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Subject: Test of volatile organic chemicals and wafers drying temperature effect on emissions from wood
composite panels.

MINIMIZING AND CONTROL OF VOLATILE ORGANIC CHEMICALS (VO Q  FROM 
COMPOSITE WOOD PRODUCTS

Problem/Opportunity

The presence of organic chemicals in the indoor environment has been the subject of increasing concerns 
for both residences and workplaces. Indoor air quality has become a significant issue in North America 
during the nineties. Wood, a naturally occurring complex organic material, and wood composites which 
have been glued and heated during processing, are particularly suspect in terms of nature, volume and 
toxicity of organic emitted.

Objectives
The objectives of the three-year project were to develop a database on volatile organic chemicals (VOC) 
emitted from Canadian panel products and determine emission changes with time, to study the effect of 
key processing parameters of composite wcoa panel products on VOC emissions, to provide panel 
producers with guidance for reducing emission levels, and to develop monitoring guidelines for VOC 
emissions as a basis for quality assurance.

Approach

OSB panels were collected from each member mills for the emission tests of volatile organic chemicals in 
order to build up a VOC data base.

The wafer drying temperature effect on emissions was also evaluated by collecting green, mill-dried 
wafers and the mill produced OSB panels. Two mills were selected for this part of the study, one using a 
lower drying temperature (around 400°F) and the second using up to 1600°F to dry the wafers.

Also, in order to eliminate the furnish history effect on its emissions, aspen wafers were produced at the 
Forintek laboratory and submitted to three different drying temperatures (23, 100 and 150°C) at 59 and 
12% moisture contents.

The long term effect on the panel emissions were evaluated during two to three weeks exposure in small 
environmental chamber and emissions were collected every day for the non-oxygenated chemicals and 
during the first and last day of the exposure period for aldehydes and ketones.

Supelco thermal tubes, Carbotrap 300 with three sorbent layers (carbotrap C, carbotrap B and carbosieve 
S III), were used for the emission collection. A thermal desorption unit (TDU) connected to a GC/MS 
equipped with a "cryo-trap" system were used to desorb and analyze the emitted chemicals.

Results

The volatile organic chemicals (VOC) detected after a short term exposure period (24 hours) from up to 
ten OSB products were found to be in the order of few ppbs and no benzene, toluene, xylenes, nor 
ethylbenzene recognized as human health irritant were detected from any product.



The long term exposure showed a decrease by up to 90% of the first day emission level. However, this 
exposure period was not long enough to reach a zero percent emission level.

Results indicated very clearly that emissions increase with the wafer drying temperature and that the 
resulting OSB panels manufactured with the corresponding wafers showed similar emission patterns. 
However, all OSB paftdis showed similar emission levels after few days exposure in the small 
environmental chamber.

A combination of moisture content and drying temperature on wafer emissions showed a relatively high 
emission level when very green wafers were dried at high temperature and inversely, low moisture content 
combined with a low drying temperature showed a low emission level.

Implication

The very low level of the volatile organic chemicals emitted from the different OSB mill products tested 
at this time as well as the observed long term emission patterns from few OSB samples, which showed a 
decrease by up to 90% of the emissions after two weeks of exposure, are very encouraging for the 
industry. This situation will encourage the environmentally sensitive clients to select the OSB panel 
products. Also, the minor emissions of MDI vapor from the MDI bonded panel products, which are in 
the same order of magnitude as the detection limit of the analytical equipment, associated with the high 
performance of the MDI bonded products, can reduce concerns attached to this type of product from both 
the wood industry and clients and encourage the increase of their manufacture and uses.
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SUMMARY

The build up of the VOC data base OSB products is progressing quite well and objectives will be completed in the 
coming year. The results collected to date indicated that OSB panels emit at a very low level, in the order of few 
ppbs. The emission of monoterpenes such as pinenes, camphene, carene or limone from all tested OSB panels was 
very minor if they were present. In order to put in perspective the OSB panel emissions, a few tests were conducted 
on panels bonded with urea-formaldehyde resin or MDI. Results indicated that more VOC and formaldehyde 
emissions from the UF bonded panels, which remain however far less than the 0.3 ppm recommended formaldehyde 
emission level by the Canadian particleboard Association (CPA), compared to the PF or MDI bonded OSB panels. 
VOC observed from UF bonded panels consist mainly of monoterpenes which are naturally emitted from the 
softwood furnish used for the particleboard manufacturing.

The study of the long term effect study on panel emissions showed that all emitted chemicals (IVOC) and thus the 
total emitted volatile organic chemicals (TVOC) decreased with exposure time. However, the two-week long term 
study period was not long enough in most cases to reach a zero percent emission level. The positive aspect of these 
results is related to the fact that after two to three weeks from the production date of the composite panels, which 
correspond to the normal elapsed time before the product is delivered to the client, the emissions are reduced by up to 
90% of its initial first day value.

The wafer drying temperature ( 400° and up to 1600°F) effect on their emissions as well as the resulting OSB 
products emissions were evaluated and results indicated very clearly that emissions increase with the drying 
temperature. The same observation was found with the panels manufactured from these wafers. However, after few 
days of exposure, OSB panels revealed almost the same emission level.

The drying temperatures (23, 100 and 150°C) combined with two moisture content levels (59  and 12 %) effect on 
aspen wafers emissions showed also that emissions were higher with high moisture content and high drying 
temperature. At this stage of the work, no correlation between these results with emissions from the resulting OSB 
panels was made; but this will be done by the end of the project and recommendations will be made at that time.
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1.0 OBJECTIVES

To develop a database on volatile organic chemicals (VOC)emitted from Canadian panel products and determine 
emission changes with time.

To study the effect of key processing parameters of composite wood panel products on VOC emissions 

To provide panel producers with guidance for reducing emission levels.

To develop monitoring guidelines for VOC emissions as a basis for quality assurance.

