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Abstract 
Since the energy crisis in the early 1970s, there has been a decided trend towards tightly constructed 
buildings that conserve energy and reduce costs. The downside of these well-intended efforts has been the 
lowering of interior air exchange rates, to the extent that many chemical contaminants are now being 
trapped indoors where people spend most of their lives. These contaminants may include volatile organic 
compounds (VOCs), such as formaldehyde, that have been suggested by some to be among the factors 
responsible for this air quality deterioration. Wood composite panels, which contain formaldehyde such 
as particleboard and medium density fiberboard (MDF) are often targeted for strict emission regulations 
or prohibited altogether, despite the fact that this industry has reduced formaldehyde emissions of raw 
panels by more than 80% over the past twenty years, thereby actually minimizing indoor air 
contaminants. Moreover, most consumer products made with composite panels are not used in a raw 
form, but instead have some type of surface finish over the substrate, that generally acts as a barrier to 
off-gassing, and subsequently reduces emissions. 
 
In this year’s research, ten commonly used finishes were evaluated for their effectiveness as emissions 
barriers for formaldehyde and total volatile organic compounds (TVOC). It appeared that the powder 
coating is among the most effective barriers for both formaldehyde and VOCs, with more than 90% 
emission reduction when applied to MDF. A similar efficiency was observed with phenolic, vinyl, 
melamine paper, aluminium oxide overlay, Syn Décor laminates, thermofoil 12mil, and 2 mils Natural 
vinyl applied on particleboard panels. Some finishing material such as birch veneer showed excellent 
efficiency towards formaldehyde reduction with, however, a lower VOC emission reduction. Results also 
suggested further evaluation of other combinations of substrate and finish need to be considered (powder 
coatings on particleboard, clear coating or vinyl laminate on MDF) to more fully evaluate the impact of 
the substrate, if any, on emission characteristics of these surface treatments. The evaluation of the other 
finishing materials which showed an excellent efficiency on a particular type of product such as 
particleboard also need to be evaluated on the other product, in this case MDF in order to complete the 
evaluation of the effectiveness of any given barrier. The paper finish, water based topcoat, and the 
multiple (3) topcoat wet process appeared to be the less efficient barriers to either formaldehyde and/or 
VOCs with, 41% and 28% formaldehyde emission reduction respectively and an increase of VOC 
emissions by 79% and 57% respectively, suggesting that these barriers may have high solvent contents. A 
limitation of this first study was that the formaldehyde and VOC contribution of the surface coating or 
laminate were not tested by themselves without a substrate. The very limited number of tests conducted 
for any individual barriers suggests that these preliminary results should be viewed with caution and that 
more sampling is necessary to ensure completeness as well as confidence in the data. The next phase of 
this study will include an inter-laboratory comparison study, further evaluation of the finishes and the 
effect of sample aging as it relates to emissions. 
 
A very good correlation between ASTM D 5116 and ASTM D 6007 has been established by comparing 
formaldehyde emission results from the two methods. An R² of 0.94 has been obtained and could be 
improved by expanding the database. 
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1 Objectives 
• To evaluate the effectiveness of different surface finishing materials, as barriers to the resultant 

formaldehyde and volatile organic compound (VOC’s) emissions, when applied to wood composite 
substrates. The product types included: paint, UV top coat, acrylic topcoat, vinyl, phenolic, melamine 
paper, wet process multi coat, foil, etc. The list of these finishing materials is not exhaustive and it is 
in the project objective to evaluate all types of finishing materials. 

 
• To validate the results of a preliminary study on eight combinations of substrate and finishing 

previously conducted in collaboration with the North American Composite Panel Association (CPA).  
 
• To investigate the long term emission decay for two sets of low and high formaldehyde and VOC 

emitting finished products. 
 
• Conduct some inter-laboratory round robin testing on two to three sets of finished products 
 

2 Introduction 
Primary manufacturers of particleboard and MDF, as well as secondary manufacturers, are concerned 
with their products’ potential impact on indoor air quality. The importance of finishes and laminates is 
widely recognized as barriers for formaldehyde emissions. However, most regulations focus on emissions 
from raw panels disregarding finished product emissions (ANSI A208.1 and ANSI A208.2 for example). 
Different types of surface treatments that are applied to panel products can effectively block VOCs as 
well as formaldehyde. There is, however, a lack of empirical data on the effectiveness of these treatments 
as emission barriers. 
 
The trial phase of this project and subsequent work will address the need for empirical data on the 
effectiveness of today’s commonly applied surface treatments as emission barriers. The information will 
help particleboard, medium density fibreboard (MDF) and hardboard manufacturers, as well as secondary 
manufacturers, understand the impacts of various coatings and laminates on VOC off-gassing from 
finished products. In this report different surface treatment methods have been evaluated for their 
effectiveness as emission barriers. These include paint, UV topcoat, acrylic topcoat, vinyl resin system 
(ethyl-vinyl acetate), phenolic saturated film, melamine saturated paper, multiple (3) topcoat wet process, 
foil resin system (polyvinyl acetate) and powder coating 
 

3 Background 
As regulatory and non-governmental organizations (NGOs) address indoor air quality issues, they tend to 
focus on volatile organic compounds (VOCs), including formaldehyde, as key factors relating to the 
discomfort reported by people working or living inside "air tight" buildings. This effect is known as the 
"Sick Building Syndrome." The World Health Organisation (WHO) has defined VOCs as organic 
compounds with boiling points between 50 and 260°C. Wood composite products are suspected of 
emitting some of these organic chemicals namely, formaldehyde, alpha- and beta-pinene, carene, 
camphene, limonene, aldehydes, ketones and acetic acid. Although VOC and formaldehyde emissions 
from unfinished wood composite panels are very well documented, very little data exists on finished 
products including surface treatment over the composite panel to inhibit off-gassing from the substrate. 
Hence, the off-gassing potential of an unfinished substrate may have little or no effect on indoor air 
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quality. The first VOC emission results from particleboard were reported during the nineteen eighties 
(Nelms et al (1986), Tichenor and Mason (1988)). Since that period, several laboratories have 
investigated indoor sources of these volatile organic chemicals (Tichenor (1989), Tichenor and Mason 
(1988), Sanchez et al (1987), Colombo et al (1990); Sundin et al (1992)), Barry et al (1999, 2000), and 
Baumann et al (1999, 2000)). The most frequently used equipment for carrying out such investigations is 
a small environmentally controlled chamber. 
 

4 Staff 
• Alpha Barry, Group Leader, Environmental, Forintek, Québec Laboratory 
• Diane Corneau, Technologist, Forintek, Québec Laboratory 
• Rawle Lovell, Technologist, Forintek, Québec Laboratory 
• Mathieu Gosselin, Technologist, Forintek, Québec Laboratory 
 

5 Materials and Methods 
All measures were done in general agreement with the specified standards and protocols. The precision 
levels were in accordance with the technical requirements. 
 
