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ABSTRACT

Indoor air quality problems resulting from the emission of volatile organic compounds (VOCs) have become an issue of increas-
ing concern. Emissions from building and furnishing materials, which are frequently constructed from particleboard and medium
density fiberboard (MDF), are a potentially important contributor of indoor VOCs. In this research, VOC emissions from
particleboard and M DF were measured in small (53-L) stainless steel chambers for 4 days. Samples were collected from 53 of the 61
U.S. mills that produce particleboard and MDF. Each mill identified the predominant tree species used to manufacture the panels.
Laboratory tests were conducted at room temperature and 45 percent relative humidity. Gas chromatographic/mass spectrometric
anaysis was used to identify and quantify VOC compounds. The predominant compounds identified in the emissions from
particleboard and MDF samples were terpenes and aldehydes, although small straight-chain acohols and ketones were also found.
This study describes the aldehyde emission data, excluding formadehyde. Emissions of small straight-chain aldehydes, such as
hexanal, pentanal, heptanal, octanal, and nonanal, generally exceeded emissions of other compounds and accounted for more than 50
percent of total VOC emissions. All 53 particleboard and 16 of 18 MDF samples emitted hexanal, the most prevalent aldehyde found
(excluding formaldehyde). The tests showed differences in VOC composition and emission factors by product and tree type. On aver-
age, aldehyde emissions from southern pine MDF samples considerably exceeded the aldehyde emissions from southern pine
particleboard. Emissions from all other MDF samples, however, were lower than those from particleboard samples in the same spe-
cies group. With the exception of formaldehyde, adehydes are not added to the adhesives used to bond wood, and they have not previ-
oudy been reported as extractable compounds in wood. Degradation of the wood or its secondary metabolites is probably responsible
for the presence of the adehydes.

found or used in the indoor environment.
Such information will alow building oc-
cupants, product manufacturers, build-
ing designers and contractors, and regu-

A s homeowners and builders have
worked to increase the energy efficiency
of buildings, air exchange rates in build-
ings have decreased, which allows vola
tile organic compounds (VOCs) emitted
from building materials and furnishings
to accumulate. Adverse health effects as-

latory and public hedth agencies to make
informed decisions about the products
they use and recommend.
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Composite wood products such as
particleboard, hardwood plywood, and
MDF are widely used in indoor products
such as subflooring, door cores, cabi-
nets, paneling, and furniture. In 1997,
combined shipments of particleboard
and MDF in the United States totaled al-
most 5.4 x 10° m? (19-mm basis) (10).
The mgjority of these wood products are
bonded with urea-formaldehyde (UF)
adhesive. Emissions of VOCs poten-
tially can arise from any of the materials
that compose a panel, but attention until
recently has been on emissions of form-
adehyde from UF adhesive. Voluntary
standards (1,2) have helped decrease
formaldehyde emissions from these
products. Attention has now shifted to a
variety of VOCs that are associated with
wood and other consumer products.

In recent evaluations of chemicals
found in the indoor air of new homes,
the most prevalent compounds in the air
were hexand, acetone, toluene, a-pinene,
long-chain alkanes, limonene, 2,2,4-
trimethyl-1,3-pentanediol monoisobu-
tyrate (Texanol, Eastman Chemica Co.,
Kingsport, Tenn.), and pentana (19,20).
Significant sources other than wood
products were identified only for tolu-
ene, alkanes, and Texanol. It was con-
cluded that the wood products were re-
sponsible for the elevated levels of
terpenes, aldehydes, and acetic acid. In-
vedtigation of the emissions from one of
the wood products used in home con-
struction found significant levels of al-
dehydes and acetone.

To determine the prevaence of differ-
ent compounds in the VOC emissions
from wood composite products, we un-
dertook a study of emissions from unfin-
ished particleboard and MDF produced
in the United States. Small, stainless-
steel chambers were used to house small
samples of wood products under con-
trolled environmental conditions. Wood
samples were collected directly from the
mills using a sampling protocol devel-
oped by the USDA Forest Service, For-
est Products Laboratory (FPL), in con-
sultation with staff at the Composite
Panel Association (CPA). This sampling
protocol decreased the possibility of
postmanufacture contamination and
provided consistency and quality con-
trol. Samples were collected and evau-
ated from 53 of the 61 mills in the
United States that manufacture particle-
board and MDF. This represented more
than 85 percent of the particleboard and
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TABLE 1. - Summary of chamber conditions during testing.

