission 
factors of n-hexanal and acetone, which also supports the hypothesis from Phase 1 that these 
compounds are emitted from the wood in the PB rather than the coatings. 

Emission factors of formaldehyde for PB and PBV were 230 µg/(m2•hr) and 130 
µg/(m2•hr), respectively. The emission factor of formaldehyde for the veneer was 9 µg/(m2•hr), 
which suggests that the veneer was suppressing formaldehyde emissions from the PB. The 
emission factor of formaldehyde for the test square of PBV was 130 µg/(m2•hr) compared to 
320, 340, and 360 µg/(m2•hr) for test squares of PBVS and 530, 440, and 390 µg/(m2•hr) for test 
squares of PBVST; these increases suggest that the coatings were a source of formaldehyde. 

2.4 Phase 3 

Phase 2 testing identified acid catalyzed alkyd-urea coatings and UF bonded PB as 
potential sources of emissions from PBVST. The objective of Phase 3 was to identify and 
evaluate potentially low-emitting substitutes for these materials. 

2.4.1 Coatings Evaluation 

Five alternative coatings systems (where coatings system = sealer and topcoat) were 
identified as potentially low-emitting substitutes for the acid catalyzed alkyd-urea coatings system 
(Table 2-1). Standard industry tests for performance of wood coatings and quantitative emission 
tests were conducted on test squares of PBV coated and cured with the six coatings systems. 

Table 2-1. Selected Coatings Systems 

Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 Coating 6 1-----------------
Chemistry AcId Two Non-air Acrylate Multi- Polyurethane 

catalyzed component Inhibited functional dispersion 
alkyd-urea polyurethane unsaturated acrylate-free 

polyester emulsion 

Carrier organic water water none water water 
solvents 

Cure heat heat UVA light UV light heat+ UV heat 
method light 

a UV "' ultraviolet 

Table 2-2 presents the results of the performance tests. In this table, Coating 1 refers to 
test squares of PBV finished with an acid catalyzed alkyd-urea sealer and topcoat (the type of 
coatings system identified as a potential source of emissions from PBVST in Phases 1 and 2). 
Coatings 2 through 6 refer to test squares of PBV finished with five alternative coatings systems. 
Comparing the performance ratings of the alternative coatings systems to the ratings of Coating 
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1 (the benchmark coating) provides an indication of the ability of the alternative coatings systems 
to achieve the performance of Coating 1. Coatings 3, 4, and 5 outperformed Coating 1 in the 
methyl ethyl ketone (MEK) test. Coatings 4 and 5 outperformed Coating 1 in the mustard test. 
For the stain tests, Coatings 2, 4, 5, and 6 performed the same as Coating 1; Coating 3 
performed fairly well in the stain tests except for its performance with grape juice and coffee. All 
coatings performed equally well in the adhesion and fingernail mar resistance tests. Coatings 4 
and 5 had gloss ratings that differed substantially from that of Coating 1. 

One caveat to the performance data is that measurements of hardness and chemical 
resistance depend on how much time has elapsed since a coating is cured. Some coatings 
gradually develop their hardness and chemical resistance over a period of one to two weeks. 
Standard industry practice is to wait two weeks after cure before running chemical resistance 
tests; hardness tests are usually measured at 1, 3, 7, 14, 31, and 93 days after cure. For this 
evaluation, mustard and stain tests were performed one to two weeks after the coatings were 
cured; MEK tests were performed on the same day the coatings were cured; and hardness tests 
were measured one to two days after the coatings were cured. The coatings in Table 2-2 differ 
mainly in how they performed in the MEK and mustard tests; since time is a critical factor in 
developing chemical resistance, some of the coatings that performed poorly, may have improved 
with time. 

Table 2-3 presents mean emission factors for test squares of PBV coated and cured with 
each of the six coatings systems and for test squares of uncoated PBV (all of the test squares 
were conditioned for 28 days prior to measuring their emissions). (Tables C2 through C9 in 
Appendix C present emission factors for individual test squares finished with each of the coatings 
systems and emission factors for individual test squares of lab and field coupons; these tables 
also show emissions variability among test squares with the same coatings system.) The 
emissions data were statistically analyzed to ascertain if emission factors of summed VOCs for 
test squares of coated and cured PBV were significantly different than those for test squares of 
uncoated PBV. The mean emission factors of summed VOCs for test squares coated and cured 
with Coating Systems 1, 3, and 6 were statistically higher than the mean emission factor of 
summed VOCs for test squares of uncoated PBV, indicating that these coatings systems are a 
significant source of emissions from finished PBV. The mean emission factors of summed VOCs 
for test squares coated and cured with Coatings Systems 2, 4, and 5 were statistically lower than 
the mean emission factor of summed VOCs for test squares of uncoated PBV, indicating that 
these coatings systems are not a significant source of emissions from finished PBV and that 
these coatings systems suppressed emissions from the veneered particleboard. 

The emission data were also statistically analyzed to ascertain if emission factors of 
individual and summed voes for test squares of PBV coated and cured with Coatings System 1 
(i.e., the existing coatings system for finishing PBVST in Phases 1 and 2) were statistically 
different than those for test squares of PBV coated and cured with the five alternative coatings 
systems. The mean emission factor of summed VOCs for test squares of PBV coated and cured 
with Coatings System 1 was significantly higher than the mean emission factors of 
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Table 2-2. Performance Tests of Coatings Systems 

Performance Tests Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 Coaling 6 
--

Chemical Resistance 
1) MEKTest1 20 10 100 100 100 10 
2) Mustard Test ( 1 hr/24 hr)2 4/8 2/6 2/3 10 8/9 4/6 
3) Stain Test (24 hr)3 

Vinegar 10 10 10 10 10 10 
Lemon 10 10 10 10 10 10 
Orange Juice 10 10 10 10 10 10 
Grape Juice 10 10 8 10 10 10 
Tomato Catsup 10 10 10 10 10 10 
Coffee 10 10 8 10 10 10 
Olive Oil 10 10 10 10 10 10 
100-proof Alcohol 10 10 10 10 10 10 

Detergent and Water 10 10 10 10 10 10 

Water 10 10 10 10 10 10 

Adhesion4 5B 5B 5B 5B 5B 58 
Gloss5 46 40 51 61 65 48 
Hardness6 74 77 74 72 77 71 
Fingernail Mar Resistance7 VG VG VG VG VG VG 

------ -------
Coating 1 = heat curable acid catalyzed alkyd-urea 
Coating 2 = heal curable two component polyurethane 
Coating 3 = UV curable non-air inhibited unsaturated polyester 
Coating 4 = UV curable acrylate 
Coating 5 = UV and heat curable multi-functional acrylate-free emulsion 
Coating 6 = heal curable polyurethane dispersion 

1 The MEK Test is a test where a cloth saturated with methyl ethyl ketone (MEK) is rubbed in a back and forth 
motion or double rub (DR) on the surface of a coated substrate. The ratings for the MEK Test are the number of 
DR's until the first sign of substrate or to a maximum of 100 DR 
2Mustard tests were performed according to the procedures of the covered spot test in ASTM 013088

. For the test, 
a few drops of mustard were applied lo the horizontal surface of a coated substrate. the drops were covered with a 
watch glass to prevent them from evaporating_ The watch glass was removed after one hour and the mustard 
washed off with water. The coated substrate was examined for damages to the coating such as discoloration. 
changes in gloss. blistering, softening, swelling, and loss of adhesion. If no damages were seen, the coating was 
given a rating of 10 and the test stopped. If the mustard damaged the coating, the spot was evaluated 23 hours 
later (24 hours after the mustard was washed off) to determine if the coaling improved over the interval; the coating 
was rated from Oto 1 Q_ 
3 The individual stains were performed according to the procedures of the covered spot lest in ASTM D1308 and 
using stains outlined by ANSI/KC MA A 161. 1-1990, 9.3.~ The stains were applied in the same manner as the 
mustard, except that the stains were left on the coated substrate for 24 hours, at which point the stain was rinsed 
off. and the coating rated from O to 10 depending on its damage (a score of 10 indicated no damage to the 
coating) 
4 Adhesion was tested according to ASTM D3359; 10 a rating of 5B is the highest adhesion. 
5 Gloss was measured according to ASTM D52311 using a Gloss Checker ( 1 G-310 manufactured by Honba); gloss 
ratings ranged from Oto 120, with the latter being the highest value. 
6 Hardness was measured according to ASTM 0224012 using a Ourometer (Model 307L manufactured by PTC 
Instruments); the ratings are Oto 100, with 100 being the highest value. 
7 Fingernail mar resistance was measured subjectively; VG= very good_ 
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Table 2-3. Quantitated Mean Emission Factors for Uncoated and Coated Test Squares 
Conditioned for 28 Days 

Emission Factors, µg/(m'•hr) 

Uncoated lest Test Squares Coated and Cured with 

Compounds squares of PBV Coating 1 Coating 2 Coatin9 3 Coating4 Coati119 5 Coaling 6 

Formaldehyde 140 400 20 70 18 19 33 

Acetaldchyde 61 53 41 65 68 41 68 

Acetone 420 520 490 380 390 430 510 

Propionaldehyde 

2-Butanone 

21 

.. 16 15 16 16 12 17 

Bulyraldehyde 15 18 12 

Benzaldehyde 23 30 14 18 23 

Valeraldehyde 65 37 26 54 28 19 57 

Ill-Toluaklehyde 

l}-Hexanal 410 150 120 280 79 93 350 

1-Pentanol 62 150 16 38 13 14 49 

Limonene 79 68 54 74 38 37 83 

Junipene s,_q 61 24 54 16 13 67 

Terpenes 170 320 220 170 110 100 120 

1-Butanol 6 800 5 8 7 

Toluene 16 5 22 6 

2-Methyl-1-butanol 55 

Butyl acetate 38 

1,2-Propanediol 15 33 

Ethylbenzene 270 33 

m,p-Xyle11e 660 110 

2-Hcptanonc 15 550 8 13 g 7 22 

a-Xylene 210 32 

Propylbenzcne 91 

Ethyl 3-elhoxypropionale 110 

1-Melhyl-2-pyrrolidone 11 20 5 2400 

2-(7-Butoxyethoxy)ethanol 8 1700 43 610 18 6 7 

Naphthalene 24 

Hexyl acetate 400 

lndan 13 

CJ-Benzenes 1100 

C4-Benzenes 34 190 25 33 17 16 33 

Dipropylene glycol, methyl ether 24 240 

Unknown 1 180 

Unknown 2 260 

TVOCh 1000 5;:>00 610 1700 810 540 2800 

Summed VOCs" ---- 1600 7800 1100 2300 1000 900 4100 

Coaling 1 = heat ClJrablc add cataly7ed alkyd-urea 
Coating 2 = heat curable two component polyurethane 
Coating 3 =UV curable non-air inhibited unsaturated polyester 
Coaling 4 =UV curable acrylate 
Coaling 5 = UV and heat curable multi-functional acrylate-free emulsion 
Coaling 6 = heat curable polyurethane dispersion 
• < 5 µg/(m'•tir) 
b TVOC =total volatile organic compounds from TVOC analysis of mulllsorbent tubes 
csummcd voes are the s11m of emission fac.lors > 5 JJg/(m2,hr), rounded to two significant figures 
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summed voes for test squares of PBV coated and cured with Coatings Systems 2 through 6. 
The mean emission factors of most organic solvents (such as butanol, C4- benzenes, 2-(2-
butoxyethoxy)ethanol] were significantly higher for test squares of PBV coated and cured with 
Coatings System 1 compared to test squares with Coatings Systems 2 through 6. 

In terms of individual compounds, the mean emission factor of 1-methyl-2-pyrrolidone for 
test squares of PBV coated and cured with Coatings System 1 was significantly lower than the 
mean emission factor of 1-methyl-2-pyrrolidone for test squares of PBV coated and cured with 
Coatings System 6 (1-methyl-2-pyrrolidone is a type of solvent listed in the MSDS for Coatings 
System 6). The mean emission factors for compounds unknown 1 and unknown 2 were also 
significantly lower for test squares of PBV coated and cured with Coatings System 1 compared to 
those for test squares of PBV coated and cured with Coatings System 3. 

A few caveats exist regarding the emissions tests. Certain nonvolatile compounds that 
were listed in the MSDS for some of the coatings systems were not analyzed for in the emission 
tests; these included nitrocellulose, p-toluene sulfonic acid, hexamethylene diisocyanate, 
polyisocyanates, acrylate oligomers, and acrylic polymers. These compounds were not analyzed 
for in the emission tests for the following reasons: (1) they were not expected to be emitted into 
the air during testing (because of their low volatility); (2) they were not expected to recover 
efficiently from the emission test chambers and, (3) they were not expected to be amenable to 
the analytical methods used for this study. Certain volatile compounds that were listed in the 
MSDS for some of the coatings systems were also not analyzed for in the emission tests; these 
included acrylate monomers, N,N-dimethylethanolamine, and ammonia. Acrylate monomers and 
N,N-dimethylethanolamine were not analyzed for in the emission tests because they were not 
amenable to the analytical methods in the study and because they were not expected to recover 
efficiently during the chamber tests (due to their polar nature). Ammonia was not tested for in 
the emission tests because it was not amenable to the analytical methods in the study. 

2.4.2 Fiber Panel Study 

Six types of engineered fiber panels were identified as potentially low-emitting materials 
for constructing engineered products for interior applications (Table 2-4). Emissions were 
screened from the six types of engineered fiber panels and PB manufactured with wood fibers 
and UF resins. (The UF bonded PB tested during the fiber study did not come from the same 
source as the UF bonded PB tested in Phases 1 and 2.) Emissions were also screened from a 
few finished engineered fiber panels (Table 2-5). Due to limited resources, only a few types of 
finished engineered panels could be screened. 

Samples of unfinished engineered fiber panels were collected from the end of the 
manufacturing line. For Product E, panels were collected from the manufacturing line after they 
were treated with ammonia (a treatment used to reduce formaldehyde emissions from the 
unfinished panels). Except for Product 0, samples of finished panels H, I, J, and M were also 
collected from the end of the manufacturing line. For Product 0, samples of unfinished oak
veneered wheatboard were collected from the end of the manufacturing line. The samples were 
sent to a coatings facility where they were coated and cured with the two component 
polyurethane that was evaluated in the Phase 3 (Coating 2). The finished coupons were sent 
back to RTI for emissions testing. 
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Table 2-4. Selected Engineered Panels 

Panel Adhesive/Resin 
Identification Fiber Source Source 

A Recycled newspaper None 

B Wheat straw MDI" 

C Recycled corrugated None' 
cardboard 

D Lumber and plywood MDI 
residuals 

E Lumber and plywood UFd 
residuals 

F Lumber and plywood UF 
residuals 

N Lumber and plywood PP 
residuals 

• MDI = Methylene diisocyanate 
b PB = particleboard 
c MDF = medium density fiberboard 
d UF = Urea-formaldehyde 
• PF = Phenol-formaldehyde 

Interior Applications 

floors, walls, roof decking, furniture, office partitions 

PBb applications such as furniture, cabinetry, shelving 

furniture, store displays, countertops, shelving 

MOP' applications such as furniture, cabinetry, shelves 

MDF applications such as furniture, cabinetry, shelves 

PB applications such as furniture, cabinetry, shelves, 
floor underlayment, stair treads 

PB applications such as furniture, cabinetry, shelves, 
floor underlayment, stair treads 

1 The manufacturing process does not require adhesive or resin to form the fibers into a panel; once the panels are 
manufactured, they are glued together (in sets of two) using a white, polyvinyl acetate glue. 

Table 2-5. Finished Engineered Fiber Panels Selected for Screening 

Panel Identification 

H 

I 

J 

M 

0 

Description 

Product B (wheatboard) with veneer 

Product B overlaid with vinyl 

Product B overlaid with melamine 

Product C (recycled corrugated cardboard) painted 

Product B coa~~d and cured with two component polyurethane coating 

2.4.2.1 Emission Tests 

Figure 2-7 presents emission factors of total volatile organic compounds (TVOC} and 
formaldehyde for test squares of unfinished engineered fiber panels (TVOC does not include 
formaldehyde). (Appendix D presents emission factors of individual VOCs for the test squares.) 
The TVOC and formaldehyde data were statistically analyzed to ascertain which test squares 
differed with respect to their emissions of TVOC and formaldehyde. The mean emission factors 
of TVOC for test squares A, F, and N were significantly higher than the mean emission factors of 
TVOC for test squares B through E. The mean emission factors of formaldehyde for test squares 
E and F (the UF bonded panels) were significantly higher than the mean emission factors of 
formaldehyde for test squares A through D, and N. 
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Test squares are labeled by material letter (A. B, C, D. E. F, or N), followed by sample number and test 
square number, respectively. where 
A = panel made from recycled newspaper 
B = panel made from wheatboard and methylene diisocyanate (MDI) resin 
C = panel made from recycled corrugated cardboard 
D = medium density fiberboard with MDI resin 
E = ammonia treated medium density fiberboard with urea-formaldehyde (UF) resin 
F = particleboard with UF resin 
N = particleboard with phenol-formaldehyde resin 
Emissions variability between samples is shown by lest squares with the same material letter, but different 
sample numbers. Emissions variability within samples is shown by test squares with the same material letter 
and sample number, but different test square numbers. 

TVOC = total volatile organic compounds 

Figure 2-7. Estimated emission factors of lVOC and formaldehyde for test 
squares of engineered panels conditioned 26 to 30 days. 
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Figures 2-8 and 2-9 present emission factors of TVOC and formaldehyde for test squares 
of finished recycled corrugated cardboard and wheatboard, respectively; test squares of 
unfinished recycled corrugated cardboard and wheatboard are also shown for reference. Test 
squares of recycled corrugated cardboard finished with paint (Product M) had slightly higher 
emission factors of TVOC than the unfinished test squares of recycled corrugated cardboard 
(Product C). Emission factors of formaldehyde were fairly consistent between the unfinished and 
finished test squares. 

As shown in Figure 2-9, emission factors of formaldehyde for test squares of oak
veneered wheatboard (Product H) were substantially higher compared to emission factors of 
formaldehyde for test squares of unfinished wheatboard (Product 8). In the Phase 2 component 
study, formaldehyde emissions were not detected from the veneer. The elevated formaldehyde 
emissions from the oak-veneered wheatboard are likely due to the UF glue used to adhere the 
veneer to the wheatboard. Emission factors of formaldehyde for test squares of oak-veneered 
wheatboard coated and cured with the two component polyurethane were lower than those for 
test squares of unfinished oak-veneered wheatboard. The coatings evaluation showed that the 
mean emission factor of formaldehyde for test squares of PBV coated and cured with the two 
component polyurethane was very low [approximately 21 µg/(m2•hr)]. The coating appears to be 
suppressing formaldehyde emissions from the UF glue. 

2.4.2.2 Performance Characteristics 

Due to limited resources, the fiber study did not measure physical properties of the 
engineered fiber panels such as density, modulus of rupture, modulus of elasticity, etc. Instead, 
these properties were provided by the panel manufacturers (see Table D-1 of Appendix D). 

According to the manufacturer of the wheat panel made with MDI resin, this panel can be 
used in the same manner as PB to construct finished engineered wood products; it is currently 
being manufactured with a variety of finishes such as wood veneer, melamine, vinyl, and paper 
for the construction of kitchen cabinets. The manufacturer of the panel made from recycled 
corrugated cardboard states that the panel can be used to construct store displays, countertops, 
shelving, furniture and cabinets, etc; it is currently being manufactured with finishes such as 
wood veneer and paint. The MDF panel made with MDI resin can be used in the same manner 
as UF bonded MDF in the construction of engineered wood products. Product literature for the 
engineered panel made from recycled newspaper lists the following applications for the panel: a 
construction material for office partitions, a filler material for furniture (such as bed boards), 
hobby boards (such as train boards), carpet underlayment, sidewall sheathing, ceiling panels, 
etc; it can be covered with a fabric for decorative purposes. 
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Test squares are labeled by material letter (C or M). followed by sample number, followed by test square number, 
respectively, where · 
C = unfinished panel made from recycled corrugated cardboard 
M = panel made from painted recycled corrugated cardboard 
Emissions variability between samples is shown by test squares with the same material letter, but different 
sample numbers. Emissions variability within samples is shown by test squares with the same material letter and 
sample number. but different test square numbers. 

TVOC = total volatile organic compounds 

Figure 2-8. Estimated emission factors of TVOC and formaldehyde for unfinished and 
finished test squares of recycled corrugated cardboard conditioned 26 to 28 
days. 
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Test squares are labeled by material letter (B. H, 0, I, or J), followed by sample number, followed by test square 
number, respectively, where 
8 = unfinished wheatboard 
H = veneered wheat board 
0 = veneered wheat board with heat curable two component polyurethane coating 
I = wheatboard with vinyl 
J = wheatboard with melamine 
Emissions variability between samples is shown by test squares with the same material letler, but different sample 
numbers. Emissions variability within samples is shown by test squares with the same material letter and sample 
number, but different test square numbers. 

TVOC = total volatile organic compounds 

Figure 2-9. Estimated emission factors of TVOC and formaldehyde for unfinished and 
finished wheatboard conditioned approximately 28 days. 
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Chapter Three 
Conclusions and Recommendations 

The objective of this research was to reduce indoor emissions from a type of finished 
engineered wood. Conclusions that can be drawn from this study include: 

• UF bonded PB and acid-catalyzed alkyd-urea coatings were identified as sources of 
emissions from PBVST - a type of finished engineered wood used to construct a 
variety of engineered wood products. These findings are based on emission testing of 
PBVST made by a single manufacturer, and may not be applicable to PBVST made by 
other manufacturers. 

• Within the scope of the emission tests and performance tests conducted for the 
coatings evaluation, the heat curable two component polyurethane, the UV curable 
acrylate, and the UV curable multi-functional acrylate-free emulsion appear to be viable 
alternatives for the heat curable acid catalyzed alkyd-urea. 

• A variety of engineered fiber panels (i.e., those made with wheat and MDI; wood and 
MDI; and recycled corrugated cardboard) were found to have very low emission factors 
of TVOC and formaldehyde (relative to UF bonded PB and MDF). These low-emitting 
engineered fiber panels can be finished with veneer, vinyl, melamine, etc, and are 
currently used to construct a wide variety of products for interior applications. 

Recommendations for future research relating to the findings of this study include: 

• The screening materials collected in Phase 1 (i.e., PBVST, HBVSST, PBVY, and PBM) 
should be collected from several manufacturers and tested to assess emissions 
variability between manufacturers. 

• The screening materials collected in Phase 1 were collected at a single time point from 
the manufacturing line. These samples should be collected several weeks or months 
apart from the same manufacturing line and tested to assess emissions variability 
within samples from the same manufacturing line. Engineered fiber panels tested in 
Phase 3 should also be collected and tested at various intervals from the same 
manufacturing line, particularly, panels made from recycled materials; for the latter, 
emissions may vary if the composition of the recycling material varies. 

• A broader study of the recommended coatings systems should be conducted to 
determine how they perform in the manufacturing environment, in terms of their ease of 
use, worker safety, clean up, manufacturing emissions, etc. The cost of the coatings 
should be assessed in terms of equipment needs, e.g., stainless steel or plastic pipes 
for waterborne coatings, UV lights for UV coatings. Performance tests should also be 
conducted at critical time points. 
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• Standard air sampling methods and recovery techniques should be developed for 
compounds that could not be analyzed during the coatings evaluation, such as 
hexamethylene diisocyanate, polyisocyanates, acrylate oligomers, and acrylic 
polymers. 

• A broader study of the low-emitting engineered fiber panels should be conducted to 
assess manufacturing issues (such as cost, worker safety) involved with making the 
panels. Performance tests should also be conducted on the panels. 
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Chapter Four 
Phase 1 Screening Study 

4.1 Overview 

As discussed in the overview of the report, the objective of the research was to 
investigate P2 options for reducing indoor emissions from a specific type of finished engineered 
wood rather than a whole product. A screening study was conducted to select a type of finished 
engineered wood for P2 evaluation. 

The following materials were selected for screening: 
• PBVST (oak-veneered particleboard coated and cured with an acid catalyzed alkyd

urea sealer and topcoat) 
• HBVSST (oak-veneered hardboard coated and cured with a stain, and an acid 

catalyzed alkyd-urea sealer and topcoat) 
• PBM (particleboard overlaid with melamine) 
• PBVY (particleboard overlaid with vinyl) 

These materials were selected for screening because they were identified by focus group 
members as materials used to construct a high volume of engineered wood products. 

4.2 Objectives 

The objective of the screening study was to select a type of finished engineered wood for 
P2 evaluation. Screening tests were conducted to estimate initial emission factors of summed 
VOCs from the four types of finished engineered wood. Quantitative decay tests were conducted 
to determine if emission factors decreased over time due to sample conditioning. As explained 
in the Section 4.4, these tests were only conducted on PBVST and HBVSST. 

4.3 Experimental Design 

4.3.1 Sample Collection 

Samples of PBVST, HBVSST, PBVY, and PBM were collected from a large manufacturer 
of finished engineered wood products. The manufacturer purchases PB and HB, finishes the PB 
and HB, and then assembles the finished boards into engineered wood products. The PB is 
purchased from a single supplier and is made from wood particles (made from pine) and UF 
resins. The HB is made with wood fibers (made from hardwood species) and PF resins. Three 
samples of each of PBVST, HBVSST, PBM, and PBVY were collected directly from the finishing 
line (Figure 4-1). Three coupons were cut from the center of each sample. All coupons cut from 
the same sample were placed in a steel container with an airtight lid. The containers were 
transported to RTI within one to four days of manufacture. Upon 
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Figure 4-1. Sample collection for Phase 1. 
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arrival at RTI, the coupons were removed from their containers and visually inspected to ensure 
that the coupons remained intact during transportation. The coupons were resealed in their 
containers and then placed in a freezer operating at -10 to -20 °C to minimize losses of voes 
from the coupons prior to testing. 

4.3.2 Chamber Air Collection 

Screening tests were conducted within three weeks of sample collection. For these tests, 
containers of each material were removed from the freezer and allowed to warm to room 
temperature. A select number of coupons of each material were removed from the containers 
and visually inspected to determine that the finishes on the coupons remained intact during 
storage. The coupons were prepared into 0.0762 by 0.0762 m (-0.006 m2

) test squares 
(containers with unused coupons were returned to the freezer). The edges of the test squares 
were sealed with sodium silicate (liquid glass) to ensure that emitted voes came only from the 
surfaces of the test squares and not the cut edges. The test squares were placed in individual 
test chambers (Figure 4-2). Table 4-1 lists the operating conditions of the test chambers. 
Chamber air samples for measuring VOCs were collected six hours after each test square was 
placed in a test chamber. 

Table 4-1. Conditions For Chamber Testing for Screening and Decay Tests 

Test Parameters Conditions 

Chamber Size 0.012 m3 

Temperature 23nC 

Relative Humidity 50% 

Air Exchange Rate (ACH) 1/h 

Source Afea (A) 7-0.012 m

L~9ing (L)__ 1.0 m2/m3 

Quantitative decay tests were conducted approximately ten weeks after sample 
collection. For these tests, containers of PBVST and HBVSST were removed from the freezer 
and allowed to warm to room temperature. Remaining coupons of PBVST and HBVSST were 
removed from the containers and visually inspected to determine that the finishes on the 
coupons remained intact during storage. The coupons were prepared into test squares as 
described above. The test squares were placed in individual test chambers that operated at the 
conditions shown in Table 4-1. Chamber air samples for measuring VOCs were collected 1, 3, 7, 
14, 21, and 31-days after each test square was placed in a test chamber. The decay tests were 
carried out for 31-days to estimate potential indoor emissions from PBVST and HBVSST. 
According to the manufacturer of PBVST and HBVSST, 31-days represents the typical time lag 
between when these materials are manufactured and when they arrive in an indoor environment 
as part of an assembled product. 
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Figure 4-2. Emissions test chamber. 
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4.3.3 VOCs Collection 

VOCs in the chamber air samples were collected by passing chamber air through one 
dinitrophenylhydrazine (DNPH)-coated silica gel cartridge and two multisorbent cartridges 
containing Tenax TA, charcoal, and Ambersorb (Figure 4-1 shows the arrangement of the 
cartridges for collecting VOCs). DNPH cartridges are designed to collect aldehydes and 
ketones. Multisorbent cartridges are designed to collect other types of VOCs. 

Chamber air was passed through the DNPH cartridge at a flow rate of approximately 80 
to 85 mUmin for 45 minutes to collect a sample volume of approximately 3.8 L. Chamber air 
was passed through each multisorbent cartridge at a flow rate of approximately 35 mUmin for 45 
minutes to collect a sample volume of approximately 1 L. 

4.3.4 Analysis of voes 

4.3.4.1 Analysis of VOCs on Multisorbent Cartridges 

For screening tests, VOCs on multisorbent cartridges were thermally desorbed and then 
analyzed by gas chromatography/mass spectrometry (GC/MS) using the conditions shown in 
Table 4-2. Identification of unknown sample constituents was performed using an electronic 
search of the NIH/EPA/MSDC Mass Spectral Data Base (NIST library) and the Registry of Mass 
Spectral Library (Wiley library). Manual review of the data was also performed to verify computer 
identifications and to identify compounds not found using the computer library search. 

Prior to analysis, a set of standard cartridges were analyzed to show proper mass 
calibration for the GC/MS system, to establish GC retention time windows for selected VOCs, 
and to generate total ion response factors for VOCs quantitation estimates. Two external 
standards, [i.e., perfluorotoluene (PFT) and bromopentafluorobenzene {BFB)], were also added 
to each standard cartridge. PFT was used to monitor instrumental tune (mass resolution and ion 
abundance) and BFB was used as an external quantitation standard. Each day during sample 
analysis, an additional standard cartridge was analyzed to demonstrate ongoing instrumental 
performance. 

Quantitative estimates of identified VOCs were based on total ion reconstructed 
chromatographic peak areas and a total ion relative response factor generated for toluene 
(RRF1o1). Standard cartridges were prepared and analyzed as described above. Each of these 
cartridges contained a known mass of toluene and the external quantitation standard. The 
RRFr01 was calculated from the resulting data as 

A ·MRRF = Toi QS 
Toi A M 

QS. Toi 

where Mr01 is the mass of toluene (ng/cartridge), Mas is the mass of quantitation standard 
(ng/cartridge), Aro1 is the peak area of toluene, and Ao.sis the peak area of the quantitation 
standard (ng/cartridge). 
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Table 4-2. GC/MS Operating Conditions For Analysis of VOCs 

Parameter Setting 

THERMAL DESORPTION 

Trap Type 1 = Multisorbent, 2 = Multisorbent 

Tube Raised Ambient Off 

Initial Carrier Flow 1 min 

Tube Chamber Heat Time 6min 

Tube Chamber Temperature (Max) 320°c 

Secondary Carrier Flow 2mln 

Trap 1 Heat (Max) 270"C 

Trap 2 Heat (Max) 310''C 

Trap-to-Trap Transfer Time 2min 

Trap-to-Column Transfer Time 20min 

GAS CHROMATOGRAPH 

Instrument Hewlett-Packard 5890 

Column DB-624 widebore fused silica capillary column 

Temperature Program 35°C (5 min) to 200°C (1 min) at s~ctmin 

Carrier gas flow rate 1.8 ml/min 

MASS SPECTROMETER 

Instrument Hewlett Packard, Model 5988A 

Ionization Mode Electron Ionization Scan 35-350 m/z 

Emission Current 0.3mA 

Source Temperature 200°c 

Electron Multiplier 2000 voltsa 

a Typicai~alue 

During each day of the screening analysis, an additional standard cartridge was 
analyzed. If the RRFr0 , was within ±25% of the RRFr01 obtained during the instrument calibration, 
the GC/MS system was considered "in control", and the RRFr01 from the calibration was used to 
estimate voe amounts on sample cartridges as 

Avoc · Mos
Mvoc = ----

Aos. RRFro1 

where Mvoc is the estimated mass of a VOC (ng/cartridge). Mos is the mass of quantitation 
standard (ng/cartridge), Avoc is the peak area of the VOC, and Aas is the peak area of the 
quantitation standard (ng/cartridge). 

TVOC were calculated from the total ion chromatogram (TIC). The total area of the TIC 
was integrated for the retention time window from n-hexane through n-tetradecane. The mass of 
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TVOC (Mrvod was calculated as 

ATVOC. MQS 
Mrvoc = ----

AQs · RRFro, 

The concentration of each voe and lVOC in a chamber air sample was calculated as: 

C Mvoe or TVOC 
voe orTVOC = V 

s 

where Cvoc or TVOC = Concentration of the VOC or TVOC in the chamber air sample (µg/m~ 

MvocorTVOC = Mass of VOC or TVOC on multisorbent cartridge 
vs = Sample volume of chamber air, L 

4.3.4.2 Analysis of voes on DNPH Cartridges 

For both the screening and quantitative decay tests, DNPH cartridges were analyzed for 
the target aldehydes and ketones listed in Table 4-3. ONPH/aldehyde derivatives on sample 
cartridges were extracted by eluting each cartridge with 5 ml of HPLC grade acetonitrile into a 5 
ml volumetric flask. The final volume was adjusted to 5.0 ml and the samples aliquoted for 
analysis. Blank cartridges were eluted with each sample set to identify background 
contaminants. Additional blank cartridges were spiked with known amounts of DNPH/aldehyde 
standards as a method of assessing recovery. 

Table 4-3. Target Aldehydes and Ketones 

Formaldehyde 

Acetaldehyde 

Acetone 

Propionaldehyde 

2-Butanone 

Butyraldehyde 

Benzaldehyde 

Valeraldehyde 
m-Tolualdehyde 

n-Hexanal ----------·----------

DNPH/aldehyde derivatives in sample extracts were analyzed by HPLC with UV detection 
using the conditions shown in Table 4-4. Purified and certified DNPH derivatives of the target 
aldehydes were used for the preparation of calibration solutions. Target aldehydes were 
identified by comparison of their chromatographic retention times with those of the purified 
standards. Quantitation of the target compounds was accomplished by the external standard 
method using calibration standards prepared in the range 0.02 to 15 ng/,u.L of the 
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DNPH/aldehyde derivatives. Standards were analyzed singly for the aldehyde DNPH derivatives 
and a calibration curve calculated by linear regression of the concentration and chromatographic 
response data. Calibration curves for all target compounds were considered acceptable if 
r2 :2'. 0.998. 

Table 4-4. HPLC Operating Conditions for the Analysis of Aldehyde Emission Factors 

Parameter Setting 
·- ·- - --- --------

Instrument Waters Series 510 

Column NOVA-PAK C18, 3.9 x 150 mm 

Solvent System A: Water/Acetonitrileffetrahydrofuran 60/30/10 v/v 
B: Acetonitrile/Water 40/60 v/v 

Gradient 100% A for 3 min; then a linear gradient to 100% B in 10 min. 
Hold 15 min at 100% B 

Mobile Phase Flow Rate 1.5 ml/min 

Injection Size 20 µL 

UV Wavelength 360nm 

To demonstrate on-going instrumental performance, a calibration standard was analyzed 
each day prior to the analysis of any samples. The calibration was considered "in control" if the 
measured concentration of the aldehyde/ONPH derivatives in the standard was 85 to 115% of 
the prepared concentration. 

The concentration of each target aldehyde and ketone in the chamber air samples was 
calculated as: 

where Calk = Concentration of the target aldehyde or ketone in the chamber air sample (µg/m3
) 

Cy = Concentration of DNPH/analyte derivative in the sample extract (ng/µL} 
Vy = Total volume of sample extract (i.e., 5000 µL) 
Vs = Sample volume of chamber air (L} . 
0 1 = Molecular weight of the aldehyde or ketone + molecular weight of the aldehyde or 

ketone/DNPH derivative 
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4.3.4.3 Conversion of Concentrations to Emission Factors 

Concentrations of individual VOCs and lVOC measured in chamber air samples were 
converted to emission factors using the following equation 

CmxACH
EF"" --·--

L 

where 
Cm = measured concentration of a voe or lVOC in a chamber air sample (µg /m3

) 

ACH = air exchange rate in the test chamber 
L = loading ratio in the test chamber 

An emission factor of summed VOCs for a tested material was calculated by summing the 
individual emission factors of VOCs for a tested material. 

4.4 Results 

Results from the screening tests are presented in Tables A-1 through A-4 in Appendix A. 
Figures 4-3 and 4-4 are graphs of the data in these tables. Emission factors for test squares 1-1, 
2-1, and 3-1 compare emissions variability between samples 1, 2, and 3. Emission factors for 
test squares 1-1 and 1-2, and 2-1 and 2-2 compare emissions variability within samples 1 and 2, 
respectively. For test squares of PBVST, PBM, and PBVY, emission factors of summed VOCs 
were fairly consistent between and within samples. For test squares of HBVSST, emission 
factors of summed VOCs were fairly consistent between samples 1 and 2; sample 3, however, 
had a much higher emission factor of summed VOCs than those for samples 1 and 2. 