2.0 BACKGROUND

The presence of organic chemicals in the indoor environment has been the subject of increasing concerns for both 
residences and workplaces. Indoor air quality has become a significant issue in North America during the nineties. 
Wood, a naturally occurring complex organic material, and wood composites which have been glued and heated 
during processing are particularly suspect in terms of nature, volume and toxicity of organic chemicals emitted.

In order to assist Canadian panel producers, Forintek Canada Corp. initiated a two-year research project on the 
characterization and quantification of VOC from panel products. The main objective of that project was to develop a 
test facility and expertise in order to assist Canadian panel producers to obtain data on their own products. Also, 
knowledge on the effect of some pressing parameters on the emission characteristics from panel products was 
developed.

3.0 STAFF

A. Barry Project Leader
D. Comeau Technologist

4.0 MATERIALS AND METHODS

4.1 Panel Sample Collection at the Mill

The sampling procedures and precautions taken in the mill were as follows:
1. The technician and mill assistants were asked to wear disposable polyethylene gloves
2. From a freshly produced lot of panels, one panel was selected from the center of a stack.
3. Two samples (1ft x 1ft) were cut from inside the perimeter of the panel (2 feet from one end and one foot 

from the side).
4. Each piece was wrapped separately in pure aluminum foil (no tape).
5. The aluminum wrapped samples were placed in a polyethylene plastic bag and then wrapped in a second 

polyethylene bag which was identified.
6. The samples were returned by hand to the Forintek laboratory for analysis.

4.2 Material Preparation

Summary of the sample preparation, conditioning, and testing:
1. Panel specimens were received in duplicate, enclosed in sampling bags.
2. After reception, each specimen pair was cut to 10.5cmxl0.5cm and replaced in the sample bag until
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required.
3. One specimen of each type was then removed from a specimen bag and placed on an aluminum rack in a 

large aluminum and stainless steel conditioning chamber (4mx8mx2.5m) set at 50% relative humidity and 
25°C. The chamber was adjusted to have maximum fresh air intake which was calculated to be 1.5 air 
exchange per hour. No other material of any type was placed in the chamber during the study.

4. One day prior to testing, the 10.5cmxl0.5cm specimen was edge-coated with a fresh solution of sodium 
silicate. Edge-sealing the specimen provided a two-sided product loading of 0.41m2/m3 for the designed 
VOC sampling chamber.

4.3 Testing Conditions

For testing of the panel materials, the test conditions selected were in accordance with the ASTM Guide D5116-90: 
Loading 0.41m2/m3
Temperature: 25±0.5°C
Relative humidity: 50±5%
Air exchange rate: 1±0.05 air exchange per hour (hr1)

4.4 Facilities and Equipment

The description of the sampling and analytical equipment was similar to those described in the previous report 
[Alpha] related to the VOC measurements from composite products. A second small chamber for the emission 
collection was acquired in order to meet the schedule of the project. The analytical gas chromatograph/mass 
spectrometer (GC/MS) performance has been enhanced by connecting the columns inside the GC oven to a newly 
acquired "cryo-trap" device. This device "cryofocusses" the thermally desorbed chemicals from the 4mm ID 
multisorbent tubes down to -50°C and eliminates the preconcentration step through the 2mm ID multisorbent 
tubes. The "cryofocused" chemicals are then injected into the gas chromatograph by quickly heating the "cryo- 
trap" up to 150°C.

4.5 Environmental Test Chamber

Most source characterization work has been carried out using the so called "small environmental test 
chamber" with a volume of lm3 or less. The capacity and structure of the small chambers in use for this 
project were similar to the one described in an earlier report [Alpha]. Briefly, Figures 2 and 3 illustrate the 
different parts of the test chamber constructed in accordance with the standard guide D5116-90 (ASTM 
Guide). The materials used in the construction of the chamber were stainless steel. The interior stainless 
steel walls of the test chambers were electropolished. The chambers were equipped with suitable devices 
such as inlet and outlet ports for the air flow (Figure 2) and an inlet port for temperature / humidity 
measurements. The air sampling was taken from the airflow outlet ports.

The two small chambers were placed inside an incubator cabinet in order to control their interior 
temperature. The equilibrium temperature of the air flowing through the small chambers was attained by 
using coiled lines inside the incubator prior to the chamber inlet ports. The humidity of the air flowing 
through the chambers was controlled by adding deionized water to the air stream for each line. Figures 1 
to 3 show the schematic of the testing facility for a small chamber.

4.6 Sorbent Tubes

For collection of emissions, sorbent cartridge tubes constructed of Pyrex glass (11.5cmx6mm OD with 
4mm ID ) were used. These thermal tubes are packed with three layers: Carbotrap C (300mg), Carbotrap B 
(200mg) and Carbosieve S-III (30mg) for the 4mm ID thermal tubes. These systems are ideal adsorbents 
for trapping a wide range of organic compounds. For example, they can be used efficiently to adsorb and 
thermally desorb all hydrocarbons listed in the US EPA methods TO-1, TO-2, and TO-3, individually or in

2
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mixtures (Supelco, Bulletin 866). Carbotrap adsorbents trap and release a wider range of organic 
compounds than Tenax or XAD-2 resins (Supelco, Bulletin 846). The Carbosieve S-III adsorbent 
contained in these thermal tubes can simultaneously monitor saturated and unsaturated C2-to C6 
hydrocarbon compounds in air samples (Supelco, Bulletin 850 A). These thermal tubes, a thermal 
desorption unit (TDU) and a thermal tube conditioner unit, were all obtained from Supelco Canada. Prior 
to use, thermal tubes were cleaned by heating them up to 370°C for 20 min. with the thermal tube 
conditioner while being purged with an ultra-high-purity nitrogen gas at a flow rate of 45 mL/min. 
Analytical standards were obtained from Anachemia and Chem Service.