5.1 Materials sampling, packaging, transportation and conditioning 
The test materials, three samples of 30 cm x 30 cm each, were cut from a freshly finished lot of panels 
near the center of the stack along with the matching raw panel. The test materials were sampled by a field 
representative of the Composite Panel Association (CPA) and the packaging and shipping were 
accomplished by the primary or secondary manufacturer within twenty-four hours after the surface 
treatment was applied. As most VOC emissions decrease over time, sampling freshly finished material 
would intentionally reflect the highest potential emission levels, or the worst case scenario. CPA field 
representatives were given training to ensure an accurate chain of custody of the samples was documented 
as well as protection against contamination by such things as marking pens, colognes or cutting tool 
lubricants. Latex gloves were worn during the whole sampling and packaging process in order to avoid 
any potential contamination of the samples. Before cutting the samples, a towel was used to clean the saw 
blade and samples were wrapped with aluminium foil and put in a first polyethylene bag with no writing 
on the sample and the bag. This bag containing the sample was then inserted in a second polyethylene bag 
wrapped and identified with a permanent marker. The wrapped sample was then inserted in an envelope 
with data sheet and shipped to CPA. Two of the triplicate specimens for each sample were then sent to 
Forintek for testing. One specimen was retained at the CPA office as a back-up. 
 
Formaldehyde and VOC test samples of 10.5 cm x 10.5 cm were cut in the laboratory in the middle of the 
900 cm² specimen received from CPA. Formaldehyde samples of 10.5 cm x 10.5 cm were edge-sealed 
with aluminium tape and conditioned at 23°C ± 0.5°C and 50% ± 5% relative humidity for 10 days before 
analysis. For both VOC and formaldehyde testing, the loading ratio was set at 0.41m²/m³. VOC samples 
of the same sizes were conditioned for ten days at 23°C±0.5°C and 50% ± 5%. According to the VOC 
specific method, one day prior to analysis, VOC samples were edge-sealed using aluminium tape. The air 
exchange rates were set at 1.0±0.05 and 0.5±0.05 ACH-1, respectively for VOC and formaldehyde 
measurements. 
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5.2 Methods 
A constant and adjustable airflow, conditioned for relative humidity, was fed through small 
environmental chambers. The VOC sampling procedures excluding formaldehyde were similar to those 
described in the ASTM guide D 5116-97. The material used in the construction of the chambers was 
stainless steel. The chambers were equipped with suitable accessories such as inlet and outlet ports for 
airflow and an inlet port for temperature/humidity measurements. The air sampling was accomplished 
from the airflow outlet port. The small chambers were placed inside a controlled temperature room. The 
humidity of the air flowing through the chambers was controlled by adding de-ionized water to the air 
stream for each line. 
 
For collection of emissions, sorbent cartridge tubes constructed of Pyrex glass (11.5cmx6mm OD with 
4mm ID) were used. The tubes were packed with three layers: Carbotrap C (300mg), Carbotrap B 
(200mg) and Carbosieve S-III (30mg). Prior to use, thermal tubes were conditioned at 370°C for 45 min. 
During the tube conditioning an ultra-high-purity helium flow was maintained through the tubes at 
45 ml/min. 
 
As in most small chambers designed for emission measurements from construction materials, large 
sample volumes were required due to the low concentration of emitted chemicals. The collection of VOCs 
on an appropriate adsorbent medium is required to avoid overloading of the analytical equipment. In order 
to maintain integrity of the airflow in the small chambers (one air exchange per hour for TVOC and 0.5 
for formaldehyde), the sampling flow rate was 100 ml/min for a sampling period of 100 minutes for VOC 
sampling. The formaldehyde sampling rate was set at 250 mL/min and for two hours for a total of 30L the 
analysis was accomplished according to ASTM D 6007-96 with the same small chamber used to collect 
the VOC emission from the unfinished panel product. All samples for a given set of unfinished and 
finished products, as illustrated in Table 1, were tested with the same chamber in order to minimize the 
chamber impact on emission results. 
 

 
 

Figure 1 A general view of the small environmental chambers 
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5.3 Quantification of formaldehyde 
Formaldehyde emissions were quantified according to the modified National Institute of Occupational 
Safety and Health (NIOSH) Test Method 3500. The method can be summarized as follows: 4 mL of the 
scrubber’s content and 0.1 mL of 1.0 % chromotropic acid are poured in a 50-mL Pyrex® test tube with a 
screw top cap. Six mL of concentrated sulphuric acid (96%) are slowly added and agitated for 2 minutes, 
then heated for 30 minutes at 100°C and cooled and tested in triplicate. Solution absorbencies were read 
through a UV-visible spectrophotometer set at 580 nM. Distilled water was run as a blank, and with a 
formaldehyde solution calibration curve, each absorbency reading was converted into µg/mL of 
formaldehyde. When the condensate samples were too concentrated to yield absorbencies in the linear 
range of the calibration curve, aliquots of these samples were diluted with distilled water to a level within 
the linear range of the calibration curve. The concentration obtained from this dilution was back-
calculated to the original concentration and presented as micrograms of formaldehyde per litre, which is 
then converted in parts per million (ppm) and in emission factors as (mg/m².h). 
 
5.4 Quantification of the TVOC 
VOC measurements from panel samples were conducted in accordance to the ASTM D 5116-97 guide 
and described in great detail in a previous paper (Barry et al (1999)). Without going into detail in the 
description of the method, one can summarize some key points: the small chamber, maintained at 
23±0.5°C and 50±5% relative humidity, has a volume of 50 L and its interior surfaces are electro polished 
to minimize the sink effect; the loading ratio is fixed at 0.41 m²/m³ with one air exchange per hour 
(1±0.05). A Thermal Desorber/Gas Chromatograph/Mass Spectrometer (TDU/GC/MS) system was 
utilized to desorb and quantify the total volatile organic compounds (TVOC). A "cryo-trap" device was 
connected to the GC column in order to "cryofocus" the thermally desorbed chemicals prior to their 
injection into the GC. The GC oven was programmed for 10 min at 70°C, followed by ramping up the 
heat to 200°C at a rate of 8°C/min, and held for 10 minutes. The mass scan ranged from 29 to 550 atomic 
mass units (amu). Quantitative evaluation was achieved by comparing the chromatogram peak area of 
each compound to the corresponding peak area of a standard. 
 
Table 1 List of finishing materials tested in this project 
 

Mills #    
1)    

 1R: MDF  
 2R: MDF  
 1F: Paper finish, water base topcoat, Gas oven  
 2F : Paper finish, water base topcoat, Gas oven  

2)   
 1R: MDF  
 1F: Syn Decor laminated  
 2F: Vinyl laminated  

3)   
 1R: HDF  
 1F: Flooring (decor and aluminium oxide overlay)  
 2F: Flooring (decor and aluminium oxide overlay)  
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Mills #    
4)   

 1R: PB M-2  
 1F: Hymmen Laminator press, Toppan recoatable topcoat 
 2F: Proprietary Laminator press, Toppan recoatable topcoat 
 3F: Hymmen Laminator press, Toppan recoatable topcoat with 6 mils of proprietary UV 

cured topcoat 
 4F : Proprietary Laminator press, Toppan recoatable topcoat with 6 mils of proprietary 

UV cured topcoat 
5)  

 1R : MDF  
 1F: Thermofoil Ontario Match 10 mil  
 2 F: Thermofoil Blonde maple 12 mil  

6)   
 1 R: M-3 PB/Hardwood 2 sides, this substrate has Birch top face and an Okume back.  
 2R: PB   
 1F: had a Birch face and a Vinyl back.  
 2F: vinyl one side. They were tested back to back and the Vinyl faces were exposed 

7)  
 1R: PB (Fire Rated) 
 1F: Maple C or I SPL 
 2F: Red Oak Cor I rotary Red Oak 