Figure 4-3 shows that initial emission factors of summed VOCs were substantially higher 
for test squares of PBVST and HBVSST relative to those for PBVY and PBM. Alcohols made up 
a large portion of the emission factors of summed voes for test squares of PBVST and 
HBVSST, whereas, virtually no alcohol emissions were detected from test squares of PBVY and 
PBM. Alcohols were listed as solvents in the MSDS for the coatings. Terpenes were only 
detected from test squares made with PB. Terpenes are volatile constituents of certain wood 
species such as pine (used to make the PB). Terpenes are not major constituents of hardwood 
species, which are used to manufacture HB. The presence of terpenes in emissions from the PB 
test squares suggests that they may permeate through all three types of finishes, (i.e., veneer 
with coatings, melamine, and vinyl). 

In Figure 4-4, n--hexanal was unique to test squares made with PB. Acetone was emitted 
primarily from test squares made from PB, although small amounts were measured from test 
squares of HBVSST. Acetone and n-hexanal have been associated with wood fibers in certain 
types of engineered wood samples.6 The fact that these compounds were not detected in the 
emissions from the HB test squares suggests that these compounds may be specific to certain 
wood species or specific types of engineered wood. 
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Test squares are labeled by material acronym (PBVST, HBVSST, PBVY, or PBM), followed by sample number, 
followed by test square number, respectively, where 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 
HBVSST = oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea sealer and 
topcoat 
PBVY = particleboard overlaid with vinyl 
PBM = particleboard overlaid with melamine 

Figure 4-3. Estimated emission factors of summed voes for test squares of 
finished engineered wood conditioned for six hours. 
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Test squares are labeled by material acronym (PBVST, HBVSST, PBVY, or PBM), followed by sample 
number, followed by test square number, respectively, where 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 
HBVSST = oak-veneered hardboard coated and cured with a stain, and an acid catalyzed alkyd-urea sealer 
and topcoat 
PBVY = particleboard overlaid with vinyl 
PBM = particleboard overlaid with melamine 

Figure 4-4. Estimated emission factors of aldehydes and ketones for test 
squares of finished engineered wood conditioned for six hours. 
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Initial emission factors of formaldehyde were substantially higher for test squares of 
PBVST and HBVSST relative to those for test squares of PBVY and PBM. The acid catalyzed 
alkyd-urea sealer and topcoat were believed to be the major reason for these differences. 
Research has shown that catalyzed alkyd-urea coatings release formaldehyde over time as part 
of their curing process. 6 

Results from the quantitative decay tests are shown in Figure 4-5. Test squares of 
PBVST and HBVSST showed a rapid decay of formaldehyde during the first week of sampling. 
By the fourth time point (14 days), formaldehyde emission factors for PBVST and HBVSST 
appeared to level out to approximately 300 µg/(m2•hr), which was substantially higher than initial 
emission factors of formaldehyde from PBVY and PBM [initial emission factors ranged from 51 to 
90 µg/(m2•hr)]. For this reason, quantitative decay tests were not conducted on PBVY and PBM. 

Test squares in the decay study had lower, initial emission factors of formaldehyde than 
test squares in the screening study; the former were prepared from coupons stored in a freezer 
for 3 weeks, whereas the latter were prepared from coupons stored in a freezer for 10 weeks. 
One possible explanation for this difference is that storing the coupons at -10 to -20 °C was not 
completely effective in suppressing their emissions, thus, the 1 Oweek old coupons had lower 
emissions than the 3 week old coupons. 

4.5 Conclusions 

• Initial emission factors of summed voes and formaldehyde were substantially higher 
for PBVST and HBVSST relative to those for PBVY and PBM. 

• Initial emission factors of summed voes and formaldehyde were substantially higher 
for PBVST relative to those for HBVSST. 

• Emission factors of formaldehyde for test squares of PBVST and HBVSST decayed 
over time as the test squares conditioned/aged under typical indoor conditions (e.g., 
23 °C, 50% RH, and 1 AeH) . Emission factors of formaldehyde appeared to reach a 
steady-state level after the test squares aged for two weeks; this steady-state level 
was approximately a fourth of the initial emission factors of formaldehyde for the test 
squares aged less than six hours. This steady-state level was also substantially 
higher than initial emission factors of formaldehyde for test squares of PBVY and 
PBM. 

• The acid catalyzed alkyd-urea sealer and topcoat were suspected sources of voe 
emissions from PBVST and HBVST. Most of the emitted VOCs, except 
formaldehyde, were listed on the MSDS for the coatings. Formaldehyde is a by
product of the curing mechanism of these coatings. 
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Test squares are labeled by material acronym (PBVST or HBVSST), followed by sample number (1 or 2), 
followed by test square number (2 or 3), where 
PBVST =oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and 
topcoat 
HBVSST = oak-veneered hardboard coaled and cured with a stain, and an acid catalyzed alkyd-urea 
sealer and topcoat 

Figure 4-5. Quantitated emission factors of formaldehyde for test squares of finished engineered 
wood conditioned for 31-days. 
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• Based on the screening and quantitative decay tests. PBVST was selected for P2 
evaluation. Although HBVSST could have also been selected for further evaluation 
(since it was finished with the same sealer and topcoat as PBVST), PBVST was 
selected because it had higher initial emission factors of summed voes than 
HBVSST; the higher initial emission factors suggested that both the PB and the 
coatings might be contributing to emissions from PBVST. 

• Since emission factors of formaldehyde for test squares of PBVST decayed with time 
and appeared to level out after two weeks, future emissions testing was conducted on 
aged samples versus newly manufactured samples. Samples were conditioned/aged 
around 31-days, since this is the typical time lag between when PBVST is 
manufactured at the particular plant in Phase 1 and when it arrives in an indoor 
environment as part of an assembled product. 

• Because freezing the coupons may not have been completely effective in suppressing 
their emissions, storage lime was shortened for future testing. 
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Chapter Five 
Phase 2 Component Study 

5.1 Overview 

Based on the results from the Phase 1 Screening Study, PBVST was selected for P2 
evaluation. A component study was conducted to assess the source(s) of emissions from 
PBVST. 

5.2 Objectives 

The objective of the component study was to quantitate emission factors from various 
components of PBVST to identify the sources of emissions from PBVST. Components tested 
included: particleboard (PB); veneer (V); oak-veneered particleboard (PBV); oak-veneered 
particleboard with an acid catalyzed alkyd-urea sealer (PBVS); and oak-veneered particleboard 
with an acid catalyzed alkyd-urea sealer and topcoat (PBVST). 

5.3 Experimental Design 

5.3.1 Sample Collection 

Three samples of each material (PB, V, PBV, PBVS, and PBVST) were collected from 
various stages of the manufacturing process (Figure 5-1). The coated samples were collected 
after they were cured. Three coupons were cut from the center of each sample. All coupons 
cut from the same sample were placed in a steel container with an airtight lid. The containers 
were transported to RTI within one day of manufacture. Upon arrival at RTI, the coupons were 
removed from their containers and visually inspected to ensure that the coupons remained 
intact during transportation. The coupons were resealed in their containers and then placed in 
a freezer operating at -1 Oto -20 "C to minimize losses of VOCs from the coupons prior to testing. 

purchased__.. veneer ~ sealer·_.. cure-,!·\• topcoat--• cure/ I \ ,,. 
particleboard w/ glue)' t \ / y ~ y 

I+\ fCf~ =r~f lf~~f rr ~ ll GB ffl ffl a ffl IJ ffl lff9 
ii] @ 111 

veneer 

,. I.\' 
~YCf 
I@ ii @ 

Figure 5-1. Sample collection of components. 
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5.3.2 Chamber Air Sampling 

Approximately two weeks after sample collection, containers of PB, V, PBV, PBVS, and 
PBVST were removed from the freezer and allowed to warm to room temperature. A select 
number of coupons of each component were removed from the containers and visually 
inspected to determine that the coupons remained intact during storage. The coupons were 
prepared into 0.006 m by 0.006 m test squares. The edges of the test squares were sealed 
with sodium silicate (liquid glass) to ensure that emitted voes came only from the surfaces of 
the test squares and not the cut edges. The test squares were placed in individual test 
chambers which operated at the conditions shown in Table 5-1. Chamber air samples for 
measuring VOCs were collected 31-days after each test square was placed in a test chamber; 
31-days was selected as the testing time since it is the typical time lag between when PBVST is 
manufactured (at the plant participating in the study) and when it arrives in an indoor 
environment as part of an assembled product. 

Table 5-1. Conditions For Chamber Testing 

Test Parameters Conditions 

Chamber Size 0.012 m3 

Temperature 23°C 

Relative Humidity 50% 

Air Exchange Rate (ACH) 1/h 

Source Area (A) 2-0.012 rn

Loading (L) 

5.3.3 VOCs Collection 

voes in the test chambers were collected by passing chamber air through one 
dinitrophenylhydrazine (DNPH)-coated silica gel cartridge and two multisorbent cartridges 
containing Tenax TA, charcoal, and Ambersorb (Figure 4-2 in Section 4.3.3 shows the 
arrangement of the cartridges for collecting VOCs). DNPH cartridges are designed to collect 
aldehydes and ketones. Multisorbent cartridges are designed to collect other types of VOCs. 

Chamber air was passed through the DNPH cartridge at a flow rate of approximately 50 
mUmin for a 1- to 2- hour period to give nominal sample volume of approximately 2 L. 
Chamber air was passed through each multisorbent cartridge at a flow rate of approximately 25 
mUmin over a 2-hour period to give a nominal sampling volume of 3 L. 

41 



5.3.4 Analysis of voes 

5.3.4.1 Analysis of voes on Multisorbent Cartridges 

VOCs on multisorbent cartridges were thermally desorbed and then analyzed by gas 
chromatography with flame ionization detection (GC/FID) using the conditions shown in Table 5-
2. Target VOCs were identified by comparison of their chromatographic retention times with 
those analyzed on standard cartridges. GC/MS confirmation was performed for selected 
samples. 

Quantitation of target voes was performed using calibration curves generated from the 
analysis of standard cartridges prepared at five different levels. Standard cartridges contained 
all of the target voes plus the internal quantitation standard, m-dichlorobenzene. One 
calibration cartridge was analyzed at each level. For each target VOC, the ratio of the area of 
the target to the area of the internal standard was calculated. A calibration curve was generated 
for cartridge amount versus area ratio using second order regressions. Calibration curves for all 
target analytes were considered acceptable if r2 values were greater than 0.995. 

To demonstrate on-going instrumental performance, a mid-level calibration standard was 
analyzed each day prior to the analysis of samples. The calibration was considered "in control" if 
the measured concentration of each target was 70 to 130% of the prepared concentration. For 
2-(2-butoxyethoxy) ethanol a window of 50 to 130% was used. 

The concentration of each target analyte in chamber air samples was calculated by 
dividing the mass of analyte on the cartridge by the volume of air sample collected. 

5.3.4.2 Analysis of Aldehydes and Ketones on DNPH Cartridges 

DNPH cartridges were analyzed for the target aldehydes and ketones listed in 
Table 5-3. DNPH/aldehyde derivatives on sample cartridges were extracted by eluting each 
cartridge with 5 ml of HPLC grade acetonitrile into a 5 ml volumetric flask. The final volume 
was adjusted to 5.0 ml and the samples aliquoted for analysis. Blank cartridges were eluted 
with each sample set to identify background contaminants. Additional blank cartridges were 
spiked with known amounts of DNPH/aldehyde standards as a method of assessing recovery. 

DNPH/aldehyde derivatives in sample extracts were analyzed by HPLC with UV detection 
using the conditions shown in Table 5-4. Purified and certified DNPH derivatives of the target 
aldehydes were used for the preparation of calibration solutions. Target aldehydes were 
identified by comparison of their chromatographic retention times with those of the purified 
standards. Quantitation of the target compounds was accomplished by the external standard 
method using calibration standards prepared in the range 0.02 to 15 ng/11-l of the 
DNPH/aldehyde derivatives. Standards were analyzed singly for the aldehyde DNPH 
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Table 5-2. GC/FID Operating Conditions For Analysis of voes 

Parameter Setting 

THERMAL DESORPTION 

Trap Type 1 = Multisorbent, 2 = Multisorbent 

Tube Raised Ambient Off 

Initial Carrier Flow 1 min 

Tube Chamber Heat Time 6min 

Tube Chamber Temperature (Max) 320"C 

Secondary Carrier Flow 2min 

Trap 1 Heat (Max) 270''C 

Trap 2 Heat (Max) 310''C 

Trap-to-Trap Transfer Time 2min 

Trap-to-Column Transfer Time 20min 

GAS CHROMATOGRAPH 

Instrument Varar 3700 

Column DB-624 widebore fused silica capillary column 

Temperature Program 35r,c (5 min) to 200'C (1 min) at 5°C/min 

Carrier gas flow rate 1.8 ml/min 

Detector 
Typical value 

Table 5-3. Target Aldehydes and Ketones 

Formaldehyde 

Acetaldehyde 

Acetone 

Propionaldehyde 

2-Butanone 

Butyraldehydc 

Benzaldehyde 

Valeraldehyde 

m-Tolualdehyde 

n-Hexanal 
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Table 5-4. HPLC Operating Conditions for the Analysis of Aldehyde Emission Factors 

Parameter Setting 

Instrument Waters Series 510 

Column NOVA-PAK C18, 3.9 x 150 mm 

Solvent System A: Water/Acetonitrile/Tetrahydrofuran 60/30/10 v/v 
B: Acetonitrile/Water 40/60 v/V 

Gradient 100% A for 3 min; then a linear gradient lo 100% Bin 10 min. 
Hold 15 min at 100% B 

Mobile Phase Flow Rate 1.5 ml/min 

Injection Size 20 µL 

UV Wavelength 360 nm 

derivatives and a calibration curve calculated by linear regression of the concentration and 
chromatographic response data. Calibration curves for all target analytes had r2;,: 0.998. 

To demonstrate on-going instrumental performance, a calibration standard was analyzed 
each day prior to the analysis of any samples. The calibration was considered "in control" if the 
measured concentration of the aldehyde/DNPH derivatives in the standard was 85 to 115% of 
the prepared concentration. 

The concentration of each target aldehyde and ketone in the chamber air samples was 
calculated as: 

where Calk = Concentration of the target aldehyde or ketone in the chamber air sample (µg/m3
) 

Cy = Concentration of DNPH/analyte derivative in the sample extract (ng/µL) 
V" = Total volume of sample extract (i.e., 5000 µL) 
Vs = Sample volume of chamber air, L 
0 1 = Molecular weight of the aldehyde or ketone + molecular weight of the aldehyde or 

ketone/DNPH derivative 

5.3.4.3 Conversion of Concentrations to Emission Factors 

Concentrations of individual voes measured in chamber air samples were converted to 
emission factors using the following equation 

EF = CmxACH 
L 
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where 
Cm = measured concentration of a VOC in a chamber air sample (µg /m:) 
ACH = air exchange rate in the test chamber 
L = loading ratio in the test chamber 

An emission factor of summed VOCs for a tested material was calculated by summing the 
individual emission factors of voes for the tested material. 

5.4 Results 

Results from the component tests are shown in Table B-1 of Appendix B. Figures 5-2 
and 5-3 are graphs of the data in this table. For test squares of PBVS and PBVST, emission 
factors were fairly consistent between samples (i.e., test squares 1-1, 2-1, and 3-1). Only one 
sample each of PB and PBV was analyzed for voes. 

Figures 5-2 and 5-3 present emission factors of summed VOCs and aldehydes and 
ketones, respectively, for test squares of PB, V, PBV, PBVS, and PBVST. As shown in Figure 5-
2, emission factors of summed voes for PB and PBV were 1600 µg/(m2•hr) and 470 µg/(m2•hr), 
respectively. The emission factor of summed voes for the veneer was 17 µg/(m2•hr), which 
suggests that voes from PBV were being emitted by the PB and possibly the glue used to 
adhere the veneer to the PB. (The glue is a mixture of polyvinyl acetate (a white glue) and an UF 
resin; the mixture contains less than 0.6% formaldehyde.) Since the emission factor of summed 
voes for PBV was substantially lower than the emission factor of summed voes for PB, this 
suggests that the veneer was suppressing emissions from the PB. 

The emission factor of summed VOCs was 470 µg/(m2•hr) for the test square of PBV 
compared to 1400, 1600, and 1300 µg/(ni•hr) for test squares of PBVS and 2300, 1900, and 
1800 µg/(m2•hr) for test squares of PBVST. The increase in emissions from PBV to PBVS 
appears to be due to the addition of the sealer to PBV. The increase in emissions from PBVS to 
PBVST appears to be due to the addition of the topcoat to the PBVS. 

As shown in Figure 5-3, emission factors of n-hexanal for PB and PBV were 490 
µg/(m2•hr) and 97 µg/(m2•hr), respectively. Emission factors of acetone for PB and PBV were 
270 and 110 µg/(m2•hr), respectively. The presence of n-hexanal and acetone in emissions from 
the test square of PB supports the hypothesis from Phase 1 that these compounds are 
associated with the wood in the PB. The lower emission factors of acetone and n-hexanal for the 
PBV test square relative to those for the PB test square suggests that the veneer suppressed 
emissions of these compounds from the PB. PBV, PBVS, and PBVST all had similar emission 
factors of n--hexanal and acetone, which also supports the hypothesis from Phase 1 that these 
compounds are emitted from the wood in the PB rather than the coatings. 

Emission factors of formaldehyde for PB and PBV were 230 µg/(m2•hr) and 130 
µg/(rn2•hr), respectively. The emission factor of formaldehyde for the veneer was 9 µg/(m2•hr), 
which suggests that the veneer was suppressing formaldehyde emissions from the PB. The 
emission factor of formaldehyde for the test square of PBV was 130 µg/(m2•hr) compared to 
320, 340, and 360 µg/(m2•hr) for test squares of PBVS and 530, 440, and 390 µg/(m2•hr) for test 
squares of PBVST; these increases suggest that the coatings were a source of formaldehyde. 
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Test squares are labeled by material acronym (PB, V, PBV, PBVS, or PBVST), followed by sample number, 
followed by test square number, respectively, where 
PB = particleboard 
V = veneer 
PBV = oak-veneered paricleboard 
PBVS = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 

Figure 5-2. Quantitated emission factors of summed VOCs for test squares of 
components of finished engineered wood conditioned for 31-days. 
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Test squares are labeled by material acronym (PB, V, PBV, PBVS, or PBVST). followed by sample number, followed 
by test square number, respectively, where 
PB = particleboard 
V = veneer 
PBV = oak-veneered paricleboard 
PBVS = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer 
PBVST = oak-veneered particleboard coated and cured with an acid catalyzed alkyd-urea sealer and topcoat 

Figure 5-3. Quantitated emission factors of aldehydes and ketones for test squares of 
components of finished engineered wood conditioned for 31-days. 

47 



5.5 Conclusions 

• PB had substantially higher emission factors of summed voes and formaldehyde 
compared to PBV. The veneer had very low emission factors of summed voes and 
formaldehyde (relative to the other components). The veneer likely suppressed 
emissions from the PB. 

• PBVS and PBVST had substantially higher emission factors of summed voes and 
formaldehyde compared to those for PBV; these increases in emission factors were 
likely due to the coatings. 

• Based on the results of Phase 2, potentially low-emitting coatings and engineered 
fiber samples were identified and evaluated for reducing voe emissions from PBVST. 
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Chapter Six 
Phase 3 Coatings Study 

6. 1 Overview 

In Phase 2, an acid catalyzed alkyd-urea sealer and topcoat were identified as likely 
sources of VOCs and formaldehyde from PBVST (oak-veneered particleboard coated and cured 
with the acid-catalyzed alkyd-urea sealer and topcoat). In Phase 3, a coatings study was 
conducted to evaluate emission factors for PBV (oak-veneered particleboard) coated and cured 
with five alternative coatings systems (system = sealer and topcoat) and the acid catalyzed 
alkyd-urea coatings system from Phase 2. Selection criteria for the alternative coatings systems 
included coatings that were: 

• claimed as low-emitting by the manufacturer 
• expected to have comparable performance and aesthetics to the acid-catalyzed 

alkyd-urea coatings system 
• compliant with existing regulations (i.e., MACT and VOC) 
• currently on the market 
• representative of different chemistries and cure technologies. 

Table 6-1 lists the types of coatings systems evaluated. 

Table 6-1. Coatings Systems Evaluated 

Coating 1 Coating 2 Coating 3 Coaling 4 Coating 5 Coating 6 

Chemistry Acid catalyzed Two Non-air inhibited Acrylate Multi-functional Polyurethane 
alkyd-urea component unsaturated acrylate free dispersion 

polyurethane polyester emulsion 

Carrier organic waler waler none water water 
solvent 

Cure I heat heat UV" light UV light heat + UV light heat 
----- ---- ·-·-- -- -- --- ---

• UV = ultraviolet 

6.2 Objectives 

The principal objectives of the coatings study were: 
(1) To ascertain if coatings systems contribute significantly to 35-day emissions of 

coated and cured PBV relative to uncoated PBV. 
(2) To ascertain if emission factors for test squares of PBV coated and cured with the 

five alternative coatings systems are significantly different than emission factors 
for test squares of PBV coated and cured with the heat curable acid catalyzed 
alkyd-urea coatings system. 

(3) To evaluate and compare the performance characteristics of the five alternative 
coatings systems and the heat curable acid catalyzed alkyd-urea coatings 
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system. 

To meet these objectives, samples of uncoated PBV were collected from the 
manufacturing plant that supplied samples in Phases 1 and 2. The samples were cut into 
coupons and then coated and cured with the six different coatings systems. Quantitative 
emission tests were conducted to characterize individual and summed VOC emissions for the 
coated and uncoated coupons. Since the focus of the research was on indoor air emissions, the 
tests characterized emissions from the finished coupons 35-days after they were coated and 
cured instead of emissions from newly cured coupons; emissions were also characterized from 
the uncoated coupons after they had aged 35-days. A 35-day testing time was selected because 
it is close to the 31-day time lag between the manufacture of PBVST from the manufacturing 
plant in Phases 1 and 2, and the installation of PBVST as an assembled product in an indoor 
environment. Although a 31-day testing time was used in Phase 2, a 35-day testing time was 
selected for this study to avoid the possibility of having to test on weekends; i.e., a 35-day testing 
time ensured that emissions tests would take place on the same day of the week as the 
coating/cure application. 

For the first objective, a statistical analysis was performed on the 35-day emission factor 
data to determine if the coatings systems were a significant source of individual and summed 
VOC emissions from the finished coupons. For the second objective, a statistical analysis was 
conducted on the 35-day emission factor data to ascertain if emission factors of individual and 
summed VOCs for PBV coated and cured with the five alternative coatings systems were 
significantly different than emission factors of individual and summed VOCs for PBV coated and 
cured with the heat curable acid catalyzed alkyd-urea coatings system. For the third objective, 
the performance of the coated coupons was evaluated using standard tests for performance of 
wood coatings. 

6.3 Experimental Design 

The experimental design included the following steps: 
(1) Collect boards of unfinished PBV for coatings applications trials and performance 

testing. 
(2) Prepare coupons from unfinished boards for coatings applications trials and 

performance testing. 
(3) Conduct trials of coatings applications. 
(4) Conduct performance tests. 
(5) Collect three boards of unfinished PBV for coatings applications. 
(6) Cut and prepare coupons from unfinished boards for emissions testing. 
(7) Apply and cure coatings systems to predesignated unfinished coupons. 
(8) Hold finished and unfinished coupons in sealed containers for seven days; 

afterwards, cut and prepare test squares from coated and uncoated coupons for 
emissions testing. 

(9) Allow coated and uncoated test squares to condition at ambient conditions (23"C, 
50% RH, and 1 ACH) for 28 days. 

(10) Conduct chamber emissions tests on coated and uncoated test squares. 
(11) Characterize emission factors from chamber emissions test data. 
(12) Assess the statistical significance of the emission factors in terms of design 

objectives. 
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Figures 6-1 and 6-2 are flow diagrams of Steps 1 through 4 and Steps 5 through 10, respectively. 

Coatings applications and performance tests (Steps 3, 4, and 7) were conducted at the 
Electrotechnology Application Center (ETAC) in Bethlehem, Pennsylvania. The ETAC facility is a 
coatings laboratory that houses an electric convection oven, an UV curing chamber, and various 
equipment for evaluating finish characteristics of coated wood. The staff at ETAC were selected 
to carry out the coatings applications and performance tests because they have widespread 
experience in formulating, applying, and evaluating various types of wood coatings. 

Several resin manufacturers and coatings formulators for the engineered wood finishing 
industry provided the coatings systems for the evaluation. RTI provided these suppliers with 
samples of PBVST collected from the manufacturing plant in Phases 1 and 2. RTI asked the 
coatings suppliers to formulate their coatings to give similar gloss, thickness, and performance 
characteristics to the samples of PBVST. The coatings supplier to the PBVST manufacturer in 
Phases 1 and 2 provided a heat curable acid catalyzed alkyd-urea system that was similar to the 
one used by the manufacturer. 

6.3.1 Collection and Preparation of Coupons for Coatings Optimization Trials and 
Performance Tests (Steps 1 and 2) 

In Steps 1 and 2, several boards of unfinished PBV were collected from a manufacturing 
plant and cut into 15.24 cm by 20.32 cm coupons. The coupons were sent to ETAC for coatings 
optimization trials and performance tests. 

6.3.2 Coatings Optimization Trials (Step 3) 

In Step 3, ETAC conducted coating application and curing trials on coupons from Step 2 
to optimize these procedures for Step 7 (in Step 7 coupons were coated and cured for emission 
factors testing}. Coatings were applied using a drawdown bar (Figures 6-3 and 6-4). A 
drawdown bar is a round stainless steel bar tightly wound with stainless steel wire; it is standard 
lab apparatus for applying uniform amounts of coatings to small substrates such as coupons. 
The amount of coating transferred to a substrate is governed by the area of the groove between 
the coils of wire (Figure 6-5). This groove allows an exact amount of coating to pass through the 
coils, leaving a smooth, uniform thickness of coating on a substrate. Although a drawdown bar is 
not used to apply coatings in the manufacturing environment, it was selected to minimize 
variations in application thickness for a given coatings system. As will be discussed further in 
the text, each coatings system was applied to multiple coupons. The applied thickness of each 
coatings system varied depending on the recommendation of the coatings supplier (see Table C-
1 in Appendix C for the applied thickness of each coatings systems}. Having consistent 
thicknesses within a given coatings system was important to minimize variations in emission 
factors for each test square. 
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Figure 6-1. Steps one through four of experimental design. 
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Figure 6-2. Steps five through ten of experimental design. 
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Figure 6-3. Drawdown bar. 

Figure 6-4. Application 
of coating with 
drawdown bar. 
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Figure 6-5. Close-up of drawdown bar. 
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Coatings suppliers provided instructions for applying and curing their coatings to coupons 
of PBV to produce a similar finish to the PBVST manufactured in Phases 1 and 2. The 
instructions specified coatings thicknesses (for both the sealer and topcoat), flash time, oven 
cure cycle, etc. ET AC made some modifications to dry and cure cycles to ensure optimal drying 
conditions. For example, if a coating did not dry to a visually acceptable film during the ambient 
flash step, then additional time was allotted to that cycle. Also, if a coupon could not be handled 
due to incomplete curing, the oven cure cycle was extended. Table C-1 in Appendix C lists the 
coating and curing procedures established during the optimization trials; these conditions were 
followed during applications for both the performance and emission tests. 

6.3.3 Performance Tests (Step 4) 

After optimizing the coating application and curing techniques, ETAC coated coupons for 
performance evaluations. The coated coupons were evaluated using standard industry tests of 
performance of wood coatings (Step 4). Properties tested included: adhesion; fingernail mar 
resistance; and chemical resistance to the solvent methyl ethyl ketone (MEK), mustard, and 10 
types of stains. Gloss was also measured. These properties were selected for testing because 
they are of interest to manufacturers of engineered wood products. 

For the MEK test, a rag was soaked in MEK, and then repeatedly rubbed over the same 
spot of a coated coupon in a back and forth motion. Each back and forth motion was counted as 
one double rub (DR). Each test was a maximum of 100 DRs. Coatings were rated according to 
the number of DRs required to rub off the coating or to a maximum of 100 DRs. 

Mustard and stain tests were performed according to the procedures of the covered spot 
test in ASTM 01308-798 using stains outlined by ANSI/KCMA A161.1-1990, 9.3. 9 For the 
mustard test, a few drops of mustard were applied to the horizontal surface of a coated coupon; 
the drops were covered with a watch glass to prevent them from evaporating (Figure 6-6). The 
watch glass was removed after one hour and the mustard washed off with water. The coated 
coupon was examined for damages to the coating such as discoloration, changes in gloss, 
blistering, softening, swelling, and loss of adhesion. If no damages were seen, the coating was 
given a rating of 10 and the test stopped. If the mustard damaged the coating, the spot was 
evaluated 23 hours later (24 hours after the mustard was washed off) to determine if the coating 
improved over the interval; the coating was rated from O to 10, where O indicated no improvement 
and 10 indicated complete recovery of the coating. 

Individual stains were applied in the same manner as the mustard, except that each stain 
was left on the coated coupon for 24 hours, at which point the stain was rinsed off, and the 
coating rated from Oto 10 depending on the resulting damage (a score of 10 indicated no 
damage to the coating). 

Adhesion was tested according to ASTM 03359. 1° For this test, a crosshatch tool was 
used to scribe a lattice pattern on the surface of a coated coupon. A wide piece of semi
transparent, pressure sensitive tape was pressed firmly across the scribe marks and then jerked 
off with one quick motion (Figure 6-7). Adhesion was rated on a scale of OB to 5B, depending on 
how much coating came up with the tape. A rating of OB indicated that 65% or more of the 
coating was removed; a rating of 58 indicated that no coating was removed. 
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Figure 6-6. Mustard and stain tests. 

Figure 6-7. Adhesion test 

Gloss was measured according to ASTM D52311 using a Gloss Checker manufactured by 
Horiba (model 1G-310) (Figure 6-8). Gloss ratings ranged from Oto 120, with the latter being the 
highest gloss rating. Hardness was measured according to ASTM 0224012 using a Durometer 
manufactured by PTC instruments (model 307L) (Figure 6-9). Hardness was rated on a scale of 
0 to 100, with 100 being the highest hardness rating. Fingernail mar resistance was measured 
subjectively. 

6.3.4 Collection and Preparation of Coupons for Coatings Applications (Steps 5 and 6) 

Figure 6-8. Gloss checker. 
Figure 6-9. Durometer for measuring 
hardness. 

In Step 5, three 39.37 cm by 85.09 cm boards of unfinished PBV were collected by RTI 
directly from the manufacturing line prior to finishing; the boards were pulled from the line one 
after the other and placed into a single prepurged Tedlar bag. The boards were transported to 
RTI within four hours of collection. 

Upon arrival at RTI, each board was cut into eight 15.24 cm by 20.32 cm coupons and 
four 8.26 cm by 20.32 cm coupons (Step 6). Each coupon was labeled on an exposed edge with 
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a sample code that included a board letter designation (A to C) and a coupon number (1 to 12) 
as shown in Figure 6-10. After labeling, the exposed edges of the coupons were sealed with two 
applications of sodium silicate to ensure that emitted voes came only from the surfaces of the 
test squares and not the cut edges. Each prepared coupon was placed in a 1 gallon, uncoated 
steel container with a compression sealed lid. Eight 15.24 cm by 20.32 cm coupons, and two 
8.26 cm by 20.32 cm coupons from each board were sent to ETAC for the coatings study. 

6.3.5 Coatings Applications (Step 7) 

For each board, six different coatings systems were applied to eight, 15.24 cm by 20.32 
cm coupons over the course of two days; two coupons per board were left uncoated (the latter 
were referred to as field coupons) (Step 7). As shown in Table 6-2, the six different coatings 
systems were applied to coupons from the same board over the course of two days. Ideally, all 
eight coupons from the same board should have been coated in a single day, however, only six 
test chambers were available for emission factors testing at one time. For the statistical design, 
chamber air samples had to be collected from coated coupons that were the same age as their 
corresponding field and lab coupons. Since only six test chambers were available for testing at 
one time, only four coupons were coated per day. 

6.3.6 Receipt, Storage, and Chamber Air Sampling (Steps 8 through 10) 

For each board, four coupons were coated and cured per day; that same day, the finished 
coupons and their corresponding field coupon were shipped overnight to RTI. The finished 
coupons and field coupon arrived at RTI in separate containers. Upon receipt at RTI, the four 
finished coupons and field coupon were held in their shipping containers until seven days had 
elapsed since the coupons were finished. 

Table 6-2. Number of Coupons Coated and Reserved as Field Coupons 

Coatings' T Coatings Systems - _J - -- I 
Day Board -~-1=------~2-----=-3~-~_,_4----=5--~6~-:___T_o_ta_l___ 

1 A 1 1 1 1 1 5 

2 A J:~IfinfI:fff;j~;;I:ii;i1.i:ii:i;i:I1· 1 1 1 5 

3 B 1 1 1 1 1 5 

4 B 1 1 5 

5 C 1 1 1 1 1 5 

6 
-- -

C 1 1 
:-·-:•:•'.•:-:-:.·❖'.-'❖'.-'•:•:-:❖'-:❖:-'.❖'.-'. ❖'.-'.-'.'•'.-:-'.'❖'O:,:-' ❖: 

1lk:@1;::wmn@ttitid: _ s 
a FC=field coupon: field coupons were not coated. 
b Shaded blocks indicate duplicate applications: duplicate coatings applications were part of the statistical design. 
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3.81 cm 
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20.32 cm A1 A9 A5 
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i 

20.32 cm A2 A10 A6 
85.09 cm l 

i 
20.32 cm A3 A11 A7 

l 
i 

20.32 cm A4 A12 A8 

l 
15.24cm+-- 15.24 cm •• 8.26 cm •• _.... 

---------- 39.37 cm --------+ 

Note: 
Coupons A1 through A8 were coated. 
Coupons A9 through A12 served as lab or field coupons. 
Direction of wood grain was parallel to 85.09 cm side. 

Figure 6-10. Example of how Board A was labeled and divided into coupons (drawing 
not to scale). 
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Seven days after the coatings applications, the coupons were removed from the 
containers and a 0.0762 by 0.0762 m test square was cut from the center of each finished 
coupon (Step 8). A test square was also cut from the lab coupon corresponding to the coated 
coupons and field coupon (the lab coupon was the same age as the latter). Each test square 
was labeled on an exposed edge with its board code and coupon number using a graphite pencil. 
The edges of the test squares were sealed with two coats of sodium silicate to ensure that 
emitted voes came from the surfaces of the test squares and not the cut edges. Each test 
square was placed in an individual conditioning chamber maintained at 23 "C, 50% RH, and 1 air 
exchange rate per hour (Figure 6-11). The 6 test squares were conditioned for 27 days (Step 9). 

On the evening of the 27th day, the test squares were removed from the conditioning 
chambers and transferred to individual test chambers (Figures 6-12). Test conditions in the 
chambers are shown in Table 6-3. The test squares resided in the test chambers overnight 
which allowed them to equilibrate with the chamber air. The following morning, chamber air 
sampling was initiated. Table 6-4 shows the number of air samples collected during each 
chamber run. For each run, chamber air samples were collected from finished coupons that were 
the same age as their corresponding field and lab coupons. Chamber blanks were collected prior 
to each chamber run to demonstrate acceptably low chamber background concentrations. One 
chamber control was collected after each run to demonstrate acceptable recovery from chambers 
during emission testing. Upon completion of each chamber run, the test squares were removed 
and the chambers cleaned. 

6.3.7 Collection of VOCs 

In Step 10, VOCs in the test chambers were collected by passing chamber air through 
one dinitrophenylhydrazine (DNPH)-coated silica gel cartridge and two multisorbent cartridges 
containing Tenax TA, charcoal, and Ambersorb {Figure 4-2 in Section 4.3.3 shows the 
arrangement of the cartridges for collecting VOCs). DNPH cartridges are designed to collect 
aldehydes and ketones. Multisorbent cartridges are designed to collect other types of voes. 

Chamber air was passed through the DNPH cartridge at a flow rate of approximately 70 
to 80 mUmin for 120 minutes to collect a sample volume of approximately 9 L. Chamber air was 
passed through each multisorbent cartridge at a flow rate of approximately 30 to 35 ml/min for 
60 minutes to collect a sample volume of approximately 1.7 to 2 L. 