4.7 Target Compounds

Based on comments received from other scientists involved in this area, the targeted VOC have been 
extended to incorporate more terpenes, alcohols, aromatic hydrocarbons and derivatives, aldehydes, ketones 
and derivatives and aliphatic hydrocarbons. Table 1 shows the list of the target compounds.

4.8 Emission Collection Technique

As in most small chamber evaluations of construction materials, low concentrations of the different 
compounds of interest require large sample volumes. The collection of VOC on an appropriate adsorbent 
medium is required to avoid overloading of the analytical equipment. In order to maintain the integrity of 
the air flow in the small chambers, the sampling flow rate has been set at 50 mL/min for a sampling period 
of 100 minutes. The collection of aldehydes and ketones was accomplished according to the ASTM 
standard method D 5197-92 which describes the sampling and analyzing methodology for formaldehyde 
and other carbonyl compounds.

4.9 Sample Oven

In order to evaluate the effect of the drying temperature on VOC emissions from the wafers, Forintek 
acquired a "Sample Collection Oven" system. It permits the collection of volatile and semi-volatile 
compounds present in a solid material into thermal desorption tubes packed with sorbent resins for 
subsequent thermal desorption analysis. The Sample Collection Oven consists of a sample tube oven with 
ports for four 0.5" diameter sample tubes. Up to four samples can be collected simultaneously with the 
system. A Watlow precision temperature controller provides accurate control of the oven temperature up to 
250°C. Four rotameters regulate the gas flow, nitrogen or helium, through each of the samples 
independently of one another.

4.10 Emission Sample Analysis

A Thermal Desorption/Gas Chromatograph/Mass Spectrometer(TDU/GC/MS) system was utilized to 
desorb, characterize and quantify the target compounds. As stated earlier, a "cryo-trap" device has been 
connected to the column inside the GC oven in order to "cryofocus" the thermally desorbed chemicals prior 
their injection into the GC. Target compounds were identified by retention time, frill mass spectra and/or 
by the presence of some ion fragments. Quantitative evaluation was achieved by comparing the 
chromatogram peak area of each compound to the corresponding peak area of a standard mixture. 
Identification of the target compounds was performed with the aid of a NBS/NIH Mass Spectra database 
which contains up to 75000 spectra of different compounds.
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Table 1

List of Targeted Volatile Organic Chemicals

Chemical Group Volatile Organic Compounds Boiling Point
(°C)

alpha-Pinene 155-156

3-Carene 170

Camphene 158.5-159.5

Terpenes (C10)
beta-Pinene 162-163

Limonene 175.5-176.5

g-Terpinene 180-182

p-Cymene 177.1

Terpinene 180-182

Terpinolene 183-185

Myrcene 167

Sabinene 164-165

beta-Phellandrene 171-72

Terpinen-4-ol 214-224

Bomeol 212

Methanol 64.5

Alcohols Ethanol 78.3

trans-2-Octanol 84-86

1-Pentanol 137.8

1-Heptanol 175

Toluene 110.6

Aromatic and Benzene 80.1

Derivatives
Styrene 145.2

Ethylbenzene 136.25

p-Xylene 138.5
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Aromatic and 

derivatives

m-Xylene 138.8

o-Xylene 144.0

Phenol 182

2-methyl phenol 191

Naphtalene 217.96

Benzoic acid 249.2

1,2,4-T richlorobenzene 213

Aldehydes,
Ketones

and Derivatives

Acetaldehyde 20.8

Ethyl Acetate 77

Methyl Ethyl Ketone (2-Butanone) 79.6

Methyl Isobutyl ketone 115.8

Butyraldéhyde (n-butanal) 75.7

Propionaldéhyde (Propanal) 48.8

Benzaldehyde 179

Crotonaldehyde (2-Butenal) 102

Dimethylbenzaldehyde

n-Hexaldehyde 128.6

Valeraldehyde (Pentanal) 102-103

Heptaldehyde (Heptanal) 153

Nonyl Aldehyde 93

2-Hexanone 127.2

Hexanal 131

Octanal 163.4

Acrolein (2-Propenal) 52.7

Saturated
Hydrocarbons

Pentane 36.1

n-Hexane 68.742

Heptane 98.4
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4.11 Analytical Equipment

Analyses were performed using a TDU interfaced with a Hewlett Packard GC/MS. A "ciyo-trap" device, 
installed inside the GC oven and cooled at -50°C while desorbing the sorbent tube, preconcentrates the 
trapped chemicals before their release to the GC.
Reconcentration and desorption conditions of sample tubes were as follows:

1- Transfer line Temperature: 200-230°C
2- Sample Preparation Conditions: 250-350°C
3- Conditions of Sample Desorption into the "Cryo-Trap" : 250-350°C
4- Valve Temperature: 200-230°C
5- Desorption Temperature of the "Cryo-Trap" 150°C
6- Flow: 15 mL/min Desorption Rate to the "Cryo-Trap": 1.5:15ml/min of He to 

the column
4.11.1 Hewlett-Packard Mass Selective Detector (MSD)

The MSD is an instrument that is capable of scanning from a mass of 3 atomic units (AMU) to 700 with a 
0.1 unit interval. The instrument is also capable of selected ion monitoring down to the 200 femtogram 
level for hexachlorobenzene. It has a separate ion source, an hyperbolic quadrupole and an electron 
multiplier detector.

4.11.2 5890E Gas Chromatograph

This Gas Chromatograph model utilizes the latest technology in gas phase chromatography. The electronic 
pressure control maintains a constant gas flow during analyses in order to shorten the length of time 
required. This equipment also permits one to optimize the separation and the reproducibility of the 
retention times and the area counts for each compound.

4.11.3 7673A Autosampler

The autosampler is capable of fast injection for split/splitless operation in the order of 100 milliseconds 
and slow injection for on-column work. One can control injection volume and number of washes from two 
different vials to reduce the chances of carry-over between samples. The autosampler tray holds 100 
sample vials which can be accessed randomly.