8)  
 1R: Raw PB (.375'') 
 1F: 2 mil Maple Toffe Vinyl - Both Surfaces 
 2R: Raw PB (.625'') 
 2F: 2 mil MVNA (Vinyl) - Both Surfaces 
 3R:Raw PB (.500'') 
 3F: 2 mil MVNA (RAW secondary surface) - Tested Back to Back 
 4R: Raw PB (.250'') 
 4F: 2 mil Maple Natural Vinyl (RAW secondary surface) - Tested Back to Back 

9)  
 1R: Raw Particle Board 
 1F: Melamine (“Blanc. Colombe”) 130 gram MP0065 
 2F: Melamine (“Blanc Moyen”) 75 gram MB0021 

10)  
 5R: Raw Particle Board (M2) 
 6R: Raw Particle Board (M2) 
 7R: Raw Particle Board (M2) 
 8R: Raw Particle Board (M2) 
 5F: Maple Natural Vinyl on 2 sides 
 6F: Maple Vinyl on 2-side (5/8'') 
 7F: Maple Vinyl on 2-side (1/4'') 
 8F: White Vinyl on 2-side 

11)  
 1R: HB 
 1F: Primer only 
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Mills #    
12)  

 1R: HB (11,11 mm) 
 2R: HB (9,53 mm) 
 3R: HB (3,175mm) 
 1F: 
 2F:  
 3F: 

No specifications 

13)  
 1R-MEL002 : PB (19/32'') Melamine in / Raw Board out 
 1R-VEN002 : PB (19/32'') Veneer in / Raw Board out 
 2F-MEL002 : New Raineer White 126 Melamine / Cherry Veneer (Veneer in / Melamine 

out) 
 3F-VEN002 : New Raineer White 126 Melamine / Cherry Veneer (Melamine in / Veneer 

out) 
14)  

 1R : PB - M1 grade (3/4'') 
 1F : Melamine Saturated Paper 80 gram 

15)  
 1R : Hardboard/Molded 
 M1R : Hardboard/Molded 4/4 Nominal 0,75'' Actual 
 1F : Water Base Thermoset Acrylic Latex Primer (5,5 dry grams/ft².) 
 M1F : Water base Thermoset Acrylic Latex Primer (2,2 dry mils smooth side, 1,45 dry 

mils textured sides) 
16)  

 1R : PB (5/8'') 
 1F : Melamine (Spread Rate 190g/m2) 

 

6 Results and Discussion 
6.1 Influence of the aluminum foil used to wrap samples on formaldehyde 

emission 
It has been reported in the literature that aluminum foil used to wrap or to seal sample edges could have a 
potential impact on formaldehyde emission results from the wrapped samples. One of the first 
investigations conducted by Forintek was to determine if the aluminum foil used to wrap the samples 
contributed to formaldehyde emissions. Results obtained after the testing of several aluminum samples 
indicated that there was no formaldehyde emission from the aluminum foil, so there was no 
contamination of samples wrapped with the foil. 
 
6.2 Effectiveness of barriers to reduce emissions 
Table 2 compares formaldehyde emission reduction for some finishing materials used by the industry. 
Complete results are presented in Annexe I. As one can see from this table, the degree of formaldehyde 
emission reduction is a function of the type of the finishing material used. Some finishing materials 
reduced formaldehyde emissions to almost 100% while other finishing materials showed an increase of 
formaldehyde emission vis-à-vis the reference unfinished samples. Emissions were expressed both in 
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parts per million (ppm) and in mg of formaldehyde per square meter per hour in the case of formaldehyde 
and for the VOCs, emissions were expressed as mg of total VOC (TVOC) as alpha-pinene per square 
meter of sample per hour (mg/m².hr). Seven matched sample sets are shown in Table 2 and four in 
Table 3 where each set represents one type of unfinished panel product and its corresponding surface 
treatments. The emission reduction efficiency for each finishing type is indicated for both formaldehyde 
and TVOC in the table. 
 
Table 2 Comparative formaldehyde emission reductions for some finishing materials 
 

Set 
ID 

Matched Sample Sets 
  

ASTM D-6007 
CH2O (ppm) / 
mg/m2*hr) 

ASTM D-6007 
% Reduction 

ASTM D-5116 
TVOC (ug/m2*hr) 

ASTM D-5116 
Reduction (%) 

Set I 
A 7.3 mm MDF unfinished 0.09 / 0.13   257.3   
B painted UV Topcoat 0.01 / 0.02 89 39.4 85 
C Painted Acrylic topcoat 0.08 / 0.12 11 326.8 {+27} 

Set II 
D 4.76 mm MDF 0.18 / 0.29   53.4   

E 
multiple (3) topcoat wet 
process 0.13 / 0.20 28 84.1 {+57} 

Set III 
F 3/4 inch MDF 0.14 / 0.21   241.6  

G 
A: epoxy powder coating 
3-5 mil n.d. > 99 14.7 94 

H 
B: epoxy powder coating 
3-5 mil n.d. > 99 24.9 90 

I 
C: epoxy powder coating 
3-6 mil n.d. > 99 17.2 93 

Set IV 
J 3/4 inch particleboard 0.10 / 0.15   151.6   
K MDO (phenolic 0.002 in) n.d. > 99 18.4 88 

Set V 
L 3/4 inch particleboard 0.15 / 0.25   223.8   
M melamine paper 80 grams 0.01 / 0.02 93 33.8 85 

Set VI 
N 1/2 inch particleboard 0.11 / 0.17   147.8   
O Vinyl (3.400 mil) n.d. > 99 50.6 66 

Set VII 
P 5/8 inch particleboard 0.11 / 0.17   181.7   
Q Foil - 60 gram 0.03 / 0.04 73 43.7 76 
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The first set of samples listed in Table 2 consisted of a 7.3 mm MDF raw panel and two finished 
products. The sample finished with the UV paint topcoat showed a relatively high formaldehyde emission 
reduction of 89% compared to 11% when the raw panel is finished with the acrylic paint topcoat. Based 
on these very limited tests, the UV paint appeared to be more efficient as a formaldehyde barrier and 
suggests that this mill should use the UV topcoat instead of the acrylic paint if its main objective is to 
reduce formaldehyde emission. This suggestion is reinforced by the fact that the UV paint also was a 
more efficient barrier for VOC with 85 % emission reduction compared to an increase of 27% for the 
acrylic paint. 
 
The second set of samples listed in Table 2 consisted of a 4.76 mm unfinished MDF sample and matching 
set samples with a multiple (3) topcoat wet process finish. The very limited formaldehyde emission 
reduction observed with this finish suggested that it was not an efficient formaldehyde barrier and the 
high increase in VOC emission, up to +57%, indicated that it may contain a high amount of solvents. The 
lack of information on the nature of wet coat chemicals used in this process limits us from further 
comments. It suggests however a need for more sampling, as is the case for many other finishing 
materials tested in this study. 
 
The third set of samples in Table 2 consisted of a ¾ inch MDF raw board panel and samples finished with 
three different epoxy powder coatings (A, B and C). All three powders showed similar formaldehyde 
emission reduction efficiency with 99% emission reduction and above. These three powder coating 
materials also showed comparable VOC emission reduction with 94%, 90% and 93% efficiencies, 
respectively. These very high formaldehyde and VOC emission reduction efficiencies are in agreement 
with other literature reports (Antony B et al (1999), Bankowsky H.H et al (2000) and Jennifer H. (2001)). 
 