6.3. 7.1 Analysis of voes on Multisorbent Cartridges (Step 11) 

VOC on multisorbent cartridges were thermally desorbed then analyzed by GC/MS using 
the conditions shown in Table 6-5. Identification of unknown sample constituents was performed 
using an electronic search of the NIH/EPA/MSDC Mass Spectral Data Base (NIST library) and 
the Registry of Mass Spectral Library (Wiley library). Manual review of the data was also 
performed to verify computer identifications and to identify compounds not found using the 
computer library search. Results of these analyses were used to select target VOCs for 
quantitative analysis. 

Prior to analysis, a set of standard cartridges was analyzed to show proper mass 
calibration for the GC/MS system, to establish GC retention time windows for selected voes, 
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Figure 6-11. Conditioning chambers. 

Figure 6-12. Four of six emission factors test chambers. 
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--------

Table 6-3. Conditions For Chamber Testing 

--------·-- ·-

Test Parameters Conditions 

Chamber Size 0.012 m3 

Temperature 23°c 

Relative Humidity 50% 

Air Exchange Rate (ACH) 1/h 

Source Area (A} ~0.012 m2 

_0~d_l!}g_(LL____ .. 1.0 m2/m3 

Table 6-4. Number of Chamber Air Samples Collected 

Chamber Coatings Svstems 

Rune Board 1 2 3 4 5 6 FC0 LCb Totalc 

1 A 1 1 1 1 1 1 6 

2 A 1 1 1 1 1 1 6 

3 B 1 1 1 1 1 1 6 

4 B 1 1 1 1 1 1 6 

5 C 1 1 1 1 1 1 6 

6 C 1 1 1 1 1 1 6 

a FC=uncoated field coupon. 
b LC=uncoated lab coupon. 
c Each chamber run occurred 35-days after each coatings day shown in Table 6-3. Coupons were randomly 
assigned lo !he test chambers. 

and to generate instrumental response factors for TVOC quantitation. Standard cartridges were 
spiked with known amounts of toluene and aliphatic hydrocarbons ranging in volatility from 
n-hexane to n-tetradecane. Two external standards, perfluorotoluene (PFT} and 
bromopentafluorobenzene (BFB), were added to each standard cartridge. PFT was used to 
monitor instrumental tune (mass resolution and ion abundance) and BFB was used as an 
external quantitation standard. Each day during sample analysis, an additional standard 
cartridge was analyzed to demonstrate ongoing instrumental performance. 
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Table 6-5. GC/MS Operating Conditions For Analysis of voe 

Parameter 

THERMAL DESORPTION 

Trap Type 

Tube Raised Ambient 

Initial Carrier Flow 

Tube Chamber Heat Time 

Tube Chamber Temperature (Max) 

Secondary Carrier Flow 

Trap 1 Heat (Max) 

Trap 2 Heat (Max) 

Trap-to-Trap Transfer Time 

Trap-to-Column Transfer Time 

GAS CHROMATOGRAPH 

Instrument 

Column 

Temperature Program 

Carrier gas flow rate 

MASS SPECTROMETER 

Instrument 

Ionization Mode 

Emission Current 

Source Temperature 

Electron Multiplier 

3 Typical value 

Selling 

1 = Multisorbent, 2 = Multisorbent 

Off 

1 min 

6min 

2min 

270"C 

310°c 

2min 

20mln 

Hewlett-Packard 5890 

DB-624 widebore fused silica capillary column 

35"'C (5 min) to 200°c (1 min) at 5°C/min 

1.8 ml/min 

Hewlett Packard, Model 5988A 

Electron Ionization Scan 35-350 m/z 

0.3mA 

200"C 

2000 volts3 
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During quantitative analysis, identification of target analytes was based on 
chromatographic retention times relative to standards and the relative abundances of extracted 
ion fragments selected for quantitation. Quantitation was accomplished using chromatographic 
peak areas derived from extracted ion profiles. Calibration standards containing the target 
analytes were prepared on Tenax TA cartridges at masses ranging from 10 to 500 ng/cartridge. 
Each calibration standard and sample contained a known mass of the quantitation standard, 
bromopentafluorobenzene. Relative response factors (RRFs) for individual voes were 
calculated as 

Ar· Mos 
RRFvoc = ----

Aas· Mvoc 

where Mvoc is the mass of the target VOC (ng/cartridge), Mos is the mass of quantitation 
standard (ng/cartridge), Avoc is the peak area of the target VOC, and A08 is the peak area of the 
quantitation standard (ng/cartridge). Mean values and standard deviations of the RRFs were 
calculated for each target VOC. The calibration curve was considered acceptable if the standard 
deviation for each response factor was less than 30%. 

During each day of analysis, an additional standard was analyzed. If the RRF values for 
this standard were within ±25% of the RRFs obtained during the instrument calibration, the 
GC/MS system was considered "in control", and the RRF from the calibration was used to 
calculate the mass of the target voes as 

Avoc · Mos 
Mvoc 

Aas. RRFvoc 

where Mvoc is the mass of the target voe (ng/cartridge), Mas is the mass of quantitation 
standard (ng/cartridge), Avoc is the peak area of the target voe, Aas is the peak area of the 
quantitation standard (ng/cartridge), and RRFvoc is the relative response factor of the target 
voe. 

lVOC were calculated from the total ion chromatogram (TIC). The total area of the TIC 
was integrated for the retention time window from n-hexane through n-tetradecane. The mass of 
lVOC (Mrvoc) was calculated as 

Arvoc · Mas 
Mrvoc 

· RRFro,A05 

where Arvoc is the peak area of the TVOe and RRFrn1 is the average relative response factor for 
toluene. 
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The concentration of each VOC and TVOC in a chamber air sample was calculated as: 

C Mvocorrvoc 
VOCorTVOC = vs 

where Cvoc or TVoc = Concentration of the VOC or TVOC in the chamber air sample (µg/m3
) 

MvocorTVOC = Mass of voe or TVOC on multisorbent cartridge 
Vs = Sample volume of chamber air, L 

6.3.7.2 Analysis of Aldehydes and Ketones on DNPH Cartridges 

DNPH cartridges were analyzed for the target aldehydes and ketones listed in Table 6-6. 
DNPH/aldehyde derivatives on sample cartridges were extracted by eluting each cartridge with 5 
ml of HPLC grade acetonitrile into a 5 ml volumetric flask. The final volume was adjusted to 5.0 
ml and the samples aliquoted for analysis. Blank cartridges were eluted with each sample set to 
identify background contaminants. Additional blank cartridges were spiked with known amounts 
of DNPH/aldehyde standards as a method of assessing recovery. 

Table 6-6. Target Aldehydes and Ketones 

Formaldehyde 

Acetaldehyde 

Acetone 

Propionaldehyde 

2-Butanone 

Butyraldehyde 

Benzaldehyde 

Valeraidehyde 

m-Tolualdehyde 

n-Hexanal 

DNPH/aldehyde derivatives in sample extracts were analyzed by HPLC with UV detection 
using the conditions shown in Table 6-7. Purified and certified DNPH derivatives of the target 
aldehydes were used for the preparation of calibration solutions. Target aldehydes were 
identified by comparison of their chromatographic retention times with those of the purified 
standards. Quantitation of the target compounds was accomplished by the external standard 
method using calibration standards prepared in the range 0.02 to 15 ng/1.L of the 
DNPH/aldehyde derivatives. Standards were analyzed singly for the aldehyde DNPH derivatives 
and a calibration curve calculated by linear regression of the concentration and chromatographic 
response data. Calibration curves for all target analytes were considered acceptable if 
r2 ;,: 0.998. 
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- - -----------------------------

Table 6-7. HPLC Operating Conditions for the Analysis of Aldehyde Emission Factors 

Parameter Setting 

Instrument Waters Series 510 

Column NOVA-PAK C18, 3.9 x 150 mm 

Solvent System A: Water/AcelonllrilefTetrahydrofuran 60/30/10 v/v 
B: Acetonitrile/Water 40/60 v/v 

Gradient 100% A for 3 min; then a linear gradient lo 100% Bin 10 min. 
Hold 15 min at 100% B 

Mobile Phase Flow Rate 1.5 ml/min 

Injection Size 20 µL 

UV Wavelength 360nm 

To demonstrate on-going instrumental performance, a calibration standard was analyzed 
each day prior to the analysis of any samples. The calibration was considered "in control" if the 
measured concentration of the aldehyde/ONPH derivatives in the standard was 85 to 115% of 
the prepared concentration. 

The concentration of each target aldehyde and ketone in the chamber air samples was 
calculated as: 

where Calk = Concentration of the target aldehyde or ketone in chamber the air sample (µg/m3
} 

Cy = Concentration of DNPH/analyte derivative in the sample extract (ng/µL) 
Vy = Total volume of sample extract (i.e., 5000 µL) 
vs = Sample volume of chamber air, L 
o, = Molecular weight of the aldehyde or ketone .,. molecular weight of the aldehyde or 

ketone/DNPH derivative 

6.3.7.3 Conversion of Concentrations to Emission Factors 

Concentrations of individual VOCs and TVOC measured in chamber air samples were 
converted to emission factors using the following equation 

CmxACH
EF = --·--

L 

where 
Cm = measured concentration of a VOC or TVOC in a chamber air sample (µg /m3

) 
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ACH = air exchange rate in the test chamber 
L = loading ratio in the test chamber 

An emission factor of summed VOCs for a tested material was calculated by summing the 
individual emission factors of VO Cs for a tested material. 

6.3.8 Statistical Analysis of Emission Factors Data (Step 12) 

The emission factors generated in Step 11 were statistically analyzed to ascertain (1) if 
coatings systems contribute significantly to 35-day emissions from test squares of finished PBV 
relative to test squares of uncoated lab coupons, i.e., unfinished PBV, and (2) if emission factors 
for test squares of PBV finished with the five alternative coatings systems are significantly 
different than those for test squares of PBV finished with the heat curable acid catalyzed alkyd
urea coatings system. To address the first objective, t-tests were conclucted to assess 
differences in the mean emission factors of individual and summed VOCs between test squares 
finished with Coatings System 1 versus test squares of unfinished PBV, test squares finished 
with Coatings System 2 versus test squares of unfinished PBV, test squares finished with 
Coatings System 3 versus test squares of unfinished PBV, test squares finished with Coatings 
System 4 versus test squares of unfinished PBV, test squares finished with Coatings System 5 
versus test squares of unfinished PBV, and test squares finished with Coatings System 6 versus 
test squares of unfinished PBV. To address the second objective, t-tests were conducted to 
assess potential differences in the mean emission factors of individual and summed voes for 
test squares finished with Coatings System 1 versus test squares finished with Coatings System 
2, test squares finished with Coatings System 1 versus test squares finished with Coatings 
System 3, test squares finished with Coatings System 1 versus test squares finished with 
Coatings System 4, test squares finished with Coatings System 1 versus test squares finished 
with Coatings System 5, and test squares finished with Coatings System 1 versus test squares 
finished with Coatings System 6. 

To meet the first objective, an analysis of variance (ANOVA) model of the following form 
was employed: 

log(y+1) = overall mean + board effect+ coating effect+ error 

where y denotes the mean emission factor of a specific compound. The logarithmic scale was 
used to account for possible measurement error variance heterogeneity, which typically is 
approximately proportional to the magnitude of the emission factor. The addition of one to the 
log value was necessary to avoid taking logs of zero, which occurred for some compounds. 
Table 6-8 shows the ANOVA for objective one. 
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Table 6-8. ANOVA for Objective One 

Source of Variation Degrees of Freedom 

Coatings (including lab blanks as one level) 6 

Boards 2 

Residual 20 

_for thtjirst objective, the t value for testing coating i was determined as 
where Li and L,ab denote the means of log(y+1) ~or te~t squares finished with coating i and test 

Li - L,ab
t(t) = -------

Jrs.e.(L,)12 + [s.e.(Llab)f 

squares of unfinished PBV, respectively, adjusted for board effects, and s.e. denotes the 
standard error of the indicated mean. The standard errors were based on the residual mean 
square from the ANOVA; hence p values were computed as the probability of observing a 
random variable T with magnitude greater than the calculated t value, when T follows at 
distribution with 20 degrees of freedom. The following equation was used to calculate p-values: 

p-value(1) = 2Pf1T > lt(,)I] 

P values below some threshold level (e.g., 0.05 or 0.01) are typically used to declare that a 
statistically significant difference exists. 

For the second objective, a similar ANOVA model was employed; however, the emissions 
data for the test squares of unfinished PBV were not used. Table 6-9 presents the ANOVA for 
objective two. 

Table 6-9. ANOVA for Objective Two -----·--
Source of Variation Degrees of Freedom 

Coatings (including lab blanks as one level) 5 

Boards 2 

Residual 15 

The test of no difference between the true average log emission factors for the pair of coating 
systems (i and j) was carried out by calculating the p value associated with the test statistic t(i,j): 
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t(iJ) 

-
where L; and L1 denote the means of log(y+1) for test squares finished with coatings i and j • 
respectively, adjusted for board effects, and s.e. denotes the standard error of the indicated 
mean. The standard errors were based on the residual mean square from the ANOVA; hence p 
values were computed (using the same p-equation for Objective 1) as the probability of observing 
a random variable T with magnitude greater than the calculated t value, when T follows at 
distribution with 15 degrees of freedom. 

6.4 Results 

6.4.1 Performance Tests 

Table 6-10 presents the results of the performance tests. In this table, Coating 1 refers to 
test squares of PBV finished with an acid catalyzed alkyd-urea sealer and topcoat (the type of 
coatings system identified as a potential source of emissions from PBVST in Phases 1 and 2). 
Coatings 2 through 6 refer to test squares of PBV finished with five alternative coatings systems. 
Comparing the performance ratings of the alternative coatings systems to the ratings of Coating 
1 {the benchmark coating) provides an indication of the ability of the alternative coatings systems 
to achieve the performance of Coating 1. Coatings 3, 4, and 5 outperformed Coating 1 in the 
MEK test. Coatings 4 and 5 outperformed Coating 1 in the mustard test. For the 11 stain tests, 
Coatings 2, 4, 5, and 6 performed the same as 1; Coating 3 performed fairly well in the stain 
tests except for its performance with grape juice and coffee. All coatings performed equally well 
in the adhesion and fingernail mar resistance tests. Coatings 4 and 5 had gloss ratings that 
differed substantially from that of Coating 1. Note, gloss can usually be varied quite easily by a 
coatings formulator without affecting other parameters such as hardness; therefore, a difference 
in gloss is not nearly as significant as a difference in a performance property such as chemical 
resistance. 
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Table 6-10. Performance Tests Results 

Performance Tests Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 Coaling 6 

Chemical Resistance 
1) MEK Test 20 10 100 100 100 10 
2) Mustard Test (1 h/24) 4/8 2/6 2/3 10 8/9 4/6 
3) Stain Test (24) 

Vinegar 10 10 10 10 10 10 
Lemon 10 10 10 10 10 10 
Orange Juice 10 10 10 10 10 10 
Grape Juice 10 10 8 10 10 10 
Tomato Catsup 10 10 10 10 10 10 
Coffee 10 10 8 10 10 10 
Olive Oil 10 10 10 10 10 10 
100-proof Alcohol 10 10 10 10 10 10 
Detergent and Water 10 10 10 10 10 10 
Water 10 10 10 10 10 10 

Adhesion 5B 5B 58 58 58 58 
Gloss 46 40 51 61 65 48 
Hardness 74 77 74 72 77 71 
Fingernail Mar Resistance VG VG VG VG VG VG 

····---···· 

Coaling 1 = heal curable acid catalyzed alkyd-urea 
Coating 2 = heat curable two component polyurethane 
Coating 3 =UV curable non-air inhibited unsaturated polyester 
Coating 4 = UV curnble ar:rylate 
Coating 5 =UV and heat curable multi-funclion;il acrylate-free emulsion 
Coati09 6 =heat curable polyurethane dispersion 

One caveat to the performance data is that measurements of hardness and chemical 
resistance depend on how much time has elapsed since a coating is cured. Some coatings 
gradually develop their hardness and chemical resistance over a period of one to two weeks. 
Standard industry practice is to wait 14 days after cure before running chemical resistance tests; 
hardness tests are usually measured at 1, 3, 7, 14, 31, and 93 days after cure. For this study, 
mustard and stain tests were performed 1 to 2 weeks after the coatings were cured; 
MEK tests were performed on the same day the coatings were cured; and hardness tests were 
measured 1 to 2 days after the coatings were cured. The coatings in Table 6-10 differ mainly in 
how they performed in the MEK and mustard tests; since time is critical factor in developing 
chemical resistance, some of the coatings that performed poorly, may have improved with time. 

6.4.2 Emission Tests 

Table 6-11 presents mean emission factors for test squares of PBV finished with each of 
the coatings systems and test squares of the lab and field coupons. Tables C2 through C9 in 
Appendix C present emission factors for individual test squares finished with each of the coatings 
systems and emission factors for individual test squares of lab and field coupons; these tables 
also show emissions variability among test squares with the same coatings system. As shown 
earlier in Table 6-2, each coatings system was applied and cured to four test squares; three of 
the test squares were from separate boards (i.e., one each from Boards A, B, and C). An 
additional test square was from one of the three boards. For each coatings system, the mean 
emission factors in Table 6-11 were calculated by first averaging emission factors of test squares 

68 



within boards, and then averaging emission factors across boards. 

Table 6-12 presents partial results of the statistical analysis of the mean emission factors 
of individual and summed VOCs for test squares of PBV finished with each of the coatings 
systems and test squares of the lab coupons (i.e., unfinished PBV); Table C-11 in Appendix C 
presents the complete analysis of the mean emission factors of all compounds. As discussed in 
Section 6.3.8, the statistical analysis was performed on adjusted mean emission factors 
converted to a log scale basis. 

For the comparison of the mean emission factors for test squares of unfinished PBV with 
the mean emission factors for test squares of PBV finished with Coatings Systems 1, 2, 3, 4, 5, 
and 6, statistically significant p-values (i.e., those less than 0.05) were marked with either a plus 
or minus sign in Table 6-12. The plus sign indicates that the mean emission factor of test 
squares of PBV finished with Coatings System j (j = 1, 2, 3, 4, 5, and 6) was statistically higher 
than the mean emission factor for test squares of unfinished PBV; this is equivalent to saying 
that the mean emission factor for test squares of unfinished PBV was statistically lower than the 
mean emission factor for test squares of PBV finished with Coating System j.1 The minus sign 
indicates that the mean emission factor for test squares of PBV finished with Coatings System j 
was statistically lower than the mean emission factor for test squares of unfinished PBV; this is 
equivalent to saying that the mean emission factor for test squares of unfinished PBV was 
statistically higher than the mean emission factor for test squares of PBV finished with Coatings 
System j. 

In terms of answering Objective One (do coatings systems contribute significantly to 35-
day emissions from finished PBV relative to unfinished PBV?), the mean emission factors of 
summed VOCs for test squares finished with Coatings Systems 1, 3, and 6 were statistically 
higher than the mean emission factor of summed VOCs for test squares of unfinished PBV. 
The mean emission factors of summed VOCs for Coatings Systems 2, 4, and 5 were statistically 
lower than the mean emission factor of summed VOCs for the test squares of unfinished PBV, 
indicating that these coatings systems suppressed emissions from PBV. 

Some of the coatings systems suppressed wood compounds such as n-hexanal and 
limonene. For example, the mean emission factors of n-hexanal for test squares finished with 
Coatings Systems 1, 2, 4, and 5 were significantly lower than the mean emission factor of 
n-hexanal for tests squares of unfinished PBV. The mean emission factors of limonene for test 
squares finished with Coatings Systems 2, 4, and 5 were statistically lower than the mean 
emission factor of limonene for test squares of unfinished PBV. None of the finished test 
squares had significantly different mean emission factors of acetone compared to the mean 
emission factor of acetone for the test squares of unfinished PBV, indicating that none of the 
coatings systems suppressed acetone emissions from PBV. 

1For discussions of the statistical analysis of the data, the term "mean" refers to the mean 
of log(y+1), where y = emission factor. 

69 



Table 6-11. Quantitated Mean Emission Factors from Uncoated and Coated Test Squares 
Conditioned for 28 Days 

Emission Factors, !!9/(m2•hr} 

Uncoaled lcsl Test Squares Coated and Cured with 

~poun~s_ squares of PBV ~c:ia!ing 1_ Coating 2 
... Coall_~3 ~tin!:l_j Coating_5_ Coating~ 

Formaldehyde 140 400 20 70 18 19 33 
Acetaldehyde 61 53 41 65 68 41 68 

Acetone 420 520 490 380 390 430 510 

Propionaldehyde 

2-Butanone 

21 .. 16 15 16 16 12 17 

Butyraldehyde 15 18 12 

Benzaldehyde 23 30 14 18 23 

Valeraldehyde 65 37 26 54 28 19 57 

m-Tolualdehyde 

n-Hexanal 410 150 120 280 79 93 350 

1-Pentanol 62 150 16 38 13 14 49 

Limonene 79 68 54 74 38 37 83 

Junipene 89 61 24 54 16 13 67 

Tcrpenes 170 320 220 170 110 100 120 

1-Bulanol 6 800 5 8 7 

Toluene 16 5 22 6 

2-Methyl-1-butanol 55 

Butyl acetale 38 

1,2-Propanediol 15 33 

Ethylbenzenc 270 33 

m,p-Xylene 660 110 

2-Hcptanonc 15 550 8 13 9 7 22 

o-Xylene 210 32 

Propylbenzcne 91 

Ethyl 3-ethoxyproplonate 110 

1-Methyl-2-pyrrolidonc 11 20 5 2400 

2-(2-Buloxyelhoxy)elhanol 8 1700 43 610 18 6 7 

Naphthalene 24 

Hexyl acetate 400 

lndan 13 

C3-Benzenes 1100 

C4-BAnzenes 34 190 25 33 17 16 33 
Dipropylene glycol, methyl ether 24 240 

Unknown 1 180 

Unknown 2 260 

TVOCb 1000 5200 610 1700 810 540 2800 

summed voes· 1600 7800 1100 2300 1000 900 4100 

Coating 1 = heat curable acid catalyzed alkyd-urea 
Coating 2 = heat curable two componenl polyurethane 
Coating 3 =UV curable non-air inhibited unsaturated polyester 
Coaling 4 =UV curable acrylate 
Coaling 5 = UV and heal curable multi-functional acrylate-free emulsion 
Coaling 6 = heat curable polyurethane dispersion 
• < 5 µgl{m7•hr) 
• TVOC = total volatile organic compounds from TVOC analysis of multisorbent tubes 
'Summed voes are the sum or emission factors> 5 µg/(m1•hr), rounded to two significant figures 
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Table 6-12. P- Values of Mean Emission Factors of Select Compounds 

1-Butanol P(row /columnJ Coaling 1 Coating 2 Coating 3 Coating 4 Coating 5 Coating6 
Coating 2 0.0001(+) 

Coating 3 0.0001(+) 
Coating 4 0.0001(+) 

Coating 5 0.0001(+) 
Coating 6 0.0001(+) 
unfinLc;hed PBV 0.0001(+) 0.0023(-) 0.2337 0.0002{-) 0.0780 0.1039 

C4-Benzenes P(row/column,) Coating 1 Coaling 2 Coaling 3 Coaling 4 Coaling 5 Coaling 6 
Coating 2 0.0001(+) 
Coaling 3 0.0001(+) 
Coaling 4 0.0001{+) 

Coaling 5 0.0001(+) 
Coaling 6 0.0001{+) 

unfinished PBV 0.0001(+) 0.0546 0.8464 0.0011(-) 0.0048(-) 0.6644 

2-(2-Butoxyethoxy)ethanol P(i/j) Coaling 1 Coating 2 Coaling 3 Coaling 4 Coaling 5 Coating 6 
Coaling 2 0.0001(+) 

Coaling 3 0.0307(+) 
Coating 4 0.0001(•) 
Coating 5 0.0001(+) 
Coating 6 0.0001{+) 
unfinished PBV 0.0001{+) 0.0002( +) 0.0001(+) 0.2157 0.3125 0.2146 

Fonnaldehyde P(row /columnJ Coaling 1 Coaling 2 Coating 3 Coating 4 Coating 5 Coaling 6 
Coating 2 0.0001(+) 
Coating 3 0.0001(+) 
Coating4 0.0001(+) 
Coating 5 0.0001(+) 
Coating 6 0.0001(+) 
unfinished PBV 0.0001(+) 0.0001(-) 0.0001(-) 0.0001(-) 0.0001(-) 0.0001(-) 

Acetone P(row/columi,) Coaling 1 Coati11g 2 Coating 3 Coating 4 Coaling 5 Coating 6 
Coating 2 0.7215 
Coating 3 0.0777 
Coating 4 0.0944 
Coating 5 0.27~2 
Coaling 6 0.8982 
Unfinist1ed PUV 0.1943 0.3543 0.4872 0.5594 0.9099 0.2443 

n-Hexanal P(row/column) Coating 1 Coaling 2 Coaling 3 Coating 4 Coating 5 Coating 6 

Coaling 2 0.6757 
Coaling 3 0 0048(-) 

Coaling 4 0.2359 
Coaling 5 0.2347 
Coaling 6 0.0003(-) 
unfinished PBV 0.0001 (-) 0.0001{-) 0.09/9 0.0001(-) 0.0001(-) 0.6304 

Limonene P{i/j) Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 Coating6 
Coaling 2 0.6228 
Co;iting 3 0.1184 
Coating 4 0.0547 
Coating 5 0.1483 
Coating 6 0.1538 

--··-- unfinistie<J PBV 0.1225 Q.0433(-)_ 0,!3525 0.0010{-) 0.0055(-) (),9806 
(continued) 
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Table 6-12. Continued 

.. ·-·· ·-·· ---
1-Methyl-2-pyrrolidone P(row/column;) Coaling 1 Coaling 2 Coating 3 Coaling 4 Coating 5 Coaling 6 

Coating 2 0.1949 

Coating 3 0.0518 
Coating 4 0.1088 

Coating 5 0.1483 
Coaling6 0.0001(-) 
unfinished PBV 0.0135(+) 0.2267 0.0001(+) 0.4022 0.4024 0.0001(+) 

Unknown 1 PM) Coating 1 
Coating 2 1.0000 
Coaling 3 0.0001(-) 

Coaling 4 0.7874 

Coating 5 0.8780 

Coaling 6 0.8246 

Unknown 2 P(i/j) Coating 1 

Coating 2 1.0000 

Coaling 3 0.0001 (-) 

Coating 4 0.7609 

Coating 5 0.9141 

Coating 6 0.9676 

Sum of Emission faclors P(row/column) Coaling 1 Coating 2 Coating 3 Coating 4 Coating 5 Coating 6 

Coating 2 0.0001(+) 

Coaling 3 0.0001(+) 

Coating 4 0.0001(+) 

Coating 5 0.0001(+) 

Coating 6 0.0034(+) 

---- - .. 
unfinished PBV 0.0001(+) 0.0?31(-) 0.0473(+) 0.0075(-) 0.0049(-) 0.0001(+) 

Coating 1 =heal curable acid catalyzed alkyd-urea 
Coating 2 =heal curable two component polyurethane 
Coaling 3 =UV curable non-air inhibited unsaturated polyester 
Coating 4 =UV curable acrylate 
Coating 5 = UV and heat curable multi-fLmctional acryiala-free 0mulsion 
Coating 6 = heal curable polyurethane dispersion 

..... .. 

For the comparison of mean emission factors for test squares finished with Coatings 
System 1 with the mean emission factors for test squares finished with Coatings Systems 2, 3, 4, 
5, and 6, statistically significant p-values (i.e., those less than 0.05) were marked with either a 
plus or minus sign in Table 6-12. The plus sign indicates that the mean emission factor for test 
squares finished with Coatings System 1 was statistically higher than the mean emission 
factor for test squares finished with Coatings System i (i = 2, 3, 4, 5, and 6); this is equivalent to 
saying that the mean emission factors for test squares finished with Coatings System i were 
statistically lower than the mean emission factor of test squares finished with Coatings System 1. 
The minus sign indicates that the mean emission factor for test squares finished with Coatings 
System 1 were statistically lower than the mean emission factor for test squares finished with 
Coatings System i ; this is equivalent to saying that the mean emission factor of test squares 
finished with Coatings System i was statistically higher than the mean emission factor of test 
squares finished with Coatings System 1. 
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In terms of answering Objective Two (are emission factors for test squares of PBV 
finished with the five alternative coatings systems significantly different than those for test 
squares of PBV finished with the heat curable acid catalyzed alkyd-urea coatings system?), the 
mean emission factor of summed VOCs for Coatings System 1 was significantly higher than the 
mean emission factors of summed voes for test squares finished with all five alternative 
coatings systems. Mean emission factors of most organic solvents [such as butanol, C4-
benzenes, 2-(2-butoxyethoxy)ethanol] were significantly higher for test square finished with 
Coatings System 1 compared to those for test squares finished with the alternative coatings 
systems. This observation is consistent with the fact that Coatings System 1 is formulated with 
organic solvents, whereas Coatings Systems 2 through 6 are formulated with low-VOCs. 

In terms of individual compounds, the mean emission factor of 1-methyl-2-pyrrolidone for 
test squares of PBV finished with Coatings System 1 was significantly lower than the mean 
emission factor of 1-methyl-2-pyrrolidone for test squares of PBV finished with Coatings System 
6 (1-methyl-2-pyrrolidone is a type of solvent listed in the MSDS for Coatings System 6). The 
mean emission factors for compounds unknown 1 and unknown 2 were also significantly lower 
for test squares of PBV finished with Coatings System 1 compared to those for test squares of 
PBV finished with Coatings System 3. 

A few caveats exist regarding the emissions tests. Certain nonvolatile compounds that 
were listed in the MSDS for some of the coatings systems were not analyzed for in the emission 
tests; these included nitrocellulose, p-toluene sulfonic acid, hexamethylene diisocyanate, 
polyisocyanates, acrylate oligomers, and acrylic polymers (see Table 6-13). These compounds 
were not analyzed for in the emission tests for the following reasons: (1) they were not expected 
to be emitted into the air during testing (because of their low volatility); (2) they were not 
expected to recover efficiently from the emission test chambers; and (3) they were not expected 
to be amenable to the analytical methods used for this study. 

Certain volatile compounds that were listed in the MSDS for some of the coatings 
systems were also not analyzed for in the emission tests; these included acrylate monomers, 
N,N-dimethylethanolamine, and ammonia (see Table 6-13). Acrylate monomers and 
N,N-dimethylethanolamine were not analyzed for in the emission tests because they were not 
amenable to the analytical methods in the study and because they were not expected to recover 
efficiently during the chamber tests (due to their polar nature). Ammonia was not tested for in the 
emission tests because it was not amenable to the analytical methods in the study. 

6.5 Conclusions 

• The mean emission factors of summed voes for test squares of PBV finished with 
Coatings Systems 1, 3, and 6 were statistically higher than the mean emission factor of 
summed VOCs for test squares of unfinished PBV, indicating that these coatings 
systems are a significant source of emissions from PBVST. 
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Table 6-13. Organic Compounds Listed on MSDS vs. Compounds Detected During Emissions Tests 

Coating# Organic Compounds Listed on MSDS of Coatings 

1 (Sealer) Aromatic solvent 

C6-branched alcohol acetate 

Xylene, mixed isomers 

Bulanol (Butyl alcohol) 
2-Heptanone 

1,2,4-Trlmethylbenzene 

Ethyl benzene 

Nitrocellulose (gun cotton) 1 

Butoxyethoxyethanol 
1, 1,3,3-Tetramethoxypropane 

1 (Topcoat) Ethyl-3-ethoxyproprionate 

Xylene, mixed isomers 
--...J 
.l:,. Aromatic solvent 

Butanol (Butyl alcohol) 

1-Pentanol 
Ethyl benzene 
1,2,4-Trimethylbenzene 

Butoxyethoxyethanol 

Nitrocellulose (gun cotton)1 

1,1,3,3-Tetramethoxypropane 

1 (Catalyst) p-Toluene sulfonic acid3 

lsopropanol (lsopropyl alcohol) 

Methyl alchohol (Methanol) 1 

Defected in Emission (yes/no) 

yes (aromatic solvents are the C3 and C~ benzenes) 
yes (C6-branched alcohol acetate is hexyl acetate) 

yes 

yes 
yes 
yes (part of the C3 and C4 benzenes) 

yes 
see footnote 
yes 
yes (identified but not quantified - standard unavailable) 

yes 

yes 
yes 

yes 

yes 

yes 
yes {part of the C3 and C4 benzenes) 

yes 

see footnote 

yes (identified but not quantified) 

see footnote 
yes (identified but not quantified) 

see footnote 
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Table 6-13. (Continued) 

Coating # Organic Compounds Usted on MSPS of Coatings 
2 Aliphatic polyisocyanates2 

Hexamethylene diisocyanate (HDl)2 

HDI based polyisocyanate22 

3 Acrolein 

Acetaldehdye 

4 (Sealer) Acrylate monomers3 

Acrylate oligomers3 

Naphtha 

1-Methoxy-2-propanol 

~ 
CJ1 4 (Topcoat) Acrylate monomers3 

Acrylate oligomers3 

5 Acrylic polymer 

2-Hydroxy-2-methyl-1-phenylpropan-1-one 

2,3-Dihydroxypropyl methacrylate 

Residual monomers3 

Ammonia 1 

6 N-N-Dimethylethanolamlne1 

Dipropylene glycol methyl ether 

N-Methyl pyrrolidone 

Detected in Emission (yes/no) 
see footnote 

see footnote 

see footnote 

no 

yes 

see footnote 

see footnote 

yes (naphtha is a mixture of hydrocarbon solvents, e.g., C3 and C4 benzenes) 

no 

see footnote 

see footnote 

see footnote 
4no
4no

see footnote 

see footnote 

see footnote 

yes 

yes 
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Table 6-13. (Continued} 

Coating # Organic Compounds Listed on MSDS of Coatings Detected in Emission (yes/no) 

1Compound not suited for air sampling and or analysis techniques used in study. 
2Recovery of compounds from test chambers was poor. 
3Standard air sampling methods do not exist and chamber recovery is expected to be poor. 
4Standard not available to confirm performance. 
MSDS = Material safety data sheet 
Coating 1 = heat curable acid catalyzed alkyd-urea 
Coating 2 = heat curable two component polyurethane 
Coating 3 = UV curable non-air inhibited unsaturated polyester 
Coating 4 = UV curable acrylate 
Coating 5 = UV and heat curable multi-functional acrylate-free emulsion 
Coaling 6 = heat curable polyurethane dispersion 



• The mean emission factors of summed VOCs for test squares of PBV finished 
with Coatings Systems 2, 4, and 5 were statistically lower than the mean emission 
factor of summed VOCs for test squares of unfinished PBV, indicating that these 
coatings systems are not a significant source of emissions from PBVST. 

• Within the scope of the emissions tests and performance tests conducted for the 
evaluation, Coatings Systems 2, 4, and 5 (the heat curable two component 
polyurethane, the UV curable acrylate, and the UV curable multi-functional 
acrylate-free emulsion, respectively) appear to be viable alternatives for Coatings 
System 1. 
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Chapter Seven 
Phase 3 Fiber Panel Study 

7.1 Overview 

Engineered fiber panels are made from a variety of fiber sources such as lumber and 
plywood residuals, wheat straw, recycled newspaper, and recycled corrugated cardboard. Some 
panels require an adhesive to bind the fibrous materials together. Others contain additives such 
as wax (to retard water absorption) and flame retardents. 

In Phase 2, UF bonded PB was identified as a potential source of VOCs and 
formaldehyde from PBVST (oak-veneered particleboard coated and cured with an acid catalyzed 
alkyd-urea sealer and topcoat). A fiber panel study was conducted to screen (i.e., estimate) 
emissions from a variety of unfinished engineered panels that can be veneered and finished with 
coatings, similar to PBVST. Table 7-1 lists the types of unfinished engineered fiber panels 
selected for screening. All of the panels, except for Panel A, can be veneered and finished with 
coatings. Panel A is typically used as an unfinished panel or covered with fabric; it was included 
in the study because it can be used in a variety of indoor applications. 

Table 7-1. Selected Engineered Panels 

Panel Adhesive/Resin 
Identification Fiber Source Source Interior Applications 

A Recycled newspaper None floors. walls. roof decking. furniture. office partitions 

B Wheat straw MDI" PBb applications such as furniture. cabinetry. 
shelving 

C Recycled corrugated None1 furniture. store displays. countertops, shelving. etc. 
cardboard 

D Lumber and plywood MDI MDFc applications such as furniture, cabinetry. 
residuals shelves 

E Lumber and plywood UFd MDF applications such as furniture, cabinetry, 
residuals shelves 

F Lumber and plywood UF PB applications such as furniture, cabinetry. shelves, 
residuals floor underlayment. stair treads 

N Lumber and plywood PF" PB applications such as furniture, cabinetry, shelves. 
residuals floor underlayment. stair treads 

•-·•··--·--

• MDI = Methylene diisocyanate 
b PB = particleboard 
0 MDF = medium density fiberboard 
d UF = Urea-formaldehyde 
• PF = Phenol-formaldehyde 
1 The manufacturing process does not require adhesive or resin to form the fibers into a panel; once the panels are 
manufactured, they are glued together {in sets of two) using a white, polyvinyl acetate glue. 
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0 

Emissions were also screened from a few finished engineered fiber panels. Table 7-2 is 
a list of the types of finished panels screened. Project resources limited the types of finished 
panels screened and the extent of the emissions testing. 