Parameter

Value

Chamber volume
Chamber air flow
Temperature
Chamber humidity
Sample area
Loading ratio

GC sample volume

0.053 m*

0.001 m®min. (1.13 air changes/hr.)
23+1°C(73+1°F)

45% + 5%

0.021 m?

0.40 nf/m?

315mL

MDF produced in the United States.
Most mills not included in this study
either produce specidized products or
use materials that are atypical of the
particleboard and MDF industries. This
study evauates aldehyde emissions
from these particleboard and MDF
products. A previoudy published report
evauates the terpene emissions from
these samples (5).

EXPERIMENTAL PROCEDURE

SAMPLE COLLECTION FROM MILLS

Samples of particleboard and MDF
panels were collected by three CPA em-
ployees during routine visits to mills.
Sample collection kits were provided by
FPL, and explicit sample handling in-
structions were given to each of the sam-
pling personnel. Panels were chosen at
the mill from the center of a bundle of
product that had been designated “ready
for shipment.” To prevent exposure to or
loss of VOCs during shipping, 300- by
300-mm (12- by 12-in.) panel samples
were sandwiched between two pieces of
the same panel, wrapped in aluminum
foil, double-bagged in polyethylene zip-
per bags, and placed inside a mailing en-
velope prior to shipping. Information
about the product type, predominant
wood species, additives used, and manu-
facturing conditions was recorded at the
time of panel sample collection. Genera
information about each panel, including
adhesive resin type and wood species,
was provided to FPL aong with the
panel samples. Sampling was blind in
that FPL researchers were not given in-
formation that would identify the indi-
vidua mill or manufacturer of each
sample.

Panel samples were collected from
the mills between March and June of
1997. Upon receipt at FPL, the samples
were logged and placed in storage at 2°C
(35.6°F) for 8 to 10 weeks until testing
commenced. A total of 57 particleboard
and MDF panel samples were collected,

including duplicates from four mills, All
panels were bonded with the UF resin
that was being used at the mill at the
time of sampling. The samples were di-
vided into nine product-species group-
ings based on manufacturer reports of
predominant species groups used a the
mills: southern pine particleboard (22
samples), other pine particleboard (8
samples), Douglas-fir particleboard (4
samples), hardwood particleboard (4
samples), other particleboard (1 sample),
southern pine MDF (6 samples), other
pine MDF (5 samples), hardwood MDF
(5 samples), and other MDF (2 sam-
ples). Duplicate panel samples, included
in the numbers above, were provided for
southern pine particleboard, hardwood
particleboard, southern pine MDF, and
other pine MDF. The species designa-
tion was based on predominant species,
and other species of wood may be pres-
ent in the panels.

CHAMBER SYSTEM

The experimental chamber system
(5,6,7) was constructed in accordance
with ASTM D 5116-90 (3). The 10 elec-
tropolished stainless-steel test chambers
had a nominal volume of 53 L and were
located within a conditioned room main-
tained at 23°C (73°F). Clean, humidified
air was metered into each chamber at 1.0
L/min., providing 1.13 air exchanges
per hour to each chamber. The inlet and
outlet ports consisted of tubes that ex-
tended to within 2 cm (0.8 in.) of the
bottom of the chamber. Holes were dis-
tributed along the length of the tubes to
assure adequate mixing of theinlet air
with chamber air and to assure that air
samples collected at the chamber outlet
were representative of the chamber air.

A clean air supply to the chambers
was generated by passing house-com-
pressed air through a zero-air generator
(Peak Scientific, Scotland). A portion of
the dry, purified air was humidified us-
ing a temperature-controlled impinger
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containing hydrocarbon-free water and
blended with dry air to produce 45 + 5
percent relative humidity. The humidi-
fied airstream was then distributed to
the chambers.