The next two sets #4 and #5 (Table 2) consisted of a ¾ inch raw particleboard sample with different 
finishes for each set. The 2 mils laminated phenolic paper used to finish the fourth set reduced 
formaldehyde emission by at least 99% while the 80 gram melamine saturated paper used to finish the 
fifth panel reduced the formaldehyde emissions from 0.15 ppm to 0.01 ppm, which corresponds to an 
emission reduction efficiency of 93%. As a VOC barrier, the melamine paper showed an emission 
reduction from 223.8 to 33.8 ug/m2*hr, which corresponds to an efficiency of 85% compared to 88% for 
the laminated phenolic paper. This compares favourably to the 90% efficiency reported by two papers in 
the literature (Dombey (1989) and Grot et al (1988)). In a previous study for the Canadian Particleboard 
Association (Barry et al (1997)), sixteen different samples subdivided into 7 different sets were tested for 
their formaldehyde emissions and results indicated a mean formaldehyde emission reduction of 87% 
varying from 69 up to 100%. This observation was in agreement with a CPA technical bulletin on VOC 
emission barrier effects (“The Role of Laminates and Coating as VOC Emission Barriers in Composite 
Wood Panels”, Technical Bulletin). 
 
The sixth set consisted of an unfinished and a finished ½ inch particleboard with 3.4 mil vinyl. The 
formaldehyde emission reduction observed with this barrier indicated an efficiency of 99% and a 66% 
reduction of VOCs indicating that vinyl is more effective as a formaldehyde barrier than as a VOC 
barrier. Groah et al (1984) reported a formaldehyde emission reduction of about 90% when particleboard 
was finished with a 2-mil vinyl laminate. The thickness of the laminate can go up to 10 mils suggesting a 
further reduction potential. However, the authors did not evaluate the impact of thicker vinyl laminate on 
VOC emission reduction. 
 
The last set consisted of an unfinished and a finished 5/8 inch particleboard panel laminated with a 60 
gram foil. As one can see from Table 2, this finish showed a similar efficacy for both formaldehyde and 
VOCs with emission reduction of 73 % and 76% respectively. The level of its effectiveness was higher 
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than the 50% range reported in the CPA technical bulletin suggesting again the need for more 
investigation in this field. 
 
Aluminium oxide overlay, 6 mils UV, thermofoil 10 and 12 mils are among those finishing materials with 
an efficiency between 80 and 100% emission reduction for both formaldehyde and VOCs. 
 
Based on their capacity to reduce TVOC emissions, the first series of barriers listed in Table 2 were 
subdivided into four groups in Table 3; the first one being the group with the best efficiency in terms of 
TVOC barriers.  
 
Table 3 Example of some VOC emission reduction results as a function of barrier types 
 

Types of Barriers Unfinished panels Finished panels Emission Reduction
µg/m².hr µg/m².hr

Group I

Al oxide overlay 107,5 4,8 96
Thermofoil 10 mils 284,9 15,3 95
Vinyl Laminate 273,6 24,7 91
Epoxy powder coat 241,6 24,9 90

Group II

Syn decor laminates 273,6 36,8 87
80 gr. Melamine paper 223,8 33,8 85
Painted UV topcoat 257,3 39,4 85
6 mil UV cured topcoat 474,1 75,2 84

Group III

60gr. Foil 181,7 43,7 76
Vinyl back to back 215 69,2 68
3.4 mil Vinyl 147,8 50,6 66

Group IV*

Painted Acrylic 257,3 326,8 -27
Multiple wet topcoat 53,4 84,1 -57
Water-based topcoat 84,9 151,5 -78  

* The negative numbers indicate an increase of VOC emissions of the finished product compared to 
the unfinished reference. 

 
Table 7 summarizes formaldehyde and TVOC emission reduction results as a function of the finishing 
materials tested in the second objective of this study. Table 5 lists the 27 additional barriers which were 
investigated and reported in Table 4. 
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Table 4 showed that formaldehyde and VOC emission reduction efficiencies are clearly a function of the 
barriers types. Some barriers showed a reduction efficiency of up to 100% for formaldehyde and some 
actually increased formaldehyde emission. As with the first series of barriers investigated, Table 4 
revealed that some barriers were very effective in reducing both formaldehyde and VOCs. 
 
Table 5 summarizes the second series of the investigated barriers, their identification and their 
effectiveness to reduce formaldehyde and VOCs. 
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Table 4 Summary of formaldehyde and TVOC emissions as a function of finishing 
materials 

 
Mill # Products 

Types (ppm) (mg/m².hr) Reduction µg/m².hr % Reduction

% as alpha-Pinene

1RB 0.37 0.53 84.87

1 2RB 0.18 0.27 76.38

1FP 0.22 0.32 41 151.53 -79
2FP 0.24 0.37 -33 115.74 -52

1RB 0.34 0.57 273.6
2 1FP 0.015 0.02 96 36.8 87

2FP 0.02 0.03 94 24.7 91

1RB 0.08 0.11 107.5

3 1FP 0.000 0.000 100 4.8 96

2FP 0.003 0.004 96 4.3 96

1RB 0.10 0.14 474.1

1FP 0.09 0.13 10 307.9 35

4 2FP 0.01 0.01 93 187.9 60
3FP 0.013 0.020 87 193.8 59

4FP 0.01 0.01 92 75.2 84

1RB 0.16 0.25 284.9

5 1FP 0.02 0.03 88 15.3 95

2FP 0.00 0.00 100 21.3 93

2RB 0.163 0.28 215.0

6 1RB 0.02 0.03 51.3

1FP 0.00 0.00 100 51.1 0

2FP 0.01 0.01 96 69.19 68

1RB 0.13 0.19 93.79

7 1FP 0.15 0.24 -19 72.15 23

TVOCCH2O
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Mill # Products T
(ppm) (mg/m².hr)% Reduction µg/m².hr % Reduction

as alpha-Pinene
1RB 0.45 0.55 770.4
2RB 0.46 0.56 1169.95
3RB 0.48 0.58 817.26
4RB 0.47 0.57 742.11
1FP 0.09 0.11 80 342.79 56
2FP 0.03 0.04 93 247.61 79
3FP 0.03 0.04 94 226.72 72

8 4FP 0 0.00 100 47.57 94
5RB 0.437 0.53 619.72
6RB 0.443 0.69 662.21
7RB 0.459 0.67 278.04
8RB 0.3 0.5 626.98
5FP 0.045 0.07 90 245.99 60
6FP 0 0 100 124.75 81
7FP 0.054 0.08 88 496.45 -79
8FP 0.031 0.04 90 406.78 35

1RB 0.073 0.11 422.99
9 1FP 0 100 41.99 90

2FP 0 100 82.45 81

CH2O TVOC

 
 

RB: unfinished products 
FP: Finished products with different finishing materials; refer to Table 5 for details 
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Table 5 Description of the finishing materials for the different mills listed in Table 4 and 
their corresponding efficiency to stop formaldehyde and VOC emissions 

 
Mill # Types of Finishing Materials CH2O Emission VOCs Emission

Reduction (%) Reduction (%)

1 1FP : Paper finish, water base topcoat, Gas oven 41 -79

2FP : Paper finish, water base topcoat, Gas oven -33 -52

2 1FP : Syn Decor laminated 96 87
2FP : Vinyl laminated 94 91

3 1FP : Flooring (decor and aluminium oxide overlay) 100 96
2FP : Flooring (decor and aluminium oxide overlay) 96 96