Table 7-2. Finished Engineered Fiber Panels Selected for Screening 

Panel Identification Description 

H Product B (wheatboard) with veneer 

Product 8 overlaid with vinyl 

J Product B overlaid with melamine 

M Product C (recycled corrugated cardboard) painted 

Product B coated and cured with heat curable two component 
polyurethane coating 

7.2 Objective 

The principal objective of the fiber panel study was to screen emissions of TVOC and 
formaldehyde from different types of unfinished engineered fiber panels. A secondary objective 
was to screen emissions of TVOC and formaldehyde from finished engineered fiber panels. 
Physical properties of the panels such as density, modulus of rupture, modulus of elasticity, etc., 
were not measured in the study, but instead were provided by the panel manufacturers (see 
Table 0-1 of Appendix D). 

Emissions were screened from test squares of unfinished panels within 24 hours of 
conditioning the test squares at typical indoor conditions (23cc, 50% RH, and 1 ACH), and 26 to 
30 days after conditioning the test squares. Emissions from finished panels were screened 26 to 
28 days after conditioning the test squares. Emissions were screened within 24 hours of 
conditioning to estimate emissions from newly manufactured panels. Emissions were screened 
after 26 to 30 days of conditioning to estimate emissions from panels at a time when they might 
be present in a consumer's home as part of an assembled product. 

7.3 Experimental Design 

7.3.1 Collection of Products 

Products A through F, H, I, J, M, and N were collected after the last stage of their 
manufacturing process (for Product E, the last stage in the manufacturing process involved 
treating the panels with ammonia to reduce formaldehyde emissions from the unfinished panels). 
For each product type, three panels were collected from the manufacturing line (all of the 
unfinished panels were 1.90 cm thick). Several 23 cm by 15 cm coupons were cut from the 
center of each panel. All coupons cut from the same panel were placed in a steel container with 
an airtight lid. The containers were transported to RTI within two to five days of manufacture. 
Upon arrival at RTI, the coupons were stored in their containers at room temperature until testing. 
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For Product 0, three panels of unfinished oak-veneered wheatboard were collected from 
the end of the manufacturing line. Several 23 cm by 15 cm coupons were cut from the center of 
each panel. All coupons cut from the same panel were placed in a steel container with an 
airtight lid. The containers were transported to a coatings facility where the coupons were coated 
and cured with a two component polyurethane (the same type of two component polyurethane 
evaluated in the Phase 3 Coatings Study). After the coatings cured, the coupons were resealed 
in their containers and shipped to RTI. Upon arrival at RTI, the coupons were stored in their 
containers at room temperature until testing. 

7.3.2 Preparation of Test Squares 

Within 7 to 11 days of sample collection, coupons from each product were removed from 
storage and cut into test squares. Test squares were labeled on each exposed edge with a 
product code (A through F, N, H, I, J, and M), a panel number (1 through 3), and test square 
number (1 through 2). A graphite pencil was used to label the test squares. After they were 
labeled, the edges of each test square were sealed with sodium silicate (liquid glass) to ensure 
that emitted voes came from the surf aces of the test squares and not the cut edges. 

7.3.3 Chamber Air Collection 

Prepared test squares of each product were transferred to individual test chambers for 
emissions testing. The test chambers operated at the conditions shown in Table 7-3. The test 
squares resided in the test chambers overnight which allowed them to equilibrate with the 
chamber air. Air samples for measuring VOCs were collected from the test chambers the 
following morning. 

Table 7-3. Conditions For Chamber Testing 

Test Parameters Conditions 

Chamber Size 30.012 m

Temperature 23°C 
Relative Humidity 50% 

Air Exchange Rate (ACH) 1/h 

Source Area (A) 2-0.012 m

Loading (L) 2/m31.0 m
----------------·· 

Upon completion of chamber air sampling, the test squares were removed from the test 
chambers and transferred to individual conditioning chambers. The conditioning chambers 
consisted of 1 gallon steel chambers which operated at 23°C, 50% RH, and one air exchange 
rate. 

The test squares were kept in the conditioning chambers for 26 to 30 days; afterwards, 
the test squares were removed from the conditioning chambers and transferred to individual test 
chambers. The test squares resided in the test chambers overnight which allowed them to 
equilibrate with the chamber air. The following morning, air samples were collected from each 
test chamber. 
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7.3.3.1 VOCs Collection 

VOCs in the test chambers were collected by passing chamber air through one 
dinitrophenylhydrazine (DNPH)-coated silica gel cartridge and two multisorbent cartridges 
containing Tenax TA, charcoal, and Ambersorb (Figure 4-2 in Section 4.3.3 shows the 
arrangement of the cartridges for collecting VOCs). DNPH cartridges are designed to collect 
aldehydes and ketones. Multisorbent cartridges are designed to collect other types of VOCs. 

Chamber air was passed through the DNPH cartridge at a flow rate of approximately 100 
mUmin for 180 minutes to collect a sample volume of approximately 18 L. Chamber air was 
passed through each multisorbent cartridge at a flow rate of approximately 25 to 30 mUmin for 
approximately 180 minutes to collect a sample volume of approximately 5 L. 

7.3.4 Analysis of VOCs 

7.3.4.1 Analysis of VOCs on Multisorbent Cartridges 

voes on multisorbent cartridges were thermally desorbed and then analyzed by GC/MS 
using the conditions shown in Table 7-4. Identification of unknown sample constituents was 
performed using an electronic search of the NIH/EPA/MSDC Mass Spectral Data Base (NIST 
library) and the Registry of Mass Spectral Library (Wiley library). Manual review of the data was 
also performed to verify computer identifications and to identify compounds not found using the 
computer library search. 

Prior to analysis, a set of standard cartridges were analyzed to show proper mass 
calibration for the GC/MS system, to establish GC retention time windows for selected VOCs, 
and to generate total ion response factors for VOCs quantitation estimates. Standard cartridges 
were spiked with known amounts of toluene and aliphatic hydrocarbons ranging in volatility from 
n-hexane to n-tetradecane. Two external standards [i.e., perfluorotoluene (PFT) and 
bromopentafluorobenzene (BFB)], were also added to each standard cartridge. PFT was used 
to monitor instrumental tune (mass resolution and ion abundance) and BFB was used as an 
external quantitation standard. Each day during sample analysis, an additional standard 
cartridge was analyzed to demonstrate ongoing instrumental performance. 

Quantitative estimates of the identified VOCs were based on total ion reconstructed 
chromatographic peak areas and a total ion relative response factor generated for toluene 
(RRFT

0 
). Standard cartridges were prepared and analyzed as described above. Each of these 

cartridges contained a known mass of toluene and the external quantitation standard. The 
RRFr01 was calculated from the resulting data as 

A · MRRF = Toi QS 
Toi M

Aos · Toi 

where M,01 is the mass of toluene (ng/cartridge) 
Mas is the mass of quantitation standard (ng/cartridge) 

is the peak area of toluene A101 

Aas is the peak area of the quantitation standard (ng/cartridge). 
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Table 7-4. GC/MS Operating Conditions For Analysis of voes 

-------------------------------------·---

Parameter 

THERMAL DESORPTION 

Trap Type 

CARTRIDGE DESORPTION 

Temperature 

Carrier Gas Flow Rate 

Time 

TRAP 1 

Initial Temperalure 

Desorption Temperature 

Desorption Carrier Gas Flow Rate 

Desorption Time 

TRAP2 

Initial Temperature 

Desorption Temperature 

Desorption Carrier Gas Flow Rate 

Desorption Time 

TRAP3 

Initial Temperature 

Desorption Temperature 

Inject Time 

GAS CHROMATOGRAPH 

Instrument 

Column 

Temperature Program 

Carrier Gas Flow Rate 

MASS SPECTROMETER 

Instrument 

Ionization Mode 

Emission Current 

Source Temperature 

Electron Mulliplier 

a Typical value 

Setting 

1 = Glass beads, 2 = Tenax TKI. 3 = Open 

240"C 

25 ml/min 

Smin 

-1socc 
20°c 

10 ml/min 

4 min 

-1o·c 
1so·c 
10 ml/min 

35min 

-150°C 

100°c 

5 min 

Hewlett-Packard 5890 

DB-624 widebore fused silica capillary column 

35°C (5 min) to 200°C (1 min) at S'C/min 

1.6 ml/min 

Hewlett Packard, Model 5988A 

Electron Ionization Scan 35-350 m/z 

0.3mA 

200cc 

2000 volts• 
---··--·· ··--- --

During each day of the screening analysis, an additional standard cartridge was 
analyzed. If the RRFw was within ±25% of the RRFTo1 obtained during the instrument calibration, 
the GC/MS system was considered "in control", and the RRFro1 from the calibration was used to 
estimate VOC amounts on sample cartridges as 
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Avoc · Mos 
Mvoc = -----

Aos. RRFro1 

where Mvoc is the estimated mass of a VOC (ng/cartridge) 
Mas is the mass of quantitation standard (ng/cartridge) 
Avoc is the peak area of the VOC 
Aas is the peak area of the quantitation standard (ng/cartridge). 

TVOC were calculated from the total ion chromatogram (TIC). The total area of the TIC 
was integrated for the retention time window from n-pentane through n-tetradecane. The mass 
of TVOC was calculated as 

Arvoc · Mos 
=---

Aos · RRFro, 

The concentration of each voe and TVOC in a chamber air sample was calculated as: 

Cvoc or TVOC = 

where CvocorTVOC = Concentration of the voe or TVOC in the chamber air sample (µg/m3
) 

MvocorTVOC = Mass of voe on multisorbent cartridge 
vs = Sample volume of chamber air, L. 

7.3.4.2 Analysis of VOCs on DNPH Cartridges 

DNPH cartridges were analyzed for the target aldehydes and ketones listed in 
Table 7-5. DNPH/aldehyde derivatives on sample cartridges were extracted by eluting each 
cartridge with 5 ml of HPLC grade acetonitrile into a 5 ml volumetric flask. The final volume 
was adjusted to 5.0 ml and the samples aliquoted for analysis. Blank cartridges were eluted 
with each sample set to identify background contaminants. Additional blank cartridges were 
spiked with known amounts of DNPH/aldehyde standards as a method of assessing recovery. 

DNPH/aldehyde derivatives in sample extracts were analyzed by HPLC with UV 
detection using the conditions shown in Table 7-6. Purified and certified DNPH derivatives of 
the target aldehydes were used for the preparation of calibration solutions. Target aldehydes 
were identified by comparison of their chromatographic retention times with those of the purified 
standards. Quantitation of the target compounds was accomplished by the external standard 
method using calibration standards prepared in the range 0.02 to 15 ng/;.1L of the 
DNPH/aldehyde derivatives. Standards were analyzed singly for the aldehyde DNPH 
derivatives and a calibration curve calculated by linear regression of the concentration and 
chromatographic response data. Calibration curves for all target compounds were considered 
acceptable if r2 ~ 0.998. 
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Table 7-5. Target Aldehydes and Ketones 

Formaldehyde 
Acetaldehyde 
Acetone 
Propionaldehyde 
2-Butanone 
Butyraldehyde 
Benzaldehyde 
Valeraldehyde 
m-Tolualdehyde 
n-Hexanal 

Table 7-6. HPLC Operating Conditions for the Analysis of Aldehyde Emission Factors 

Parameter Setting 

Instrument Waters Series 510 

Column NOVA-PAK C18, 3.9 x 150 mm 

Solvent System A: Water/Acetonitrile/Tetrahydrofuran 60/30/10 v/v 
B: Acetonitrile/Water 40/60 v/v 

Gradient 100% A for 3 min; then a linear gradient to 100% B in 1 0 min. 
Hold 15 min at 100% B 

Mobile Phase Flow Rate 1.5 mUmin 

Injection Size 20 µL 

UV Wavelength 360 nm 
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To demonstrate on-going instrumental performance, a calibration standard was analyzed 
each day prior to the analysis of any samples. The calibration was considered "in control" if the 
measured concentration of the aldehyde/DNPH derivatives in the standard was 85 to 115% of 
the prepared concentration. 

The concentration of each target aldehyde and ketone in the chamber air samples were 
calculated as: 

where Calk = Concentration of the target aldehyde or ketone in chamber the air sample (µg/m3
) 

Cy = Concentration of DNPH/analyte derivative in the sample extract (ng/µL) 
Vy = Total volume of sample extract (i.e., 5000 µL) 
vs = Sample volume of chamber air, L 
o, = Molecular weight of the aldehyde or ketone + molecular weight of the aldehyde or 

ketone/DNPH derivative 

7.3.4.3 Conversion of Concentrations to Emission Factors 

Concentrations of individual VOCs and TVOC measured in chamber air samples were 
converted to emission factors using the following equation 

EF = CmxACH 
L 

C
where 

01 = measured concentration of a voe or TVOe in a chamber air sample (µg /m3
) 

ACH = air exchange rate in the test chamber 
L = loading ratio in the test chamber 

An emission factor of summed voes for a tested material was calculated by summing the 
individual emission factors of voes for a tested material. 

7.3.5 Statistical Analysis of Emission Factors Data 

A statistical analysis was conducted on the fiber data to ascertain which panel materials 
differ with respect to their mean, estimated emission factors of TVOe and formaldehyde. To meet 
this objective, an ANOVA model of the following form was employed: 

log(y) = overall mean + panel effect + product effect + error 

where y denotes the mean emission factor of TVOC or formaldehyde. The logarithmic scale was 
used to account for possible measurement error variance heterogeneity, which typically is 
approximately proportional to the magnitude of the concentration. Table 7-7 presents the 
ANOVA for the for the statistical analysis. 

85 



- -

Table 7-7. ANOVA for Statistical Analysis 

Source of Variation Degrees of Freedom 

Products 6 
Residual (Panels within Products) 14 

T-tests were performed for each possible pair of panels (21 in total) to determine if 
emission factors differed for TVOC and formaldehyde. The t statistic for comparing products i 
and j was determined as 

t(iJ) 

/[s.e.(L)]2 
+ [s.e.(L)f 

whereL, and L1 denote the log-scale mean emission factors for panel i and panel j, respectively. 
The standard errors (s.e.) appearing in the denominator were based on the residual mean square 
from the A NOVA. The test of no difference between the true average log emission factors for a 
pair of products was carried out by calculating the p value associated with the test statistic t(i,j): 

p-va/ue(iJ) = 2 Pr(T>jt(iJ)I] 

where Tis a random variable having at distribution with 14 degrees of freedom, which is the 
(approximate) distribution of the test statistic if the null hypothesis of no difference in emission 
factors is true. 

7.4 Results 

7.4.1 Emission Data 

7.4.1.1 Emission Data of Unfinished Test Squares 

Tables 02 through D7 of Appendix D contain screening data for unfinished test squares 
of Panels A through F, and N. The tables list individual VOCs with emission factors greater than 
5 µg/(m2•hr) for each of the test squares. The following is a discussion of the TVOC and 
formaldehyde emission factors for each of the test squares. 

Figure 7-1 presents TVOC and formaldehyde emission factors for test squares 
conditioned less than 24 hours. Figure 7-2 presents TVOC and formaldehyde emission factors 
for test squares conditioned 26 to 30 days. Test squares F and N showed a substantial decay in 
TVOC emission factors due to conditioning/aging (Figure 7-2). Test square N3-1 had lower 
emission factors than test squares N1-2, N2-1, and N2-2 less than 24 hours after conditioning; 
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Tesl squares are labeled by material letter {A, 8, C, D, E. F, or N), followed by panel number and test square 
number, respectively, where 
A = panel made from recycled newspaper 
B = panel made from wheatboard and methylene diisocyanate (MDI) resin 
C = panel made from recycled corrugated cardboard 
D = medium density fiberboard with MDI resin 
E = ammonia treated medium density fiberboard with urea-formaldehyde (UF) resin 
F = particleboard with UF resin 
N = particleboard with phenol-formaldehyde resin 

Figure 7-1. Estimated emission factors of TVOC and formaldehyde for test squares of 
engineered panels conditioned less than 24 hours. 
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Test squares are labeled by material lelter (A. B, C. D. E, F, or N), followed by panel number and test square 
number, respectively, where 
A= panel made from recycled newspaper 
B = panel made from wheatboard and methylene diisocyanate (MDI) resin 
C = panel made from recycled corrugaled cardboard 
D = medium density fiberboard with MDI resin 
E = ammonia treated medium density fiberboard with urea-formaldehyde (UF) resin 
F = particleboard with UF resin 
N = particleboard with phenol-formaldehyde resin 

Figure 7-2. Estimated emission factors of TVOC and formaldehyde for test 
squares of engineered panels conditioned 26 to 30 days. 
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however, all of the N test squares had similar emission factors after the longer conditioning 
period (Figure 7-2) and after 26 to 30 days conditioning. Formaldehyde emission factors 
remained fairly constant from test squares F and N over time. 

Most of test squares A and B showed little decay over time in emission factors of TVOC 
and formaldehyde. Test square 82-2 had somewhat higher initial emission factors of TVOC than 
test squares B1-1, B 2-1, and B3-1; however, over time, the emission factor of TVOC for test 
square B2-2 decayed to the same level of those for test squares of 8. 

TVOC emission factors for test squares C through E all decayed over time. 
Formaldehyde emission factors for test squares C and D remained fairly constant over time. 
Formaldehyde emission factors unexplainably increased from test squares of E over time. 

Tables 7-8 and 7-9 present results of the statistical analysis of the TVOC and 
formaldehyde emission factors for test squares conditioned 26 to 30 days (Figure 7-2). As 
shown in Figure 7-2, TVOC emission factors for test squares A, F, and N were relatively high 
compared to TVOC emission factors for test squares B, C, D, and E. As shown in Table 7-8, the 
mean emission factors of TVOC for test squares A, F, and N were significantly higher than those 
for test squares B through E. Formaldehyde emission factors for test squares E and F (the UF 
bonded products) were substantially higher than formaldehyde emission factors for test squares 
A through D, and N (Figure 7-2). As shown in Table 7-9, the mean emission factors of 
formaldehyde for test squares E and F were significantly higher than those for test squares A 
through D, and N. 

7.4.1.2 Emission Data of Finished Test Squares 

Tables D8 through 012 of Appendix D contain screening data for finished test squares of 
Panels H, I, J, M, and 0. The tables list individual voes with emission factors greater than 5 
µg/(m2•hr) for each of the test squares. The following is a discussion of the TVOC and 
formaldehyde results for each of the test squares. 

Figures 7-3 and 7-4 present emission factors of TVOC and formaldehyde for test squares 
of finished recycled corrugated cardboard and wheatboard, respectively; test squares of 
unfinished recycled corrugated cardboard and wheatboard are also shown for reference. Test 
squares of recycled corrugated cardboard finished with paint (Product M) had slightly higher 
emission factors of TVOC than the unfinished test squares of recycled corrugated cardboard 
(Product C). Emission factors of formaldehyde were fairly consistent between the two products. 

As shown in Figure 7-4, emission factors of formaldehyde for test squares of oak
veneered wheatboard (Product H) were substantially higher compared to emission factors of 
formaldehyde for test squares of unfinished wheatboard (Product B). In the Phase 2 component 
study, formaldehyde emissions were not detected from oak-veneer. The elevated formaldehyde 
emissions from the oak-veneered wheatboard are likely due to the UF glue used to adhere the 
veneer to the wheatboard. Emission factors of formaldehyde for test squares of oak-veneered 
wheatboard finished with t he heat curable two component polyurethane were lower than those 
for test squares of unfinished oak-veneered wheatboard. The coatings evaluation showed that 
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Table 7-8. P-values for Mean Emission Factors of TVOC from Test Squares Conditioned 
26 to 30 Days 

P-value for Panel A PanelB PanelC PanelD Panel E Panel F 
(row/columni) 

PanelB 0.0018 
(+)a 

PanelC 0.0016 (+) 0.9604 

PanelD 0.0001 (+) 0.1424 0.1549 

Panel E 0.0021 (+) 0.9342 0.8949 0.1236 

Panel F 0.4527 0.0004 (-)b 0.0004 (-) 0.0001 (-) 0.0005 (-) 

PanelN 0.0262 (-) 0.0001 (-) 0.0001 (-) 0.0001 (-) 0.0001 (-) 0.1087 

a For p-values less than 0.05 (which indicate statistical significance at the 95 percent confidence level), a 
plus sign indicates that the mean emission factors of TVOC from panel j U= A through F) were 
significantly higher than the mean emission factors of TVOC from panel i (i = B through N); this is 
equivalent to saying that the mean emission factors of TVOC from panel I were significantly lower than 
the mean emission factors of TVOC from panel j. 
b For p-values less than 0.05, a minus sign by the p-value indicates that the mean emission factors of 
TVOC from panel j were significantly lower than the mean emission factors of TVOC from panel i; this is 
equivalent to saying that the mean emission factors of TVOC from panel i were significantly higher than 
the mean emission factors of TVOC from panel j. 

Table 7-9. P-values For Mean Emission Factors of Formaldehyde from Test Squares 
Conditioned 26 to 30 Days 

P-value for Panel A PanelB PanelC PanelD Panel E Panel F 
(row/columni) 

Panels 0.0021 (+) 

PanelC 0.7972 0.0036 (-) 

PanelD 0.0062 (+) 0.6043 0.0104 (+) 

PanelE 0.0001 (-) 0.0001 (-) 0.0001 (-) 0.0001 (-) 

PanelF 0.0001 (-) 0.0001 (-) 0.0001 (-) 0.0001 (-) 0.1362 

PanelN 0.1261 0.0519 0.1939 0.1332 0.0001 (+) 0.0001 (+) 
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Test squares are labeled by material acronym (C or M), followed by sample number. followed by test square 
number, respectively, where 
C = unfinished panel made from recycled corrugated cardboard 
M = panel made from painted recycled corrugated cardboard 
TVOC = total volatile organic compounds 

Figure 7-3. Estimated emission factors of TVOC and formaldehyde for unfinished and 
finished test squares of recycled corrugated cardboard conditioned 26 to 28 
days. 
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Test squares are labeled by material acronym (B. H. 0, I. or J). followed by sample number. followed by test 
square number, respectively, where 
8 = unfinished whealboard 
H :;;; veneered wheat board 
o = veneered wheat board with heat curable two component polyurethane coating 
I = wheatboard with vinyl 
J = wheatboard with melamine 
TVOC = total volatile organic compounds 

Figure 7-4. Estimated emission factors of TVOC and formaldehyde for unfinished and 
finished wheatboard conditioned approximately 28 days. 

the mean emission factor of formaldehyde for test squares of PBV coated and cured with the 
heat curable two component polyurethane was very low - 20 µg/(m2 •hr) (see Table 6-11 in 
Section 6.4.2). The coating appears to suppress formaldehyde emissions from test squares of 
oak-veneered wheatboard. 

7.5 Conclusions and Recommendations 

• A variety of engineered fiber panels (i.e., those made with wheat and MDI; wood and 
MDI; and recycled corrugated cardboard) were found to have very low emission 
factors of TVOC and formaldehyde (relative to UF bonded PB and MDF). These low
emitting engineered fiber panels can be finished with veneer, vinyl, melamine, etc, 
and are currently used to construct a wide variety of products for interior applications. 

• A broader study of the low-emitting engineered fiber panels should be conducted to 
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assess manufacturing issues (such as cost, worker safety) involved with making the 
panels. Performance tests should also be conducted on the panels. 
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Chapter 8 
Data Quality 

8.1 Overview 

Quality assurance {QA) activities were an integral part of this research program. QA 
activities that were conducted in support of this study included: 

• Preparing quality assurance project plans (QAPPs), 
• Developing data quality indicator goals for study data, 
• Monitoring quality control procedures and results, and 
• Conducting inspections, audits, and data reviews 

8.2 OAPPs 

RTI prepared three, category 111 QAPPs for carrying out sample collection, handling and 
storage, and emissions testing for each phase of the research. Each QAPP was approved by 
EPA prior to testing. 

8.3 Data Quality Indicator Goals 

Chamber air concentrations were the critical measurements in this study. Data quality 
indicator goals for these measurements are listed in Table 8-1. 

Table 8-1. Data Quality Indicator Goals for Chamber Air Concentrations 

Data Quality Indicator Goals 

Chamber Air Concentrations Precision, % RSD" Accuracy,% RECb 

voes ::a20 ::. 75 (for quantitative emissions tests onlyt 

Aldehydes and Ketones ,;20 

• % RS• = percent relative standard deviation 
b % REC = percent recovery 
0 accuracy of voes not evaluated for semi-quantitative emissions tests 

8.3.1 Precision 

Precision of chamber air concentrations was evaluated by determining the percent 
relative standard deviation (%RSD) between duplicate chamber air samples as follows: 
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%RSD = ~ x 100 
y 

where, 
S.. = the standard deviation between duplicate air samples 
Y = the mean of duplicate air samples 

Precision calculations are reported in Tables E-1 through E-3 in Appendix E. As seen in these 
tables, most duplicate air samples were within the precision goal of~ 20 %RSD. 

8.3.2 Accuracy 

Accuracy of chamber air concentrations was evaluated by determining the percent 
recovery (%REC) of VOCs, aldehydes, and ketones from spiked sample cartridges as follows: 

%REC= (Am/A.) x 100% 

where, 
Am = the amount of compound measured during chemical analysis 
As = the amount of compound spiked onto a sampling cartridge. 

Accuracy calculations are reported in Tables F-1 through F-3 in Appendix F. 

8.4 Quality Control 

Chamber air samples collected from empty test chambers and blank cartridges were 
analyzed to monitor background and accidental contamination. Calibration curves were prepared 
prior to analysis of chamber air samples, and check standards were analyzed at regular intervals 
to ensure that the calibration remained valid. All data were generated when the analytical 
systems were operating within the control criteria. 

8.5 Inspections, Audits, and Data Reviews 

Throughout the research, several inspections, audits, and data reviews were conducted 
by QA officers at RTI to ascertain that standard operating procedures (SOPs) for instrumentation 
were being implemented; procedures in the QAPPs were being followed; data were being 
recorded properly; and that records and controls conformed to good laboratory practice. Table 8-
2 lists the inspections, audits, and data reviews conducted in support of this research, all of 
which were in compliance with QA requirements. 
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Table 8-2. Inspections, Audits, and Data Reviews 

Inspections 

Instrument Log Notebook Inspection (ACS-SOP-815-003)8 

Laboratory Inspection (ACS-SOP-815-001) 

SOP Review (ACS-SOP-110-001) 

Training Files Inspection (ACS-SOP-110-002) 

Audits 

Operation of test chambers 

Operation of analytical measurement systems 

Laboratory activities: preparing coupons into test squares; chamber 
air sampling; chamber cleaning, etc. 

Laboratory activities: GC/MS and HPLC analysis of VOCs 

Data Reviews (ACS-PDM-180-002} 

Results, January 1996 

Preliminary Results, June 1996 

Preliminary Results, April 1997 

Data Review, VOCs (7 day) 

Data Review, VOCs (35 day) 

Data Review, aldehydes 

Conducted 

June 1995 

March/April 1996 

December 1996 

Nov. 1995/Jan. 1996 

Aug./Oct. 1996 

Aug./Sept. 1995 

Aug./Nov. 1996 

Sept. 1995 

October 25, 1996 

May 11, 1995 

June 13-14, 1995 

April 30, 1996 

May 28, 1996 

Jan. 10-15, 1996 

June 10-12, 1996 

April 2-3, 1997 

April 4, 1997 

April 7-8, 1997 
a Refers to RTl's Analytical and Chemical Sciences Standard Operating Procedures which are 
followed by QA personnel at RTI. 
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Appendix A 
Phase One Screening Study 
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Table A-l. Estimated Emission Factors of Test Squar·es of PBVST" 

Emission Factors o(Tcst Sguarcs, ugi(m2•IH) Mean and %RSI:! Q(EmissiQr! El!ctors 
Mean ofPBVST!-1, %RSDofPBVSTI-

PBVSTl-1 l'BVST2-I PBVST]-1 2-1. and 3-1 I, 2-1. and 3-1 

6 hour conditioning 

Identification of target compounds> 5 1•g'(m2•hr) on DNPH" cartridges 

Aldehydes and Ketoncs 

n-Hcxanal 610 600 710 650 11 

Acetone 1200 2000 1600 1600 25 

Benzaldchyde 65 70 M 66 5 

n-Pentanal 160 170 180 170 6 

Fonnaldehyde 3900 5200 5800 5000 19 

Acctaldchyde 190 220 260 220 16 

n-Butanal 44 39 7R 54 40 

Propionaldchyde 41 58 86 62 37 
2-Bulaaonc 12 9 7 9 27 

Identification of compounds.' 5 11g/(m1•hr) on multisorbcnt cartridges 

Alcol10Js' 

1-llutanol ,1000 7000 5000 5300 29 

2-Methyl h11tanol 1500 IDOO 1000 1200 24 

1-Pentanol 1000 250 500 580 66 

Total (,500 8300 6500 7100 15 

Aldehydes and Ketones 

n-I Iepatanonc 100 100 JOO 100 0 

n-Nonnnal 20 10 IO 13 43 

Aliphatic Hydrocarhons 

n-T etradccane 9 5 d- 7 40 

Alkyl Ethers 

Ethyl clhoxy propionate 400 200 200 270 43 

(5.29)' Ethoxycthcr R 9 10 9 11 

(12.94) Ethoxycthcr 300 inr 400 350 20 

Tctramcthoxypropancs JOO 60 IOO 87 27 

(32.45) Dibuloxymcthanol 50 40 40 43 13 

(17.42) I)ihutoxymcth:11101 70 40 so 53 29 

(29.8) Butoxyether 10 7 9 ') 18 

(34.94) Butoxyclher 10 7 9 25 

(41.94) Butoxycthcr 90 50 70 40 

Total 1000 360 870 740 46 

Aromatic I lydrocarhons 

C3-alkvl benzenes 600 500 600 570 10 

Continued 
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Table A-1. (Continued) 

Emission Factors of Test Squares, ug/(ni•hr) Mean and %RSD of Emission Factors 

Mean ofPBVSTl-1, %RSDofPBVSTl-
l'BVSTl-1 PBVST2-1 PI3VST3-1 2-1, and 3-1 1,2-1, and 3-1 

C4-alkyl benzenes 300 300 300 300 0 

Naphthalene 200 300 200 230 25 

CS-alkyl benzenes 200 200 100 170 34 

Xylenes 100 70 80 83 18 

Ethyl benzene 25 15 IS 18 31 

Methyl naphthalene 20 10 IO 13 43 

Toluene 6 8 7 20 

Total ]400 1400 noo 1400 4 

Esters 

Hexyl acetute isomers 90 130 10 I I() 26 

Methyl dodccanonatc 30 20 20 23 25 

Butyl acetate 111 Ill Ill 

Indenes 

Dihydromcthyl indcncs 100 100 90 97 6 

I)ihydrodimcthyl indcncs IO 10 9 10 6 

Monoterpcnes 

Limoncne 80 90 100 90 11 

b-Pinenc 60 20 70 50 53 
a-Terpene 60 60 60 0 

a-Pinenc 24 40 70 45 52 

a-Carcnc 100 100 100 100 () 

Total 320 250 400 320 23 

Scsquitcrpcncs 

Junipcnc JOO 200 150 150 33 

Emloborncul acctute 10 10 10 10 0 

Sum of compounds> 5 11g,'(m2•hr) 9800 1l000 9500 10000 8 
on multisorbcnl cartridges 

TVOO analysis of multisorbenl 3000 ,\000 :woo :1000 () 

cartrid11,ci 

Continued 
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Table A-1. (Continued) 

Emission Factors ofTest Squares. µ2.'(111 2•hr) Mean and %RSD of Emission Factors 

Mean ofPBVSTl-1, %RSDofPBVSTI-
PBVSTl-1 PBVST2-I PBVST3-I 2-1,and'.l-1 1.2-l,and3-I 

Sum of compounds> 5 jtgl(m2•hr) on multisorbc11t and DNPH cartridges 

I 6000 19000 18000 17700 9 

• PBVST = veneered particleboard with heat curahle heat curable acid catalyzed alkyd-urea scaler and topcoat. 
"DNPH = dinilrophenylhydrazine. 
'Alcohols were large, poorly defined peaks at high wncc::ntration; interferences and overloading prc::vcntcd accurate quantitation. 
d "-"=value< 5 pgi(m2•hr). 
'Numb.:r in parentheses is retention time; exact compound identification not possible from mass spectra. 
rJnterforcnce with high concentrations ofalcohols prevented accurate quantitalion. 
'TVOC = total volatile organic compounds. 
h The TVOC analyses were much lower than the "sum ofcompounds> S 11g1(n/•hr) on multisorbcnts" because they did not include 
alcohols. 
Mean= arithmetic mean of values> 5 11g1(m2•hr). 
%RSD - relative ~tandard deviation (as a percentage of the mean) of values> 5 jtg/(m2•hr). 
Blank cells under "mean" and'or "~;,RSI>" columns indicate thal all values for calculating these parameters were < 5 µg./(m"•hr). 
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Table A-2. Estimated Emission Factors of Te.st Squares of PBVY" 

I;;111issi2n E!!clors of Ts.:~l ~~1uarcs, 11g/(m1•b[) Mc!!lJ !!lld ~12B.:m Q(Emission t!!!.IQ[~ 
Mean ofPBVYl-1, %RSDof l'BVYl-1, 

PllVY!-1 PBVY2-I PBVY1-l 2-1,and 3-1 2-1, and 3-1 

6 hour condilioning 

Identification of target compounds> 5 ftg/(m 2•hr) on DNPH' cartridges 

Aldehydes and Ketones 

Acetone 530 600 450 530 14 
n-Hexanal 130 150 100 130 19 

Acelaldchydc 67 71 56 65 12 

Formaldehyde 51 52 57 53 6 

n-Pentanal 35 .13 33 37 14 

Propionnldchyde 15 16 13 IS 10 

Bcnzaldchydc 10 II 10 10 6 

2-l Julanonc 8 6 5 6 24 

n-Butnnal 7 8 7 7 8 

Identification of compounds> 5 11g!(m2•hr) on multisorhcnt cartridges 

Aliphatic Hydrocarbons 

11-Octane 5 5 7 6 20 

11-Pcntane -' 10 10 0 

Aromatic llydrocarbons 

C4-alkyl benzenes 40 50 50 47 12 

Toluene 20 15 13 16 23 

Esters 

I.sopropyl acetate 600 600 600 600 0 

Butyl acetate 16 20 15 17 16 

Monokrpc11cs 

Limoncm: 40 60 50 50 20 

b-Pincnc 30 30 40 33 17 

a-Pincnc 20 40 30 30 33 

Total ?O 130 120 110 19 

Sesquitcrpenes 

Junipene 30 50 40 40 25 

Other T erpencs 

d-Carcne 80 100 100 93 12 

Camphene 17 30 30 26 29 

Tricyclcnc IO 20 20 17 35 

a-Fcnchcne 6 5 6 13 

Continut:d 
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Table A-2. (Continued) 

Emission Factors ofT<"st StJUnrcs. 11g/(m2•hr) Mean and %RSD ofEmis.5ion Factors 

Mean ofPBVYl-1. %RSDofPBVYl-l. 
l'BVYl-1 PBVY2-I PBVY3-I 2-1, and 3-1 2-1, and 3-1 

Total I IO 160 160 140 21 

Sum ofcompounds.> 5 µg/(m 1•hr) 910 1000 IOOO 970 5 
on multisorbent cartridges 

rvocd analysis ofmultisorbent 1200 1400 1200 1300 9 
cartridges 

Sum of compounds> S pg/(m2•hr) on multisorhcnl and DNPI l cartridges 

1800 2000 1700 1800 8 

• PIWY ~ particleboard overlaid with vinyl. 
b DNP] I - dinilrophcnylhydrazinc. 
'"-"=value< 5 pg'(m2•hr). 
d TVOC - tutal volatile organic compounds. 
Mean arithmetic mean of values:-,. 5 µg1(m 2•hr). 
%RSD = relative standard deviation (as n percentage of the mean) of values> 5 pg/(m2•hr). 
Blank cells under "mean" and 1or "%RSD" columns indicate that all values fur <:alculati11g lht:st: parameti:rs w1:rc < 5 11gi(ni2•hr). 
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Table A-3. Estimated Emission Factors of Test Squares of HBVSSTa 