Chamber outlets led to a rotary switch-
ing valve that allowed sequential sam-
pling of air in the chambers without hav-
ing to connect or disconnect tubing. All
materials in contact with the sample air
were constructed of stainless sted, glass,
or Teflon. Chamber conditions during
testing are summarized in Table 1.

LABORATORY CHAMBER TESTS

The testing schedule for each sample
consisted of a 5-day cycle: 1 day of sam-
pling air in the empty chambers, 1 day of
conditioning samples in the chambers,
and 3 days of collecting and analyzing
emissions from the wood specimens. On
the first day, prior to putting specimens
into the chambers, blank runs were per-
formed for each of the empty chambers
while clean, humidified air was flowing
through the chamber a a rate of 1 L/min.
With the exception of toluene, none of
the target compounds were present at
detectable levels in the blanks. Wood
pandl samples were removed from the
cold room, and a 102- by 102-mm test
specimen was cut from each of the cen-
ter panels; the outer 25.4 mm from each
sample pand and the outer panels used
during shipping were discarded. To min-
imize edge emissions, the specimens
were edge-sealed by brushing the edges
with two coats of a saturated solution of
sodium silicate (22) and left to dry over-
night in a room maintained at 23°C
(73°F) and 43 percent relative humidity.

Nine samples were then placed into
separate chambers, and one chamber
was |eft empty to serve as a control. The
chambers were closed, and clean hu-
midified air flowed through the cham-
bers for the next 4 days. Air samples
were drawn from each chamber after ap-
proximately 24, 48, and 72 hours and
analyzed for VOCs, as described in the
following section.

VOC COLLECTION AND ANALYSIS

When a particular chamber was se-
lected using the sampling valve, 315 mL
of air from that chamber was passed
through a cryoconcentrator (CDS Ana
Iytical, Peakmaster EV, Oxford, Pa)
at -100°C where VOCs condensed out
of the air sample. Subsequently, the
cryoconcentrator trap was heated to
150°C for 5 minutes to transfer the
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VOCs to the gas chromatograph (GC)
(Hewlett Packard 5890 Il, Palo Alto, Ca
lif., with electronic pressure contral).
The VOCs were cryofocussed at the
head of the GC column at -100°C. The
column head was then heated to 150°C
within ~ 15 seconds and held at that tem-
perature for 3 minutes to inject the
VOCsinto the GC.

During separation of the VOCs, the
GC column (EC-5, 30 m by 0.25 mm,
25-um film thickness, Alltech Associ-
ates, Inc., Deerfield, 1l.) was held at
-20°C for 5 minutes, then heated to
120°C at arate of 10°C/min., and finally
held at 120°C for 5 minutes. This pro-
gram achieved adequate separation of
the compounds expected from wood
products. A mass selective detector
(MSD) (Hewlett Packard 5972) at the
GC column outlet was used to detect and
quantify VOCs.

The following target compounds were
based on a review of the literature
(8,11,22,25,28,30) and include the ma-
jor terpenes, aldehydes, and alcohols
that have been associated with wood
products: benzaldehyde, benzene, bor-
neol, camphene, 3-carene, p-cymene,
heptanal, heptane, 2-heptanone, 3-hep-
tanone, hexanal, limonene, nonanal, oc-
tanal, octane, t-2-octenal, pentanal,
pentane, 1-pentanol, a-pinene, b-pinene,
toluene, xylenes.

The VOCs were identified and quanti-
fied using retention time and a spectral
library developed using authentic stan-
dards for each target compound. Nontar-
get compounds were tentatively identi-
fied by comparison with a standard mass
spectrd library (18), but concentrations
were not quantified. Formaldehyde was
not included in the target compounds
because it is not readily detected using
the gas chromatographic-mass spectro-
metric (GC-MS) method that was used
to detect the other target compounds.

GC-MSD CALIBRATION

Calibration curves for the target com-
pounds were constructed using stan-
dards prepared from neat VOCs in
pentane solutions, direct injections into
the GC injection port of the CDS Peak-
master, and cryofocussing on the GC
column. Quantitation was based on the
concentrations of particular ions repre-
sentative of the compounds being ana-
lyzed. Careful selection of theions al-
lowed compounds with close GC elution
times to be quantified without interfer-
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ing with one another. Limits of detec-
tion for al aldehydes were between 0.10
and 0.70 pg/m’. Based on replicate sam-
ples, reproducibility of VOC measure-
ments was typically 10 to 25 percent.
Target compounds were not detected in
blanks.