4 1FP: 30 g classic cherry recoatable paper 10 35

2FP:  Proprietary Laminator press, Toppan recoatable topcoat 93 60

3FP : Hymmen Laminator press, Toppan recoatable topcoat with 6 mils of proprietary UV cured topcoat 87 59
4FP : Proprietary Laminator press, Toppan recoatable topcoat  with 6 mils of proprietary UV cured topcoat 92 84

5 1FP  -  Thermofoil  Ontario Match 10 mil 88 95
2 FP  -  Thermofoil Blonde maple 12 mil 100 93

6 1FP: has a Birch face and a Vinyl back. They were not  tested back to back. 100 0
2FP : vinyl one side. They were tested back to back and the Vinyl faces were exposed 96 68

7 1FP : Maple C or I SPL -19 23
2FP : Red Oak Cor I rotary Red Oak 33 -32

1FP :   2 mil  Maple Toffe Vinyl - Both Surfaces 80 56

2FP :  2 mil  MVNA (Vinyl) - Both Surfaces 93 79

8 3FP :  2 mil MVNA (RAW secondary surface) - Tested Back to Back 94 72

4FP :  2 mil  Maple Natural Vinyl (RAW secondary surface) - Tested Back to Back 100 94

5FP : Maple Natural Vinyl on 2 sides 90 60

6FP : Maple Vinyl on 2 sides (5/8'') 100 81

7FP : Maple Vinyl on 2 sides (1/4'') 88 -79
8FP: White Vinyl on 2 sides 90 35

9 1FP : Melamine  (Blanc. Colombe) 130 gram  MP0065 100 90
2FP : Melamine (Blanc Moyen) 75 gram  MB0021 100 81  

 
6.3 Formaldehyde emission decay tests from finished products  
One of the other objectives of this project was to investigate the formaldehyde emission decay rate from 
two sets of products in order to establish the aging impact on the product emissions. In order to improve 
the accuracy of the results, particularly for low emitting products, the DNPH derivatization technique was 
used to monitor formaldehyde emissions over time. Tables 6 and 7 summarize formaldehyde emission 
results for a period of 24 days for low and for high emitting products, respectively. 
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Table 6 Decay rate in formaldehyde emission from a high emitting finished material (23 g 
paper grade) 

 

Unfinished Finished

0 2006-02-13 10:00 0 0 0

1 2006-02-14 10:00 24 427.4 674.9

2 2006-02-15 10:00 48 562.5 391.2

3 2006-02-16 10:00 72 498.7 401.7

4 2006-02-17 10:00 96 490.7 374.5

7 2006-02-20 10:00 168 447.8 318.8

8 2006-02-21 10:00 192 511.6 287.2

9 2006-02-22 10:00 216 450 270.9

10 2006-02-23 10:00 240 393.9 272.8

11 2006-02-24 10:00 264 434.4 270.8

14 2006-02-27 10:00 336 241.6

15 2006-02-28 10:00 360 281.7

16 2006-03-01 10:00 384 242.0

17 2006-03-02 10:00 408 274.3

18 2006-03-03 10:00 432 235.3

21 2006-03-06 10:00 504 217.3

22 2006-03-07 10:00 528 217.0

24 2006-03-09 10:00 576 207.6

Days Date Time (h) Formaldehyde Emission Factor  
(µg/m 2 .hr)
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Table 7 Decay rate in formaldehyde emission from a low emitting finished material (30 g 
classic cherry re-coatable paper) 

 

Unfinished Finished

0 2006-02-13 10:00 0 0 0

1 2006-02-14 10:00 24 173.8 17.5

2 2006-02-15 10:00 48 189.7 28.7

3 2006-02-16 10:00 72 178.7 24.3

4 2006-02-17 10:00 96 182 24.0

7 2006-02-20 10:00 168 180.2 12.4

8 2006-02-21 10:00 192 228.7 11.4

9 2006-02-22 10:00 216 223.7 9.4

10 2006-02-23 10:00 240 204 18.5

11 2006-02-24 10:00 264 203.5 9.2

14 2006-02-27 10:00 336 22.0

15 2006-02-28 10:00 360 21.5

16 2006-03-01 10:00 384 16.4

17 2006-03-02 10:00 408 27.8

18 2006-03-03 10:00 432 27.8

21 2006-03-06 10:00 504 25.0

22 2006-03-07 10:00 528 32.3

24 2006-03-09 10:00 576 25.0

Formaldehyde Emission Factor  
(µg/m 2 .hr)Time (h)Date Days

 
 
Formaldehyde emission decay patterns from high and low emitting finished products are illustrated in 
Figures 2 and 3, respectively. As one can see, formaldehyde emissions from the high emitting product are 
declining at an exponential rate with a very good R² fitting curve. The test has been conducted for up to 
24 days and will continue to be monitored in 2006/2007 for a few months. The corresponding unfinished 
product emission decay rate was also included in the figure and, as one can see, the unfinished product 
emits at a much higher level than its corresponding finished product and that their decay patterns look 
similar even with a limited test period. The decay test will continue during the last year of the project with 
both these samples and with other samples. 
 
Figure 3 showed that formaldehyde emission decay in a product with low emission levels did not follow 
any patterns as supported by a relatively low standard deviation (8.2) around the mean (19.2) emission 
rate. The emission decay of the reference unfinished sample was also included in the figure. The decay 
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pattern for the unfinished sample follows the one for the finished sample and with almost no variation 
over time. The decay test will continue to be followed over time for up to six months. 
 

0

200

400

600

800

0 100 200 300 400 500 600 700
Time (hours)

Em
is

si
on

 fa
ct

or
 (µ

g/
m

2.
hr

) 

Finished Unfinished

 
 
Figure 2 Decay rate in formaldehyde Emission from high emitting material 
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Figure 3 Decay rate in formaldehyde emission from a low emitting material 
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6.4 Correlation between formaldehyde emission measured by ASTM D 5116 and 
ASTM D 6007 test methods 

Establishing a correlation between formaldehyde emission results obtained according to ASTM D5116 
and ASTM D 6007 was part of the project deliverables. Different samples were tested according to the 
two methods and formaldehyde emission results were summarized in Table 8. A very good correlation 
was found between the two series of results as indicated in Figure 4. An increase in the number of tested 
samples would certainly improve the statistical confidence of the correlation curve. 
 
Table 8 Correlation between ASTM D 5116 and ASTM D 6007 test methods for 

formaldehyde emission results 
 

ppm mg/m2.hr ppm mg/m2.hr
1 05-19 R3 0.012 0.020 0.000 0.000
2 05-21 R3 0.004 0.010 0.000 0.000
3  05-27 0.017 0.030 0.000 0.000
4  05-28 0.017 0.030 0.000 0.000
5  05-29 0.000 0.000 0.000 0.000
6  05-30 0.289 0.450 0.161 0.420
7  05-31 0.295 0.460 0.136 0.330
8  05-34 0.073 0.110 0.054 0.160
9  05-35 0.000 0.000 0.000 0.000

10  05-36 0.000 0.000 0.000 0.000
11  05-39 0.437 0.530 0.176 0.520
12  05-40 0.443 0.690 0.272 0.750

ASTM D 6007 ASTM D 5116Test # Sample ID
Formaldehyde Concentration 
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Figure 4 Correlation between ASTM D 5116 and ASTM D 6007 formaldehyde emission 

results 
 

7 Conclusions 
In this study, up to 50 samples of different finished and unfinished wood composite products have been 
evaluated for formaldehyde and VOC emissions. Up to 30 finishing materials used by primary and 
secondary particleboard and MDF manufacturers were subjected to emissions testing in order to 
determine the most efficient barrier to eliminate or at least reduce formaldehyde and/or VOCs emissions 
from their products. The data acquired in this work highlighted many interesting observations. 
 