4.11.4 Software

The analytical system is equipped with software which controls all the parameters of the GC, the MSD and 
the autosampler. It is DOS and Windows compatible. The data files or report files can be transported into 
Excel software or text editing packages for further data manipulation.

4.11.5 Compound Library

The analytical software contains a library of up to 75,000 different spectra. Identification of a compound 
from a chromatogram is made by comparing the mass (actually m/z, the ratio of mass to the number of 
charges on the ions employed) distribution to those available into the library and a list of twenty different 
compounds having the closest mass distribution to the unknown compound appears on the screen.

4.12 High Performance Liquid Chromatography (HPLQ

Aldehydes and ketones were determined by using isocratic reverse phase HPLC equipped with a Waters 
high-pressure pump model 510, a Waters automatic autosampler model 712 WISP, aNova-Pak C18 
column, a Waters detector Lamda-Max model 481 and a Waters 840 data system. Aldehydes and ketones
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were derivatized with dimtro-phenyl hydrazine (DNPH) during the sampling and desorbed with 
acrylonitrile solvent for analysis.

5.0 RESULTS AND DISCUSSION

5.1 VOC From North American OSB Products

In order to complete a VOC data base build up for OSB mill members, Forintek is actively collecting VOC 
emissions from all members product lines. To date up to ten panels from ten different OSB mill producers 
were tested and we expect to complete this analysis by the end of June 1997. The VOC measurements 
were conducted on the short term basis, i.e., after 6 and 24 hour exposure periods in the small 
environmental chamber.

Tables 2 and 3 show VOC results from the ten OSB products tested at this time after 6 and 24 hours 
exposure in the small chamber, respectively. The last row in each table indicates the total emission factor 
(TEF) in milligrams per square meter per hour which correspond to the panel emission rate per square 
meter. The minor constituents in both tables are related to the small and hard to identify chemicals, mostly 
low molecular weight aliphatic hydrocarbons. The predominant individual chemicals (IVOC) observed 
from all tested panels were pentanal and hexanal. However, in order to better evaluate aldehydes and 
ketones emission levels, the standard method D 5197-92 will be followed and the results will be presented 
when completed. Monoterpenes, such as alpha and beta-Pinenes, were very low and this is in accordance 
with the hard wood chemical composition with very low content of monoterpenes compounds if any. As 
one can see from both tables, none of the tested OSB panels contains any of the BETEX (benzene, toluene, 
xylenes and ethylbenzene) group known as human health irritants.

Table 4 shows the detected aldehydes and ketones from the ten OSB samples after 24 hours in the small 
environmental chamber. The collection and characterization methods used for this group of chemicals were 
in accordance with the ASTM D 5197-92 which is related to formaldehyde and carbonyl compounds 
detection and characterization. Results indicated that the formaldehyde emitted from the panels was very 
low with a maximum of 0.012 ppm compared to the 0.3 ppm Canadian Particleboard Association allowed 
value. The remaining emitted aldehydes as well as ketones were in the same order of magnitude as the 
emitted formaldehyde except the hexanal which seems to be higher in all cases.

5.2 Study on the Long Term Exposure Effect on Some Panel Emissions

Results from the long term study on VOC emissions include UF and PF bonded wood composite panels 
and include also the 6 and 24 hour exposure periods (short term). Figures 4 to 13 show the variation of 
hexanal, alpha-pinene (the most abundant and naturally emitted chemical) and the total volatile organic 
chemical (TVOC) , all expressed as alpha-pinene . As one can see from these figures, all emitted 
chemicals, except hexanal, had the same emission pattern, a decrease of their concentration with the 
exposure time inside the small chamber from 50 to up to 90% for the 6-hour exposure period. This result 
is very interesting for the wood composite industry because it indicates that even if there is an emission of 
VOC from the composite panels when they are freshly manufactured, the emission level decreases very 
rapidly within two weeks to a relatively very low level. In practice, this emission pattern means that before 
the composite panels were delivered to the client they have already emitted most of their VOC content. 
However, the maximum allowed exposure time, two weeks, was not long enough to reach a zero percent 
emission level.
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Table 2

VOCs Emitted From 10 Different OSB Samples After a 6-Hour Exposure Period
(ppmxlO'3)

Detected Volatile 
Organic Chemicals

OSB Sample #

1 2 3 4 5 6 7 8 9 10

Pentane’ 0.56 0.82 0.36 1.33 0.32 0.08 0.18 nd nd nd

Acetone* nd nd nd nd 0.39 nd nd nd nd nd

Butanal’ nd 0.15 nd 0.77 0.40 nd nd nd nd nd

Pentanal’ 0.87 1.34 0.67 2.35 2.31 0.10 1.36 1.45 0.62 0.77

1-Pentanol* nd 0.40 0.00 1.09 0.97 nd nd nd nd nd

HexanaT 4.84 9.51 9.03 6.86 4.60 0.76 7.52 19.64 4.00 4.81

alpha-Pinene 0.14 nd nd 0.47 0.40 nd 0.30 nd nd nd

beta-Pinene 0.12 nd nd 0.10 027 nd nd nd nd nd

2-pentyl-Furan’ 0.13 0.27 0.13 0.25 0.44 nd 0.39 0.45 nd 0.09

3-Carene nd nd nd nd 0.20 nd nd nd nd nd

p-Cymene and Limonene nd nd nd 0.04 0.38 nd nd nd nd nd

Other Minor Constituents’ 1.59 3.11 0.78 4.83 3.07 0.30 5.58 1.39 1.45 0.86

TVOC’ 8.27 15.60 10.98 18.11 13.90 1.25 15.32 22.94 6.07 6.53

TEF(mg/m2.hr) 0.02 0.037 0.030 0.042 0.033 0.003 0.036 0.054 0.014 0.015



VOCs Emitted From 10 Different OSB Samples After a 24-Hour Exposure Period
(ppmxlO'3)

