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Effectiveness of Barriers to Minimize VOC 
Emissions, Including Formaldehyde
In this study, various finishing materials used by primary and secondary particleboard and medium-density fibreboard (MDF) 
manufacturers were subjected to emissions testing in order to determine the most efficient barriers to eliminate (or at least 
reduce) formaldehyde and other volatile organic compounds (VOC) emissions from MDF and particleboard products.

Figure 1: General view of the small environmental chambers

Methodology
Approximately 30 finishing materials were tested (see Table 1) 
for particleboard and MDF products.

The VOC sampling procedures (excluding those for formal-
dehyde) were similar to those described in the ASTM guide  
D 5116-06. The material used in the construction of the 
chambers was stainless steel. The chambers were equipped 

Introduction

As regulatory and non-governmental organizations 
address indoor air quality issues, they tend to focus on 
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: formalde-
hyde, alpha- and beta-pinene, carene, camphene, limonene, 
aldehydes, ketones and acetic acid.

One of the main objectives of this project was to evaluate  
the effectiveness of different surface barriers on the resultant 
formaldehyde and VOC emissions when applied on par-
ticleboard and MDF. Some of the barriers investigated 
included, but were not limited to: paint, UV top coat, acrylic 
topcoat, vinyl, phenolic paper, melamine paper, wet process 
multi coat, and foil. The project also tested for the decay of 
emissions over time to understand whether the products’ 
emission levels change significantly between production  
and installation. 
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with suitable accessories such as inlet and outlet ports for 
airflow and an inlet port for temperature/humidity measure-
ments (Figure 1). 

A Thermal Desorber/Gas Chromatograph/Mass Spectrometer 
(TDU/GC/MS) system was utilized to desorb and quantify the 
total volatile organic compounds (TVOC). The mass scan 
ranged from 29 to 550 atomic mass units (amu). Quantita-
tive evaluation was achieved by comparing the chromatogram 
peak area of each compound to the corresponding peak area 
of a standard.

The formaldehyde sampling was accomplished according to 
ASTM D 6007-02 with the same small chamber used to collect 
the VOC emissions. Formaldehyde emissions were quantified 
according to the modified National Institute of Occupational 
Safety and Health (NIOSH) Test Method 3500. 

Results and Discussion
Effectiveness of barriers to reduce formaldehyde 
emissions
For both particleboard and MDF products, the degree of 
formaldehyde emission reduction depends on the type of 
finishing material used. Some finishing materials, such as 
epoxy powder coating, phenolic paper and vinyl, reduced 
formaldehyde emissions by almost 100%. Other finishing 
materials, such as painted UV topcoat, melamine paper or 
paper foil, reduced emissions by 73% to 93%. In some cases, 
barriers such as acrylic paint and water-based topcoat actually 
increased the amount of formaldehyde emissions compared 
to the unfinished products.

Effectiveness of barriers to reduce VOCs emissions
The best performing formaldehyde barriers (with efficiencies  
ranging from 99 to 100%) were also by far the best VOC 
barriers, with efficiencies ranging from 90 to 96%. These 

barriers consisted of UV powder coatings, phenolic paper, 
melamine paper, vinyl, aluminum oxide overlay, thermofoil, and 
epoxy powder coat. It should also be noted that some finishing 
material such as birch veneer showed excellent efficiency for for-
maldehyde reduction, but was less effective in reducing VOCs. 

As with formaldehyde, an increase of VOC emissions was 
observed after application of some barriers by as much as 79%. 
Products finished with these barriers should not be installed 
indoors soon after production.

Formaldehyde long-term emissions’ decay
Two series of finished wood composite products with their 
corresponding unfinished samples were analyzed for their 
emissions’ decay over time with the hope that the final results 
will help builders and engineers decide when to install these 
products indoors with minimum indoor air quality impact. 
The two series of products consisted of one with relatively 
high initial emissions levels and the second series with lower 
initial emissions levels. As can be seen from Figure 2, both 
finished and unfinished MDF samples had a similar formalde-
hyde emission reduction with exponential pattern and relatively 
good R² fitting curves. Figure 2 shows that even with a relatively 
high initial emission rate, the finished MDF sample’s emissions 
decayed much more rapidly than the unfinished sample. Most 
interestingly, the finished product emitted only 0.15ppm after 
20 days’ exposure, compared to the initial emission level 
of 0.46ppm, a reduction of up to 67%. After 230 days, the 
emission reduction was at 80%. Figure 3 shows the decaying 
patterns for the second series of products and indicates that 
the final emissions levels were less than 0.10ppm after only 
a few weeks of exposure. This indicates that most finished or 
unfinished wood composite products have emitted more than 
60 to 70% of their initial emissions levels only a few weeks after 
production and finishing (particularly those with high initial 
emission rates) (see Table 2).