Results showed that there is no additional formaldehyde or VOC emissions due to the aluminium paper 
used to wrap the samples. 
 
It appeared that the powder coating is among the most effective barriers for both formaldehyde and VOCs 
with more than 90% emission reduction when applied to MDF. A similar efficiency was observed with 
the phenolic, vinyl, the melamine paper, aluminium oxide overlay, Syn Décor laminates, thermofoil 
12 mils, and 2 mils Natural vinyl applied on particleboard panels. Some finishing material such as birch 
veneer showed excellent efficiency towards formaldehyde reduction with, however, a lower VOC 
emission reduction. The paper finish, water based topcoat, and the multiple (3) topcoat wet process 
appeared to be the less efficient barriers towards either formaldehyde and/or VOCs with, respectively, 
41% and 28% formaldehyde emission reduction and an increase of VOC emissions by 79% and 57% 
respectively, suggesting that these barriers may have a high solvents content. A limitation of this 
preliminary study was that the formaldehyde and VOC contribution of the surface coating or laminates 
were not determined by themselves without a substrate. The very limited number of tests conducted for 
any individual barriers suggests that these preliminary results should be viewed with caution and that 
more sampling is necessary to ensure completeness as well as confidence in the data. The next phase of 
this study will include further evaluation of the finishes and the effect of sample aging as it relates to 
emissions. 
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The decay tests conducted to date indicated a decrease of formaldehyde emission over time for samples 
with high emission rates. For low emitting samples, there was no decrease over time of the emissions. All 
emission patterns follow an exponential model as reported in the literature, especially for high emitting 
products. The decay study will be continued for longer period of time in order to complete its 
characterization. 
 
The formaldehyde emission correlation between ASTM D 5116 and ASTM D 6007 appeared to be very 
good with an R² of 94%. An increase in the sample data base would certainly increase the statistical 
accuracy and confidence of this correlation. 
 

8 Recommendations 
Results suggest that an evaluation of powder coatings on particleboard and an evaluation of the clear 
coating and vinyl laminate on MDF would be relevant to more fully evaluate the impact of the substrate, 
if any, on emission characteristics of these surface treatments. The evaluation of the other finishes 
materials which showed an excellent efficiency on a particular type of product such as particleboard 
should be undertaken on the other product, in this case MDF in order to complete the evaluation of the 
effectiveness of any given barrier. 
 
The project has been extended for one additional year. Next year’s plan includes the evaluation of 
emissions after further decay and the round robin tests with the University of Berkeley. A study will also 
be conducted to evaluate the formaldehyde and VOC emissions of the barriers without substrate, in order 
to determine the contribution of the barriers themselves to the emissions of finished products. 
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Appendix I  
 

Formaldehyde and VOC emissions from finished and  
unfinished particleboard and MDF products 
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Table 9 Formaldehyde and VOC Emissions from unfinished and finished MDF panel 
samples 

 
Volatile Organic 

Compounds Detected 1RB 2RB 1FP 2FP

Formaldehyde 0,37 (0,53) 0,18 (0,27) 0,22 (0,32) 0,24 (0,37)

Cyclobutanol n.d. n.d. n.d. 0,3

Isopropyl alcohol n.d. n.d. 32,8 n.d.

Acetic acid 69,3 57,0 n.d. 21,7

Hexanal 5,7 6,5 n.d. n.d.

Unknown compounds 9,9 12,8 118,7 93,7

TVOC 84,9 76,4 151,5 115,7

Sample Identification 1

1RB : MDF

2RB : MDF

1FP : Paper finish, water base topcoat, Gas oven

2FP : Paper finish, water base topcoat, Gas oven

n.d. not detected

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1

Unfinished Laminated
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Table 10 Formaldehyde and VOC Emissions from unfinished and finished MDF panel 
samples 

 
Volatile Organic 

Compounds Detected 1RB 1FP 2FP

Unfinished

Formaldehyde 0,34 (0,57) 0,015 (0,02) 0,02 (0,03)

Acetic acid 226,7 5,5 n.d.

Pentanal n.d. 3,2 n.d.

Hexanal 12,7 13,4 n.d.

2-Furfural 4,3 n.d. n.d.

Benzaldehyde 1,6 n.d. n.d.

Phenol 1,2 6,7 6,6

alpha-Methylstyrene 0,9 n.d. n.d.

Unknown compounds 26,3 8,0 18,1

TVOC 273,6 36,8 24,7

Sample Identification 1

1RB : MDF

1FP : Syn Decor laminated

2FP : Vinyl laminated

n.d. not detected

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Laminated

Sample Identification 1
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Table 11 Formaldehyde and VOC Emissions from unfinished and finished HDF panel 
samples 

 
Volatile Organic 

Compounds Detected 1RP 1FP 2FP

Unfinished

Formaldehyde 0,08 (0,11) n.d. 0,003 (0,004)

Acetic acid 91,4 n.d. n.d.

Hexanal 7,3 0,8 1,9

alpha-Methylstyrene 0,6 n.d. n.d.

Unknown compounds 8,2 4,0 2,4

TVOC 107,5 4,8 4,3

Sample Identification 1

1RB : HDF
1FP : Flooring (decor and aluminium oxide overlay)
2FP : Flooring (decor and aluminium oxide overlay)
n.d. not detected

Laminated

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1
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Table 12 Formaldehyde and VOC Emissions from unfinished and finished PB panel samples  
 
Volatile Organic 
Compounds Detected 1RP 1FP 2FP 3FP 4FP

Formaldehyde 0,10 (0,14) 0,09 (0,13) 0,007 (0,01) 0,013 (0,02) 0,008 (0,01)