Emis~ion Factors ofTest S!]ll:tres, uci(m'•hr} \1ean :ind ~i>RSD ofEmis.,ion Factors 

Mem1 of"Mean of %RSD of "\1can of 
Meanor ~~RSD or IIBVSTl-1 and IlRVSTl-1 and 

HRVSTl-1 HRVSTl-1 HRVST!-2", HBVSTl-2". 
HBVSST HBVSST HBVSST HBVSST and and HBVST2-l. and HDVST2-1, and 

2-1 3-1 1-1 1-2 IIDVSTl-2 IIRVSTl-2 HBVST'.l-1 HBVSD-1 

6 hourconditionin~ 
Identification of target compounds -,5 11g.'(m2•hr) on Dl--.'Plr' cartridges 

Aldchydcs and Ketoncs 

Fonnaldchydc 2000 3300 2200 2400 2300 6 2500 27 

Acetone 50 33 64 70 67 6 50 34 

n-llc-.:anal 7 6 7 7 11 7 5 

Acetaldchyde 32 60 41 43 42 3 45 32 

11-Pcntanal 9 .' MDd 9 () 

n-But:rnal 35 9 MD 9 0 22 84 

Propionaldehydc 19 9 9 0 14 51 

Identification ofcompounds >5 µgl(m 2•hr) on nrnltisorbcnl cartridgl--s 

Alcohols• 

1-Butanol 2000 4000 2000 3000 2500 28 2800 37 

2-Methyl butanol 300 IOOO 800 soo 800 0 700 52 

1-Penlanol 300 600 300 400 350 20 420 38 

Tomi 2600 5600 3100 4200 3700 21 4000 38 

Aldehydcs and Ketoncs 

n-1 lepatanonc 40 200 100 (()(I 100 () 1I(} 73 

Aliphatic I Iydrocarhons 

n-Telradccanc 9 9 (l 

n-Nonane 6 8 IO 10 I() () 8 25 

n-Dodecanc 7 7 () 

n-1 )ccane 8 I() 10 12 11 11 10 16 

Alkyl Ethers 

Ethyl cthoxy propionate 100 400 100 100 100 0 200 87 

(12.94)' Ethm:yethcr 200 500 300 JOO 200 71 300 58 

Tetrarncthoxyp1 op:m1.,-:; 20 100 70 70 70 0 63 64 

(41.94) J3utoxycther 30 40 40 40 40 0 37 16 

(37.42) Dilmtoxymethunol 40 40 30 25 28 13 36 20 

(32.45) Dilmtoxymctlmnol 30 80 30 30 30 0 47 62 

(29.8) Butoxyclhcr IO 40 10 10 10 0 20 87 
(34.94) Buloxyelhcr 8 10 8 10 9 16 9 II 

Continued 
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Table A-3. (Continued) 

Fmi,,:;i11n Fa~1ors nfTest S,111nres, !!gi(m'•hr} :\1ean nm.I %RSD of Emission Factors 

Mean of"Mean of 'Vi,RSD of"Mcan of 
:\1can of ~•oRSDof IInVSTl-1 and IIRVSTl -I and 

HBVSTl-1 HBVSTl-1 HBVSTl-2". HB\'STl-2". 
Hl:lVSST HBVSST IIBVSST IIBVSST and and IIIlVST2-1, and IIBVST2-l, and 

2-1 3-1 1-1 1-2 IIB\'STl-2 HBVSTl-2 HB\'ST.l-1 HBVST3-l 

(5.29) Ethoxycthcr 20 1(1 7 9 25 14 57 
Total 440 1200 600 390 495 30 710 60 

Aromatic IIydrocarbons 

Cl-alkyl benzenes 500 1000 300 300 300 () f,()() 60 
(::4-alkyl benzenes 400 700 400 600 500 28 510 29 

Naphthalene 200 300 200 200 200 0 230 25 
CS-alkyl benzenes 400 400 200 200 200 0 330 35 

Xylcncs 40 60 50 so 50 () so 20 

Ethyl henzenc 8 ID 10 IO IO 0 <) 12 

Methyl nnphthalene 10 20 10 10 10 0 13 43 

Total 1600 2500 1200 1400 1300 II 1800 35 

Esters 

Hexyl ace.lnte isomers 70 JOO 60 80 70 20 80 22 
Methyl dodecanonatc 10 20 10 10 10 0 13 43 
Butyl acctale int l1l in Ill 

Indent.~ 

Dihydromelhyl in<lenes 200 300 200 200 200 0 230 25 
Dihydrodimethyl indencs 10 30 10 JO JO 0 17 69 

Dihydroin<lcncs 12 40 12 15 14 16 22 72 

Total 220 ;l70 220 230 225 3 270 32 

Sum of compounds ·,. S 
~1gi(m2•hr) on multisorbcnt 

5000 10000 5300 6400 5900 u 7000 38 

cartridge 

TVOCh analysis of 2000 ,1()00 2000 2000 2()()() 0 2700 43 
multisorbcnt curtrid~cs; 

Continued 
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Table A-3. (Continued) 

Emission !'actor,; ofTcst Squar,•s, uef(m'•hr) Mean and %RSO of Emission Fa<1nrs 

Mean of":-..1ean of %RSD of"Mcan of 
Mean of %RSD of IIDVSTl-1 and IlnVSTl-1 and 

HRVSTl-1 IIIWSTl-1 IIR\ISTl-2", IIR\ISTl-2", 
Jll)VSST IIBVSST lll3VSST HHVSST and and HBVST2-l. and HBVST2-l, and 

2-1 3-1 1-1 1-2 HBVSTl-2 HBVSTl-2 1mvsn-1 HRVSn-t 

Sum of compounds> 5 11g/(m2•hr) on multisorhent and DNPI I cartridge~ 

7000 13000 7600 8900 8300 11 9400 34 

• HBVSST = veneered hardboard with stain. and heat curable heat curable acid cataly-lcd alkyd-urea scaler and topcoat. 
b I )NP! I - dinitrophcnylhydrazinc. 
c "." = value< 5 11g,1(m2•hr). 
d "MD" - missing data. 
• Alcohols were large, poorly defined peaks at high concentration; interferences and overloading prevented accurate quantitation. 
'Number in parentheses is retention lime; exact compound identification not possible from mass spectra. 
g Intcrforencc with high concentrations of alcohols prevented accurate quantitatio11. 
h TVOC · lulal volatile or11,1111ic compounds. 
'The TVOC analyses were much lower than the "sum of compounds · 5 ftg/(m 2•1ir) on multisorbenl cartridges" because they did 
not include alcohols. 
Mean= arithmetic mean of values-. S 11g'(1112•hr). 
%RSD - relative ~tundurd dl·viulion (a~ a percentage of the mean) ofvnlues > 5 11gi(m1•hr). 
Blank cells under "mean" and/or "%RSI>" columns indicate that all values for calculating these parameters were < 5 µg/(m 2•hr). 
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Table A-4. Estimated Emission !<'actors of Test Squares of PBM• 

Emission Factors ofTest 
Square'!<, !!&'(m'•hr) \1~:ui and %RSD ofEmi,-_s;ion !'actors 

Mean of"Mean of %RSD of "Mean of 
Mean of %RSDof PBM2-I and PBM2-l and 

l'llM PBM !'BM PBM PHM2-1 and l'BM2-1 and PBM2-2", l'BMl-1, PBM2-2", PBMl-1 
1-1 3-1 2-1 2-2 PBM2-2 PBM2-2 andPBM3-I and PBM3-l 

6 hour couditiouing 

Identification of target C(llllpounds >5 Jig,'(m 2•h.-) on DNPH" cartridges 

AldchyJcs and Kctones 

Acetone 760 660 1100 790 950 23 790 19 

n-l lcxanal 260 190 390 250 320 31 260 25 

Acetaldehydc 140 120 200 140 170 25 140 18 

Formaldehyde 70 60 90 83 87 6 72 19 

n-Pentanal 100 80 150 Ml)' 150 {) 110 33 

Propionaldehydc 24 22 34 22 2R 10 2'i 12 

Benzaldchyde 11 8 12 8 10 28 IO 16 

2-Buta11011e 10 8 14 10 12 24 10 20 

n-Butaoul 20 17 28 MD 28 0 22 26 

Identification of co111pou11ds : · 5 ll!1/(111 2•hr) 011 multisorbcnt cmt1 idges 
Alcoholsd 

Oclanol -' 5 5 5 0 5 0 

Aldehydes and Ketuncs 

n-Hcpatanonc 5 6 8 MD 8 0 6 24 

n-Hcptanal :MD 

Aliphatic Hydrocarbons 

n-Octanc 16 14 20 20 20 () 17 18 

n-1 lcptanc 7 (, 7 12 10 37 8 2] 

Aromatic I lydrocarhon~ 

C4-:ilkyl henzcnes 40 36 60 50 55 n 4,1 23 

Toluene 20 7 20 15 IX 20 IS 46 

Tola! 60 LI] XO 65 7] 15 S9 2S 

Eslers 

Pcntyl formate 5 5 7 MD 7 0 6 19 

Monoterpcm.,-s 

Limoncnc 20 20 40 30 35 20 25 35 

b-Pinene 15 14 23 20 22 IO 17 24 

a-Pincnc 16 20 30 20 25 28 20 23 

Continued 
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Table A-4. (Continued) 

Enussion Factors ofTc~1 
Squares. µp.'(m 1•hr) 

PBM PBM PBM PBM 
1-1 1-1 2-1 2-2 

Mean of 
PBM2-I und 

PBM2-2 

Mean and %

%RSDof 
PBM2-l and 

PBM2-2 

RSO off.mission Factors 

Mean of"Mcan of 
PBM2-l and 

PBM2-2",PBMI-l, 
and J>BM3-l 

%RSI) of"Mcan of 
PBM2-1 and 

PBM2-2", PBMl-1 
and l'BM:l-1 

Total 51 54 93 70 82 20 62 27 

Sesquiterpenes 

Junipene 20 15 30 20 25 28 20 25 
Other Sesquitcrpcnes 5 5 0 5 0 

Other Terpcnes 

d-Carenc 30 20 40 30 35 20 28 27 
Camphenc 12 20 30 30 30 0 21 43 

Tricycli.:11e 15 10 20 16 18 16 14 29 

a-Fcnchenc s 5 5 0 5 0 

Total 57 50 95 81 88 11 65 31 

Sum of compounds·.- 5 220 190 350 270 310 18 240 26 
µg/(m2•hr) on multisorbent 
cartridges 

TVOCr analysis of S50 420 900 MD 900 0 620 40 
multisorbent cartridges 

Sum ofcompounds> 5 1600 1400 21100 1600 2000 28 1700 18 

µg/(111 2-hr) on multisorbcnt 
and DNPH cartridges 

• !'BM - panickhoard overlaid \\•ith melamine. 
b DNPH dinitrophenylhydrnzinc. 
' "MD" missing dala. 
"Alcohols were large. poorly defined peaks :11 high concentration; interferences and overloading prevented accurate quantitation 

' "-" value< 5 11g.'(m2 hr). 
r TVCX: = total volatile orgmiic compounds. 
Mean - arithmetic mean ofvulucs > S ftgi(111 2•hr). 
~-;,RS]) - relative sl<indard deviation (as a percentage of the mean) of values> 5 11gi(m1•11r), 
Blank cells under "me.111" 011d 1or *%RSD" columns indicate th:il all values for calculating these parameters were < 5 11g!(m2•hr). 
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Table B-1. Quantitated Emission Factors of Test Squares of Components of PBVST 

1-.lean and %RSD o(F.mis.sisia Emission Fi!£!W ofI~ Smin,~ ~1eaa ans;! %RSD of 
Emission Factors ofTe,1 Squares !'&'(m'•hr} Factors 11gl(m'-hrj Emis.sion Factors 

%RSDof Mean of %RSDof 
~kanofPBVSl-1. PBVSl-1. 2- PBVSTl-1. PBVSTl-1. 

PBl-1 Vl-1 PBVl-1 PBVSl-1 PBVS2-1 PBVS3-1 2-1, and 3-1 I, and 3-1 PBVSTl-1 PB\'ST2-1 PBVST3-l 2-1, and 3-1 2-1, and 3-1 

31 day conditioning 

Identification of target compounJs >5 µg,'(m 2•hr) on DNPH cartridges 

Aldehydes and Ketones 

formaldehyde 230 9 130 320 340 360 340 6 530 440 390 450 16 

hexanal 490 97 140 170 130 150 14 120 110 87 110 IS 

acetaldehyde 48 8 30 36 48 30 38 24 18 28 25 24 21 

valeraldehyde 70 24 34 30 30 31 7 :w 26 13 23 39 

2-butanone 9 8 8 0 7 6 0 4 95 

butyrnldehyde 7 7 10 7 8 22 7 7 6 7 8 

propionaldchyde 9 6 5 6 s 5 11 4 5 6 5 20 

bcnzaldchyde 33 10 14 11 9 11 22 11 9 7 9 22 
0:, Total 1200 17 410 680 770 690 710 ... 

I 890 770 670 780 14 
I 
Iv 

Identification of compounds> 5 µg/(m 2•hr) on multisorbent cartridges 

Alcohols 

1-Butanol 7 6 320 360 250 310 18 360 260 260 290 20 

1-Pcnlanol 54 14 31 29 18 26 27 89 64 51 68 28 

2-Methyl-1-Butanol 35 25 25 28 21 

Total 61 0 20 350 390 270 340 18 480 350 340 390 20 

Aldchydes and Ketones 

Acetone 270 110 110 130 100 110 14 140 130 120 130 8 

2-Heplanone 5 17 19 22 19 13 23 12 14 16 37 

Ester 

Hex,i Acetate 7 5 8 7 23 7 7 0 

Continued 



Table B-1. (Continued) 

Mean and %RSn of Emission Emission Factors ofTest Squares, \fean and %RSD of 
Emission Factors of Test Squares. ug/(m'•hr) Fat1ors µgi(m'•hr) Emission .Fa,1ors 

%RSDof Mean of %RSD of 
!'-lean of PB\'Sl-1. PHVSl-1. 2- l'BVSTl-1, PBVSTl-1, 

Pfll-1 VI-I PRVl-1 PRVSl-1 PRVS2-I Pl1\"S3-I 2-1, and 3-1 l, and 3-1 PBVSTl-1 PRVST2-1 PBVST3-I 2-1, and 3-1 2-1, and 3-1 

Aromatic hydrocarbons 

o-Xylcnc 

Ethylbcnzcnc 

Naphthalene 34 

Total 34 

SesquitcrJJ1.,-i1cs 

Junipene 330 35 61 86 52 66 27 31 34 30 32 7 

a, 
W Alk·-yJ Ethers 

2-(2-Butox·yethoxy)ethanol 29 310 320 2R0 300 7 710 760 760 750 2 

Ethyl-3-Ethoxy-Propionate 23 11 12 15 44 
Total 29 310 120 280 300 7 750 770 770 760 2 

Sum of compounds> 5 1700 17 470 1400 1600 1300 1400 11 2200 1900 1800 2000 10 
pg/(m:•hr) on multisorbent 
and DNPH cartrid es 

PB ~ particleboard 
V · veneer 
PBV veneered particleboard 
PBVS = veneered particleboard coated and cured v,--ith acid catalyzed alkyd-urea sealer 
PBVS veneered particleboard coated and cured with acid catalyzed alkyd-urea scaler and topcoat 
DNPI I dinitrophenylhydrazine 
"." =value< 5 µgl(m'•hr) 
Mean arithmetic mean ofvalucs ·> 5 µgi(m"•hr). 
%RSI) relative standard deviation (as a percentage ofthe mean) of values> 5 µg-'(m 2•hr). 
Blank cells under "me-an" and'or "%RSD" columns indicate that all rnlues for calculating these parameters were < 5 µg,'(m 1•hr) 
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Table C-1. Application and Curing Procedures of Coatings Systems 

PIWCEDIJRE 

Sealer Applicntion 

I) Sand/air hlastiwipc 

2) Apply sealr:r to side l (mils wet) 

3) Ambient flash(rnin) 

4) Apply scaler to side 2 as step 2) 

5) Ambient tlash(min) 

6) Dry at 140nF (min) 

7) UV cure \\~th II lamp. I pass (W 1in) 

UV belt speed (£'min) 

UV total energy (m.licm2) 

8) Ambient cool(rnin) 

9) Apply sealer to side 2 as step 2) 

10) Ambient flush(min) 

11) Repeat UV cure step 7) ahovc 

12) Ambient cool(rnm) 

13) Sund/air blnsl1wipc 

Topcoat Application 

I) Apply topcoat to side l (mils wet) 

2) Ambient tlash(min) 

3) Apply topcoat to side 2 as step I) 

4) Ambient tlush(min) 

5) Dry at 140"F(min) 

6) UV cure wich H lamp. I pass (W/in) 

UV belt speed (f/min) 

UV total e11crgy (mJ/cm2) 

7) Rc11t:nt UV curc :;tcp 6) for side 2 

8) Ambient cool(min) 

9) Apply topcoul to side 2 us step I) 

l 0) Ambient flash (min) 

11) Repeat UV cure step(,) ahove 

12) Ambie11t cool(min) 

CURE TIME (min. for om: ~ide only) 
··---- ·--··-----

• x means seep was pcrfonncd 

Coolings System 

3 4 5 6 

X X X X 

3 3 3 

15 10 10 

X X 

10 10 

Ill JO 

700 400 

7 41 

5200 380 

s IO to 

X X 

15 

X X 

5 

)( X X X 

3 0.8 3 3 

15 10 10 

X X 

IO 10 

IO 10 

700 400 700 

7 47 24 

5200 340 1500 

5 IO 10 

X X 

15 

X X 

5 5 

30.3 <0.1 ,w 40 

x• 

3 

20 

X 

20 

10 

10 

X 

3 

20 

X 

20 

20 

30 

70 

2 

X 

3 

15 

15 

15 

5 

X 

3 

IS 

X 

IS 

15 

5 

60 
·---·---
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Table C-2. Emission Factors of Test Squares of PBV with Heat Curable Acid Catalyzed 
Alkyd-Urea Coatings System 

Emission Factors of Test Sguarei-, 
µg'(m1•hr Mean and %8.~Q ofE1nissiQD fuc1ors 

%RSD Mean of "mean of ¾RSDof"mcan 
Mean of ofln HJ and HS", A-1, ofB3 and HS". 

A4 B3 BS CJ B3 and BS and B5 and C3 A4,and C3 

Idenlification of lurgel compounds> S ~•g!(m2•hr) on DNPH cartridges 

Fonnaldchydc 370 420 450 400 440 5 400 9 

Acctaldchydc 76 66 45 27 56 27 53 47 

Acetone 500 700 550 420 630 17 520 20 

Propionaldchydc 16 16 16 0 16 () 

2-Butanonc 

Butyruldchydc 

Bcnnldchydc 

Valcmldehydc 44 37 24 31 30 37 26 

m-Tolualdehycfo 

Hcxanal 240 180 !JO 49 160 22 150 64 

Identification of target compou11ds ,. 5 ftgl(m 2•hr) 011 multisurb.::11t ~rtridgcs 

1-Pentanol 180 ISO 130 120 140 10 150 20 

Limoncnc 120 73 49 23 61 28 G8 72 

Junipcne 110 55 34 27 45 33 61 72 

Tcrpcncs 560 390 230 87 310 36 320 74 

1-Butanol 9SO 980 700 620 840 24 800 21 

Toluene 19 24 13 11 19 42 16 28 

2-Mcthyl-1-butanol 69 54 49 44 52 7 55 23 

Butyl acetate 51 51 30 22 41 37 38 39 

1,2-Propancdiol 16 15 16 13 16 5 15 II 

Ethylbcnzcnc 360 340 2IO 170 280 33 270 35 

m,p-Xylcnc 890 800 530 420 670 28 660 36 

2-I lcptanone 810 710 400 290 560 39 550 47 

o-Xylenc 300 260 150 120 210 37 210 ,r'.> 

Propylbenzene 140 110 59 48 85 43 91 51 

Elhyl 3-etho,.ypropionalc 140 98 121 82 1IO 15 1JO 26 

I-Mcthyl-2-pyrrolidino11c 15 (i 15 0 II 61 

2-(2-Rutoxycthoxy)cthanol 1800 1500 1-100 1800 1500 5 1700 10 

Naphthalene 39 II 12 23 12 6 25 56 

Hexyl acclnte 630 470 250 220 160 43 400 52 

Indan 21 14 8 7 II 39 13 55 

C3-Benzenes 1700 1300 690 580 ]()()() 43 1090 52 

60C4-Benzcncs 310 190 120 90 160 31 187 

Dipropylenc glycol, methyl ether 

Unknown 1 

lh1k110~112 

Continued 
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Table C-2. (Continued) 

Emission Fµclors of Test Squares, 
11c'{111'•hr Mean an<l %KSD of Emission Factors 

%RSI) Mean of "mean of %RSI) of "mean 
Mean of ofB3 B3 and B5", J\4, ofB3 and B5". 

A4 IB BS C~l B3 an<l BS an<l BS an<l C3 A4, aml C3 

TVOC analysis ofmultisorbcnl 7200 5700 3900 3600 4800 27 5200 35 
cartridges 

Sum of target compounds> 5 Jtg/(rn2•hr) on multisorhent and DNPI I cartridges 

!0000 9000 MOO 5700 7700 24 7800 28 

PBV = veneered particleboard 
Mean - arithmetic mean of values> 5 Jtg/(m1•hr). 
%RSD = relutive standan.l deviation (as a percentage of the mean) of values> S flg.'(m2•hr) 
DNPH =dinilrophcnylhydrnzinc 
" " value < 5 11gi(m1•hr) 
TVOC ~• total volatile organic compounds 
Blank cells under "mean" and/or "%,RSD" columns imli-:atc that all values for cah:uluting these parnmeters were < 5 11g/(111 2•hr). 
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Table C-3. Emission Factors of Test Squares of PBV with Two Component Waterborne 
Polyurethane Coatings System 

Emission Factors of Ti.st Sguarcr., 
fll"/(m'•hr Mean and ~luRSD off.mission Factors 

Mt:.1nof %RSI) Mean of "mean of %RSD of "mean 
B7 and ofB7 B7 and 88". C4, ofB7 and 88", 

AS B7 88 C4 B8 andB8 andA5 C4,and AS 

Identification of target compounds> 5 µg/(m 2•hr) on DNPI I cartridgc.-s 

Formaldehyde 24 27 22 12 25 14 20 35 

Acetaldehyde 46 56 46 25 51 14 41 34 
Acetone 450 560 500 500 530 8 490 8 

Propionaldehyi.le 15 15 16 16 5 15 2 
2-Butanonc 

I lutyraldchydc 

Henzaldchyde 

Valeraldehyde 26 40 2S :n :n 29 JG 
m-Tolualdehydc 

Hexannl ISO 180 140 48 160 18 120 S2 

Identification oflarget compound~> 5 Jtg!(m 2•hr) on multisorbenl cartridges 

1-Pentanol 19 26 20 (i 23 18 16 56 

Limonene 82 67 54 21 61 15 55 57 
Junipene 39 31 22 7 27 24 24 67 

Terpcnes 380 210 Ic,o 76 190 19 220 70 

1-Buwnol 

Tolucrn: 

2-Mclhyl- l-bulunol 

Butyl acetate 

1,2-Propmicdiol 

Ethylbenzcnc 

rn,p-Xylcnc 

2-1 leptanone 10 I I 9 3 10 14 8 53 

o-Xylene 

Propylbenzene 

Ethyl 3-cthoxypropionate 

1-Mcthyl-2-pyrrolidi11011c 7 7 0 7 0 

2-(2-Butoxyclhoxy)ethunol 87 18 25 19 22 23 43 91 

Naphthalene 

l lcx11acetate 

Indan 

CJ-Benzenes 

C4-Bcnzcncs 36 :B 26 8 30 17 25 60 
I>ipropvlcne glycol, methyl ether 

Unknown I 

Unknown 2 

Continued 
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Table C-3. (Continued) 

Emission Factors of Test Sguarcs. 
11gi(m'•hr Mean and '%RSI) of Emission Factors 

¾RSD = relative standard deviation (as a percentage of the mean) of values> 5 11gl(m2•hr). 

Mean of %RSI) Mean of"mcan of ¾RSD of" mean 
B7 and ofB7 B7 and B8", C4, ofB7 and B8", 

A5 B7 B8 C4 BR and BR and A'i C,1. and AS 

TV<X: analysis of multisorhent 820 6'i0 730 310 690 610 43 
cartridges 

Sum of target compounds> 5 ,1g,'(rn 2•1u) 011 mullisorbcnt and DNPH cartridges 

1400 1300 I IOO 700 1200 12 1100 33 

PBV = veneered particleboard 
Mean arithmetic nmm of values> 5 11g,'(1112•hr). 

I)NPH dinitrophcnylhydrazinc 
"-"·'value< 5 ftg1(m2•1u) 
TVOC total volatile organic compounds 
Blank cells under "mean" andior "%RSD" columns indicate that all values for calculating these parameters were < 5 µg/(rn 2•hr). 
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Table C-4. Emission Factors of Test Squares of PBV with Water Based Non Air Inhibited 
Unsatu.-ated Polyester Coatings System 

fmission [actors ofTe~I Sguares, 
ueifm'•hr Mean and %RSI) of Emission Factors 

Me.an of ~-..RSI) Mean of "mean of ""RSI) of "mean 
Al and ofAl Al and A2", Bl, ofAl and A2". 

Al A2 BI cs A2 andA2 and CS Bl,and CS 

ldcntificalion of target compounds'> 5 µgl(m2•hr) on DNPH eartridgt."S 

Formaldehyde 69 71 70 70 70 2 70 0 

Acctaldchydc 61 72 70 60 67 12 66 8 

Acetone 310 370 490 310 340 12 3fi0 25 

Propionaldehydc 16 18 17 15 17 8 16 7 

2-Butanonc 

Butyral<ld1y<le 18 17 20 16 18 4 18 11 

lknzaldchydc 26 26 36 29 26 0 30 17 

Valeraldchyde 57 57 62 115 57 () 55 16 

m-T olunldehyde 

Hcxanal 300 300 320 220 300 0 280 19 

I<lcntilication ofturgct compounds·, S ,1g,'(111 2•hr) 011 multisorhcnt cartridges 

1-Pcnlanol 44 48 54 30 46 6 43 28 

Limoncm: 98 110 97 58 100 8 85 28 

Junipcnc 59 71 73 44 65 13 61 25 

Tcrrcncs 240 260 210 130 250 6 200 31 

l-13utanol 5 5 5 0 5 0 

Toluene 5 5 0 

2-Mcthyl-l-butanol 

Butyl acetate 

1.2-Propanediol 17 25 38 21 27 :io 41 

Ethylbcnzcnc 

m,p-Xylenc 

2-Heptanone 14 16 18 11 15 9 l'i 24 

a-Xylene 

Prupyll>e111,cnc 

Ethyl 3-cthoxypropionate 

l-Methyl-2-pyrrolidinonc 12 14 6 27 lJ 11 15 70 

2-(2-Buto:-,.yctho:•;y)ethanol 30{) %0 390 770 :no 11 500 4& 

Naphthalene 

Hcxyl acetate 

Indan 

CJ-Benzenes 

C4-Bcnzcncs 38 49 43 26 44 18 38 27 

Dipropylcne glvcoL methyl ether 

llnknown l 170 170 200 180 170 0 180 8 

Unknown 2 180 150 290 280 170 12 250 27 

Continued 
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Table C-4. (Continued) 

Emission Factors of Test Squares. 
Mean and ~1oRSD of Emission Factors ~ 

Al A2 Bl C5 

Mean of 
Al and 

A2 

%,RSD 
ofAI 

and A2 

Mean of"mean of '%RSD of" mean 
Al andA2",Bl, ufAI andA2", 

andC:5 HI. and CS 

TVOC analysis ofrnultisorhcnt 
cartridges 

1500 1500 1800 1700 1500 (I 1700 9 

Sum ofturget compounds> 5 J1g/(111 2•hr) o

2000 

n multisor

2200 

bcnt and 

2500 2400 

DNPH cartridges 

2100 7 2300 9 

PBV c veneered particleboard 
Mean arithmetic rn<.,-nn of values-,. S 11g/(m2•hr), 
%RSD relative standard deviation (as a percentage of the mean) of values> 5 11g/(m1•hr). 
DNPH dinilrophenylh~drazine 
"-" value< 5 pg/(m2•hr) 
TVOC ~ total volatile organic compounds 
Blank cells under "mean" and/or "","RSI)" columns indicate that all values for calculating these parameter~ were < 5 µg/(m'•hr). 
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Table C-5. Emission Factors of Test Squares of PBV with UV Curable Acrylate Coatings 
System 

Emission Factors of Test Snuares, 
µgl(m'•hr Mean !!Tl~ %BSD ofEmi~~ion Eaetors 

Mean of %RSD Mean of "mean of ¾RSD of "mean 
A3 and ofA3 A3 and A 7", B4, ofA3 and A 7", 

A3 A7 B4 C7 A7 andA7 andC7 B4,amlC7 

Identification of target compounds> 5 µgl(m 2•hr) on DNPH cartridges 

Formaldehyde 13 38 16 13 26 69 18 36 

Acclaldchydc 53 I IU 64 59 82 49 68 17 

Acetone 250 MO 450 260 450 61 390 28 
Propionaldehyde 17 20 17 12 19 11 16 21 
2-Butanorn: 

Butyraldchydc 

Jknzaldchydc 14 14 0 

Valcraldehydc 51 19 13 51 0 28 74 

m-Tolualdchydc 

llcxanal 51 260 91 67 160 92 I IO 44 

Identification of target compounds> S 11g/(m1•hr) on multisorbcnt cartridges 

1-Pentanol 8 35 15 5 22 89 14 60 

Limoncne 27 100 35 16 64 81 38 63 

Junipc::nc 8 47 IS 6 28 100 16 67 

Tcrpc::nes 87 270 99 40 )80 72 I JO 64 

1-Butanol 

Toluene 22 30 22 18 26 22 22 18 
2-Methyl-1-butanol 

Butyl acetate 

1.2-Propanediol 

Ethylbcnzeue 29 53 35 22 41 41 33 30 

m,p-Xylenc 98 180 120 73 140 41 110 31 

2-Hcptanonc 5 17 7 11 77 9 31 

o-Xylcnc 26 54 35 19 40 49 JI 35 
l'ropylbcnzcnc 

Ethyl 3-ethoxypropionatc 

I-Mcthyl-2-pyrrolidinonc 

2-(2-liutoxycthoxy)cthanol 29 R 19 RO 19 0 

Naphthalene 

Hcxyl acetate 

Ind(lll 

CJ-Benzenes 

C4-Bcnzencs 12 46 17 6 29 83 17 66 
Dipropylcue glycol, methyl clhcr 

Unknown I 

Unknown 2 

Continued 
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Table C-5. (Continued) 

Emission Factors of Test Squares, 
flP}{m'•hr Mean and %RSD of Emission Factors 

Mean of %RSD Mean of"mean of ~1.RSD of"mean 

A3 and ofA3 A3 and A 7". B4, ofA3 and A7'', 
A3 A7 B4 C7 A 7 and A 7 and C7 B4, and C7 

TVOC analysis of multisorbcnt 670 1200 830 660 940 40 810 17 
cartridges 

Sum oft.1rget compounds> 5 pg1(m2•hr) on multisorhent and I >NP! I cartridges 

740 2000 1100 630 1400 64 1000 39 

PBV - veneered particleboard 
Mean= arithmetic mean of values> 5 pg/(m2•hr). 
%RSI) - relative standard deviation (as a percentage of the mean) of values> 5 llg,l(m2•hr). 