Table 3

Detected
Volatile Organic Chemicals

OSB Sample #

1 2 3 4 5 6 7 8 9 10

Pentane* 1.85 0.66 0.23 1.31 0.40 0.07 nd nd nd nd

Acetone’ nd nd 0.09 nd 0.40 nd nd nd nd nd

ButanaT 0.08 nd nd 0.48 0.43 nd nd nd nd nd

Pentanal* 0.91 2.21 0.59 2.76 1.95 0.16 nd nd 0.80 1.08

1-PentanoT nd nd nd nd 0.07 nd nd nd nd nd

HexanaT 6.94 28.22 5.27 16.51 8.56 1.98 13.82 21.60 5.20 7.40

alpha-Pinene 0.17 nd nd 0.44 0.35 nd nd 0.41 nd nd

beta-Pinene 0.12 nd nd 0.10 0.23 nd nd nd nd nd

2-pentyl-Furan’ 0.21 0.37 0.10 0.24 0.27 nd 0.29 0.48 0.04 0.17

3-Carene nd nd nd nd 0.12 nd nd nd nd nd

p-Cymene and Limonene nd nd 0.08 0.13 0.25 nd nd nd nd nd

Other Minor Constituents’ 2.19 2.27 0.77 1.00 1.36 0.22 nd 0.50 0.71 1.60

TVOC* 12.49 33.73 7.16 23.02 14.49 2.44 14.11 22.99 6.74 10.25

TEF(mg/m2.hr) 0.029 0.080 0.019 0.053 0.034 0.006 0.033 0.054 0.016 0.024

* Expressed sa alpha-Pinene



Aldehydes and Ketones Emitted From 10 Different OSB Samples After a 24-Hour Exposure Period

DetectedVolatile 
Organic Chemicals

OSB Sample #

1 2 3 I 4 5 6 7 8 9 10

Concentration (ppm x 103)

Formaldehyde 7.12 11.62 10.48 11.47 3.12 6.37 2.62 2.88 7.18 5.50

Acetaldehyde 3.57 7.65 647 26.86 16.02 3.45 5.30 7.67 4.34 4.52

Acetone 4.57 10.16 1.76 16.99 23.78 1.38 2.38 2.93 2.55 18.73

Propanal 4.21 8.06 3.393 42.39 9.09 1.75 7.03 10.99 6.07 6.45

2-Butenal nd nd nd 1.87 1.76 nd 0.15 0.38 0.28 0.26

Butanal nd nd nd 4.92 2.99 nd 0.64 0.94 0.52 0.37

Pentanal 2.49 7.25 1.95 11.40 10.01 0.71 5.43 8.07 4.14 3.38

Hexanal 21.29 40.25 14.69 33.88 21.12 6.51 31.65 51.37 27.14 20.39
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Figure 4. Hexanal emitted from wood composite sample #1. 
(expressed as alpha-pinene)
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Exposure Time in the Sampling Chamber (days)
S607-2G

Figure 5. alpha-pinene emitted from wood composite sample #1.
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Figure 6. Total VOC's emitted from wood composite sample #1. 
(expressed as alpha-pinene)
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Exposure Time in the Sampling Chamber (days)
S607-4G

Figure 7. Hexanal emitted from wood composite sample #2. 
(expressed as alpha-pinene)
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Exposure Time in the Sampling Chamber (days) S607-5G

Figure 8. alpha-pinene emitted from wood composite sample #2.
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Exposure Time in the Sampling Chamber (days) S607-6G

Figure 9. Total VOC's emitted from wood composite sample #2. 
(expressed as alpha-pinene)
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Figure 10. Hexanal emitted from wood composite sample #3. 
(expressed as alpha-pinene)
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Exposure Time in the Sampling Chamber (days)
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Figure 11. Hexanal emitted from wood composite sample #4. 
(expressed as alpha-pinene)
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Figure 12. Hexanal emitted from wood composite sample #5. 
(expressed as alpha-pinene)

22



M
/m

Figure 13. MDI emitted from a strawboard sample.
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5.3 Volatile Organic Chemicals Emitted from MDI Bonded Panel Products

Table 5 presents the detected individual volatile organic chemicals (IVOC) from five MDI bonded 
wood composite panels. The total volatile organic chemical (TVOC) expressed as alpha-pinene, obtained 
by using the calibration curve of alpha-pinene and the corresponding total emission factor (TEF) and the 
detected MDI vapor are presented at the bottom of the table. Based on the targeted volatile organic 
compounds listed in Table 1, only a few chemicals were detected and alpha-Pinene being the most 
frequently detected volatile organic chemical. In most cases, where the only detected chemical was alpha- 
pinene, the TVOC is equal to the IVOC (individual volatile organic chemical).

Table 5 shows also the detected volatile organic chemicals from the 2% MDI bonded flakeboard sample 
(sample # 3). More terpenes were observed in this case with 3.404 pg/m3 for its TVOC expressed as 
alpha-pinene . The presence of these terpenes chemicals are related to the nature of the furnish and not to 
the binder used.

Volatile organic chemicals detected from the 5% MDI bonded particleboard sample (sample # 4) are also 
presented in this table. The low value (0.573 pg/m3) of the total detected volatile organic chemicals 
(TVOC) indicates that the 5% MDI resin used during the panel manufacturing does not impact on its 
overall emission. The Xylenes(meta- and para- Xylenes) compounds, also expressed as alpha-pinene, 
account for 0.056 pg/m3 of the total measured volatile organic chemicals. These values remain however far 
less than the reported values from the Canadian indoor air which vary from 25.1 to 31.1 in Toronto and 
74.6 pg/m3 in Montreal.

