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Project Summary

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 common types
of finished engineered wood. An oak-
veneered particleboard coated and
cured with a heat-curable, acid-cata-
lyzed alkyd-urea sealer and topcoat
(PBVST) was selected for further test-
ing based on its higher initial emission
factors of summed volatile organic com-
pounds (VOCs) and higher decay emis-
sion factors of formaldehyde relative to
other products tested.

Subsequent testing identified the acid-
catalyzed alkyd-urea coating and par-
ticleboard as sources of VOCs emitted
from the PBVST. A study was conducted
to evaluate emissions and performance
properties of five potentially low-emit-
ting substitutes for the acid-catalyzed
alkyd-urea coatings. Three types of
coatings were found to have signifi-
cantly lower emission factors of
summed VOCs and formaldehyde rela-
tive to those for the heat-curable, acid-
catalyzed alkyd-urea coatings, while
demonstrating comparable perfor-
mance.

A fiber study was conducted to evalu-
ate emissions of six types of poten-
tially low-emitting engineered fiber
panels compared to those of conven-
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tional particleboard. Three types of en-
gineered fiber panels were identified as
having significantly lower emission fac-
tors of summed VOCs and formalde-
hyde relative to those for particleboard.

This Project Summary was developed
by EPA’s National Risk Management Re-
search Laboratory’s Air Pollution Pre-
vention and Control Division, Research
Triangle Park, NC, to announce key find-
ings of the research project that is fully
documented in a separate report of the
same title (see Project Report ordering
information at back).

Introduction
Engineered wood products are used

throughout residential, office, and com-
mercial settings. Engineered wood is dis-
tinct 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 en-
gineered wood for constructing interior
products. Hardboard (HB) is also used.
PB is made from finely ground wood par-
ticles of various sizes, whereas MDF and
HB are made from wood fibers. In the
U.S., most interior-grade PB and MDF
are bonded with urea-formaldehyde (UF)
resins; hardboard is bonded with phenol-
formaldehyde (PF) resins. Engineered
wood is typically finished prior to assem-



2

bling it into a product. Wood veneered
boards are usually coated with sealers
and topcoats.

In September 1993, the Research Tri-
angle Institute (RTI) began a collabora-
tive research effort with the Air Pollution
Prevention and Control Division/Indoor
Environment Measurement Branch of the
U.S. Environmental Protection Agency’s
National Risk Management Research
Laboratory to identify and evaluate pollu-
tion prevention (P2) techniques to reduce
indoor emissions from engineered wood
products. The approach to the research
consisted of three major phases:

1)conduct emission tests for volatile
organic compounds (VOCs) from sev-
eral types of finished engineered
wood to select a type of material for
P2 evaluation (i.e., emissions reduc-
tion evaluation);

2)collect components of the selected
material at different stages of the
manufacturing process and test them
to identify raw materials that are
sources of VOCs from the finished
material; and

3)identify and evaluate potentially low-
emitting substitutes for the raw mate-
rials identified in Phase 2.

Based on the results of Phase 2, Phase
3 examined alternative coatings and al-
ternative engineered substrates as po-
tential P2 opportunities.

Procedure
Multiple environmental test chambers

were used to measure VOCs from materi-
als under dynamic conditions. The 0.012
m3 chambers operated at 50% relative
humidity (% RH), 23 ± 2° C, an air ex-
change rate of 1 air change per hour
(ACH), and a loading ratio (L) of 1.0 m2/
m3 [total surface area of the tested mate-
rial (0.012 m2) divided by the volume of
test chamber]. Air that entered the cham-
bers was treated to remove VOCs. The
test chambers were constructed of glass,
Teflon, and stainless steel.

VOCs in the test chambers were col-
lected by passing chamber air through
one dinitrophenylhydrazine (DNPH)-
coated silica gel cartridge and two
multisorbent cartridges containing Tenax
TA, charcoal, and Ambersorb. Cartridges
were eluted or thermally desorbed, and
samples were analyzed by high-pressure
liquid chromatography, gas chromatogra-
phy/mass spectrometry, or gas chroma-
tography/flame ionization detection.

Concentrations of individual VOCs
measured in chamber air samples were
converted to emission factors (EFs) using
the equation:

EF 
C ACH

L
m=  

•

where
Cm = measured concentration of a VOC

in a chamber air sample (µg/m3)
ACH = air exchange rate in the test

chamber
L = loading ratio in the test chamber

Four types of finished engineered wood
were selected for Phase 1 testing: 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 vi-
nyl (PBVY); and particleboard overlaid
with melamine (PBM). Melamine is a pa-
per overlay saturated with melamine and
UF resins. Three samples each of PBVST,
HBVSST, PBM, and PBVY were collected
directly from the end of the finishing line.
Three coupons were cut from the center
of each sample. The coupons were stored
at -10 to -20° C to minimize losses of
VOCs from the coupons prior to testing.