DNPH = dinitrophcnylhydrazinc 
"-" =value< 5 pg/(m2•hr) 
TVOC -- Iota! volatile organic compounds 
Blank cells under "mean" and/or "%RSI)" columns indicate that all values for calculating these parameters were < 5 11g/(m1•hr). 
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Table C-6. Emission Factors of Test Squares of PBV with Water Based UV Curable 
Multi-functional Acrylate-free Emulsion Coatings System 

l~mission Factors of Test Snuares, 

1!&1m.'.!hr Mean 11ml %RSQ 12(Emi~2i!,lD Fm:t12r~ 
Mean of ¾RSD Mean of "mean of %RSD of"mcan 
C6and ofC6 C6 and C2". B6, ofC6 and C2", 

AS BG CG C2 C2 and C2 and/\8 B6,andA8 

Identification oftargel compounds> S 11g'(m2•hr) on DNPH cartridges 

Formaldehyde 19 20 19 19 19 0 19 3 
Acctaldehydc 44 45 30 38 34 17 41 15 

Acetone 380 490 250 560 410 53 430 13 

l'ropionaldchydc l I 13 12 12 

2-But:rnonc 

Butyraldchydt.: 

Bcnzaldchydc 19 17 14 19 17 21 18 8 

Valcraldchydc 22 20 12 17 15 24 19 21 

m-Tolualdchydc 

Hcxanal 110 110 53 66 60 IS 93 31 

ldentificatio11 of target compounds> 5 pg,'(m1•hr) on multisorhent cartridges 

1-Pentanol 16 18 8 8 0 14 38 

Limonene 42 43 27 27 0 :n 24 

Junipene 15 14 9 9 () 13 25 

Tcrpene$ 120 120 59 59 0 100 35 
1-Butunol 8 8 7 7 0 8 8 

Tolucni: 

2-Mcthyl-1-bulunol 

Butyl acetate 

1,2-Propancdiol 

Ethvlbcnzcnc 

m,p-Xylcnc 

2-Heptanone 7 8 5 5 () 7 23 

o-Xylene 

Propylhcnzcne 

Ethyl 3-ethoxvpropionatc 

l-Mclhyl-2-pyrrolidinonc 5 5 0 5 0 

2-(2-1 lutoxycthoxy)cthanol 7 5 5 0 6 24 

Naphthalene 

I !cxyl acetate 

Indan 

C3-Benzcncs 

C4-Benzcues 20 19 10 10 0 16 34 

Dipropylenc glycoL methyl ether 18 38 17 17 0 24 49 

Unknown I 

Continued 
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Table C-6. (Continued) 

Emission Factors of Test Squares, 
Mean and %RSD of Emission Factors ~ 

Mean of %RSI) Mean of"mcan of %RSD of"mcan 

C6 and ofC6 C6 and C2", B6, ofC6 and C2", 
A8 I36 C6 C2 C2 and C2 and A8 B6, and A8 

Unknown 2 

TVOC analysis ofmulti:;orbcnt 670 590 370 370 0 540 29 
cartridges 

Sum of target compounds> 5 11g/(m2•hr) on multisorhent and DNPI I cartridges 

850 990 870 870 () 900 8 

PBV veneered particleboard 
Mean= arithmetic mean of values> 5 ftg/(ni2•hr). 
%RSD- rdativc sla11durd deviation (us a percentage ofthe mean) of values·. 5 1tg/(111 2•hr). 
DNPH =dinitrophenylhydrazinc 
"-"=value< S 11gi(m2•hr) 
TVOC total volatile organic compounds 
Rlank cells under "mean" andior "%RSI)" columns indicate that all values for calculatmg these parameters were <. 5 /tg/(m 2•hr). 
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Table C-7. ](mission Factors of Test Squares of PBV with Polyurethane Dispersion 
Coatings System 

Emission Factors of I est Squar!<~, 
ug/(m1•hr Mean and %RSD ofEmission Factors 

Mean of '%I<SD Mean of"mcan of %RSD of"rnean 

Cl and ofCI CI and C8", B2, ofCI andC8", 
A6 B2 Cl C8 C8 and C8 and A6 B2,and /\G 

Identification of target compounds> 5 pgi(m2•hr) on DNPH cartridges 

Formaldehyde 25 44 28 32 30 9 33 30 
Acctuldchydc 46 110 53 44 49 13 68 53 

Acetone 370 690 580 350 470 35 510 32 

Propionaldchydc 15 25 11 11 II 0 17 '12 

2-Butanone 

Bulyraluehydc 12 12 0 

Benzaldchydc 18 27 14 14 () 20 14 

Valeraldchyde 38 91 43 39 41 7 57 53 
m-Tol11aldchyde 

Hcx:inal 280 500 280 260 270 5 350 37 

Identification oflargcl compounds >5 11gl(m2•hr) on mullisorbcnl cartridges 

1-Pentanol :n 82 28 27 28 3 49 60 

Limoncnc Tl 122 42 62 52 27 82 44 

Junipenc 65 94 26 61 44 57 68 38 

Terpencs )00 1(,0 76 120 98 32 120 29 

1-Butanol 7 7 0 
Toluene G 6 () 

2-Methyl- l -butanol 

Butyl acetate 

1,2-Propancdiol 

Ethylbcnzcne 

m,p-Xylcnc ,..,
2-Ikplanonc 17 .n 16 15 16 5 ~-'- 44 

o-Xylcnc 

l'ropylhcnzcnc 

Eth11 3-cthoxypropionate 

1-Methyl-2-pyrrolidinone 1800 2700 2300 3100 2700 21 2400 22 
2-(2-Jlutoxyethoxy)clhanol 7 8 7 7 0 7 8 

Naphthalene 

Hcxyl /lcctatc 

Indan 

C3-Bcnzenes 

C4-Bcnzencs 27 53 17 21 19 IS :B 5-1 

Dipropylcnc glycol. methyl ether 69 360 220 3&0 300 38 240 64 

Unknown I 

IJnknown 2 

Co11tinued 
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Table C-7. (Continued) 

Fmission Factors of Test Squares, 
~ Mean and %RSD of Emission Factors 

TVOCanalysis of mullisorbcnt 
cartridges 

A6 

2600 

B2 

3200 

Cl 

2200 

C8 

3000 

Melin of 

CI and 
C8 

2600 

%RSD 

ofCI 
andC8 

22 

Mean of "mean of ¾RSI) of "mean 

CI and C8", B2, ofCI and C8". 
andA6 112, and /\6 

2800 12 

Sum of target compounds> 5 pgi(m2•lu) on 

3000 

multisorb

5100 

ent and D

3700 

NPH cartridges 

4500 4 I 00 14 4100 26 
PBV = veneered particleboard 
Mean = arithmetic mean of values> 5 11gi(m2•hr). 
¾RSD - rc:lativc standard deviation (as a pcrccntugc of the mcun) of values> 5 11g/(m1•hr). 
DNPH dinitrophcnylhydrnzinc 
"-" - value< 5 11g/(11i2•hr) 
TVOC total volatile orgnnic compounds 
Blank cells under "mean" and.'or "%RSD" columns indicate that all values for calculating these parameters were < 5 µgl(m 2•hr). 
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Table C-8. Emission Factors of Test Squares of Unfinished PBV (Lab Coupons) 

Emission Factors of Test S~uarcs_ Mean and '%RSD of Emission Factors 
ug'{m'•hr 

A12 All Bll 1312 Cll C12 
Mean ofAl2 

and Al 1 
%RSDofA12 

and All 
Mean ofBl 1 

and B12 
%RSD of Bl 1 Mean of Cl I %RSDofCJ 1 

and B12 and CJ2 and Cl2 
Mean of 
all means 

%RSDof 
all means 

Identification of target compounds> 5 µ~(m1•hr) on DNPH cartridges 

Fonnaldchydc 160 170 140 140 110 140 170 4 140 0 130 16 150 14 

Acetal<lchyde 69 67 76 60 41 51 68 2 68 17 46 15 61 21 

430 430 520 480 280 370 430 0 500 G 330 19 420 20 

Propionaldehyde 23 21 24 19 17 19 22 6 22 16 18 8 21 II 

2-Butanone 

Butyraldchyde 15 15 0 15 0 

Benzaldehyde 20 28 22 24 22 21 24 24 23 6 22 3 23 6 

Valeraldehyde 78 83 72 71 41 47 81 4 72 44 10 65 29 

m-Tolualdehyde 

Hexanal 470 5'.W 410 500 270 280 500 7 460 14 280 3 410 29 

(j 

'-Vt Identification oflarget compounds> 5 µg/(mz•hr) on multisorbcnt cartridges 

1-l'cntanol 70 75 67 83 44 33 73 5 75 15 39 20 62 33 

Limoncnc 89 90 87 76 64 65 90 82 10 65 1 79 16 

Junipcnc 99 128 72 110 74 50 110 19 91 30 62 27 90 27 

Terpcncs 160 200 160 150 160 180 180 16 160 4 170 8 170 6 

1-Butanol 6 6 6 7 6 0 7 11 6 6 

Toluene 

2-Methyl-1-butanol 

Butyl acetate 

1,2-Propancdiol 

Ethylbcnzcnc 

m,p-Xylcne 

2-Hcptanonc 16 16 17 16 11 ll 16 0 17 4 11 0 15 21 

o-Xylcnc 

Propylbcnzcnc 

Ethyl 3-cthoxypropionalt: 

1-:vfeth 1-2- \rrolidinone 

Continued 



Table C-8. (Continued) 

Emission Factors of Test Squares, Mean and %RS!) of Emission Factors 
µg'{m'·hr 

MeanofAl2 °,;,RSDofA12 McanofBll '%RSDofB1l Mean of Cll %RSDofC11
Al2 A.I l Bl 1 Bl2 Cl 1 C12 

· anJ Al I und Al I and B12 and B12 and Cl2 anJ C12 

2-(2-Butox\'ethoxy)ethanol 8 8 0 

Kuphthalene 

C3-Benzenes 

C4-Benzenes 40 42 38 36 25 25 41 3 :n 4 25 0 

Dipropylenc glycol, methyl 
ether 

Unknown l 

Unknown 2 
n 
I 

TVOC analysis of I 100 1200 990 1200 840 745 1200 6 1100 13 790 9 
mullisorbent cartridges 

Sum of target compounds> 5 ftgi(m2•hr) on multisorbent and DNPH cartridges 

1700 1900 1700 1800 1200 1300 1800 8 1800 4 1300 5 
PBV = veneered particleboard 
Mean = arithmetic mean of values> 5 µgi(m 2•hr). 
%RSI) - relative standard deviation (as a percentage of the mean) of values> 5 µgi(m2•hr). 
DNPH = dinitrophenylhydrazine 
"." - \'alue < 5 µgi(m 2•hr) 
TVOC - total volatile organic compounds 
Blank cells under "mean" and:'or "%RSD" columns indicate that all values for calculating these parameters were < S µgf(m2•hr). 

Mean of ¾RSDof 
all means all means 

8 0 

34 24 

1000 21 

1600 18 



Table C-9. Emission Factors of Test Squares of Unfinished PBV (Field Coupons) 

Emi§sion l:actors of Test Sguar£§, M!.IID !lll9 %8.::il:! 2(EmissiQ!l Eactors 
l!&i(m'•hr 

A9 AIO B9 BIO C9 CIO 
Mean ofA9 

andAIO 
%RSDof A9 

and AIO 
Mean ofB9 

and BIO 
%RSDofB9 

and BIO 
Mean of C9 

and CJO 
%RSDofC9 

and CIO 
Mt."llnof 
all means 

%RSDof 
all means 

Identification of target compounds> 5 11g1(m2•hr) on DNPH cartridges 

Formaldehyde 150 120 160 130 160 170 140 15 150 14 170 4 150 10 

Acctaldchyde 62 62 69 70 63 62 62 () 70 63 65 6 

Acetone 380 370 490 470 380 350 380 2 480 3 370 6 410 15 

Propionaldchydc 22 19 22 20 25 20 21 10 21 7 23 16 21 5 

2-Butanone 

ButyraldchYdc 14 14 14 0 14 0 14 0 

Bcnzaldchydc 26 18 25 24 ?~_., 23 22 26 25 3 23 0 23 5 

Valcraldchydc 77 59 84 g4 65 66 68 19 84 0 66 73 14 

m-Tolualdchydc 

Hcximal 520 360 5IO 480 410 430 440 26 500 4 420 3 450 9 
(j 

I--.l Identification of target compounds> 5 µg/(nl•hr) on multisorbent cartridges 

1-Pentanol 62 58 77 76 53 55 60 5 77 54 3 64 18 

Limonene 84 110 87 88 GO 59 97 19 88 60 I 81 24 

Junipenc 100 90 110 93 78 96 95 7 100 12 87 15 90 7 

Terpenes 240 300 200 190 160 150 270 16 200 4 160 4 210 27 

l-B11tanol 5 5 6 6 5 0 6 () 6 13 

Toluene 

2-Methyl-1-hutanol 6 6 () 6 0 

Butyl acetate 

1,2-Propancdiol 

Ethyl benzene 

m,p-Xylene 

2-1 leptanone 14 17 17 16 n 12 16 14 17 4 13 6 15 14 

o-Xylene 

Propylbenzene 

Ethyl 3-cthoxypropionatc 

1-Mcthvl-2-evrrolidinonc 12 12 12 

Continued 



Table C-9. (Continued) 

Emission Factors of Test Sguares, 
ugi(m'•ill: 

A9 Al0 B9 B10 C9 ClO 
Meun ofA9 

and AIU 
%RSDofA9 

andAl0 

Mean and 0:oRSD of Emission Factors 

Mean ofB9 %RSDofB9 Mean of C9 
and BIO and BIO andCIO 

%RSDofC9 
and CIU 

Mean of 
all means 

0loRSD of 
all means 

2-(2-Buto:-.·yethoxy)cthanol 

Naphthalene 

Hcxyl acetate 

lndan 

8 8 0 8 () 

C3-BcnLcncs 

C4-Bcn.lcncs 35 51 42 43 29 26 43 26 43 2 28 8 38 23 

Unknown 1 

Unknown 2 

n 
I 

00 
TVOC analysis of 
multisorbent cartridges 

1100 1100 1300 1100 920 910 1100 0 1200 12 920 1100 13 

Sum of target compounds> 5 ftg/(ml•hr) on multisorbent and DNPH cartridges 

1800 1600 1900 1800 1500 1500 1700 8 1900 4 1500 0 1700 12 

PRY~ \'encercd particleboard 
"-" = ,alue < 5 µg,1(m'•hr) 
:Mean - arithmetic mean of values> 5 µgi(m 2•hr). 
%RSD = relative standard deviation (as a percentage of the mean) of values> 5 11g/(m2•hr). 
Blank cells under ··mean" and/or "••oRSD" columns indicate that all values for calculating these parameters were 
DNPII = dinitrophenylhydrazinc 
TVOC = total volatile organic compounds 

< 5 µg,/(m 2•hr). 



Table C-10. P-values for Comparing Means of Log (Emission Factors) of Compounds 

COMPOUND 

Alcohols 
1-Pcnlanol P(i/j) Coating I Coaling2 Coaling 3 Coating 4 Coating 5 Coaling6 

C.oating 2 {l.0001(+)' 
Coaling3 0.0001(1) 
Coaling4 0.000 I (I) 
Coaling 5 0.0001(+) 
Coaling6 0.0001(+) 

u11fi11ished PBV 0.0008(+) 0.0001(-l 0.0870 0.0001(-) 0.0001(-) 0.1687 

1-Buronol P(i/j) Coating I Coating2 Coating3 Coaling4 Coating 5 Coating6 
Coating 2 0.0001(-) 

Coating3 0.0001(-) 

Coating4 0.0001(-) 

Coating 5 0.0001(+) 

Coating 6 (J.0001( I) 

unfinished l'BV 0.0001( l) 0.0023(-) 0.2337 0.0002(-) 0.0780 0.l039 

2-Mcth:,,1-1-bulanol P(i.'j) Coaling I Coating2 Coaling 3 Coaling4 CoatingS Coating 6 
Coating 2 0.0001(+) 
Coating 3 0.0001(+) 
Coating 4 0.0:M9( I) 

Coating 5 0.000 I( I) 

Coating 6 0.0001(1) 

unfinished l'BV 0.0001(1) 0.2414 0.01 IX(;) 0.0001( I) 0.5049 (l.()304( ·) 

1,2-Propanc<liol P(i,J) Cllating I 
Coating 2 0.0001(+) 
Coating 3 0.0476(+) 
Coating4 0.0001(•) 

Coating 5 0.0001( I) 

Coating6 0.0001(1) 

Tcrpcncs 
Limoncnc J>(Vi) Coating I Coating 2 Coating 3 Coating 4 Coating 5 Coaling6 

Coating2 0.6228 
Coating3 0.1184 
Coaling,1 O.O.'i47 
Coating 5 01483 
Coaling 6 0.1538 
unfinished PBV 0.1225 0.O•H.~(-) 0.8525 0.00 JO(-) 0.0055(-) 0.9806 

Junipcnc P(i'j) Coaling I Coatin!,l 2 Coating 3 Coaling4 Coating 5 Coaling6 
Coating 2 0.0103(+) 

Coating 3 0.5882 
Coaling I) 0.0003(+) 
Coating 5 0. 000<1( ' ) 
Coatinp,6 O.J420 
unfinished PBV 0.0375(-) 0.0001(-) 0.1208 0.0001(-) 0.0001(-) 0.2626 

Continued 
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Table C-10. (Continued) 
---· ·---· 

COMPOUND 

Terpcnes P(i,'.j) Coating I Coating 2 Coating3 Coating 4 Coating 5 Coaling 6 

Coating 2 0.2072 
C,0ating .1 o:ns.1 
Coating4 0.0019(1) 

Coaling5 0.00.18( I) 
Coaling6 0.0220(+) 
unfinished PBV 0.1374 0.9000 0.6519 0.0268(-) 0.0571 0.2460 

Ind:in P(i1j) Coating I 

Co.1ling 2 O.CJ001 (-·) 

Coating 3 0.0001(-) 

Coating4 0.0001(-) 

Coating 5 0.0001(·-) 

Coating 6 0.0001(+) 

Aromatic Hydrocurhons 
Toluene P(i'j) Conting I Coating 2 Coating 3 Coating 4 Coating 5 Coating 6 

Coating 2 0.0001(1) 

Coating 3 0.00()1( I) 

Coating 4 0.0349(-) 

Coating 5 0.0001(1) 

Coating 6 0.0001(+) 

unfinished J>BV 0.0001(+) 0.2414 0.0118(·-) 0.0001(+) 0.5049 0.0304(.,) 

m,p-Xylcnc P(iij) Coating I 
Coating 2 0.000[(+) 

Coating 3 0.0001(+) 

Co,1ting4 0.0001(·1) 

Coaling 5 0.0001(1) 

Co:iting 6 0.000 I (I) 

o-Xylcnc l'(i1j) Coaling I 

Coating 2 0.0001(-) 

Coaling 3 0.0001(·-) 

Cuati11g4 0.0001(-) 

Coating 5 0.0001(-'-) 

Coating6 O.O<JO I(+) 

I ~thylbcnzcne f'(i.lj) Coating I 

Coating2 0.0001(-,·) 

Coating 3 0.0001(·-) 

Coating4 0.0001(···) 

Coating 5 0.0001(+) 
Coating 6 0 000 I(•) 

Continued 
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Table C-10. (Continued) 

COMPOUND 

Naphthalene P(i.j) 

Coating 2 
Coating 3 
Coating 4 
Coating 5 
Coating6 

Propylbcnzcnc: P(i,'.j) 
Coating2 

Coating 3 
Coaling4 

Coating S 
Coating6 

C1-Bc11zcncs P(i,j) 

Coating2 

Coating 3 
Couling4 

Crn1ti11g 5 
Couting6 

c.-&nzencs P(iij) 

Coating 2 

Coating 3 

Coating4 

Coating 5 
Coating 6 
unfinished Pl3V 

Esters 

Butyl ucct:ik P(i.'j) 

Coaling 2 

Coating 3 
Couting 4 
Coating 5 
Coating 6 

Ethyl-3-elhoxypropionatc P(i/j) 

Coating 2 

Coating 3 
Coating 4 
Coating 5 
Coating 6 

I lexyl acetate 1-'(i,j) 

Cooli11,!,;2 

Co11ting 3 
Couting4 

Coating 5 

Co.'llin 6 

Coating I 

0.0001(1) 

0.0001( I) 
0.0001( I) 

0.0001(1) 

0.0001(1) 

Coating I 
0.0001(+) 

0.000)(+) 

0.0001(+) 

0.0001(+) 

O.OOOl(t) 

Coaling I 
0.0001(-) 

0.000 I ( ~) 
0.OOOW) 
0.0001(+) 

0.0001(-) 

Coating 1 
0.0001(·•·) 

0.0001( ·) 

0.0001("') 

0.0001(-'-) 

0.0001(+) 
0.000 I(+) 

Coating I 
0.0001(+) 
0.000)(+) 

0.0001(+) 
0.000)(+) 

0.000)(+) 

Coating I 
0.000)(+) 

0.0001(+) 

0.0001(+) 

0.0001(+) 

0.0001(+) 

Coaling I 
0.000)(+) 

0.0001(+) 

0.0001(+) 

00001(·) 
0 0001(-) 

Coating 2 Coating 3 Co.'lling4 Coating 5 Coating6 

0.0546 0.846,1 0.0011(-) 0.00,18(-) 0(,6,1,1 

Continued 
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Table C-10. (Continued) 

COMPOUND 

Alkyl Ethers 
2-(2-1 ~utoxycthox·y)ct hanol P(i'j) 

Coating 2 
Coaling :l 
Coating 4 
Coating 5 
Coating6 
unfinished PBV 

Dipropylcnc glycol, met P(ilj) 
Coating 2 
Coating 3 

Coating4 

Coating 5 
Coating 6 

Unknown I l'(i,'j) 

Coating 2 
Coating 3 
Coating 4 
CMting 5 
Coating 6 

Unknown 2 P(i,j) 
Coating 2 
Coating3 
Coaling4 
Coating 5 
Coating 6 

Aldchyd1.."S and Kctoncs 

Formaldehyde P(i,j) 

Coati11g2 
Coating3 
Co:iting4 
Cooling 5 
Coaling 6 
unfinished Pl IV 

J\cctaldchydc P(iij) 
Coating 2 
Coating 3 
Coating 4 
Coating 5 
Coating 6 
unfinished PBV 

Coating I 
11.0001( ·) 
II.O:l07(,) 

0.000 I( I) 
00001(·1) 
0.0001(,) 

0.0001(-) 

Coaling I 
0.9392 
0.0153(-) 

0.0153(-) 
0.0001(-) 

o.oou 1(-) 

Coating I 
1.0000 
0.0001(-) 
0.7874 
0.8780 
0.8246 

Coating I 
1.0000 
0.0001 (-) 
0 7609 
0.91-11 

0.9676 

Coating I 
0.000 I ( +) 
0.000)(-) 
0.0001(·) 

0.0001 ( ·) 

0.0001(') 

0.0001( ·) 

Coating I 
0.3020 
0.1035 
0.0631 
0.4270 
0.1277 
0.17:13 

) 
Coating 2 Coating 3 Coaling4 Coating 5 Coating6 

0.0002(+) 0.0001(+) 0.2157 0.3125 0.2146 

Coaling 2 COllling3 Cuating4 Coaling 5 Coaling 6 

0.0001(-) 0.000 I(-) 0.0001(-) 0.0001(-) 0.0001(-) 

Coating 2 Coating 3 Coating4 Coating 5 Coating 6 

OCll&I(-) 06433 0.4576 0 0117(-) 0.7:164 

Continued 
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Table C-10. (Continued) 
--- ---- -------

COMPOUND 
----

Acetone P(i!j) Co.iting I Coating2 Coating 3 Coating4 Coating 5 Coating 6 
Coating 2 0.7215 
Coating 3 0.0777 
Coating ,1 0_09-14 
Coating 5 ll.2792 
Coating 6 0.8982 
Lab coupon 0.1943 0.3543 0.4872 0.5594 0.9099 0.2443 

Propionaldchyde P(i,'.j) Coating I Coating 2 Coating 3 Coating 4 Coating 5 Coating6 
Coating2 0.2339 

Cooling 3 0.0182(-) 

Coaling4 0.0191(-) 

CoalingS 0.7986 

Coaling6 0.0090(-) 

untinishcd PBV 0 0026(-) 0.(1--196(-) 0.5602(-) 0.5-1110 0.0050(-) 0 8128 

Butyraldehyde P(ilj) Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 Coating 6 
Coating 2 I 0000 
Coating 3 00001(-) 
Coati11g4 0.9971 
Coating 5 0.86)0 
Coating 6 0.1642 
unfinished PBV 0.2969 0.2969 0.0001(;) 0.2951 0.3920 0.6073 

Be1m1ldchyde P(i!j) Coating I Cooling 2 Coating 3 Coating4 Coating 5 Coating 6 
Coating 2 l .0000 
Coating 3 0.0001(-) 
Coating4 0.1396 
Coating 5 0.0001(-) 
Coating 6 0.0001(-) 
unfinished l'BV ()0001(-) 0.0001(-) 0.5889 0.0001(-) 0.6725 0.0802 

Valcraldchyde P(~J) Coating I Coating 2 Coating 3 Cuuting4 Couling 5 Coating 6 
Co:11ing2 0.8894 
Coating3 0.0545 
Coating4 0.8062 
Coating 5 0.4478 
CoMing6 0.0,102(-) 

unfinished PBV 0.0195(-) 0.0140(-) U.7824 0.0107(-) 0.1089 0.90'.18 

11-I lcx.inal P(iij) Coati11g I Coating 2 Coating 3 Coatiug4 Coaling 5 Coating 6 

Coating 2 0.6757 
Coaling 3 0.0048(-) 
Coating 4 0.2:\59 
Coating 5 0.2.347 

Coating 6 0.00W(-) 
unfinished PBV 0.0001(-) 0.0001(-) 0.0979 0.0001(-) 0.0001(-) 0 610,l 

Continued 
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-- ----- -------------

____ 

---- ------- -----

Table C-10. (Continued) 

COMPOUND 

2-Heptanone 

l-Mcthyl-2-pyrmlidonc 

TYOC 

Summed Compounds 

P(itj) 
Coating 2 
Coating3 
Coating4 
Coating 5 
Coating6 
unfinished PBV 

l'(ifj) 

Coating 2 

Coating 3 
Coating 4 

Coating 5 
Coating 6 
unfinished PBV 

I'( i,j) 
Conting 2 
Coating3 
Cooting4 
Cooling 5 
Coating6 
unfinished PBY 

P(i1j) 

Conting 2 
Conting 3 
Coating4 
Coating 5 
Coating 6 

Coo.ting I Coaling 2 Coating 3 
0.0001(-) 
0.0001(-) 
0.0001(-) 
0.0001(-) 
0.0001(-) 
0.0001( I) 0.0027(-) 0.9591 

Coating I Coaling2 Coaling 3 
0.1949 

0.0518 
0.1088 

0. 1-183 
0.0001(-) 
0.0135(+) 0.2267 00001(•) 

Coatinf! I Coating 2 Coating 3 
0.0001(+) 
0.0001(+) 
0.0001(+) 
0.0001(+) 
0.0034(+) 
0.0001(-) 0.0008(-) 0.0046(•) 

Coating I Coating 2 Coating 3 
0.()()01(•) 
O00Ol(i) 

11.0!Kll(') 
0.0001(•) 

0.0034(-) -·· 

Coo.ting4 Coating 5 Coating 6 

0.0008(-) 0.0023(-) 0.0513 

Coating4 Coaling 5 Coating 6 

0.4022 n.4024 0.(){)0lc;) 

Coating 4 Coating 5 Coatmg6 

0.1037 0.0004(-) 0.0001(1) 

Coating ti Coatjng 5 Coating6 

•The plus sign indie::it.:s that th.:: mean emission !actor of test squares of l'BV finished wilh Coatings System j U I, 2. 3, 4, 5, 
and 6) was statistically higher than tin; mean emission factor for test squares of unfinished PRY (lab coupons); this is equivalent to 
saying that the mean emission factor for lest squares of unfinished PBV wus statistically lower than the mean emissil•n factor for 
test squares ofPBV finished with Con ting Systrm j. 

~ The minus sign indicates that the mean emission factor for tcsl squares of PBY finished with Coatings System j (i - I, 2, 3, 4. 5, 
and 6) was statistically lower than the me:rn emission factor for test squares of unfinished PHY (lab coupons); this is equivalent to 
saying that the mean emission faclor for test squares of unfinished PBV wus statistically higher than the mean emission factor for 
test squares ofPBV finished with CMlings System j. 
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Appendix D 
Phase Three Fiber Panel Study 
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Table D-1. Select Physical Properties of Fiber Panels (As Reported by Panel Manufacturers) 

-··--·-·----· -

B1 02 E2A C F N2 -----··-···· ··-···--·· -------------- - - ---- -- ---

Density, lb/ft3 26-28 41 20 48 48 43.9 55 

Modulus ofRupture, lb/in2 (psi) 1086 3709 JOO()• 1300 l 5600 5200 2509 3200 
( cross direction) 

l052 
(long direction) 

Modulus of Elasticity, psi x 103 86 476 150-200 575 520 447 450 
Internal Bond, psi 100 130 115 98 320 

1lardncss, lb 230 820 330 1150 I 150 2200 

Screw I folding - Face, lb 320 76" 325 325 233 575 

Screw Holding - Edge, lb 270 254h 275 275 192 400 

Water Absorption (24-hour water soak) 0 ·o 15 31 16-8 16-8 18.2 

Thickness S\~ell (24-hour water soak test) % 9 8-6 8-6 6.8 

Linear Expansion, 50% to 90% Relative Humidity (RH) 0.262% 0.295% 0.15 · 0.20% 0.25% 0.24% 
( cross direction) 

Cl 
I 0.196N 

Ion direction 
1 Based on the average of all panel thicknesses produced. Actual results may vary depending on panel thickness and production type. 
2 Average values for 3/4" panels. 
3 A, tested according toASTM D 103711 '.Et 50% RH 
• Blank cells indicate data not provided or measured by manufacturer. 
• As tested accordin11; to ANSI A208. l 14 (d 50% RI I 
"As tested according to ANSI A208. l 1

4 ,:@ 50% RH 
A panel made from recycled newspaper 
H panel made from wheathoard and methylene diisocyanate (MDI) resin 
C ~ panel made from recycled com1gated cardboard 
D - medium density fiberboard with MDI resin 
E ~ ammonia treated medium density fiberboard with urea-formaldehyde (UF) resin 
F ~ particleboard with l)F resin 
N ~ particleboard with phenol-formaldehyde resin 



Table D-2. Select Properties and Attributes of Engineered Fiber Panels used to Construct Engineered 
Wood PrmJucts 

Engineered wood products 

CABINETS 

COUNTERTOPS 

1•1,()0RS 

FLOORS.SUB 

FURNITURE 

ROOr DECKINC. 

SHEI,VI•:S 

WALLS/CEILINGS 
INTERIOR l·l~IS! I 

Select properties and attributes of engineered fiber panels used to construct 
engintcred wood p1·ot..lucts 

(iluc hond durahility, Surface integrity, Surface smoothness, Panel flatness 
Dimensional stuhilily 
Load bearing -Shelf/bottom deflection 
Front frame loading 
Impact resistance - Shelves. doors, bottoms 
Door racking. Drawer integrity 
Fastener holding - Screws, staples, hinges 
Finish resistance - Stains. chemicals, hot/cold cycling. water, detergent 

Glue bond durability, Surface integrity 
Panel flatness. I>imensional stability 
Flexural (bending) stiffness 

Gluc bond durability, Surface veneer 
thickness, 
Dimensional stubility, lmp:u;t rcsistunct: 
Machi11ahility 

Gluc hond durability, Intcmnl bond, 
Dimcnsionul stuhility. Hardness 
Structural strength 

Sumt: as Cabint:ts abovt:, plus 
Veneer thic.kncss. Aesthetic qualities 
Edge integrity for shaping /contours 

(iluc hond durahility, Structural performance 
Denection1impacl resistance 
Fb.urnl (bending) stilfocss 

Glue hond durahility 
Edge machinabilityishaping 
Flexural (bending) stiffness 

Glue bunJ durnhilit:-,, Dime115io11ul stability Structural propert1c~. Finish durability 
Flame spread ratings 
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Tables D3 through D14 present emissions data for Products A through N, H, I, J, M, 
and 0. Chamber air samples from these products were collected on DNPII and multisorbent 
cartridges. Chamber air samples collected on DNPH cartridges were analyzed by IIPLC; target 
aldehydes and ketones greater than 5 µg/(m 2•hr) were reported. Chamber air samples collected 
on multisorbent cartridges were analyzed by GC/MS~ individual compounds greater than 5 
µg/(m2•hr) were reported, as well as TVOC. For most products, the TVOC estimate was much 
larger than the sum of individual compounds greater than 5 µg/(m 2•hr); this occurred because the 
TVOC estimate included many compounds below the 5 ~tg/(m2•hr) limit for reporting. 
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Table D-3. Emission Factors of Test Squares Cut from Panels of Recycled Newspaper 

Emission Factors ofT<,-st Sguares, 
11gi(m2·1lr) Ml-"llll a11<l %RS]2 o(EmissiQll factors 

%RSD of "mean 
Mean of %RSD Mean of"mean of of A3-l and A3-
A3-l and ofA3-I A3-l an<l J\3-2". 2", Al-I, aml A2-

Al-I A2-2 Al-I J\1-2 J\3-2 and A1-2 Al-I, and A2-2 2 

< 24 hour conditioning 

Identification of target compounds> 5 11g1(m2•hr) on DNl'H cartridges 

Formaldehyde 20 15 8 12 10 28 15 33 

Acctaldchydc 28 27 18 21 20 11 25 19 

Acetone 40 26 32 32 32 0 33 22 

Propionaldehydc 6 6 6 0 

2-Butanonc 7 7 0 

Butyraldchyde 

Benzaldehyde 

Vah:rnlJchyde 7 6 5 5 0 6 17 

m-Tolualdchydc 

11-l!exanal _,I'' 9 9 6 8 28 10 29 

Identification of compounds · 5 11g!(m2•hr) on multisorb.:iit cartridges 

lJndcc:rnc 6 6 7 8 8 9 7 13 

Dodecane (, 6 9 ') 9 0 7 25 

1-1 IcxanoL 2-cthyl- 4 G 5 28 

Sum of compounds> 5 16 I& 16 17 17 4 17 G 
pgi(ni•hr) on multisorhenl 
cartridges 

TVOC anuly~is of multisorbcnt 180 190 210 210 210 0 210 7 
cartridges 

30 day conditioning 

Identification of target compounds •· 5 l'!L'(n/•hr) on DNPI I cartridges 

Formaldehyde 21 17 u 12 n 6 17 25 

Acetaldehyde 20 16 16 18 17 8 18 12 

Acetone 

Propionaldchydc 5 5 s 0 

2-But:rnone 5 5 s 0 

Butyraldchyde 

Benzaldchyde 6 s 6 13 

Valernldehy<lc 8 5 5 5 () (i 29 

m-TolualdchyJc 

11-Hcxanal 31 12 10 7 9 25 17 71 
Continued 
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Table D-3. (Continued) 

Emission Factors ofT1.:st Squares, 
11gl(m2•hr) Mean and %RSD of Emission Factors 

%RSD of"mean 
Mean of %RSD Mean of"mcan of of A3-1 and A3-
A3-I and of A3-1 A3- I and A3-2". 2", A 1-1, and A2-

Al-I A2-2 A3-I A3-2 A3-2 and A3-2 Al-1,andA2-2 2 

TVOC analysis of multisorbent 180 210 110 190 150 38 180 17 
cartridL?es 

Mean arithmetic mean of values> 5 ~1g/(m 2•hr). 
%RSD = relative standard deviation (as a percentage of the mean) of values> 5 11g,1(m2•hr). 
DNPH = dinitrophenylhydrazine 
"." ~value< 5 µgi(m 2•hr) 
TVOC = total volatile organic compounds 
Blank cells under "mean" a11d 1or "'~oRSD" columns indicate that all values for calculating these parameters were <. 5 ftgi(m 2•hr). 
Emission factors for compounds identified on multisorl.x:nt cartridgi;,-s an: ·'estimateJ" emission factors. 
Emission factors for compounds identified on DNPH cartridges are "qw111titated" emission factors. 
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Table D-4. Emission Factors of Test Squares Cut from Panels of\Vheatboard with 
Methylene Diisocyanate Resin 

Emission Faclors of Test 
Squares, 11g1(m2•h() M.,,·-ar1 and %RSD ofEmissjon Factors 

%RSDof 
0loRSD of Mean of "mean of "mean ofB2-1 

Mean ofB2- B2-1 nnd B2-1 und 82-2", and B2-2w, Bl-
BI-I B3-1 B2-1 B2-2 I and B2-2 H2-2 Bl-1, and !D-I 1,andlB-1 

< 24 hour conditioning 

ldcntitication of target compounds> 5 11g!(m2•hr) on DNPH cartridges 

Fonnaldehyde 6 9 12 9 II 20 9 27 
Aeetaldchyde 76 79 76 96 86 16 80 6 
Acetone 92 84 52 79 66 29 81 17 

Propionaldcbydc 5 7 5 6 24 6 n 
2-Butanonc 5 3 3 0 4 35 
ButyraldehyJc 8 9 6 7 7 II 8 16 

Bcnzaldehydc 

Vah.:raldchydc 6 6 6 0 6 0 

111-Tolualdd1y<lc 

n-1 lcxanal 

Identification of target compounds> 5 11g!(11/•hr) on multisorbcnt cartridges 

Acetic acid, methyl ester 4 7 7 0 6 39 
Methane, dichloro- II 11 0 11 0 

Propane, 2-mcthoxy-2-mcthyl- 2 -~3 .B (l 18 125 

I lcxane 14 14 () 14 () 

Furan, 2-methyl- 4 6 6 0 5 28 

2-BuL111one 4 7 7 () 6 39 

Toluene 15 15 () 15 {) 

I knzothiazolc 6 6 () 6 () 

Sum ofcompounds · · 5 11g1(m2•lu) 14 7 92 50 121 32 79 
on muhi~orbcnl .:urtri<lgcs 

TVOC amilysis ofmultisorbcnt 51 74 53 210 130 85 85 48 
cartridges 

28 day conditioning 

Identification of target compounds> 5 11gi(m2•hr) on DNPI I cartridges 

Fonnal<lchydc 7 7 7 7 7 0 7 0 

Acetaldchyde 18 20 19 24 22 16 20 9 

Acetone 

Propionaldchy<lt: 5 6 6 13 6 0 

2-Butanonc 5 5 5 5 5 0 5 0 

Bulyraldchyde 

Bc1m1ldch ·de 

Continued 
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Table D-4. (Continued) 

Emis~jon fa1,:\op; o[Te~t 
Squares, ngi(m2•hr) Mean and "-'oRSJ> of Emission Factors 

o/oRSDof 
o,.,RSDof Mean of"mean of "mean ofB2-I 

Mean ofB2- B2-1 and B2-I and B2-2", and B2-2", Bl-
B1-1 B3-1 B2-1 B2-2 I and B2-2 B2-2 B1-l,andB3-I l,andB3-l 

Valcraldehjde 

m-Tol ualdchydc 

n-1 lexanal 

TVOC analysis ofmultisorhcnt 68 72 65 51 58 17 66 II 
cartrid es 

Mean - arilhmt:.tic mean of values> 5 i1g,1(111 2•hr). 
%RSD = relative standard deviation (as a percentage oflhc mean) of values> 5 µg.'(ni2•hr). 
DNPH dinilrophcnylhvdrazine 
"-" ~ value< 5 11gl(ni2•hr) 
TVOC = total volatile organic compounds 
Blank cells under "mean" andlor "%RSD" columns imfo:atc that all values for calculating these parameters were < 5 11g/(m2•l1r). 
Emission foctors for compounds idcnlific<l on multisorhcnt cartridges arc "estimated'' emission factors. 
Emission factors for compounds idcntilic<l on DNPI I car1ridgcs arc: '\1uuntitated" emission factors. 
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Table D-5. Emission Factors of Test Squares Cut from Panels of Recycled Corrugated 
Cardboard 

Emi~sion Factors of Test Snuarcs, 
11gi(ni2•hrl Me!!ll und %B~l:2 ofEmissi!.![l factors 

%RSDofmean 
Mean of %RSI) Mean of"mean of of Cl-I and Cl-
Cl-1 and ofCl-I Cl-1 and Cl-2", 2", C2-2. and C3-

Cl-I C3-2 Cl-2 C2-2 Cl-2 andCl-2 C2-2, and C3-2 2 

< 24 hour condilionin~ 

I<lenlificution of target compounds> 5 µgl(m 1•hr) on DNPH cartridges 

Fonnaldchydc 28 26 25 25 25 0 26 6 

Acclaldchydc 49 57 85 61 73 23 60 20 

Acetone 260 270 120 220 170 42 230 24 

Propionaldehyde 14 14 17 17 17 () 15 12 

2-Butanone 9 12 6 9 47 9 0 

Butyrnl<lchydc NR 
Benzaldehydc NR 

Valeraldehydc 5 NR 5 0 

m-Toluaklchydc NR 

n-Hexanal 7 NR 7 6 7 11 7 5 

Identification of target compound~> 5 pgi(m2•hr) on mullisorbent cartridgeb 

Acetic acid, methyl ester 7 7 0 7 0 

2-Propanol, 2-mclhyl- 56 14 47 49 48 3 39 57 
Acetic acid cthcnyl cslcr 5 3 4 35 4 0 

2,3-Butanedionc 7 4 6 39 6 0 

Acetic acid, cthvl ester n 7 IS 10 u 28 11 31 

1-Pcntene 5 5 0 5 () 