5.4 MDI Vapors From MDI Bonded Wood Composite Panel Products

Table 5 shows also the MDI vapor emitted from the four different MDI bonded panel samples. The 
strawboard panel (sample #1) revealed the highest MDI vapor emission level with 4.4±0.5 pg/m3 which, 
however, is in the same order of magnitude as the equipment detection limit (2.8±0.5 pg/m3). The 
fiberboard (sample # 2) and the 2% MDI bonded flakeboard (sample # 3) panels showed an MDI response 
lower than what was observed with the pure filters used for the air sampling. The "non" detection or very 
low detection of MDI vapors from most of the samples is not surprising because at the experimental 
sampling conditions the vapor pressure of any unreacted MDI would be very low (SxlO^mm Hg).

Table 5
VOC Summary From MDI Bonded Wood Composite Panels (pg/m3)

Detected Samples #
VOC

1 2 3 4

(m,p) Xylenes nd nd nd 0.057

alpha-Pinene 0.063 0.216 0.882 0.333

Camphene nd nd 0.05 nd

beta-Pinene nd nd 0.347 nd

Limonene nd nd 0.116 0.077

TVOC 0.063 0.216 1.395 0.573

TEF(mg/m2.hr) 0.154xl0'3 0.526xl0-3 3.404xl0"3 1.415xl0'3

MDI 4.4 0.0 0.0 1.2
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5.5 Effect of the Drying Temperature on VOC Emissions
Two series of green wafers and wafers dried at 400°F and 800° F or higher from two different OSB mill 
producers and their corresponding OSB panels were selected to conduct this VOC test emission . Before 
conducting any VOC test, the green wafers were subjected to dry at room temperature to approximately the same 
moisture content (6%) to that of their corresponding mill dried wafers.

5.5.1 VOC Emissions From Air Dried Versus Mill Dried Wafers

Tables 6 to 8 show VOC emitted from the two series of wafers as a function of the exposure time in the 
environmentally controlled small chamber; Table 8 summarizes emissions from the spruce air-dried wafers. 
Results indicated very clearly that the drying temperature plays an important role on the wafers emission 
characteristics. We should mention however that emission is a function of many other parameters such as the 
furnish history. In the present study, because the two series of wafers were not from the same site, one can 
anticipate a certain effect of the furnish itself on the total (TVOC) and on the type of individual chemicals (IVOC) 
emitted from the different series of wafers. Figure 14 illustrates the effect of the drying temperature on the total 
volatile organic chemicals emitted from the two series of wafers, the corresponding OSB panels and from the air- 
dried spruce wafers.

Tables 9 and 10 show the long term effect on VOC emissions from the two series of the OSB panels from milk A 
and B, respectively. As observed from the previous composite panels, Figures 4 to 13, the long term exposure 
showed a positive decreasing effect on the emissions from the wood composite panels .

Tables 11 and 12 show the detected aldehydes and ketones emitted from the wafers and their corresponding OSB 
panel from Mill A and Table 13 the same chemicals emitted from Mill B wafers and panel as determined with the 
High Performance Liquid Chromatography (HPLC) technique, based on the ASTM standard method D 5197-92. 
The detected aldehydes and ketones chemicals were lower with the air-dried wafers compared to the high 
temperature mill dried wafers as observed with the non-oxygenated VOC. The two OSB mill panels showed a 
comparable emission level after three to four days exposure in the small chamber.

5.5.2 Effect o f the Drying Temperature and Moisture Content on VOC Emissions From Aspen Wafers

As observed previously, the drying temperature plays an important role on furnish emissions. However, because 
the two series of wafers studied were from two different sources, this part of the study will eliminate this 
parameter and uses the same furnish during the whole study describing the effect of the drying temperature and 
moisture content of the wafers on their emissions. Having these emission patterns as a function of the drying 
temperature and the wafers moisture content, a study will be then undertaken in order to correlate these emission 
results with those from the OSB panels manufactured with the wafers dried at the selected temperature and 
moisture content.

Three different drying temperatures, ambient (23°C), 100 and 150°C and three moisture content levels (59, 12 
and 6%) were selected for this study. The 6% moisture content study is not completed at this time. Two groups 
of tables present the observed emissions results: Tables 14 to 16 and Tables 17 to 19 summarize the results for 
the first two moisture levels (59 and 12%), respectively. Figures 15 and 16 show the temperature variation 
inside the wafers drying tube as a function of the sampling time which correspond also to the drying time. As one 
can see from these figures, it took 17 minutes and 9 minutes to reach the targeted 100°C and 150°C, respectively. 
However, in both cases, the maximum emission level was observed during the first five minutes of the sampling
drying period with maximum recorded temperatures of 95°C and 138°C inside the drying tubes, respectively. 
Detailed results showing the percentage area for each individual emitted chemical are shown in Appendix A.
Figure 17 illustrates the variation of the total volatile organic chemical (TVOC) as a function of the drying time at 
100 and 150°C for the different moisture contents investigated. From this figure one can see that both the drying 
temperature and the moisture content had a net effect on the emission level from the wafers. A very high moisture 
(59%) content coupled with a high drying temperature (150°C) showed the highest emission level; inversely, a
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T ab le  6

D rying  T em p era tu re  E ffect on  W afer E m issions (M ill A)

Detected Organic 

Chemicals

Wafers Description

Wafers dried at up to 1600°F Air dried Wafers

Exposure Time in the Sampling Chamber (Days)

0.25 1 0.25 1 2 4

Concentration in ppm x 10'3 per 100 grams of Wafers
Pentane* nd nd 0.45 nd nd nd

1-Pentanol* nd nd nd nd 1.98 nd

alpha-Pinene 29.1 10.2 5.22 4.45 3.95 1.38

Camphene 0.52 0.14 0.05 0.05 nd nd

beta-Pinene 9.03 2.71 0.98 0.75 0.65 0.20

Myrcene* 1.04 0.47 nd nd nd nd

p-Cymene + Limonene 0.78 0.32 0.08 0.08 nd nd

TVOC* 41.87 13.89 6.95 5.45 7.01 1.61

* expressed as alpha-Pinene 
nd: not detected
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T able 7