Phase 1 testing included screening and
quantitative decay tests. The screening
tests were conducted to estimate initial
emission factors of summed VOCs from
the four types of finished engineered
wood. Quantitative decay tests were con-
ducted to measure emission factors of
formaldehyde over time.

For testing, the coupons were prepared
in 0.0762 by 0.0762 m test squares. The
edges of the test squares were sealed
with sodium silicate (liquid glass) to en-
sure that emitted VOCs came only from
the surfaces of the test squares and not
the cut edges. The test squares were
placed in individual test chambers. Cham-
ber air samples for measuring VOCs were
collected 6 hours after each test square
was placed in a test chamber.

Quantitative decay tests were initiated
approximately 10 weeks after sample col-
lection. The purpose of collecting cham-
ber air samples over time was to
determine if emission factors decreased
over time due to sample conditioning.
Chamber air samples were collected 1,
3, 7, 14, 21, and 31 days after each test
square was placed in a test chamber.
Thirty-one days represents a typical time
lag between when materials are finished
and when they arrive in an indoor envi-
ronment as part of an assembled prod-
uct.

In Phase 2, quantitative emission tests
were conducted on the different compo-

nents of PBVST: particleboard (PB); ve-
neer (V); oak-veneered particleboard
(PBV); oak-veneered particleboard with a
heat-curable, acid-catalyzed alkyd-urea
sealer (PBVS); and oak-veneered par-
ticleboard with a heat-curable, acid-cata-
lyzed alkyd-urea sealer and topcoat.
Three samples of each material (PB, V,
PBV, PBVS, and PBVST) were collected
from the finishing line. The coated samples
were collected after they were cured.
Three coupons were cut from the center
of each sample. The coupons were pre-
pared in test squares using the same
methods as in Phase 1. The test squares
were placed in individual test chambers.
Chamber air samples for measuring
VOCs were collected 31 days after each
test square was placed in a test chamber.

Phase 3 consisted of two separate sets
of emissions tests designed to evaluate
potential P2 options to reduce VOC emis-
sions from finished engineered wood. The
first test focused on alternative coatings,
and the second on alternative engineered
fiber panels. Five alternative coatings sys-
tems were identified and evaluated as
potentially low-emitting substitutes for
heat-curable, acid-catalyzed alkyd-urea
coatings (Table 1). The coatings were
selected for evaluation because they are
marketed as having low product emis-
sions; they may have comparable perfor-
mance and aesthetics to the heat-curable,
acid-catalyzed alkyd-urea coatings sys-
tem; they are compliant with current regu-
latory requirements for manufacturing
emissions; they are currently available to
users in the wood finishing industry; and
they differ from one another in terms of
their chemistry, carrier medium, and cur-
ing technique. Performance and quanti-
tative emissions tests were conducted on
the five coatings systems and the heat-
curable, acid-catalyzed alkyd-urea coat-
ings system. Performance tests included
tests for hardness; adhesion; fingernail
mar resistance; and chemical resistance
to methyl ethyl ketone (MEK), mustard,
and 11 types of stains. Gloss was also
measured.

Coatings were applied to coupons us-
ing a drawdown bar. The drawdown
method is a standard laboratory technique
for applying a uniform thickness of coat-
ing to small substrates. Although spray
systems and roll coaters are used at wood
finishing plants, both methods can trans-
fer different amounts of coatings from ap-
plication to application. The coupons
conditioned for 27 days, at 50 % RH, 23
± 2° C and then were removed from the
conditioning chambers and prepared in
test squares using the procedures de-
scribed in Phase 1. The test squares were
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placed in individual test chambers. Cham-
ber air samples were collected 1 day af-
ter each test square was placed in a test
chamber.

In the second test, six types of engi-
neered fiber panels were identified as
potentially low-emitting materials for con-
structing engineered products (Table 2).
Screening tests were conducted on the
six types of engineered panels and PB
manufactured with wood fibers and UF
resins. PB tested during the fiber study
did not come from the same manufactur-
ing plant used to collect samples in
Phases 1 through 3. For the fiber panel
evaluation, three panels of each material
were collected from the last step in the
manufacturing process, when the panels
were ready for shipment. Several 0.006
m2 coupons were cut from the center of
each panel.

Screening tests were conducted on the
panel materials within 7 to 11 days of
sample collection. For these tests, cou-
pons of each material were removed from
their containers and prepared in test
squares using the procedures described
in Phase 1. The test squares were placed
in individual test chambers, and chamber
air samples were collected 28 days after
placing each test square in a test cham-
ber.