ESTIMATION OF TOTAL VOCs

Thetotal VOC (TVOC) emission fac-
tor was derived by summing emission
factors of the target compounds with an
estimate of the emission factors for non-
target compounds. The latter was deter-
mined by summing the total ion counts
for the nontarget compounds above
baseline with retention times between
10 and 24 minutes and using a calibra-
tion curve based on toluene. This proce-
dure, which is similar to that used in both
indoor and ambient air quality research,
provides an approximate but useful esti-
mate of TVOC concentrations.

RESULTS AND DISCUSSION

Among target compounds, the pre-
dominant VOCs emitted from the parti-
cleboard and MDF specimens were
straightchain adehydes, including pen-
tanal, hexanal, and t-2-octenal, and the
terpenoid compounds. Nontarget com-
pounds, including heptanol, 2-pentyl-
furan, camphor, fenchone, and fenchal,
were identified in humerous air sam-
ples. We have previoudy reported on
levels of terpene and nontarget com-
pounds (5). Only aldehyde emissions
from the particleboard and MDF speci-
mens are discussed here.

The emission factors for aldehydes
emitted from the particleboard and
MDF samples after approximately 48
hoursin the chamber are shownin Ta-
bles 2 and 3, respectively. Emissions at
48 hours were chosen for presentation
here, but results for other times showed
similar differences between the species
groupings and product types (Table 4).
PREVALENCE OF ALDEHYDES

Aldehydes were present in all sam-
ples except one. Total aldehydes ac-
counted for 49 to 68 percent of TVOC
levels measured in the particleboard
samples and 40 to 81 percent in the
MDF samples, using averages for the
species groupings. The most prevalent
aldehydes in both particleboard and
MDF were hexanal, pentanal, benzalde-
hyde, and heptanal. (Species and prod-
uct differences are discussed later.)

In most samples, aldehydes accounted
for more than 50 percent of the VOC
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TABLE 2. - Emission factors for aldehyde emissions from particleboard samples after 48 hours in the test chamber. Emissions data for a-pinene are given for
comparison

Sample type Emissions % of
and no. a-pinene  Pentanal Hexanal Heptanal Benxaldehyde Octanal  t-2-Octena Nonanal TVOC TvOC?
————————————————————————————————————— (MG/M2hr.) - === c e e e e
S. pine particleboard (PB)
12 60 29 395 0 20 29 14 35 1,002 52
14 26 98 850 52 104 92 23 60 1,944 66
15 63 121 1,117 29 104 81 58 72 2,362 67
16 14 92 948 43 60 84 43 72 1,935 69
18 14 46 582 14 14 29 32 32 1,097 68
19 49 207 1,812 46 98 98 49 81 3,122 77
21 20 35 446 12 37 26 29 32 1,020 60
22 12 101 916 52 84 101 20 63 1,532 87
23 78 66 729 23 35 58 37 60 1,668 60
31 12 144 950 43 101 109 32 86 2,111 69
33 55 84 1,123 35 132 49 46 40 2,506 60
36" 26 121 899 43 98 69 26 46 2,595 50
37 43 109 1,146 49 84 84 40 66 2,388 66
38 17 179 1,175 49 135 75 23 69 2,062 83
47 37 184 948 52 141 81 20 55 2,042 72
40 20 78 1,040 29 37 46 20 40 1,748 74
43 153 207 1,299 81 225 132 37 109 2,874 73
45 12 40 671 26 69 43 23 37 1,817 50
49 75 135 1,238 37 40 78 40 69 2,036 80
50 49 118 1,022 49 135 69 46 60 2,405 62
51 52 181 1,331 92 199 153 46 127 3211 66
55 26 104 936 60 115 81 23 63 1,979 70
S. pine PB avg. 41 113 981 42 94 76 33 63 2,066 68
S. pine PB SD° 33 54 314 21 55 32 12 24 604 10
Other pine PB
7 26 66 766 23 52 29 23 35 1,679 59
9 23 92 924 17 60 29 29 23 1,993 59
10 9 29 219 14 20 29 12 23 962 36
11 29 43 446 23 26 23 32 32 1,302 48
24 210 253 2,678 17 121 32 138 37 5,184 63
25 23 101 1,103 20 46 40 63 35 2,701 52
28 6 46 395 20 52 52 23 40 1,054 60
44 12 29 274 29 66 40 12 32 636 76
Other pine PB avg. 42 82 851 21 55 34 41 32 1,939 58
Other pine PB SD 68 74 804 4 32 9 42 6 1,465 12
Hardwood PB
2 12 32 478 0 0 6 12 9 567 94
4 6 184 2,722 20 6 29 78 17 3,419 89
5 12 52 536 0 3 6 20 9 714 88
Hardwood PB avg. 10 89 1,245 3 13 36 12 1,567 90
Hardwood PB SD 3 83 1,279 12 3 13 36 5 1,605 4
Douglas-fir PB
1 9 0 135 0 0 0 0 0 173 78
30 3 23 170 0 23 17 9 14 360 71
35 35 0 46 0 0 0 9 0 412 13
54 0 0 12 0 0 0 0 0 104 69
D. fir PB avg. 12 6 106 0 6 4 4 4 262 49
D. fir PB SD 16 12 57 0 12 9 5 7 147 30