D ry ing  T em p era tu re  E ffect on  W afer E m issions (M ill B)

Detected Organic 

Chemicals

-  .  . . .  ------ ■ --------------------- f ------------------------------------------------------------
Wafers Description

Wafers dried @ 400° F Air Dried Wafers

Exposure Time in the Sampling Chamber (Days)

0.25 1 0.25 1

Concentration in ppm x 10‘3per 100 grams of Wafers
Toluene 2.75 1.94 nd nd

alpha-Pinene 1.52 nd nd nd

beta-Pinene 0.48 nd nd nd

p-Cymene + Limonene 0.52 nd nd nd

TVOC* 6.82 1.98 nd nd

* expressed as alpha-Pinene 

nd: not detected
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T able 8

E xposure  T im e E ffect on  S pruce W afers Em issions

VOC Targeted 

Compounds

Air Dried Wafers

Exposure Time in the Sampling Chamber (Days)

0.25 1

Concentration in ppm x 103 per 100 grams of Wafers
alpha-Pinene 2.23 1.65

beta-Pinene 1.59 1.31

Myrcene* 0.56 0.55

p-Cymene + Limonene 0.11 0.11

b-Phellandrene* 0.17 0.14

TVOC* 4.90 3.96

* expressed as alpha-Pinene
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T ab le 9

(Mill A)

E xposu re  T im e E ffect on  V O C E m issions F ro m  an O SB Panel Sam ple

Detected Organic 

Chemicals

Exposure Time in the Sampling Chamber (Days)

0.25 1 2 3 4 5

Concentration in ppm x 10‘3

Pentane* 1.11 1.05 0.23 1.33 0.29 0.96

alpha-Pinene 0.20 0.18 0.13 0.13 0.15 nd

TVOCs* 1.31 1.23 0.36 1.46 0.44 0.96

* expressed as alpha-Pinene 

nd: not detected

3 0



Table 10

(Mill B)

E xposure T im e E ffect on  V O C  E m issions F rom  an O SB Panel Sam ple

Detected Organic 

Chemicals

Exposure Time in the Sampling Chamber (Days)

0.25 1 2 4

Concentration in ppm x 10'3
Pentane* nd nd nd 0.19

1-Pentanol* 0.62 0.31 0.38 nd

alpha-Pinene 0.07 0.05 0.07 0.22

TVOC* 0.69 0.36 0.45 0.41

* expressed as alpha-Pinene 

nd: not detected

3 1



T able 11

A ldehydes and  K etones E m itted  F rom  W afers (M ill A)

Detected Organic 

Chemicals

Wafers Description

Wafers Dried at up to 1600°F Air Dried Wafers

Exposure Time in the Sampling Chamber (Days)

1 1 4

Concentration in ppm per 100 grams of Wafers

Formaldehyde 0.028 0.009 0.008

Acetaldehyde 0.029 0.010 0.007

Acetone 0.016 0.015 0.007

Propanal 0.019 0.020 0.009

2-Butenal 0.001 0.0004 0.0005

Butanal 0.001 0.001 0.001

Benzaldehyde 0.001 nd nd

Pentanal 0.007 0.009 0.007

Hexanal 0.066 0.101 0.085

Heptanal 0.007 nd nd

nd: not detected
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T able 12

A ldehydes and K etones E m itted F ro m  an  OSB Panel (M ill A)

Detected Organic Exposure Time in the Sampling Chamber (Days)

Chemicals 1 4

Concentration in ppm

Formaldehyde 0.023 0.004

Acetaldehyde 0.023 0.004

Acetone 0.010 0.003

Propanal 0.019 0.005

Butanal 0.002 0.0004

Benzaldehyde 0.001 0.0002

Pentanal 0.014 0.004

Hexanal 0.109 0.028
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Table 13

A ldehydes and  K etones F rom  an  O SB Panel and  W afers (M ill B)

Detected Organic 

Chemicals

Sample Description

Wafers Dried @ 400°F Air Dried Wafers O SB  Panel

Exposure Time in the Sampling Chamber (hrs)

8 8 72

Concentration in ppm

per 100 grams of Wafers

Formaldehyde 0.012 0.030 0.008

Acetaldehyde 0.030 0.015 0.004

Acetone 0.014 0.009 0.005

Propanal 0.023 0.036 0.003

2-Butenal 0.001 0.0010 nd

Butanal 0.002 0.003 0.001

Pentanal 0.013 0.023 0.004

Hexanal 0.211 0.137 0.008

Heptanal 0.007 nd nd

nd: not detected
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Table 14

Emissions From Aspen Wafers at 59% Moisture Content dried at 23°C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane nd nd nd 0.14 nd

Ethanol 0.08 0.35 0.29 nd nd

Pentanal nd nd nd nd nd

Hexanal 0.96 0.70 0.42 0.78 0.76

2-Heptenal (Z) nd nd nd nd nd

2-Pentyl Furan 0.03 nd nd nd nd

2-Octenal (E) nd nd nd nd nd

Nonanal nd nd nd nd nd

2,4 decadienal,(E,E) nd nd nd nd nd

2,4 nonadienal,(E,E) nd nd nd nd nd

2-butyl,2-Octenal nd nd nd nd nd

Other Minor Constituents 0.83 0.19 0.10 0.12 0.29

TVOC 1.90 1.23 0.82 1.05 1.05

TVOC (per gram of sample) 1.34 0.87 0.58 0.74 0.74

nd : not detected
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Table 15

Emissions From Aspen Wafers at 59% Moisture Content dried at 100°C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane nd nd 0.46 0.07 0.63