Results and Discussion
Results from Phase 1 screening tests

showed that initial emission factors of
summed VOCs were substantially higher
for test squares of PBVST and HBVSST
relative to those for PBVY and PBM. Emis-
sion factors for summed VOCs for PBVST
and HBVSST ranged from 7000 to 19000

µg/(m2•hr) as compared with 1400 to 2400
µg/(m2•hr) for PBVY and PBM. Alcohols
made up a large portion of the emission
factors of summed VOCs for test squares
of PBVST and HBVSST; whereas, virtu-
ally 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.

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. Initial
emission factors of formaldehyde for
PBVST and HBVSST ranged from 2000
to 5800 µg/(m2•hr) as compared with 51
to 90 µg/(m2•hr) for PBVY and PBM. The
acid-catalyzed alkyd-urea sealer and top-
coat were believed to be the major rea-
son for these differences. Test squares of
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PBVST and HBVSST showed a rapid de-
cay 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 emis-
sion factors of formaldehyde for PBVY
and PBM. For this reason, quantitative
decay tests were not conducted on PBVY
and PBM.

Component results from Phase 2 tests
showed that emission factors of summed
VOCs for PB and PBV were 1600 and
470 µg/(m2•hr), respectively. The emis-
sion factor of summed VOCs for the ve-
neer was 17 µg/(m2•hr), which suggests
that VOCs 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 70% polyvinyl acetate and
30% UF resin.) Since the emission factor
of summed VOCs for PBV was substan-

tially lower than the emission factor of
summed VOCs 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/(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.

Emission factors of formaldehyde for
PB and PBV were 230 and 130 µg/(m2•hr),
respectively. The emission factor of form-
aldehyde for the veneer was 9 µg/(m2•hr),
which suggests that the veneer was sup-
pressing formaldehyde emissions from
the PB. The emission factor of formalde-
hyde 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 sug-
gest that the coatings were a source of
formaldehyde.

Based on the results from Phase 2, we
examined alternative coatings and sub-
strates for engineered wood products. For
the coatings evaluation, five coatings
were compared with the conventional
heat-curable, acid-catalyzed alkyd-urea
coating used to coat the materials tested
in Phases 1 and 2. In performance tests,
all alternative coatings performed as well
as or better than the heat-curable, acid-
catalyzed alkyd-urea coatings system in
all tests, except for the UV-curable, non-
air-inhibited, unsaturated polyester, which
had slightly poorer performance on the
grape juice and coffee stain tests.

Table 3 presents mean emission fac-
tors of selected compounds for test
squares of PBV coated and cured with
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each of the six coatings systems and for
test squares of uncoated PBV. The emis-
sions 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 statisti-
cally higher than the mean emission fac-
tor of summed VOCs for test squares of
uncoated PBV, indicating that these coat-
ings 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.

The emission data were also statisti-
cally analyzed to ascertain if emission

factors of individual and summed VOCs
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 differ-
ent than those for test squares of PBV
coated and cured with the five alternative
coatings systems. The mean emission fac-
tor of summed VOCs for test squares of
PBV coated and cured with Coatings Sys-
tem 1 was significantly higher than the
mean emission factors of summed VOCs
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, 2-(2-
butoxyethoxy)ethanol] and of formalde-
hyde 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 emis-
sion 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 Sys-
tem 3.

In the fiber panel study, we examined
emissions from alternative substrate ma-
terials that differed from conventional
urea-formaldehyde-bonded particleboard
in terms of the fiber material and/or bond-
ing resin. Figure 1 presents emission fac-
tors of TVOC and formaldehyde for test
squares of unfinished panel materials. The
TVOC and formaldehyde data were sta-
tistically analyzed to ascertain which test
squares differed with respect to their emis-

Figure 1     Estimated emission factors of TVOC and formaldehyde for test squares of engineered panels conditioned 26 to 30 days.



6

sions 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.

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 engi-
neered wood products. These find-
ings are based on emission testing
of PBVST made by a single manu-
facturer, and may not be applicable

to PBVST made by other manufac-
turers.

• Within the scope of the emission tests
and performance tests conducted for
the coatings evaluation, the heat-cur-
able, two-component polyurethane;
the UV-curable acrylate; and the UV-
curable, multi-functional, acrylate-free
emulsion appear to be viable alter-
natives 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 corru-
gated 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 prod-
ucts for interior applications.

Recommendations for future research
relating to the findings of this study in-
clude:

• 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 be-
tween manufacturers.

• A broader study of the recommended
coatings systems should be con-
ducted to determine how they per-
form in the manufacturing
environment, in terms of their ease of
use, worker safety, cleanup, manu-
facturing emissions, etc. The cost of
the coatings should  be assessed in
terms of equipment needs; e.g., stain-
less steel or plastic pipes for water-
borne coatings, and UV lights for UV
coatings. Performance tests should
also be conducted at critical time
points.

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