Continued on next page.
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TABLE 2 .— Continue from previous page.

Emissions
Sample type % of
and no. a-pinene Pentanal Hexanal Heptanal Benxaldehyde Octanal t-2-Octenal  Nonana TVOC TVOC?
------------------------------------- (UG RIE) = = = = e e e e e e e e
Other PB
3 98 158 2,123 23 23 37 86 35 2,894 86
39 6 0 55 0 9 6 12 12 331 28
Other PB avg. 52 79 1,089 12 16 22 49 23 1,613 80
Other PB SD 65 112 1,462 16 10 22 53 16 1,812 41

%% of TVOC is the percentage of the total VOCs that are aldehydes.
® The 48-hour data for this sample was lost. Data shown here are the 72-hour data.
¢ SD = standard deviation for the values within a particular product-species group.

3500 ¢
m-
2500
2000
1500

Emission factor {ig/m’h)

O Nonaldehyde VOCs
M Total aldehydes

Figure 1. — Average emission factors for aldehydes and nonaldehyde VOC emis-
sions for each manufacture-designated product-species grouping. The sum of
these two values gives the total VOC emissions from the samples. Measurements
were made after samples had been in the chamber for approximately 48 hours (PB =
particleboard; MDF = medium-density fiberboard).

emissions. The emissions of adehydes
routinely surpassed the emissions of
terpenes, even in southern pine panels,
which is surprising because these alde-
hydes are not known to be present in nat-
ural wood and they are not added to the
adhesives used to bond wood products.

EFFECT OF SPECIES
AND PRODUCT TYPE

As reported previoudy (5), the types
and amounts of terpenes varied with
species, and MDF samples consistently
had lower terpene emissions than par-
ticleboard samples. However, the varia
tion in the aldehyde emissions with
species and product type is not as
straightforward as that for terpenes.
Southern pine particleboard samples
emitted considerably less adehydes
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(and total VOCs) than southern pine
MDF (Fig. 1). For dl other species
groups, the MDF samples had much
lower average emission factors than the
particleboard.

The variation in the observed emis-
sions for the samples within all species
groups except southern pine may be due
to the variety of wood species included
in each species grouping (Table 5).
Within severa product-species groups,
some samples appeared to differ signifi-
cantly from other samples. Specifically,
other pine particleboard samples 24 and
25, other pine MDF sample 6, and hard-
wood particleboard sample 4 emitted
significantly more of all compounds
tested than did the other members of
their groups. These results were con-
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firmed by sampling results obtained &f-
ter 24 and 72 hours in the chamber and
are most likely not associated with a
sampling error. Further information
about the source of these materials, the
manufacturing conditions, and wood
speciesis needed to determine whether
these samples are representative of the
mill from which they were sampled.
Further information about the wood
species from which the panels are made
is necessary to determine whether man-
ufacturing differences between the two
product types account for the differ-
ences seen within the other pine and
hardwood groups.