Acetic acid, propyl e~ter 5 3 4 35 4 0 

Benzothiazole 12 12 0 12 0 

Sum of compounds > 5 69 21 91 81 86 8 59 57 
11gl(m2•hr) on mullisorhcnt 
cartridges 

TVOC analysis of mullisorhcnt 190 150 190 190 190 0 mo 11 
cartridges 

26 day conditioning 

Identification oftargd compounds> 5 ftgi(m2•hr) on DNPI I cartridges 

Formaldehyde 17 15 15 IS 15 0 16 7 

/\celaldehydc 7 9 7 9 R IR R n 
Acctone 

Propionaldehydc 

2-Butanonc 7 7 7 7 7 0 7 () 

Butyraldehyde 

Benzaldchvde 

Continued 
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Table D-5. (Continued) 

Emission Factors ofTc:;t Squurcs, 
1tgi(m2•hr) Mean and %RSD of Emission Factors 

¾RSI) of mean 
Mean of %RSD Mean of"mcan of ofCl-I and C 1-
C 1-1 an<l of Cl-I Cl-l an<lCl-2", 2",C2-2,andC3-

Cl-I 0-2 Cl-2 C2-2 Cl-2 and Cl-2 C2-2, and C3-2 2 
Valeraldehyde 

m-Tolualdehydc 

11-Hcxanal 

TVOC analysis of multisorbcnl 68 47 52 97 75 4.1 63 21 
cartrid cs 

Mean= arithmetic mean of values> 5 11g/(m2•hr). 
%RSD - relative standard deviation (as a percentage of the mean) of values> 5 µg'(m 2•hr). 
DNPH = di11itrophcnylhydrazinc 
"-" ~ value< 5 /tg/(m2•hr) 
TVOC = total volatile organic eompoundi: 
Blank cells under "1111:an" an<l/or "%RSD" columns indicate that all ~alues for calculaling the!;<; parami:tcrs were < 5 Jt1!,'(m2•hr). 
Emission factors for compounds i,fontificd 011 multisorhcnt cartridges are "estimated" emission factors. 
Emission factors for compou11ds identified on DNPII cai1ri<lgcs arc ''quantitatt.>.<l'' emission factors. 
"N R" - not reported 
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Table D-6. Emission Factors of Test Squares Cut from Panels of Medium Density 
.Fiberboard with Methylene Diisocyanate Resin 

Emission Faclors of Test Squares, 
pg/(m2•hr) Mean am.I %RSD u(Emis.<;ion Fuctors 

%RSD 
Mean of oflB-1 Mean of"mean of %RSD of"mcan 

D3-1 and andD3- D3-1 andD3-2 ". ofD3-I andD3-2 
DI- I* D2-2** D3-1 ** D3-2** D3-2 2 D2-2,andDl-1 ",D2-2,andJ>l-1 

< 24 hour condilionin~ 

Iocntiticulion of lurgcl compounds ·-0 5 i1g/(m1•hr) on DNPH cartridges 

Formaldehyde 7 9 I I 7 9 31 R 14 

Acetaldchyde 26 30 43 24 34 40 30 13 

Acetone 

Propionaldehydc 

2-Butanonc 

Butyraldchyde 

Bcn1aldchydc 

Valcral<lchydc 

m-Tolualdchyde 

Hcxanal 

Identification of target compounds. · 5 pg/( ni•hr) on mullisorbcnt cartridges 

Acetic acid, methyl ester 8 8 0 8 0 

Methane, dichloro- 8 8 0 

Propane, 2-methuxy-2-melhyl- 19 19 u 
Hexane 23 2:) () 

Heptane 5 5 0 5 () 

Toluene 7 7 0 

2-FurancarbuxalJchydc 5 5 0 5 0 

Alphu-Pincnc, (-)- 5 5 0 s 0 

Limonene 6 6 G 0 6 0 

3-Cyelohexcn- l-ol, 4-mcthyl-1- 7 8 5 7 33 7 5 
( 1-mcthylclhyl)-

.alpha.-Terpinool 20 2J 14 )9 3'1 19 (, 

Junipcne IO 10 6 8 35 9 16 

Sum of compounds > 5 100 70 25 48 67 74 50 
ftg,'(m 1•hr) 011 multi~orlll:nt 
cartridges 

TVOC analysis of multisorbcnl :no J(,() 9-1 130 .17 180 ,11 
cartridges 

30 day conditioning 

Identification of large! compounds> 5 11g/(m2•hr) on DNPI I cartridges 

Formaldehyde 11 6 6 7 7 11 9 46 

Acctaldehyde 16 16 0 

Continued 
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Table D-6. (Continued) 

Emjssiun Factors of Test Suuares. 
pgi(m2•hr) Mean :111d %RSD of Emission Factors 

%RSD 
Mean of ofD3-I Mean of "mean of %RSD of "mean 
D1-l and and l>1- D3-l and D3-2 ", ofD3-l and D3-2 

DI-I* D2-2** D3-1° D3-2** D3-2 2 D2-2,andD1-l ",D2-2,anJDI-I 

Acetone 

Propionaldchydc:: 

2-Butanone 

Butyraldchydc 

Hcnzaldchydc 

Valeraldchyde 

111-Tolualdchydc 

11-I lcxanal 

Identification oftargcl compounds> 5 pg/(m'•hr) on multisorbent cartridges 

.ulpha.-Tc111incul 6 6 0 6 0 

TVOC analysis of mullisorbcnt 53 30 38 75 57 46 47 31 
cartrid es 

Mean= arithmetic m..:an ofvnlucs > 5 11g.1(m 1•hr) 
%RSD - relative ~tan<lard devintion (a~ n percentage ufthe mean) ofvalu1.,-s ·.. 5 11gi(m2•hr). 
DNPI I = dinitrnphenylhydrazinc 
"-"·'value< 5 pg/(m1•hr) 
TVOC total \Olalilc organic compounds 
Blank cell~ under "mean" and/or "%RSI)" columns indicate that all values for calculating these parameters were < 5 11g/(m2•hr). 
Emission factors for compounds identified on rnultisorbent eartridgcss are "estimated'' emission factors. 
Emission factors for compound~ idcntilicd on DNPH cartridges arc "quantilated" emission factors. 
*J:or test square J) 1-1, lhe 24 hour chamhcr air sample collected 011 the mulbsorhcnt cartridge was 1101 anal',,7Cd (as indicated hy the 
blank cells). 
**For test squares D2-2, 113-1, and D3-2, 30 day chamhcr air samples collected on DNPH cartridges were only analyt.cd for 
formaldehyde; lhe DNPH cartridges were not analyzed for the other target compounds (as indicnled by lhe blank cells). 
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Table D-7. Emission Factors of Test Squares Cut from Panels of Ammonia-treated 
Medium Density Fiberboard with Urea-Formaldehyde Resin 

Emission F:ictors ofTc5t Squares, 
11g,'(m2•bc} Mean 11nd %RSD of Emission Factors 

El-2** E2-2* E3-I E3-2.. %RSD of "mean 
Mean of %RSI> Mean of"mcan of ofE3-I and E1-
E3- l and ofE3- l E3-I and E3-2". 2". El-2. and F2-

E3-2 und f:.3-2 E 1-2. a11d E2-2 2 

< 24 hour conditioning 

Idcnlificalion oftargd compounds> S 11g1(ni2•hr) 011 DNPH cartridges 

Formaldd1ydc 99 93 100 99 100 97 4 

Acclaldchydc 25 43 S l 43 47 12 38 31 

Acetone 

Propionaldehyde 

2-Butnnonc 

Butyraldchydc 

Benzaldchyde 

Valeraldchyde 

m-Tolualrlelwde 

Hcxanal 6 5 6 l:l 0 

ldentilication of compounds. · 5 11g/(111 2•hr) on mulrisorhcnt cartridges 

Acetic acid, methyl c.<;tcr 26 71 67 69 4 48 64 

Heptane 6 6 () 6 () 

Endo-fenchol s 10 8 9 16 7 40 

2-Propanonc, 1-cyclohcxylidenc- s s 0 5 0 

3-Cyclohcxcn-1-ol, 4-mcthyl- 7 14 12 n II IO 42 
1-( 1-mclhylcthyl)-

endo-Borneol G 12 10 I I I] 9 42 

.alpha.-Terpin1:ol 26 5 I 44 48 IO 37 41 

Sum ofcompound~ > 5 70 170 141 IGO n 120 53 
11gl(m2•hr) on multisorhcnt 
cartridges 

TVOC analysis ofmultisorbe11t 160 290 260 280 8 220 39 
cartridges 

28 day conditioning 

Identification of target compounds;· S ,,g,'(ni2•hr) 011 DNPI I cartridges 

Formaldehyde 180 I GO 210 21 O 220 6 190 16 

Acetaldchydc 20 20 () 20 () 

Acetone 

Propionaldchydc 

2-Butanonc 

Butyraldehyde 

Benzaldehvde 
Continued 
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Table D-7. (Continued). 

Emission Factors of Test Squares. 
11g!(m2•hr) Mean and %RSD of Emission Factors 

El-2** E2-2* E3-I f_1-2** %RSD of"mcan 
Mean of %RSI) Mean of "mean of ofE3-I and E3-
E3-1 and ofE3-l E3-l and E3-2", 2". El-2, and E2-

E3-2 and F.3-2 E 1-2, and E2-2 2 

Valcraldehydc 

m-Tolualdchydc 

11-Hcxanal 

ldenhfication of compounds> 5 pg!(m2•hr) on multisorbcnt cartridges 

Acetic acid, methyl ester 8 5 7 33 7 0 

Aceti1: acid 6 6 0 6 0 

1-.alpha.-Tcrpincol 12 15 16 16 5 14 18 

Sum of compounds. · 5 12 29 21 25 23 19 so 
,1g!(11i2•hr) on multisorbcnt 
cartridges 

TVOC analysis of m11ltisorbcnt 41 75 I 00 92 % f. 71 '.W 
ca11rid es 

Mean= arithrrn:tic mean ofvulucs > 5 11gi(ni2•hr). 
%RS]) - relative standard deviation (as a percentage of the mean) of values ,. 5 11g.i(1112•hr). 
DNPH = dinihophenylhydrazine 
" " value <. 5 11g/(1111•hr) 
TVOC = total volatile organic compounds 
Blank cells under "mean" nnd/or "%RSD" columns indicate that all values for cnlculating these pnrnmeters were "· 5 ,1g/(111 2•hr). 
Emission factors for compuumls idc11tilicd on multisorbcnt cartridges arc ''t:stimutcd" cmission foe.tors. 
Emission factors for compounds identified on DNPH cartridges arc "quantitatcd" emission factor.;, 
*For test square E2-2, the 2·1 hour chamber air sample collected on the multisorhcnt cartridge was not analyzed (as indicated by the 
blank cells); the 28 day chambcr air sample colk,dcd on the DNPII cartridge was only analyzed for formaldehyde; the air sample
was not anaf)rlcd for the othcr target compounds (as indicated by the blank cells). 
**For test squares E 1-2 and E3-2, 28 day chamhcr air samples collected on DNl'I I cartridgcs were only :rnal)'?.cd for formaldehyde; 
the air s:unplcs were not analyzed for th.: other target compounds (as indicated by the blank cells) 
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Table D-8. •~mission Factors of Test Squares Cut from Panels of Particleboard with Urea-
Formaldehyde Resin 

Ernission Fm:!ors ofic~l Sguurcs, 
ug/(m2•hr) Mean and ~-;,]{SI) of Emission Factors 

Mean of %RSD Mean of"mean of ~.RSD of"mean 
FJ-1 aml ofFl-1 Fl-I and Fl-2", ofFl-1 and Fl-

F2-2* F3-2* Fl-I• Fl-2 1-'1-2 and Fl-2 F2-2, and F3-2 2", F2-2, and F3-2 

< 24 hour conditioning 

ldentilication of target compounds ·, 5 pgl(m2•hr) on DNPI I cartridges 

Formaldehyde 290 290 380 360 370 4 320 14 

AcetulJchyJe 68 80 58 67 63 10 70 13 

Acetone 110 I.lo 120 uo rm 5 120 IO 

Propiom1ldchyde 31 37 33 36 35 6 34 9 

2-Butnnonc 6 6 7 6 7 II 6 5 
Butyraldehydc 5 5 () 

Henzaldchydc 

Valcraldehydc IS 21 17 19 18 8 18 17 

m-TolualdchyJe 

n-Hcxanal 120 150 150 150 150 0 140 12 

Identification of compounds· · 5 Jtg/(11/•hr) 011 multisorbenl cartridges 

Methane. oxyt~~- 30 13 II 11 0 18 58 

Acetic acid, mclh)'I ester 24 22 21 21 0 22 7 

l'cntanal 15 ),1 6 5 6 n 12 45 

2-Furancarhoxaldchyde 9 9 () 

Alpha-Pincnc, ( • )· 460 230 150 180 170 12 290 53 

Camphcnc n 8 IO 10 0 10 24 

2-Bcta-Pinene 250 180 95 140 120 27 180 36 

,bcta.-Myrccnc s 5 s 8 7 33 6 16 

Be11,,alJd1yde 5 s 0 

Delta .3-Carcnc 96 80 54 75 65 23 80 20 

Alkcnc II II 10 13 12 18 11 3 

l.imoncnc 40 31 25 33 29 20 33 18 
.bcta.-l'hclla'-rcnc )() 8 6 10 8 :Vi ') 13 

2-Octcnal, (E)- 7 7 () 

Fthanone, I -phenyl- 5 5 

Nonanal 24 5 5 0 15 93 

E'-O-Fcnchol 5 5 0 

Alphn-Carnphol.:ne 7 7 0 
Aldchyd,: 

Pinocarveol 9 9 0 

Bicyclo[2.2, I ]hcpt-2-cn-7-ol 6 6 0 

N-Acclyl-N-Ph.:11yl 21 9 5 7 6 0 12 0 

Ethanol, 2-(2-butoxyethoxy)-

Decanal 35 35 0 

Conlinued 
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Table D-8. (Continued) 

J;;missio11 fa1clors of Tc~! ~l1uares, 
ug/(m2•hr) Mean and %RSI) of Emission Factors 

Mean of 0,oRSD Mean of "mean of ¾RSD of "mean 
Fl-I and of Fl-I Fl-I and FI-2", ofFI-1 and Fl-

F"·"* FJ-2* 1·1-1 • Fl-2 fl-2 and FJ-2 F2-2, and F3-2 2", F2-2. and F3-2 

Bicyclo(1. l. I )hcpt-2-cnc-2- 18 6 5 5 0 IO 75 
carboxaldchyJc, 6.6-d 

Bicyclo(3. l. I ]hept-3-en-2- 6 6 0 
one, 4,6,6-trimcthyl-

Junipcnc 16 5 5 7 6 24 9 68 

Sum of compounds> 5 1no 620 ]60 530 450 27 no 48 
µg/(m 2•hr) on multisorbcnl 
cartridges 

TVOC analysis ufmultisorbcnl 1450 900 600 820 710 22 l000 38 
cartridges 

26 tlay conJitionin~ 

ldentifo.:ation of target compounds• .. 5 11g/(ni2•hr) 011 DNPH ca11.-idgcs 

Fonnaldehydc 250 240 320 31(1 320 2 270 15 

Acctaldd1ydc 13 13 0 13 0 

Acclom; 

Propionaldch~·dc 10 10 0 10 0 

2-Hutanone s 5 () s () 

Butyraldchydc 

Bcnzaldchydc 

Valcraldehydc 17 17 () 17 () 

m-Tolualdchyd<' 

n-Hc,-anal I JO 110 0 I IO 0 

ldcutilication ofcompounds·_. 5 Jtg/(m 2•hr) 011 muhi~urhcnt cartridges 

l'cntanal 8 10 11 9 10 14 9 12 

2-Furancarhoxaldchydc (i 6 0 

Alpha-l'incnc, ( • )· 11 20 15 47 ]l n 21 48 

2-Beta-l'inene 16 16 16 (I 

1-l)ecync 6 7 7 7 (I 7 11 

Bornyknc 6 6 (I 6 0 

Sum of compounds : · 5 25 JS 32 84 58 63 39 43 
11g/(m2•hr) on multisorbcnt 
cartnd 1cs 

Continued 
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Table D-8. (Continued) 

Emission Factors ofTest Square~. 
uK{(m 2•hrl Mean anJ %RSD ofEmission Factors 

Mean of %RSD Mean of "mean of %RSD of "mt:an 
1-'1-1 and of Fl-I Fl-I and Fl-2", oHl-1 and Fl-

F2-2* F3-2* Fl-I* Fl-2 Fl-2 and Fl-2 F2-2. and F3-2 2", F2-2, and F3-2 

TVOC annlysis ofmultisorbcnt 180 210 210 270 240 18 210 14 
cartrid •.cs 

Mean = arithmetic mean of values., 5 11g1(m2•hr). 
%RSD c relative standard deviation (as a percentage of the mean) of values;,. 5 11gi(m2•hr) 
DNPII ~ dinitruphenylhydrazinc 
"-"~value.,._ 5 11g/(m1•hr) 
TVOC = total volatile organic compounds 
Blank cells under "mean" and/or "~·.,]{SD" columns indicate that all values for calculating these parameters were < 5 11g/(m1•hr). 
Emission factors for compounds identified on multisorbent cartridges arc "estimated'" emission factors. 
Emission factors for compounds identified 011 DNPI I cartridges arc ''qu:mtitatcd" emission factors. 
*For lest square:; F l-1, Fl-2, and F3-2, 26 duy chambcr air samplcs collected on DNPII cartridges were only anal~7ed for 
formnldehyde; the air Siimplcs were not analyzed for the other targcl compounds (as indicated hy the blank cells). 
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Table D-9. Emission Factors of Test Squares Cut from Panels of Particleboard with 
Phenol-Formaldehyde Resin 

Ernission Faciors ofTcsl 
S!]uares, pgl(m2•hr) Mean and %RSD of Emission Factors 

Mean of %RSD 
N2-I ofN2-I Mean of "mean of %RSI) of "mean of 

and N2- and N2- N2-1 andN2-2", N2-I andN2-2", 
NI-2 N3-I * N2-I* N2-2* 2 2 aml N 1-2, an<l N3- I aml Nl-2, and N3-1 

< 24 hour conditioning 

Identification of target compounds ·0 - 5 11g/(m1•hr) on DNPI I cartridges 

1-'ormaldchydc 32 14 33 43 38 19 28 45 

Acctaldchydc 180 38 170 190 180 8 130 63 

Acetone 800 190 RIO 900 8(,() 7 620 60 

Propionaldchyde 47 II 52 47 so 7 36 60 

2-Butanonc 19 5 19 22 21 10 15 58 

Bulyraldchydc 58 14 54 56 55 3 42 58 

Jlcn7.aldchydc 77 32 75 80 78 s 62 42 
Valcraldchvdc 66 62 :no 350 340 4 160 [()() 

m-Tohialdehyde 

n-Hcxanal 170 170 950 990 970 3 440 105 

Idenlification of compounds · 5 11g 1(m1•lu) on mullisorbcnl cartridges 

1,3-Butadicnc, 2-mclhyl- 6 5 s 0 6 13 

Unknown 20 20 0 

Acetic acid, methyl ester 110 21 92 54 73 ?,7 68 66 ,.,
Hexane 6 5 s 0 6 -~ 
2-Butenal, (E)- 10 7 6 7 II 8 30 

Bulanal 8 8 8 0 8 0 

2-Butanonc 6 s s 0 6 13 

3-Pcntcn-2-ol 13 s 8 6 7 20 8 50 

lkptam: 12 10 6 5 6 13 9 36 

1-Butanol 5 5 0 

Pcntanal 160 2'J 99 34 67 69 85 79 

Toluene 6 6 () 

Octane ,11 16 41 45 41 7 3:1 45 

Acetic acid 11 II 11 0 II 0 

1-Penlanol 69 20 63 71 67 8 52 53 

1,4-Pcntadicnc, 3-cthcnyl- 19 17 15 16 9 18 12 

Bicyclo[2,2, I )hcpt-2-cnc,2,7,7-
Tri methyl-

Tricyclenc I] 1.1 n () n () 

2-I lepta none 26 7 27 29 28 5 20 57 

l lcptanal 12 12 0 

Alpha-Pincnc, (-)- 210 89 200 180 190 7 170 43 

Camphcne 82 5 in r, 78 9 55 79 

I ~1,5-Cvclohcetalricnc 5 5 5 D 5 () 

Continued 
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Table D-9. (Continued) 

Emission Factors of Test 
::iquan,-s, 11g 1(111i•hr} Mean au<l %RSD !,!((;;mission t!l!.lors 

Mean or %RSD 
N2-l ofN2-l Mem1 or"mean or %,RSD or"mt"an of 

andN2- and N2- N2-1 and N2-2", N2-I and N2-2", 
Nl-2 NJ-I* N2-I* N2-2* 2 2 and Nl-2, and N3-l and Nl-2, and N3-1 

C3-Bcnzene 5 6 6 0 6 13 

Pentnnoic acid 14 25 20 40 20 0 

2-Bcla-Pinene 180 21 160 150 160 4 120 72 

Furan, 2-pcntyl- 12 12 12 0 12 0 

2-Hcplcnal, (E)- 23 8 24 19 22 16 18 47 

Bcnzaldchydc 62 26 57 62 60 6 49 41 

Delta .3-Carenc 9 l l 16 14 26 11 28 

7-0ctcn-4-ol 12 II 13 12 12 12 0 

I knzcnc, 4-cthcnyl-1.2-dimclhyl- 6 6 5 6 u 6 6 

Limoncne 51 10 48 46 47 3 36 63 

Benzene, 1-mcthyl-1-( I - 2(, 27 27 27 0 27 J 
mcthylcthyl)-

IIcxanoic ucid 6 47 79 63 36 35 117 

2-Oclt:nul. (E)- 20 7 21 23 22 6 16 50 

l-Octa11ol 12 11 12 12 6 12 3 

2,5-Hcxancdionc 6 6 6 0 6 0 

Fcnchonc 6 8 IO 9 16 8 28 

1,6-l leptadiene, 2r1,6-trimethyl- 5 5 5 () 5 0 

I ,ndo-Fcnchol 15 16 l!I 17 8 16 ') 

Alpha-Campholcnc 
,,.,
--' 28 :n 31 12 27 2U 

Aldehyde 

Trans-V crhcnol 9 11 n 12 12 II 20 

Bicyclo[2.2.1 ]hcpt-2-cn-2-nminc, n 15 18 17 13 15 17 
N ,N-dimcthyl-

Camphor 10 11 II 11 0 11 7 

Bicyclo[J. I. I jhcptan-3-onc, 2,6,6- 5 5 0 
trimclhyl-. (I 

Phenol, 4-methyl- 2(, 2(, 26 0 26 () 

1,3.7-0ctatrienc. 2.7-dimcthyl- 10 11 11 () II 7 

1-Borncol 9 8 10 9 16 9 () 

1-.alpha.-Terpincol 16 7 16 18 17 8 11 "' Bicyclo[ 3. I .1 jhl,pl-2-cne-2- 9 15 20 18 20 11 45 
carhoxaldchydc, {i ,6-<l 

cis-Carvcol 5 5 6 6 13 5 7 

Hicycloll.1.1 ]hcpt-3-cn-2-onc, !I 12 16 14 20 II 39 
4,6,6-trimcthyl-

Ethanone, 1-(2-mcthylphenyl)- 6 9 11 IO It! 8 35 

2-Decenal, (Z)- 5 5 5 0 5 () 

Junipene 14 20 22 21 7 18 30 

Sum ofcompounds ·-. 5mgim2,11 011 1400 100 [,100 1100 1400 5 1000 M 
multisorbcnt cartridge, 

Continued 
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Table D-9. (Continued) 

Emission Factor~ of Test 
Sl1w11es. pg,{1112•hrl Mean and %RSD of Emis:;ion Factors 

Mean of ~-i,RSD 

N2-I ofN2-I Mean of "mean of %RSD of"mcan of 
and N2- aml N2- N2-l and N2-2", N2-I and N2-2", 

Nl-2 N3-1* N2-I* N2-2* 2 2 and N 1-2, and N3-I and Nl-2.andN3-I 

TVOC analysis of mullisorhcnt 2200 660 2 IO0 2 IO0 2l00 () 1700 51 
cartridges 

29 dll)- conditioning 

Identification of target compounds> 5 Jtg/(m2•hr) on DNPH cartridges 

Formaldd1ydc 14 6 18 15 17 13 12 45 

Acetuldchyde 44 44 0 

Acct.one 182 180 () 

Propionaldehyde 7 7 0 

2-Butanone 5 5 0 

Butyraldehydc 10 10 0 

Bcn7.aldchydc 19 19 0 

Valeraldchydc 40 40 0 

m-Tolualdehyde 0 

n-Hcxanal 91 91 0 

Identification of compounds> 5 11g1(111"•hr) on multisorhcnt ca1tridgcs 

Acetic acid. methyl ester 17 9 40 22 31 41 19 60 

2-Propanol 11 36 36 0 34 9 

Heptane 6 6 0 

Pcntanal 32 27 27 27 0 30 13 

Acetic acid 5 7 7 0 6 23 

1-Pentanol 30 IO 22 20 21 7 20 49 

Hcptanal 10 8 8 8 () 9 13 

Alpha-Pincnc, (- )- 7 13 7 8 8 9 9 37 
Benzaldchydc 17 6 15 14 15 5 13 49 

D-Fenchyl akohol 6 5 6 13 (, 0 

Camphor 5 5 0 5 () 

S11111 ofcompounds 5 160 18 1,m 140 140 0 I IO GO 
Jtg/(m 1•lu) 011 multisorbcnt 
cartridges 

Continued 
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Table D-9. (Continued) 

Emi~wjon Factorn of Test 
Squar~, uu!(m2•hr) Mean and %RSI) of Emission 1-'actors 

Mt:an of o,,;,l{SJ) 

N2-l ofN2-l Mean of"menn of %RSD of"mean of 
and N2- and N2- N2-1 and N2-2", N2-l and N2-2", 

Nl-2 N3-I* N2-I* N"-"* 2 2 and Nl-2, and N3- l and Nl-2, and N3-l 

TVOC analysis of multisorbent 450 200 420 400 410 3 350 38 
cartridi?CS 

Mean - arithmetic mean of values> 5 11g!{m2•hr). 
•foRSD = relative standard deviation (ns n percentage of the menn) of values> 5 Jtg.'(m2•hr). 
DNPH · dinitrophcnylhydrazinc 
"-" =value< 5 11gi(m2•hr) 
TVOC = total volatile organic compounds 
Blank cells under "mean" andior "'%RSD" columns indicate that all values for calculating these parameters were < 5 µgi(m 2•hr). 
Emission factors for compounds identified on multisorbent cartridges are ''estimated'' emission factors. 
Emission factor.~ for compounds identified on DNPH cartridges arc "<1uanlilated'. emission factor,. 
·For test squares N2-I. N2-2, and N3-l, 29 day chamber air samples collected on DNPH cartridgc.s were only analy-tcd for 
fonnaldchydc; the air samples were not anal',7.cd for the other target compounds (as indicated by the blank cells). 
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Table D-10. Emission Factors of Test Square.s Cut from Panels of Vence-red Wheat board 
with Methylene Diisocyanate Resin 

Emissinn Factors nf Test 
Squares. ul!l{m2•hr) Mcau and %RSD of Emission Fa1;tors 

Mean of o/oRSI) 

H2-l ofH2-l Mean of"mcan of %RSD of"mean of 
and 1-12- and II2- H2-l and 1-12-2", ll2-1 and 112-2". 

111-2** 111-2* 1-12-1** H2-2 2 2 and Hl-2, and 1-13-2 and Hi-2. and H3-2 

< 24 hour conditioning 
Identification of target compounds> 5 ~1g,1(111 2•hr) on DNPH cartridges 

Fonnaldchydc 980 810 780 920 850 12 880 JO 

Acctaldchydc 37 24 23 27 25 II 29 25 
Acetone 

Propionaldchydc 

2-Butanone 5 5 0 5 0 

Bulyraldchydc 

Bc1mildchydc 

Valcraldchydc 

m-Tofualdchydc 

n-Hexanal 

Identification of compounds·· 5 pg/(m2•hr) on multisorhcnt cartridges 

2-Butanonc 5 5 0 

TVOC analysis ofmultisorbcnt 78 43 37 28 33 20 51 47 
cartridges 

29 duy conditio11i11g 

ldcntilication of target compounds · 5 µp_i(m 2•hr) on DNl'H cartridges 

Fonnaldchydc J60 570 580 580 470 :n 
Acctaldchydc 8 8 ll 8 u 
Acclonc 

Propionaldchydc 

2-1 lutanonc 

Butyr:ildd1ydc 

Bcnzaldchydc 

Valeraldchyde 

m-Tolualdchydc 

n-Hcxunul 4 4 0 4 0 

Cuntinuctl 
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Table D-10. (Continued) 

Emi,sion l•aclors of Test 
Sgl!ares, 11g.1(m2•hr) Mean and %RSD of Emission Factors 

Mean of %RSD 
112-1 ofl 12-1 Mean of"mcan of %RSI) of "mean of 

and H2- and H2- H2-I and H2-2", H2-I and H2-2", 
Ill-2** H3-2* H2-I** H2-2 2 2 and 111-2, and 113-2 and H 1-2, and HJ-2 

TVOC analysis ofmullisorhcnt 52 39 41 40 4 46 IX 
cartrid cs 

Mean= arithmetic mean of values> 5 11g/(ni2•hr). 
¾RSD relative standard deviation (as a percenl:lge of the mean) of values> S /tg/(m 2•hr). 
D:t\'Pl I= dinitrophenylhydra7ine 
"-" - value< 5 11g.1(m2•lu) 
TVOC ' total volatile organic compounds 
Blank cells under "mean" and.1or "~·oRSD" columns indicate that all values for calculating these parameters were < 5 11g/(m2•hr). 
Emission factors for compounds identified on multisorbcnt cartridges arc "estimated" emission factors. 
Emission factors for compounds identified on DNPH cartridges are "quantilatcd'' emission factors. 
•For test squares 111-2 and 112-1, 29 day ch:1111hcr air samples collected 011 I>Nl'I I cartridges were only analpcd for fom1aldehydc; 
the air sumpks were not mialyLcd for the other target compounds (a, indicated 1,y the blank cells). 
*For test square '.~2-1, !he 29 day chamber air sample collected on the I>NI'! I cartridges was not an:ilyzcd (as indie:ited hy the Mank 
cells). 
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Table D-1 l. Emission Factors of Test Squares Cut from Panels of Vinyl Overlaid 
Wheatboard with Methylene Diisocyanate Resin 

Emission Factors of Test 
Squares, ugi{m2•hr) Mean and %RSD of Emission Factors 

Mean of %,RSD Mean of "mean of %RSD of "mean of 
12-1 and ofl2-l 12-1 andl2-2",and 12-1 andl2-2",ancl 

II-I• B-1 * 12-1 * 12-2" 12-2 andI2-2 ll-l.andl3-I ll-1.andl3-l 

< 24 hour conditioning 

Identification oflllrgct compounds> 5 i1g.1(m2•hr) on D}.'PH cartridges 

Fonnuldchydc 21 14 16 16 16 0 17 21 

Acctaldehydc 26 28 19 15 17 17 24 25 

Acetone 

Propionaldehydc 

2-Butanone 390 360 370 350 360 4 370 5 

Butyruldchydc 23 23 0 23 0 

Bcnzaldchydc 

Valcraldchydc 

111-Tolualdchydc 

n-Hexa1rnl 7 6 5 5 (l 6 17 

Jdcntificiltion of co111pou11ds. · 5 11g/(ni2•hr) on multisorbent cartridges 

Methane, dichloro- 7 4 4 0 6 39 

Propane, 2-melhoxy-2-methyl- 15 10 IO 0 13 28 

Furan, 2-mclhyl- 13 13 0 13 0 

3-Bulcn-2-one 6 5 5 5 0 6 13 

2-Butmione 170 140 190 120 160 31 160 IO 

2-Propcnoic acid, 2- 6 5 6 4 5 28 5 11 

methyl-. methyl cstcr 

2-Pcntanonc, 4-mcthyl- 58 66 64 49 57 19 60 8 

Toluene 190 190 190 140 170 21 180 6 

Unknown 18 20 2:l 13 18 39 19 6 

Sum of compounds> 'i 460 430 490 3S0 420 24 4,10 5 
11g1(m2•hr) on multisorbenl 
cartridges 

TVOC analysis of multisorhcnl 5,10 500 620 420 520 27 520 4 
cartridges 

29 day comlitioning 

Identification ofturgcl compounds · 5 pg.1(11/•hr) on l)},.TPH cartridges 

Formaldch)'dc 5 5 5 0 5 0 
/\cctaldehydc 

Acetone 

Propionaldehydc 

2-Bulanone 

I iutvraldchyde 

Continued 
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Table D-11. (Continued) 

Emission Factors of Test 
Square~, ugljm2•hr) Mean :rnd %RSD of Emission Factors 

Mcanof %RSD Mc-.an of"mcan of %RSD of"mean of 
12-1 and of 12-1 12- l and 12-2". and 12-1 and 12-2", and 

11-1 * n-1 • 12-1 * 12-2* 12-2 and 12-2 II -I • and 13- I II-I, and B-1 
Benzaldchyde 

Valeraldchyde 

m-Tuluuldchyde 

n-llcxanal 

Identification ofcompounds> 5 1tg/(m2•hr) on multisorbcnt cartridges 

2-13ulanonc 25 31 32 46 39 25 32 22 
2-Penlanone, 4-mcthyl- 9 10 13 13 13 0 11 20 

Toluene 56 51 63 60 62 3 56 9 

1/nknown 8 6 6 6 0 7 17 

Sum ofcompounds " 5 98 98 I IO 120 120 6 110 12 
ftgl(ni2•hr) on multisorbcnt 
cartrid!l,cs 

TVOC analysis ofmultisorbcnt 160 150 200 200 200 0 170 16 
cartrid cs 

Mean = arithmetic mean of values.-,. 5 11g/(111 2•hr). 
~1oRSD - relati~c standard deviation (us a pi.:rccnlagc of the mean) of values'> 5 1tg.'(m2•lu'). 
DNPI I - dinitrnphcnylhydrazinc 
'' " value < 5 ftg/(m2•hr) 
TVOC - total volatik org..'lmc compound, 
Blank cells under "mean" and/or "%RSD" columns inJic::itc that all values for calculating these parameters were · '. 5 ftg/(rn 2•hr). 
Emission factors for compounds identified on mullisorbcnt cartriJges arc ''estimated" emission factor,. 
Emission factors for compounds idc11titicd on DNl'I I cartridge.~ arc "qunntitated" emission factors. 
*For test squares I 1-1, 12-1. 12-2, and B-1. 29 liay chamber air samples collected on DNPH c.1rtridges were only analy7ed for 
formaldehyde; the air smnplcs were not anuly1.ed for the other largcl co111pounds (as indic11lcd by the blank cells). 
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Table D-12. Emission Factors of Test Squares Cut from Panels of Vinyl Overlaid 
Wheatboard with Methylene Diisocyanate Resin 

Emission Factors ofTc:;t 
Sguarcs. ugl(m2•hr) Mean and %RSI) of Emission Factors 

Mean uf %RSD Mean of "mean of %RSD of"mcan of 
JI-I 1111d ofJI-I JI-I and Jl-2", and JI-I and Jl-2", and 

J2-2* J3-1* JI.JU J 1-2* Jl-2 and J 1-2 J2-2 and B-1 J2-2 and B-1 

< 24 hour conditioning 

ldcntificalion ortarget compounds> 5 11g1(111i•hr) on DNPI I cartridges 

Fonnaldchydc 14 16 13 14 14 5 15 9 

Acetaldchydc 64 63 54 59 57 6 61 7 

Aeetonc 

Propionaldchydc 10 12 8 II 10 22 11 13 

2-1 lutanonc 7 7 6 7 7 11 7 4 

Butyraldehydc 7 7 7 8 8 9 7 4 

Benzu)Jchydc 

VulernlJchyde 

m-TulualdchyJc 

Hexanal 6 
.., 
I 6 5 6 13 12 

l1fontilicatio11 of compm111ds · · 5 11gi(1112•hr) on multisurbcnt curtridics 

Acetic acid. methyl ester 5 6 5 6 6 13 6 9 

TVOC analysis ofmullisorbcnt 50 56 58 67 63 IO 56 11 
cartridges 

29 day conditioning 

Identification of target compounds. · 5 11g 1(m2•hr) on DNPI I cartridges 

Formaldchyd.: 12 10 9 9 9 () 10 15 

Acetaldchyde 

Acetone 

Propionaldchydc 

2-Butanonc 

Butyrnldehydc 

Ben,.ul<lchyde 

Valcrnldchydc 

m-Tolualdchydc 

Hexanal 

Identificatio11 of compounds ·· 5 pgl(m2•hr) on multisorbcnt cartridges 

Continued 
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Table D-12. (Continued) 