Acetone n.d. 32,7 n.d. n.d. n.d.
2-Butenal 0,3 0,0 0,6 0,0 n.d.
Acetic acid 26,8 1,5 1,9 1,4 1,5
Furan, 2-methyl n.d. 0,3 0,0 0,0 n.d.
1-propanol-2-methyl n.d. 6,9 8,3 0,0 n.d.
Pentanal n.d. 16,0 0,0 0,0 6,3
Benzene n.d. 1,0 0,0 0,0 0,3
2-pentanone n.d. n.d. n.d. n.d. 0,4
Heptane n.d. 7,2 3,3 0,0 n.d.
MIBK n.d. 0,9 0,0 0,0 n.d.
1-Butanol,3-methyl n.d. 9,8 0,0 0,0 n.d.
1-Pentanol 12,6 0,0 5,6 4,9 n.d.
Hexanal 191,7 97,8 71,5 70,3 29,4
2-Furfural 6,6 0,0 n.d. n.d. n.d.
1-Hexene n.d. 0,6 n.d. n.d. n.d.
2-hexanone,5-methyl n.d. n.d. n.d. n.d. 0,6
Cyclohexanone n.d. 0,8 n.d. n.d. n.d.
2-heptanone 3,9 3,2 1,7 1,6 n.d.
Heptanal 5,0 2,5 n.d. n.d. n.d.
2-pentyne-1-ol and Benzaldehyde 33,0 16,4 10,1 8,4 3,6
alpha-Pinene 18,9 25,6 12,5 13,9 5,5
Camphene n.d. 3,2 0,0 n.d. n.d.
1-Octen-3-ol 2,6 1,7 0,0 n.d. n.d.
pin-2-ene n.d. n.d. n.d. n.d. 2,0
Ethanol, 2-(2-ethoxyethoxy) n.d. 4,1 9,0 n.d. n.d.
beta-Pinene 4,0 8,8 3,8 4,9 n.d.
Furan, 2-pentyl and Octanal 12,5 8,1 5,0 3,9 0,1
heptane,2,2,4,6,6,-pentamethyl n.d. n.d. n.d. 7,9 8,2
1,2,4,4-tetramethylcyclopentene n.d. n.d. n.d. 2,6 n.d.
para-Cymene 0,9 1,4 0,5 0,7 n.d.
Limonene 2,3 4,9 2,1 2,6 1,0
2-Hexenal, (E) - 7,2 n.d. n.d. n.d. n.d.
2-hexyn-1-ol n.d. n.d. 2,1 n.d. n.d.
Acetophenone n.d. n.d. n.d. 0,6 0,3
2-Octenal n.d. 3,3 n.d. n.d. n.d.
D-Fenchone 1,4 n.d. n.d. n.d. n.d.
Nonanal 10,5 5,4 3,5 3,3 n.d.
1,3,3,-trimethyl norbonanol n.d. 1,8 n.d. n.d. n.d.
Camphor 4,1 1,7 n.d. n.d. n.d.
Bicyclo[3.3.1]hepta-3-one, 2 2,1 n.d. n.d. n.d. n.d.
Borneol 3,2 n.d. n.d. n.d. n.d.
4-Allylanisol 23,0 n.d. n.d. n.d. n.d.
1-Bornyl acetate 3,0 n.d. n.d. n.d. n.d.
Decanal n.d. n.d. 2,1 n.d. n.d.
Unknown compounds 101,4 40,2 44,3 66,7 16,1
TVOC 474,1 307,9 187,9 193,8 75,2
1RP : PB M-2; 1FP : Hymmen Laminator press,  Toppan recoatable topcoat
2FP:  Proprietary Laminator press, Toppan recoatable topcoat
3FP : Hymmen Laminator press, Toppan recoatable topcoat with 6 mils of proprietary UV cured topcoat
4FP : Proprietary Laminator press, Toppan recoatable topcoat  with 6 mils of proprietary UV cured topcoat
 2  Bicyclo[3.3.1]hepta-3-one,  6,6,-dimethyl-2-methylene n.d. not detected

Sample Identification 1

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene
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Table 13 Formaldehyde and VOC Emissions from unfinished and finished MDF panel  
 

Volatile Organic 

Compounds Detected 1RB 1FP 2FP

Unfinished

Formaldehyde 0,16 (0,25) 0,02 (0,03) n.d.

Acetic acid 203,9 0,6 2,6

Pentanal n.d. 1,8 n.d.

1-Pentanol n.d. 0,4 0,6

Hexanal 37,3 7,1 7,8

Acetic acid, butyl ester n.d. 1,6 n.d.

2-Furfural 2,4 n.d. n.d.

2-Pentyl furan and Octanal 3,4 0,6 n.d.

Unknown compounds 37,8 2,9 10,4

TVOC 284,9 15,3 21,3

1RB: MDF

1FP  -  Thermofoil  Ontario Match 10 mil

2 FP  -  Thermofoil Blonde maple 12 mil

Laminated

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1
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Table 14 Formaldehyde and VOC Emissions from unfinished and finished PB panel 
samples  

 
Volatile Organic 
Compounds Detected 2RP 1RB ?? 1FP ?? 2FP 

Formaldehyde 0,163 (0,28) 0,02 (0,03) n.d. 0,007 (0,01)

Acetic acid 66,5 21,9 0,8 3,24
Butanal, 3-methyl 5,2 n.d. n.d. n.d.
1-Pentanol 2,2 1,6 n.d. 1,30
Hexanal 27,9 5,9 2,4 15,70
2-Furfural 3,1 n.d. n.d. n.d.
Pentanoic acid 0,9 n.d. n.d. n.d.
Heptanal 2,2 n.d. n.d. n.d.
Benzaldehyde 9,1 n.d. n.d. 0,08
alpha-Pinene 0,9 0,9 2,1 n.d.
Phenol n.d. 1,5 4,9 6,62
ortho-Cymene n.d. n.d. 0,5 n.d.
alpha-methylstyrene n.d. n.d. 0,5 n.d.
bêta-pinene n.d. n.d. 1,1 n.d.
Hexenoic acid 1,4 n.d. n.d. n.d.
2-Pentyl furan and Octanal 5,0 n.d. 0,3 n.d.
3-Heptyne, 5-ethyl-5-methyl n.d. n.d. 1,7 n.d.
3-Carene 1,8 1,4 2,9 n.d.
para-Cymene n.d. 0,2 0,6 n.d.
Limonene 0,5 0,5 1,3 n.d.
Nonanal 11,6 n.d. n.d. n.d.
Tridecane n.d. n.d. 3,5 0,46
Unknown compounds 76,7 17,5 28,6 41,80
TVOC 215,0 51,3 51,1 69,19
2RP : PB 
1 RB : M-3 PB/Hardwood 2 sides, this substrate has Birch top face and an Okume back. 
          They were not  tested back to back 
1FP: has a Birch face and a Vinyl back. They were not  tested back to back. 
2FP : vinyl one side. They were tested back to back and the Vinyl faces were exposed
n.d. not detected

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH
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Table 15 Formaldehyde and VOC Emissions from unfinished and finished PB panel 
samples  

 
Volatile Organic 
Compounds Detected 1RP 1FP 2FP

Unfinished

Formaldehyde 0,129 (0,19) 0,153 (0,24) 0,86 (0,13)

Acetic acid 52,08 35,20 115,7
Hexanal 8,47 4,30 3,86
diethylene glycol monoethyl ether n.d 8,33 n.d.
2-furfural 2,16 n.d n.d
Octanal n.d 0,86 n.d.
Nonanal n.d 8,67 n.d.
Decanal n.d 9,12 n.d.
alpha-pinene 2,19 n.d n.d
Unknown compounds 28,89 5,68 4,7
TVOC 93,79 72,15 124,2
1RB : PB (Fire Rated)
1FP : Maple C or I SPL
2FP : Red Oak Cor I rotary Red Oak
n.d. not detected

Laminated
Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1
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Table 16 Formaldehyde and VOC Emissions from unfinished and finished PB panel 
samples  

 
Volatile Organic 
Compounds Detected 1R 2R 3R 4R 1F 2F 3F 4F

Formaldehyde 0.45 0.46 0.48 0.47 0.09 0.03 0.03 n.d.