SOURCE OF ALDEHYDES

There are severa reports of straight-
chain aldehyde emissions associated
with wood products. Emissions of
straight-chain aldehydes have been de-
tected from composite wood products
(19,20,21,28), lumber (12,13,23,28),
and during the manufacture of compos-
ite panels (4,9,29).

The occurrence of adehydes in emis-
sions from both lumber, which has no
adhesive, and composite products indi-
cates that the source of the adehydes
probably lies in some component of the
wood or its secondary metabolites.
However, extractable compounds from
wood have been studied for decades
(26), and simple straight-chain alde-
hydes have not been reported in this
body of literature. Only recently, Wang
and Gardner (29) reported the presence
of the homologous series of straight-
chain adehydes with four through nine
carbons in methylene chloride extracts
from commercia southern pine parti-
cleboard furnish. The extraction yielded
equa amounts of hexanal and cl-pinene,
the predominant extractive previously
reported for southern pine. Because
Wang and Gardner’s data were collected
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TABLE 3. - Emission factors for aldehyde emissions from MDF samples after 48 hours in the test chamber: Emissions of a-pinene were not detected from any of

the MDF samples.

Emissions
Sample type Pentanal Hexanal Heptanal ~ Benzaldehyde  Octanal t-2-Octenal Nonanal TVOC % of TVOC®
------------------------------------- (MOIMPAEY - - - e
Southern pine MDF
17 55 559 20 55 55 43 58 1,117 16
29 409 2,454 156 161 233 46 161 4,706 77
34 132 1,457 23 20 46 132 60 2,180 86
41 297 2,419 138 144 228 40 156 4,496 76
42 334 2,788 52 325 109 63 89 4,473 84
59 141 1,008 32 104 55 32 55 1,549 92
S. pine MDF avg. 228 1,781 70 135 121 60 96 3,087 81
S. pine MDF SD” 138 902 61 107 88 37 50 1,649 7
Other pine MDF
6 132 1,256 35 32 32 9 23 1,797 84
21 0 81 0 12 9 12 14 435 29
32 0 20 0 12 6 0 12 236 21
56 0 66 0 17 0 0 12 317 30
51 0 0 0 12 0 0 0 228 5
Other pine MDF avg. 26 285 7 17 9 4 12 602 60
Other pine MDF SD 59 544 15 9 13 6 8 673 30
Hardwood MDF
46 0 98 0 9 9 17 9 323 44
48 0 20 0 9 0 0 0 107 27
52 0 17 0 0 0 0 0 98 18
53 0 52 0 0 0 0 0 60 86
58 0 81 0 0 0 0 0 222 36
Hardwood MDF avg. 0 54 0 3 2 3 2 162 40
Hardwood MDF SD 0 36 0 5 4 8 4 108 26
Other MDF
8 0 60 0 6 0 0 0 259 26
13 0 0 0 0 0 0 0 167 0
Other MDF avg. 0 30 0 3 0 0 0 213 16
Other MDF SD 0 43 0 4 0 0 0 65 18
206 of TVOC is the percentage of the total VOCs that are aldehydes.
® 8D = standard deviation for the values within a particular product-species group.
TABLE 4. -Average emission factors for &anal, nonanal, and total aldehydes at all sampling times.
Hexanal Nonanal Total adehyde
Sample type 24 hr 48 hr. 72 hr. 24 hr. 48 hr. 72 hr 24 hr 48 hr. 72 hr
------------------------------------- (HOIMPAE) = = - - o e e e e e oo
S. pine PB 1,291 984 830 62 63 55 1,728 1,404 1,187
Other pine PB 1,044 851 470 37 32 29 1,346 1,116 650
Hardwood PB 1,762 1,245 916 15 11 11 1,960 1,420 1,090
Douglas-fir PB 94 105 57 6 3 3 116 128 71
Other PB 1,176 1,089 913 29 23 22 1,430 1,288 1,103
S. pine MDF 2,192 1,446 1,533 90 83 92 2,934 2,026 2,168
Other pine MDF 334 284 258 15 11 15 421 360 340
Hardwood MDF 52 58 35 4 4 80 81 48
Other MDF 48 30 22 0 0 51 32 24
80
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TABLE 5. - Wood species included in each of the manufacture-designated species groupings that had more than one individual species.