Emission Factors ofTest 
Squares. ug/(m 2•hr) 

Mean of 
Mean and •/oRSD of Emission Factors 

~·oRSD Mean of"mean of %RSD of"mcan of 
JI-I and ofJl-1 Jl-1 .uid Jl-2", and JI-I and Jl-2", and 

J2-2* J3-I • JI-I** JI-:!* Jl-2 and Jl-2 12-2 and J3-I J2-2 and J3-I 

TVOC analysis of mullisurbenl 58 70 54 54 0 61 14 
cartrid es 

Mean = arithmetic mean of values_,. S11g.l(m1•hr). 
%RSD =relative standard deviation (as a percentage ufthc mean) of values> 5 11gi(m2•hr). 
I)Nl'l I - dinitrophcnylhydrazinc 
"-"=value< 5 1tg/(1112•hr) 
TVOC total volatile organic compounds 
Blank cells under "mean" and/or "%RSI)" columns indicate that all values for calculating these parameters were ..-::. 5 Jlg/(m2•hr). 
Emission factors for compounds identified on mullisorl:x:nt cartridges arc "estimated" emission factors. 
Emission factors for compounds identified on I)NP! I cartridges are "quantitated'' emission factors. 
*For test squan.-s J1-2, J2-2. and B-1, 29 day chamber air samples collcclcd on Dl\1'H cartridges were only analy1.cd for formaldehyde; 
the air samples were not analyzed for the othrr target compounds (as indicated hy the blank cells). 
**For test square J 1-1, the '.?.9 dav chmnhcr air sample collected 011 IJNPI I cartridges was only analyzed for formaldehyde (the air sample 
was not analyzed for the other target compounds [as indicated by the blank cells)); the 29 day chamber air sam1>les collected on tht: 
multi,rorhent cartrid~c was not a11alvzcd (as indicated lw the Mank cells) 
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Table D~13. Emission Factors of Test Squares Cut from Panels of Painted Recycled 
Corrugated Cardboard 

Emission Factors of Test Sguarcs, 
1111,i(m2•hr) MemJ and %E.~Q o(Eu1i~iQll fgctors 

'%RSD of "mean 
Mean of"mean of of 

Mean of %RSDof M2-1 and M2-2". M2-l and M2-2", 
M2-l and M2-1 and and Ml-I and M3- and Ml-I and 

Ml-I M3-I* M2-1** M2-2* M2-2 M2-2 I M3-I 

< 24 hour conditioning 

Identification of target compounds> 5 11gi(111 2•lu) on DNl'I I cartridges 

Fonnaldehydc 35 47 w 43 41 7 41 15 

J\eeta ldchyde 36 49 39 31 35 16 40 20 
Acetone 35 45 73 73 0 51 39 

Propionaldchydc ? ? 80 57 69 24 69 0 
2-Hutanone 12 IO 11 9 10 14 11 II 

Butyrnldehyde 8 8 0 

Benzaldehydc 20 24 23 20 22 10 22 9 

ValerulJchyde 8 9 9 8 

m-Toluuldehy<le 

Hexunul 6 6 5 5 0 6 IO 

ldcnlificatiun ofcompounds· 5 1,gf(m 2•hr) 011 mullisurbent cartridgcs 

2-l'ropanol ') 17 10 10 0 12 36 

2-l'ropanol, 2-methvl- ] (> 5 47 
Disullide, dimethyl 6 6 0 

Toluene 14 14 12 12 0 11 9 

2-Furancarhoxaldehyde 75 8 49 49 0 44 77 

BcnwlJehy<lc II 10 9 9 0 10 10 

2-Furancurboxylic acid, methyl 4 4 0 
ester 

Sum ofcompounds··. S 120 54 !10 !10 0 85 39 
1tgl(ni•hr) on 11111llisorbc11t 
cartridges 

TVOC analysis of multisorbcnt 300 230 250 250 0 260 14 
cartridges 

28 day conditioning 

Identification of target compounds · 5 pgl(m2•hr) 011 DNl'H cnrtridgcs 

Formaldehyde 18 15 IO 13 12 18 l'i 22 

Acetaldchyde 12 12 0 

Acetone I 5 I 'i 0 

Propionaldchydc 2G 26 () 

2-Butanonc 

Butyraldehydc 

Bcnzul<leh yde 9 9 0 

Continued 
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Table D-13. (Continued) 

Emission 'Faclors ofTest Scrnares. 
11gi(m2•hrl Mean and %RSI) of Emission Factors 

%RSD of"mean 
Mean of "m~n of of 

Mean of %RSI) of M2-I and M2-2", M2-l and M2-2", 
M2-l and M.2-1 and and Ml-I and M3- and Ml-I and 

Ml-I M2-l** M2-2* M2-2 M2-2 l M3-l 

ValcralJehydc 

m-Tolualdchydc 

n-Hexanal 

ldenlitication of compounds> 5 11g/(m2•hr) on multisorhcnt cartridges 

2-Furnnc:irboxaldchyde 39 43 34 35 35 2 39 JI 

Propanoic uci<l, 2-mcthyl-, 2,2- 39 6 6 16 II 64 19 95 
dimethyl-1-(2-hydroxy- l -
mcthylclhyl)propyl ester 

Propanoic acid, 2-mcthyl-, 1- 15 10 7 l(i 12 55 19 74 
l1ydroxy-2,4.4-trimethylpc:11tyl 
ester 

Sum ofcompounds· · 5 
,1g/(m2•hr) on multisorhcnt 

I 10 59 47 67 57 25 75 40 

cartridges 

TVOC analysis ofmultiso1bc11t 180 150 110 140 no 16 150 16 
cartridge~ 

Mean· arithmetic mean of values '"5 11g!(1112•lu). 
%RSD = relative standard deviation (as a percentage of the mean) of values> 5 11g1(m2•hr). 
DNPH ~ dinitrophcnylhydrazinc 
"-" - value< 5 11g/(ni2•hr) 
TVOC = total \olalilc organic compound~ 
Blank cells under "mean" anJ/or "%RSD" columns indic:ite that all values for calculating these pammeters were < 5 ftg/(m 2•hr). 
I (mission factors for compmrmls iJcntilicd 011 mull1sorhcnt cartridges are ·'estimated" emission factors. 
Emission factor:; for compomu.ls identified on DNPH cartridgl'S are ''quantitatcd'' c11Jission factors. 
*for test squares M2-2, and Ml-I, 2~ day chamber air samples collected on DNPH cartridgl-s were only anal}zcd for formaldehyde; 
the air s.1mplcs were not analrzcd for lhc other target compounds (as indicated by the hlauk cells) 
"'*For test square M2-l, the 24 hr chamber air sample collcctcJ on the multismbent cur1ridge was not analyLcJ (as indicated by the 
blank cells); the 28 day chr,mhcr air 1.ample collected on the DNl'I I cartridge was only analyzed for formaldehyde (the air sample was 
not analyzeJ for the other turgct co111po111u.ls (a~ in<lil,ated by the blank cells)). 
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Table D-14. Emission Factors of Test Squares Cut from Panel~ of Veneered Wheatboard 
(made with Methylene Diisocyante Resin) Coated and Cured with Two Component 
Waterborne Polyurethane Coatings System 

Emission Fadors of Test Sguares. 
11gi(m2•hr) Mean and %RSI) of Emission Factorn 

~-aRSD of"mean 
of 

Mean of %RSI) of Mean of"mean of 02-1 and 02-2", 
02-1 and 02-1 and 02-1 and 02-2", and 01-2 and 03-

01-2 OJ-I 02-1 02-2 02-2 02-2 and O1-2 and 03-1 

28 day conditioning 

Identification oftargct compounds ,. 5 11gi(1112•lu) on DNPI I cartridges 

Formaldehyde 200 160 150 170 160 9 170 11 

Acetnldchyde 15 15 13 16 15 15 15 2 

Acetone 

Propionaldchydc 

2-Hutanonc 5 5 5 0 5 () 

Bul)Taldchyde 

Benzaldehyde 

Valcrnldehydc 

m-Tolualdchyde 

11-Hexanal G 5 G G 6 0 (i 10 

Idc11tification of co111pou11ds :. · 5 pg,'(m2•hr) on multisorbcnt eartridgcs 

Methane. m ..-ybis- 6 (, 0 (, () 

2-Propanonc IJ 13 0 11 0 

Metha11c. dichloro- 7 7 0 7 0 

Methane. dichloro- 17 17 0 17 0 

Propane. 2-mclhoxy-2-mcthyl- 7 7 0 7 0 

Benzene, methyl- 6 9 9 0 8 28 

Odunc 8 10 7 8 8 9 9 16 
Cyclohcxane, I, 1,3-trimethyl- 5 5 0 5 0 
Cyclohcxa11c, 1,2.4-trimethyl-. 5 7 10 10 0 7 34 
(I .alpha.,2.hc1a ..-1.hcla.)-

Hexane. 2,3,4-trimcthyl- 6 ]() 6 7 7 11 8 29 

Oct;111e, 3-mcthyl- (, I() 6 7 7 II 8 29 

Nonnne 27 40 26 29 28 8 32 21 

3-lfoxyue 6 () 6 0 

Cyclohexanc, propyl- 7 9 7 8 8 9 8 13 

Sum of compounds,· 5 59 98 110 74 92 28 83 25 
11gi(m2•hr) 011 rnullisorhcnt 
cartrid cs 

Continuec.1 
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Table D-14. (Continued) 

Emission h1clors of Test Squares, 
11gi(m2•hr) Mean and %RSD of Emission Factors 

%RSD of"mcan 
of 

Mean of %RSD of Mean of "mean of 02-1 and 02-2", 
02-1 and 02-1 and 02-1 and 02-2", and 01-2 and 03-

01-2 W-1 02-1 02-2 02-2 02-2 and 01-2 and 03-1 I 

TVOC analysis of multisorhent 150 190 250 170 210 27 180 17 
cartrid .:s 

Mean - arithmetic mean of values> 5 11g/(1112•lu} 
%RSD - relative standard deviation (as a percentage of the mt.-"lln) of values> 5 11g/(m2•hr). 
Blank cells under "mcnn" and/or "%RSI)" columns indicate that all values for calculating these parameters were < 5 µg/(m 2•hr). 
f)}..TPH dinitrophcnylhydrazinc 
"-" = vulue < 5 r1gi(m2•hr) 
TVOC = total volatile organic compounds 
Emission factors for compounds identilicd on mulliwrhcnl cartridges arc ''t.--sti111ated" emission factors. 
Emission factors for compounds identified 011 DNPH cartridges arc "quantitatcd" emission faclors. 
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Appendix E 
Precision of Chamber Air Concentrations 
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Tables E-1 through E-3 present precision of chamber air samples. For each test square, 
chamber air samples were collected on three separate cartridges: one DNPH cartridge and two 
multisorbent cartridges (sec Figure 4-2 in the report for the arrangement of the cartridges). For a 
select number of test squares, chamber air samples collected on both multisorbent cartridges were 
analyzed; the results of these "duplicate" measurements were used to evaluate precision. As 
discussed in Section 8. 3. 1, precision of chamber air samples is expressed as the percent relative 
standard deviation (%RSD) between duplicate air samples. 
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Table E-1. Precision of Chamber Air Concentrations for Component Study 

Chamber ,1ir Concent[ntions. 11e.'m3 Mean and %RSD of Concentrations 

PBVST2-1 PBVST2-1D1 Mun PBVST2-l 0/.RSD PBVST2-1 
1-Bulanol 260 260 260 0 

1-Penl:mol 66 62 64 4 

2-Methyl-1-Butunol 25 25 25 0 
Acctom: 130 120 130 s 
2-Hcplunonc 12 12 12 () 

Hcxyl Acetate 

l~thyl-3-Ethoxy-Propio11atc 10 11 II 7 

o-Xylcne 

Ethyl benzene 

Naphthalene 

Junipenc 34 33 34 2 

2-(2-Butoxycthoxy)cthanol 770 740 760 3 

PBVS2-1 PBVS2-1D Mean PBVS2- I ¾RSD PBVS2-l 
1-Butanol 360 350 360 7 

1-Pcntunol 29 2R 29 

2-Mcthyl-1-Butanol 

Acetone 150 110 no 28 

2-Hcptanonc 19 19 19 () 

Hcxyl Acetate 5 5 5 0 

Ethyl-3-Ethoxy-Propionatc 

o-Xylcne 

Ethylbenzc11e 

Naphthalene 

Junipcnc 87 85 86 I 

2-(2-1 lutoxyclhoxv)cthanol 320 310 :no 7 

• "J)" indicates duplicate air sample 
"-"~value< 5 11g/m3

. 

Mean ··· urithmctic rneun of ~alucs ·,. 5 11g.'m\ 
010RSD = rclntive standard dcvi11tion (as a percentage of the mean) of values·,. 5 11g1m·'. 
Blank cells under "111ca11" and/or "%RSD" culu11111s indicate that all values for calculnting these parnmctcrs were -,: 5 Jlg/m1. 
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Table E-2. Precision of Chamber Air Concentrations for Coatings Study 

1-Pentanol 

Limoncne 

Junipeue 

Terpent:s 

1-Bulanol 

Toluene 

2-Methyl- l-butanol 

Butyl acetate 

1,2-Propanediol 

Ethylbcrw.:nc 

m,p-Xylenc 

2-Ileptanone 

o-Xylcnc 

Propyl benzene 

Ethyl 3-cthoxypropionale 

l-Methyl-2-pyrmlidinone 

2-(2-liutoxycthoxy)dhanol 

Naphthalene 

Hexyl acetate 

Indan 

C3-Benzcnes 

C4-Bcnzenes 

Diprupylcnt: glycol. methyl ether 

Unkuown I (approx. 27.50 min) 

Unknown 2 (appro:-.. 27.85 min) 

TVOC 

l-Pcnt,11101 

Limonenc 

Junipcne 

Tcrpcncs 

l-Butanol 

Toluene 

2-Methyl-1-hutanol 

Butyl acetate 

1,2-Propanediol 

Ethylbenzene 

m,p-Xylene 

2-Heptanone 

o-Xvlene 

Cbl!mber Air C2accnlrali2as, 11a/1n3 

B3 83-D• 

140 150 

74 73 
58 53 

420 350 
990 970 

24 24 
51 55 

52 50 

16 15 
340 340 
810 790 

720 700 

260 250 

110 100 
99 97 

18 13 

1500 1400 

11 II 

470 460 

14 14 

1300 1200 

190 180 

5800 5600 

cs C5D 

30 29 

5R 57 

42 45 
],I()120 

5 

5 

}8 

12 11 

M!i:i!ll and %B~il Q(Co[l!i:CDl[l!lions 

Mean B3 %RSI> 83 

150 5 
74 
56 6 

390 13 

980 I 

2-1 0 
54 3 

51 3 
JG 5 

340 0 

800 2 

710 2 

260 3 
110 6 

98 

16 23 

1500 5 

II 0 

470 2 

14 () 

1100 .5 

190 4 

5700 2 

Mean C5 •/oRSDC5 

30 2 

5R' 
,.1,1 5 

130 11 

s 0 

5 0 

0 

12 6 

Continued 
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Table E-2. (Continued) 

Chamhcr Air Concentrations, 11g/m3 Mc,m and %BSD ofC011ccntrations 

Propylb<.:11Zcnc 

Ethyl 3-dhoxypropiouatc 

1-Melhyl-2-pyrrolidinonc 

2-(2-Butoxycthoxy)cthanol 

Naphthalene 

Hcxyl acetate 

lndan 

C3-Bcnzcncs 

C4-Bcnzcnes 

Dipropylene glycol. methyl cth.:r 

Unknown I (approx. 27.50 min) 

Unknown 2 (approx. 27.85 min) 

TVOC 

1-Pentanol 

Limoncne 

Junipenc 

Tcrpenes 

1-Butanol 

Toluene 

2-Mcthyl-1-butunol 

Butyl a.x:tak 

1,2-Propanediol 

Ethylbcnzcnc 

m,p-Xylcnc 

2-Ilcplanonc 

o-Xylenc 

Propylhcnzcne 

Ethyl 3-ethoxypropionatc 

I -Methyl-2-pyrrolidinonc 

2-(2-Butoxycthoxy)cthanol 

Naphthalene 

Hcxyl ucctalc 

Indan 

C3-Bcnzcnes 

C4-lknzcncs 

Dipropylcne glycol, methyl ether 

Unknown I (approx. 27.50 min) 

Unknown 2 (approx. 27.85 min) 

TV<X.: 

cs 

20 

880 

25 

170 

3~0 

1'500 

Cl 

28 

,12 

26 
76 

16 

:noo 

17 

220 

2200 

CSD 

34 

660 

26 

180 
170 

1800 

CID 

29 

62 

53 

93 

16 

3000 

19 

:no 

3000 

Mean CS %RSDC5 

27 37 

770 20 

26 3 

180 4 

280 53 

1700 12 

Menn Cl •foRSD Cl 

29 2 

52 27 

40 48 

85 14 

16 0 

2700 18 

18 8 
300 35 

2600 22 
Co11tinucd 
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Table E-2. (Continued) 

~hmnhcr Air Concc11tratio11s, 11gfm' Mean and %BSD ofConccnlraljQIJ~ 

1-Pcntanol 

Limoncnc 

Junipene 

Terpcncs 

1-Butllnol 

Toluene 

2-Methyl-1-butanol 

Butyl acetate 

1,2-Propancdiol 

Ethylhcnzcnc 

m,p-Xylene 

2-Heplanonc 

o-Xylcnc 

Propylhcnzcnc 

Ethyl 1-ethoxyprorionntc 

I-Mcthyl-2-pyrrolid111onc 

2-{2-1 lutoxycthoxy )ethanol 

Naphthalene 

Hexyl a~~ct/lle 

lndan 

C3-Benzenes 

C4-Benzencs 

Dipropylcnc glycol. methyl ether 

Unknown I (approx. 27.50 min) 

Unknown 2 (approx. 27 85 min) 

TVOC 

1-Pcnt:rnol 

Limonem: 

Junipcnc 

Tcrpcncs 

1-Butanol 

Toluene 

2-Mclhyl-1-butanol 

Butyl acclalc 

1,2-Prop:mcdiol 

Ethylbcnzcnc 

m.p-Xylenc 

2-Hcptanone 

o-Xylcnc 

Pro vlbcnzcne 

Cl2 

33 

65 

50 

180 

10 

25 

740 

AIO 
58 

I 10 
91 

290 

s 

17 

Cl2D 

33 

66 

51 

180 

11 

24 

750 

AIO-D 
58 

100 

89 

300 

5 

17 

Mean Cl2 %RSDC12 

33 0 

66 I 

51 I 
180 0 

11 7 

25 3 

750 

Mean AIO 0/eRSDAlO 
58 0 

110 6 

90 2 
300 2 

5 0 

17 0 

Continued 
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Table E-2. (Continued) 

Ethyl 3-cthoxypropiomitc 

1-Mcthyl-2-pyrroli<linone 

2-(2-Buloxyclhoxy)clhanol 

Naphthalene 

llcxyl acetate 

Inclan 

C3-Benzenes 

C4-Bcn1enes 

Dipropylcne glycol, methyl ether 

Unknown I (approx. 27.50 min) 

IJnknown 2 (approx. 27.X5 min) 

TVOC 

1-Pcntanol 

Limoncne 

Junipcne 

Terpencs 

1-Butanol 

Toluene 

2-Mcthyl-1-butanol 

Butyl acctnk 

1,2-Prupanc<liol 

Ethyl benzene 

m,p-Xylene 

2-Heptanone 

o-Xylene 

Propylbcnzene 

Ethyl 3-ethoxyprupionak 

I-Mclhyl-2-pyrrolidinonc 

2-(2-1 !utoxycthoxy)cthanol 

Naphthalene 

I lcxyl acetate 

lndan 

C3-I lcnzcncs 

C4-Bcnzcncs 

Dipropylcnc glycol, methyl ether 

IJnknown I (approx. 27.50 mill) 

llnknown 2 (approx. 27.XS min) 

TVOC 

Chamber Air Concentrations. pg/m3 

AlO AlO-D 

51 50 

1100 1100 

B9 B9-D 

81 73 

92 83 

119 JOG 

200 190 

6 (i 

6 

18 I(, 

8 

45 40 

noo 1200 

Mean and ¾RSD ofCo•ccntrations 

Mean AlO 0/eRSD AlO 

51 

1100 0 

Mean B9 8/oRSD B9 
77 7 

88 7 

l 10 8 
200 4 

6 0 

6 0 

17 8 

8 0 

43 8 

1300 5 

Continued 
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Table E-2. (Continued) 

1-Pcntanol 

l.imoncnc 

Junipcnc 

Terpenes 

1-llutanol 

Toluene 

2-Mcthyl-1-hutanol 

Butyl acetate 

1.2-Propancdiol 

Ethylbenzene 

m,p-Xylcne 

2-ITeptanone 

o-Xylenc 

Propylbenzene 

Ethyl 3-cthoxypropionate 

l-:.1<:.thyl-2-pyrrolidi11011c 

2--(2-Butoxyetl1uxy)dha11ul 

Naphthalene 

Hcxyl acetate 

Indan 

CJ-Benzenes 

C4-Benzenes 

Dipropylene glycol, methyl ether 

Unknown l (opprox. 27.50 min) 

Unkno-..1l 2 (approx 27.85 min) 

TVOC 

• "D" indical<..-:; duplicate ai1 sample 
"." = value· . 5 11g!11r' 
Mean= arithmetic 111ca11 of values> 5 pg.Im'. 

3~l1ambcr Ai[ Conce11tmtions, 11g1tl)

C9 C9-D 

52 54 

60 60 

76 80 

150 160 

13 13 

29 29 

910 920 

Mean and %8,SD of Concentrations 

Mean C'-) %RSDC9 

53 3 

60 () 

78 4 

160 4 

13 0 

29 0 

920 

%RSD · relative standard deviation (as a percentage of the meun) of values'. 5 ~•giin1
• 

Blank cells under "mean" an<l/or "%RSI)" columns indicate that all values for calculating these parameters were · : 5 J1g/m3. 
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Table E-3. Precision of Chamber Air Concentrations for Fiber Study 

!;;;ba1nber Air b:fca• l!lld %RSD Q( 
Concentrations ug/m3 Concentrations 

< 24 hour conditioning 83-1 83-1D1 Mean 83-1 •foRSD 83-1 
Acetic acid, methyl ester 4 4 4 0 

Methane, dichloro-

Propane. 2-melhoxy-2-1111:thyl- 2 2 0 

Hexane 

Furan. 2-mcthyl- 4 4 0 

2-Butanone 4 4 0 

Toluene 

Bcnzothiuzolc 

TVOC 84 64 74 19 

28 day c-onditioninJ!; 

TVOC 66 79 7"3 13 

< 2-' hour conditioning Cl-2 Cl-2D MranCl-2 0 
/ • RSD Cl-2 C2-2 C2-2D :\'Jean C2-2 0/aRSD C2-2 

Acetic acid, mcth~·I ester 4 IO 7 61 

2-l'ropanol, 2-mcthyl- 13 !Q 48 10:, 47 51 49 6 

Acetic acid cthcnyl csl\:r 5 5 () 3 3 () 

2,3-Butanc<lionc 9 5 7 40 2 6 4 71 

Acetic acid, cthvl ester ]() 20 15 47 8 12 IO 28 

1-l'cntcnc 5 5 () 

Acetic acid. propyl ester 5 5 () 3 3 0 

I kn7othiazolc 12 12 0 

TVOC I IO 270 190 60 160 220 190 22 

< 24 hour conditioning D3-1 DJ-ID Mean D3-1 •10RSD D3-1 
Acetic acid. methyl ester 6 9 8 28 

Methane, dichloro-

Propane, 2-mcthoxy-2-1111:thyl-

Hexane 

Heptane 3 8 6 64 

Toluene 

2-Furancarhoxaldchydc 5 4 5 16 

Alpha-Pinenc. (-)- 5 ,1 5 16 

Limoncne 7 (, 7 II 

3-Cyclohcxcn-1-ol, 4-methyl-1- 9 8 9 & 
( 1-melhylcthyl)-

.alpha.-Tcrpineol 25 21 
__,·r 12 

Junipcne II 8 JO 22 

TVOC 170 160 170 4 

Continued 
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Table E-3. (Continued) 

Chamher Air 
Concentrations, pgfm1 

< 24 hour conditioning El-2 El-2D 

Acetic acid, methyl ester 29 24 

Heptane 

Endo-Fcnchol 6 4 

2-l'ropanonc, I• 
cyclohexylidenc-

3-Cyclohcxcn-1-ol, 4-mclhyl- I - 8 7 
( 1-methylethyl)• 

cndo-Borncol 7 4 

.alpha.-Tcrpincol 28 23 

TVOC 170 150 

26 day conditioning F2-2 F2·2D 

Pentanal 8 

2-Furancarboxaldchy<lc 

Alpha-Pincm:. (-)- 11 11 

2-Bela-Pinene 

1-Dccyne 6 

Bomylc11c 

TVOC 190 180 

< 24 hour com.Jitionin~ N2-l N2-1D 
1,3-Bula<licne, 2-mcthyl- 5 4 

Unknown 

Acetic acid, methyl ester 94 90 

Hc:1:anc 5 4 

2-Butcnal, (E)· 6 8 

Butanal 8 8 

2-llulanonc 5 
].J 'cntcn-2-ol 6 9 

1-l lcptcnc 3 

llcpt.ane s 7 

1-Butanol 4 

Pentanal 19 65 

Pcntanal IS 98 

Toluene 4 4 

Octane 45 ]8 

Acetic acid 11 

1-Pcntanol 64 51 

1-Pcntarwl G 4 

Mean and %RSD of 
Concentrations 

Menn El-2 ¾RSD El-2 

27 13 

5 28 

8 9 

6 39 

26 14 

160 9 

Ml'an F2-2 %RSD F2-2 

8 0 

II 0 

6 0 

190 4 

Mean N2-l ¾RSD N2-1 

5 16 

92 3 

s 16 

7 20 

8 () 

s 0 

8 28 

3 0 

6 24 

4 0 

42 77 

57 104 

4 () 

42 12 

II 0 

58 IG 

5 28 

Continued 
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Table E-3. (Continued) 

Cl1a111hcr Air Mean and %RSD of 
Concentrations ug/1113 Concentrnlions 

< 24 hour conditioning N2-l N2-ID Mean N2-l ¾RSD N2-l 
l ,4-Pcntadiene, 3-ethenyl- 15 20 18 20 

Bicydop,2,1 )lwpt-2-enc, 2,7,7- 3 3 0 
Trimethyl-

< 24 houa· conditioning N2-l N2-ID Me1rn Nl-1 ¾RSD N2-l 
Tricyclcnc 13 n (l 

2-Heptanonc 29 25 27 10 

Heptanal 

Alpha-Pinene. ( -)· 180 220 200 14 

Cmnphcne 73 9.'l 83 17 

13,5-Cyclohcptatricnc 5 5 0 

C3-Bcnzene 6 6 () 

P~11ta11oic Ul'.id 25 2 14 120 

2-Bcla-Pincnc 150 170 160 9 

Furan. 2-pcntyl- 12 12 () 

2-l leptcnal, (E)- 19 29 2,1 29 

Henzaldchydc 62 53 58 II 

Dclla.3-Carene 16 6 II M 

7-Octen-4-ol 13 10 12 18 

Be1m:nc, 4-ethcnyl-1,2- 5 (, 6 r'.) 

dimethyl-

Limonene 46 49 48 4 

Benzene, l-methyl-4-( 1- 27 26 27 3 
mcthylcthyl)-

Hc,-anuic aci<l 79 14 47 99 
2-0c1<.:11al, (E)- 23 18 21 17 

1-0ctanul 12 11 12 6 

2,5-I Jcxancdionc 6 6 0 

Fcnchonc 10 7 9 25 

1,6-l lcptadicne, 2.3.6-trimethyl- 5 5 () 

Endu-Fenchol 18 15 17 13 

/\lpha-Campl1olenc 33 23 28 25 
Aldehyde 

lrans-Vcrbcnol 13 8 11 34 

Hicyclol2.2. I lhcpt-2-cn-2- 18 12 15 28 
amine. N.N-<limethyl-

Camphor 11 10 II 7 

Bicyclo[3. I. l ]hcpt:m-3-onc, 4 4 4 0 
2,C,,6-trimethyl-, ( l 

l'hennl, 4-methyl- 26 26 0 

1,3.7-Octalncne, 2.7-dimcthyl- 11 11 0 

1-Bomcol 10 6 8 35 
Continued 
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Table E-3. (Continued) 

Mean and %RSI) of 
Concentrations 

16 18 

15 47 

Mean N2-1 '1/• RSD N2-I 

12 55 

10 22 

5 16 

21 10 

2100 0 

Mean N2-2 %RSD N2-2 
22 0 

36 38 

27 16 

20 II 

8 0 
8 9 

14 5 

5 0 

400 0 

l\foan U-2 %RSDU-2 

4 61 

11 7-1 

5 28 

130 5 
4 0 

50 4 

140 0 

13 17 

42ll 7 

Menn Ml-I 0/aRSD Ml-I 

9 42 

3 0 

6 24 
],1 IO 

Continued 

1-.ulpha.-Terpiucol 

Bicyclo[3. I. l ]hcpt-2-enc-2-
earboxaldchydc, 6,6-d 

< 24 hour conditioning 

Bicyclo[3. I. I ]hcpl-3-cn-2-onc, 
4,6.6-trimcthyl-

Ethanone. 1-(2-methylphenyl)-

2-Deccnal, (Z)· 

Junipene 

TVOC 

29 day contlitiunin!,! 

Acetic acid. methyl c:;lcr 

2-Pror.1nol 

Heptane 

Penta11al 

Acetic acid 

1-Pcntanol 

Hcptanal 

Alpha-Pinenc, (-)-

Bcnzaldehydc 

D-Fcnchyl aloohol 

Camphor 

TVOC 

< 24 hour conditionin~ 

Methane, dichloro-

Propane, 2-methoxy-2-methyl-

Furan. 2-methyl-

3-Butcn-2-onc 

2-Hutanonc 

2-Propcnoic acid, 2-
methyl-. methyl ester 

2-l'cntanonc, 4-mcthvl-

Toluene 

Unknown 

TVOC 

< 24 hour conditioning 

2-Propanol 

2-Propanol, 2-mcthyl-

Dis11l1ide, dimethyl 

Toluene 

Chamhcr Air 
Concentrntions, 11ghn3 

18 

20 

N2-1 

16 

11 

5 

22 

2100 

N2-2 
22 

26 

30 

21 

8 

7 

14 

400 

12-2 

2 

5 

6 

120 

4 

48 
140 

14 

400 

Ml-I 

II 

1 

7 

I 5 

14 

10 

N2-11Y 

7 

8 

4 

19 

2100 

N2-2D 

45 

24 

18 

8 

8 

13 

5 

400 

U-2D 

5 

16 

4 
]30 

4 

51 

140 

II 

4-10 

Ml-ID 
6 

5 

11 

E-12 



Table E-3. (Continued) 

Cham her Air Mean and %RSI> of 
Concentrations, ug/m1 Concentrations 

< 24 hour conditiouing Ml-1 Ml-ID Menn Ml-1 %RSD Mt-1 

2-Furnnearboxaldchyde 120 30 75 85 

< 24 huur conditioning Ml-1 Ml-ID Menn Ml-I %RSD Ml-1 

Bcnzaldchyde 12 9 11 20 
2-Furancurboxylic a..:id, mdhyl 5 3 4 35 
ester 

TVOC 360 230 300 31 

28 day conditioning M2-1 M2-1D Menn M2-l ¾RSD M2-1 

2-Furancarhoxaldehydc 34 34 34 0 

Propanoic acid, 2-methyl-, 2.2- 6 6 0 
ditncthyl-1-(2-hydroxy- I -
mclhylcthyl)propyl eskr 

l'ropanoic acid, 2-mcthyl-. J- 6 7 20 
hydroxy-2,4,4-lrimctl1ylpc11tyl 
ester 

TVOC l lO 110 l lO u 

28 day conditioning 02-2 02-21) M<'an 02-2 %RSD 02-2 

Methane, oxybis-

2-1 'ropanonc 

Methane, dichlnrn-

Methane. dichloro-

Propane. 2-mcthoxy-2-methyl-

Benzene. methyl-

Octane 8 8 8 (l 

Cycloh<'xanc, I, 1.3-h i111cthyl- 5 5 5 (l 

Cyclohcxanc, 1,2,4-trimcthyl-, 10 9 10 7 
( 1.alpha.,2.bcta.,4.bcta.)-

Hexane. 2,3,4-lnmethyl- 8 7 8 9 

( )etanc, 3-methyl- 7 7 7 () 

Nonane .11 28 .10 7 

J-lkxyne 

Cyclohcxane. propyl- 8 7 8 9 

TVOC 180 170 180 4 
• "D" indicates dupliculc air sample 
"·" - value., 5 i1g/m3. 
Mean= arithmetic mc.111 of values,. 5 11g11113. 

O,·oRSD = rclalivc standard deviation (as a percentage of the mean) of values> 5 pg1rn3
. 

Blank cells under "mean" aml!or "010RSD" column:; indicate thal all values for calculating these parameters were · :511g/m 3
• 
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Appendix F 
Accuracy Calculations 

F-1 



Table F-1. Summary of Accuracy Calculations 

Screening Study 
(semi-quantitative 
analysis for VOCs) 

Component Study 

Coatings Study 

Fiber Study (semi
quantitative analysis 
for VOCs) 

voes 

not evaluated 

3 sets analy7.ed: 
accuracy goals met 

Aldchydes and Ketones 

not evaluated 

2 spiked cartridges analyzed for 13 compound'>: accuracy 
goals met (see Table F-2) 

3 spiked cartridges analyzed; accuracy goals met for I 0 
of 13 compounds (see Table F-3) 

3 spiked cartridges analyzed for formaldehyde; accuracy 
goals met for 2 of 3 cartridges; very low recovery was 
found for third cartridge, which may have been due Lo a 
bad injection 

• accuracy not evaluated for semi-quantitative measurements of VOCs 

F-2 
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Table F-2. Accuracy Data for Component Study 

Spiked Compounds 

Formaldehyde 

Acetaldchyde 

Acetone 

Acrolein 

Propionaldchydc 

Crotonaldehyde 

2-Bulanone 

Mctlrncrolcin 

Butryaldchydc 

Bcnzaldchydc 

Valcraldchydc 

m-Tolualdchydc 

Hcxannl 

Percent Recovery 

Cartridge I Cartridge 2 

114 106 

115 109 

116 111 

129 117 

99 91 

121 11 l 

98 90 

128 116 

98 89 

103 94 

98 91 

91 90 

92 77 
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Table F-3. Accuracy Data for Coatings Study 

Percent Recovery of Amom1t Spiked 
---·-

Spiked Compounds" Cartridge I Cartridge 2 Cartridge 3 

Formaldehyde I IO 100 98 

Acetone 180 154 160 

Acrolein 110 100 95 

Propionaldchydc 100 100 100 

Crotonaldehyde 95 99 96 

Butryaldchydc 97 86 93 

Benzaldehyde l IO 97 110 

Valcraldehydc 82 82 81 

m-Tolualdehyde 120 130 120 

Hcxanal I)<) 97 100 

"Contamination and stability problems prevented analysis of acctaldehyde, 2-butanonc, 
and methacrolein. 
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Appendix G 
Names and Addresses of Coatings and Fiber Panel Participants 
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The following coatings and fiber panel participants agreed to have their names and 
addresses appear in this report. 

Bayer Corporation - supplier of two-component polyurethane coatings system 
100 Bayer Road 
Pittsburgh, PA 15205-9741 
Contact: Mike Dvorchak, Ph: 412-777-4149 

Gridcore Systems International - manufacturer of panel made from recycled cormgated 
cardboard 
1400 Canal Avenue 
Long Beach, CA 
90813 
Contact: Bob Noble, Ph: 562-901-1492 

The Homaoste Company - manufacturer of panel made from recycled newspaper 
Box 7240 
West Trenton, NJ 
08628-0240 
Contact: Manker Mills, Ph: 800-257-9491 

PrimeBoard, Inc. - manufacturer of unfinished and finished wheatboard panels 
211 I N 3M Drive 
Wahpeton, ND 
58075 
Contact: Kevin Smith, Ph: 800-943-2823 

R&D Coatings, Inc. - supplier of acrylate coatings system 
P.O. Box 325 
Wexford, PA 
15090 
Contact: Don Eshenbaugh, Ph: 412-935-6830 
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