Ethanol 3.30 nd nd nd nd

Pentanal nd 0.35 nd nd nd

Hexanal 22.02 6.87 3.17 2.69 2.55

2-Heptenal (Z) nd nd nd nd nd

2-Pentyl Furan 0.86 0.36 0.15 0.12 0.12

2-Octenal (E) nd nd nd nd nd

Nonanal 0.48 nd 0.25 nd nd

2,4 decadienal,(E,E) nd 0.68 0.68 nd nd

2,4 nonadienal,(E,E) nd nd nd nd nd

2-butyl,2-Octenal nd nd nd nd nd

Other Minor Constituents 10.47 2.93 0.96 0.46 0.64

TVOC 37.13 11.19 5.32 3.34 3.95

TVOC (per gram of sample) 25.15 7.58 3.60 2.26 2.67

nd : not detected
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Table 16

Emissions From Aspen Wafers at 59% Moisture Content dried at 150°C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane nd nd nd nd 0.28

Ethanol 3.85 nd nd nd nd

Pentanal nd 3.05 nd nd nd

Hexanal 84.32 54.38 13.96 4.70 4.87

2-Heptenal (Z) 2.56 2.68 1.38 nd nd

2-Pentyl Furan 4.05 6.41 4.08 0.42 2.25

2-Octenal (E) 3.35 2.91 1.33 nd nd

Nonanal 1.72 1.09 0.29 nd nd

2,4 decadienal,(E,E) 6.66 9.09 4.93 nd 1.47

2,4 nonadienal,(E,E) 7.89 12.85 8.60 1.88 3.55

2-butyl,2-Octenal 2.56 3.56 1.68 nd nd

Other Minor Constituents 17.95 17.49 9.82 0.73 2.91

TVOC 134.90 113.52 46.06 7.72 15.33

TVOC (per gram of sample) 94.93 79.89 32.41 5.44 10.79

nd : not detected

3 7



Table 17

Emissions From Aspen Wafers at 12% Moisture Content dried at 23 °C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane nd nd nd nd nd

Ethanol nd nd nd nd nd

Pentanal nd nd nd nd nd

Hexanal nd nd nd nd nd

2-Heptenal (Z) nd nd nd nd nd

2-Pentyl Furan nd nd nd nd nd

2-Octenal (E) nd nd nd nd nd

Nonanal nd nd nd nd nd

2,4 decadienal,(E,E) nd nd nd nd nd

2,4 nonadienal,(E,E) nd nd nd nd nd

2-butyl, 2-Octenal nd nd nd nd nd

Other Minor Constituents 0.11 0.05 nd nd nd

TVOC 0.11 0.05 nd nd nd

TVOC (per gram of sample) 0.08 0.04 nd nd nd

nd : not detected

3 8



Table 18

Emissions From Aspen Wafers at 12% Moisture Content dried at 100°C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane 0.10 0.32 1.08 0.14 0.23

Ethanol nd nd nd nd nd

Pentanal nd nd nd nd nd

Hexanal 6.97 2.79 3.02 2.34 1.27

2-Heptenal (Z) nd nd nd nd nd

2-Pentyl Furan 0.38 0.15 0.14 0.12 0.10

2-Octenal (E) nd nd nd nd nd

Nonanal 0.61 nd nd nd nd

2,4 decadienal,(E,E) nd nd nd nd nd

2,4 nonadienal,(E,E) nd nd nd nd nd

2-butyl,2-Octenal nd nd nd nd nd

Other Minor Constituents 4.61 1.57 1.12 1.51 0.46

TVOC 12.66 4.82 5.36 4.11 2.06

TVOC (per gram of sample) 9.62 3.66 4.07 3.12 1.57

nd : not detected
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Table 19

Emissions From Aspen Wafers at 12% Moisture Content dried at 150°C

Volatile Organic Sampling period in minutes

Compounds Detected 0-5 5-10 10-15 15-20 20-25

Concentration expressed as a-Pinene in mg/m3

Pentane nd nd 0.90 0.53 1.21

Ethanol nd nd nd nd nd

Pentanal nd nd nd nd nd

Hexanal 24.00 13.77 8.07 5.18 3.66

2-Heptenal (Z) 1.40 nd nd nd nd

2-Pentyl Furan 3.11 2.75 2.16 1.57 1.37

2-Octenal (E) 0.59 1.53 0.73 nd nd

Nonanal 2.37 0.62 0.26 nd nd

2,4 decadienal,(E,E) 3.33 7.68 4.29 2.69 1.70

2,4 nonadienal,(E,E) 4.48 12.41 7.96 5.62 4.14

2-butyl,2-Octenal 0.86 nd nd nd nd

Other Minor Constituents 26.76 8.99 4.94 2.49 1.35

TVOC 66.89 47.76 29.29 18.07 13.43

TVOC (per gram of sample) 44.15 31.52 19.33 11.93 8.86

nd : not detected

4 0
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lower drying temperature (100 or 23°C) showed lesser emissions from the wafers even with 59% moisture 
content. Figure 17 showed also that the level of emissions is very high during the first 5 to 10 minutes of the 
drying period and decreases very rapidly after this period.

6.0 PRELIMINARY CONCLUSIONS

The North American OSB products VOC data base build up is progressing quite well and our objectives will be 
completed in the coming year. The collected data at this time revealed very low emission levels and heptanal and 
hexanal are the most abundant detected chemicals and monoterpenes such as alpha and beta-Pinenes, carene, 
limonene and camphene, the naturally emitting chemicals from softwood were very minor if present. The MDI 
wood composite bonded panels did not show any additional volatile chemicals compared to the PF bonded panels, 
the level of the MDI vapor was in the same order of magnitude as the detection limit of the analytical equipment.

The long term exposure of the OSB samples showed a positive effect on their emissions with a decrease of the 
emission levels with the exposure time. After two weeks exposure, the level of the emissions decreased by up to 
90 % of the first day emission level.

The OSB furnish drying temperatures showed a positive correlation with the furnish emission level and with the 
corresponding OSB products emission level. Also, a combination of high drying temperature and high moisture 
content showed higher emission levels. At the stage of the work, no correlation between these preliminary results 
was made with the emissions of the corresponding OSB panel products.
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