Southern pine Other pine Hardwood Other
Longleaf pine (Pinus palustris) Lodgepole pine (Pinus contorta) Oak (Quercus spp.) Truefirs (Abies spp.)
Shortleaf pine (P. echinata) Ponderosa pine (P. ponderosa) Maple (Acer spp.) Redwood (Sequoia sempervirens)

Loblally pine (P. taeda)
Slash pine (P. dlliottii)

Western white pine (P. monticola)

Aspen (Populus spp.)
Alder (Alnus rubra)

Softwood-hardwood mixes

Basswood (Tilia spp.)

on commercial particleboard furnish,
which was dried, and previous extract-
ives research generaly used freshly
felled lumber that had not been dried or
otherwise treated, the aldehydes may be
degradation products of some portion of
the wood or the secondary metabolites.

Mechanisms that may form adehydes
and ketones in extractives and wood
products include thermal, enzymatic,
and microbia degradation. Research
conducted on the oxidative degradation
of plant material has yielded some infor-
mation about how certain types of ade-
hydes and ketones are formed. However,
these mechanisms do not account for the
variety of aldehydes and ketones ob-
served in the wood product emissions,
and in some cases, the mechanisms oc-
cur under conditions that are distinctly
different from wood products manufac-
turing conditions. The presence of form-
aldehyde in emissions from wood that
does not contain adhesive resin has been
explained by thermal degradation of
polysaccharides in the wood (27), but
this does not explain findings that show
formaldehyde emissions from wood that
had never been heated (24). In the work
of Faix et a. (14,15), pyrolysis of milled
wood lignin at 450°C yielded benzal-
dehyde, and pyrolysis of spruce and pine
wood a 450°C generated formaldehyde,
acetaldehyde, 2-propenal, butanal, and
butanone (methylethyl ketone MEK),
which were attributed to the breakdown
of the polysaccharide fraction of the
wood. Conditions of pyrolysis are ex-
treme and not oxidative, and during
manufacture of wood products, only
wood particles for particleboard are
likely to be exposed to such extreme
conditions and then only for a very brief
time. Enzymatic pathways for the oxida
tion of fatty acids to form hexanal and
nonanal have been described for non-
woody plants (16,17), but no such path-
way has been described for other alde-
hydes. In short, although pathways exist
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for some of the aldehydes and ketones
that are observed in wood product emis-
sions, there are no mechanisms for other
aldehydes (for example, pentanal, hep-
tanal, and octanal). With the exception of
hexanal and nonanal, there is no expla-
nation of how the aldehydes and ketones
could be formed at room temperature
or under the relatively mild conditions
that are encountered in wood products
manufacturing.

CONCLUSIONS

Samples of particleboard and MDF
products were obtained from mills that
produce more than 85 percent of U.S.
capacity. These samples were used in
well-controlled chamber tests to estimate
aldehyde and total VOC emissions. The
sampling and analysis protocols were
designed to provide representative emis-
sion factors for new particleboard and
MDF panels.

A wide variation in the types and
quantities of VOCs was observed among
the wood species groupings and the two
product types. Small, straight-chain al-
dehydes were consistently present in the
VOC emissions from the wood products
tested, and these aldehydes often made
up the mgjority of emissions from the
panels. No clear source of the aldehydes
has been identified, athough it is likely
that they are degradation products of the
secondary components of the wood. The
wide range of emission factors for indi-
vidual and total VOCs from these prod-
ucts indicates that general statements
about VOCs from particleboard and
MDF cannot be made.

Emissions from particleboard and
MDF products in typical applications
will vary from results of short-term
chamber tests. For example, coatings or
laminates, which typically cover com-
posite wood products, will ater emis-
sion characterigtics. Effects of tempera
ture, humidity, and loading ratios were
not investigated. Finally, emission fac-
tors of aldehydes and other VOCs are
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expected to decrease as the product ages
and volatile components are lost. Re-
sults reported in this study apply to
freshly manufactured materials.
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