Isopropyl alcohol n.d n.d n.d n.d n.d n.d 12.68 n.d

Methylene chloride n.d n.d 9.61 n.d n.d n.d n.d n.d

Acetic acid 39.50 24.65 21.79 69.88 n.d 2.63 n.d n.d

Acetic acid, 1-methylethyl ester n.d n.d n.d n.d 13.36 10.71 n.d 3.07
1-Butanol, 3-methyl n.d n.d n.d n.d n.d 9.58 n.d n.d

Butanal, 3-methyl 1.46 n.d n.d n.d n.d n.d n.d n.d

Pentanal 63.65 70.36 41.01 47.16 n.d n.d n.d n.d

1-Pentanol 21.11 56.44 14.09 24.07 7.27 n.d 8.93 n.d

Toluene n.d n.d 9.73 2.43 n.d n.d n.d n.d

Hexanal 382.73 527.04 282.29 249.79 90.68 101.02 85.70 19.50
Furan , 2,5 dihydro n.d 1.88 n.d n.d n.d n.d n.d n.d

1-Hexene n.d n.d n.d n.d n.d 1.82 n.d n.d

2-heptanone 2.35 n.d 2.58 2.81 n.d 1.21 n.d n.d

Heptanal n.d 8.54 n.d n.d n.d n.d n.d n.d

2-Heptenal and/or Benzaldehyde 17.19 40.17 22.65 30.14 5.25 6.87 n.d n.d

alpha-Pinene 13.36 14.28 7.78 7.18 22.88 7.29 4.13 1.17
ortho-cymene 18.14 19.71 12.66 8.35 14.46 11.12 7.01 1.43
beta-Pinene 15.09 15.61 9.31 8.62 45.82 15.04 6.80 1.43
Furan, 2-pentyl and/or Octanal 13.95 21.25 n.d 19.41 n.d 3.04 2.55 n.d

3-Carene 38.94 33.10 16.26 23.09 78.16 19.76 12.10 n.d

para-Cymene 5.27 4.69 1.76 4.04 4.16 2.71 1.78 n.d

Limonene 10.47 11.00 3.59 6.62 17.55 7.95 4.49 0.66
Borneol n.d n.d 2.48 2.97 n.d n.d n.d n.d

1-Bornyl acetate 0.91 n.d 2.29 n.d n.d n.d n.d n.d

alpha-longipinene n.d n.d n.d 3.62 n.d n.d n.d n.d

Longifolene n.d n.d n.d n.d n.d 7.70 n.d n.d

(+)-Longicyclene n.d n.d n.d 5.16 n.d n.d n.d n.d

Valencene 46.46 94.99 114.44 113.87 7.33 n.d 5.84 2.40
Unknown compounds 79.82 226.23 242.94 112.91 35.79 39.17 74.70 17.93
TVOC 770.40 1169.95 817.26 742.11 342.79 247.61 226.72 47.57
1 Sample Identification 
1R :  Raw PB (.375'')
1F :   2 mil  Maple Toffe Vinyl - Both Surfaces
2R :   Raw PB (.625'')
2F :  2 mil  MVNA (Vinyl) - Both Surfaces
3R :  Raw PB (.500'')
3F :  2 mil MVNA (RAW secondary surface) - Tested Back to Back
4R :  Raw PB (.250'')
4F :  2 mil  Maple Natural Vinyl (RAW secondary surface) - Tested Back to Back
n.d. not detected

Formaldehyde Emission Factor (mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

Sample Identification 1

Unfinished Finished
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Table 17 Formaldehyde and VOC Emissions from unfinished and finished PB panel 
samples  

 
Volatile Organic 
Compounds Detected 1R 1F 2F

Unfinished

Formaldehyde 0,073  (0,11) n.d. n.d.

Acetic acid 25.28 n.d. n.d.
Pentanal 22.24 3.5 6.2
1-Pentanol n.d. n.d. 1.78
Hexanal 90.88 16.45 27.34
2-heptanone 1.50 n.d. n.d.
Benzaldehyde 3.91 n.d. n.d.
alpha-Pinene 81.06 18.67 33.96
Camphene n.d. n.d. 0.48
beta-Pinene 16.37 2.6 4.57
Furan, 2-pentyl and/or Octanal n.d. n.d. 1.34
3-Carene 2.78 n.d. n.d.
para-Cymene 1.78 n.d. n.d.
Limonene 5.02 0.75 0.98
Borneol 3.61 n.d. n.d.
Terpin-4-ol 1.25 n.d. n.d.
Valencene 25.81 n.d. n.d.
Unknown compounds 141.48 3.52 5.8
TVOC 422.99 41.99 82.45

1R : Raw Particle Board
1F : Melamine  (Blanc. Colombe) 130 gram  MP0065
2F : Melamine (Blanc Moyen) 75 gram  MB0021
n.d. not detected

Emission Factor µg/m².hr expressed as alpha-Pinene

Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Sample Identification 1

Laminated
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Table 18 Formaldehyde and VOC Emissions from unfinished and finished PB panel 
samples 

 
Volatile Organic 

Compounds Detected 5R 6R 7R 8R 5F 6F 7F 8F

Formaldehyde 0,437 (0,53) 0,443 (0,69) 0,459 (0,67) 0,300 (0,5) 0,045 (0,07) n.d. 0,054 (0,08) 0,031 (0,04)

Acetic acid 30.61 58.62 24.83 69.42 4.36 3.92 37.43 19.74
Acetic acid, 1-methylethyl esther n.d. n.d. n.d. n.d. 18.42 24.01 46.44 n.d.

Pentanal 44.06 n.d. n.d. 38.85 23.66 n.d. n.d. n.d.

1-Pentanol 38.52 29.83 n.d. 21.83 n.d. n.d. n.d. n.d.

Toluene 3.63 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Hexanal 220.64 247.09 81.63 264.57 135.44 44.64 212.08 239.64
2-heptanone n.d. n.d. n.d. 2.60 1.21 n.d. n.d. n.d.

2-Hexanone 5-methyl 3.14 2.77 n.d. n.d. n.d. n.d. n.d. n.d.

Heptanal 7.67 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

2-Heptenal and/or Benzaldehyde 31.55 30.05 17.69 25.99 8.39 4.62 18.00 16.88
a-pinene 6.12 6.29 2.06 4.13 3.22 2.70 5.99 5.18
o-cymene 3.82 4.50 0.99 2.41 2.77 2.27 4.51 4.18
b-pinene 6.15 5.42 1.97 3.95 3.18 2.15 7.03 4.45
furan-2-pentyl and/or octanal 19.84 23.93 13.10 18.36 3.77 3.24 11.96 9.68
pin-2-ene 1.59 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

3-carene 17.34 21.60 8.40 13.03 7.08 4.02 13.85 8.98
p-cymene 1.13 n.d. n.d. n.d. 1.13 0.77 3.63 1.69
Limonene 3.32 4.91 1.85 2.27 1.88 1.40 5.81 2.21
2-Hexyn-1-ol n.d. n.d. n.d. 7.43 n.d. n.d. n.d. n.d.

Borneol 2.39 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Alloaromadendrene n.d. n.d. 3.22 2.97 n.d. n.d. n.d. n.d.

Valencene n.d. n.d. 39.90 44.69 6.26 n.d. n.d. n.d.

Aromadendrene 70.76 89.90 n.d. n.d. n.d. n.d. n.d. n.d.

Unknown compounds 107.43 137.53 82.41 104.50 25.25 31.01 129.75 94.14
TVOC 619.72 662.21 278.04 626.98 245.99 124.75 496.45 406.78
n.d. not detected
5R : Raw Particle Board (M2)
6R :  Raw Particle Board (M2)
7R :  Raw Particle Board (M2)
8R :  Raw Particle Board (M2)
5F : Maple Natural Vinyl on 2 sides
6F : Maple Vinyl on 2 sides (5/8'')
7F : Maple Vinyl on 2 sides (1/4'')
8F : White Vinyl on 2 sides

Sample Identification 1

Unfinished Laminated
Formaldehyde ppm (or mg/m².hr) corrected at 25°C and 50% RH

Emission Factor µg/m².hr expressed as alpha-Pinene

 
 

 