Figure 3: Formaldehyde decay measurements from finished and 
unfinished PB samples.

Figure 2: Formaldehyde emission decay from finished and unfinished 
MDF products.
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Mill # Types of Finishing Materials

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

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

2
1FP: Syn Decor laminated

2FP: Vinyl laminated

3
1FP: Flooring (decor and aluminum oxide overlay)

2FP: Flooring (decor and aluminum oxide overlay)

4

1FP: 30 g classic cherry recoatable paper

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

5
1FP: Thermofoil Ontario Match 10 mil

2 FP: Thermofoil Blonde maple 12 mil

6

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

7
1FP: Maple C or I SPL

2FP: Red Oak Cor I rotary Red Oak

8

1F: 2 mil Maple Toffe Vinyl - Both Surfaces

2F: 2 mil MVNA (Vinyl) - Both Surfaces

3F: 2 mil MVNA (RAW secondary surface) - Tested 
Back to Back

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

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

9
1F: Melamine (Blanc. Colombe) 130 gram MP0065

2F: Melamine (Blanc Moyen) 75 gram MB0021

Table 1: List of finishing materials tested.

Benefits
Primary and secondary wood composites manu-
facturers, kitchen cabinet and furniture manufac-
turers, regulators, etc. will all benefit from this 
project. The results will help them select the best 
finishing materials to reduce either formaldehyde 
and/or VOC emanating from wood composite 
products. Furniture manufacturers could better 
select the finished products that have emissions 
levels under regulatory limits. Engineers could 
simulate expected emissions levels knowing the 
total loading of wood composite products and 
other construction materials in a given building or 
house plan. Finally, users will benefit from these 
results if builders and manufacturers take into 
account all the available emissions information. 
They can also select the types of products that 
could be installed in their home for a healthier 
environment.

Table 2: Example of some formaldehyde and VOC emission reduction results as a 
function of barrier types.

*The negative numbers indicate an increase of emissions after finishing.

Mill # Products CH2O TVOC

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

    as alpha-Pinene

1 1RB 0.37 0.53  84.87  

 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

2 1RB 0.34 0.57  273.6  

 1FP 0.015 0.02 96 36.8 87

 2FP 0.02 0.03 94 24.7 91

3 1RB 0.08 0.11  107.5  

 1FP 0.000 0.000 100 4.8 96

 2FP 0.003 0.004 96 4.3 96

4 1RB 0.10 0.14  474.1  

 1FP 0.09 0.13 10 307.9 35

 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

5 1RB 0.16 0.25  284.9  

 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

7 1RB 0.13 0.19  93.79  

 1FP* 0.15 0.24 -19 72.15 23

8 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

 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

9 1RB 0.073 0.11  422.99  

 1FP 0 100 41.99 90

 2FP 0  100 82.45 81
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Value to Wood Research Progam Partners

As part of the Value to Wood program, funded by Natural Resources Canada, Forintek’s Indus-
try Advisors are providing technical services to value-added wood product manufacturers in all 
regions of Canada. Find out about upcoming workshops or seminars in your area by visiting 
us at www.valuetowood.ca or make a request for information on any technical issue related to 
wood product manufacturing via valuetowood.ca (Help Desk).

To obtain the full report, contact:

Library Marielle Martel
FPInnovations – Forintek Division FPInnovations – Forintek Division
Western Region Eastern Region
publications.forintek@fpinnovations.ca publications.forintek@fpinnovations.ca
Tel:  (604) 224-3221 Tel: (418) 659-2647
Fax: (604) 222-5690  Fax: (418) 659-2922

Conclusions
This study shows that multiple finishes, successively applied in layers, can effectively 
act as physical barriers for either or both formaldehyde and VOCs when applied to MDF 
or particleboard – some with up to 90% emission reductions. Among the investigated 
barriers, UV powder coatings, phenolic paper, vinyl, melamine paper, aluminium oxide 
overlay, oriented polypropylene laminates, thermofoil (12mil and 2mil) and natural vinyl 
were the most effective. 

Previous and current results also show that time has a beneficial effect on products’ 
formaldehyde and VOC emissions. Reduction of formaldehyde by up to 75% can be 
reached after only two weeks of exposure.
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