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Long Term Goals / Strategies 
• Support members’ sustainable development goals 

• Maintain process cost competitiveness 

• Increase value of research through alliances 

 

Key Objective 
• Develop a better collection and analytical method in order to improve the reliability of low formaldehyde-

emitting wood composite products. 

 

Key Actions and Deliverables 

Deliverables Expected Delivery Date 

(Completed Item √) 

Conduct and submit a literature review report March 2008 

Comparative study of HPLC and Chromotropic methods in formaldehyde recovery March 2008 

Selection of collection media/emissions quantification techniques March 2008 

Manufacture resin with low free formaldehyde content  March 2008 

Manufacture particleboard panels with low free formaldehyde content March 2008 

Submit a progress report March 2008 

GC/MS-GC/FID methods comparison March 2009 

Investigation of the use of the 1m³ chamber March 2009 

Final technical report – Transfer results to regulatory authorities  March 2009 

 

Status 
Public concern about the environment in working and living space is increasing the need for products that emit 

very low or zero formaldehyde.  The major challenge for producers is not only producing these low emitting 

products, but also how to be confident of the analytical results when the same techniques developed for high 

emitters are used for these new products.  Are these sampling and analytical techniques sensitive and reproducible 

enough to be used safely for today’s requirements?  This project will try to answer this question and, if needed, 

propose an alternate solution. 

Literature review has been completed and a report will be submitted by the end of March.  Comparative studies 

between HPLC, chromotropic, and other analytical techniques have been investigated and final results will guide 

us on the selection of the best performing methods for the second phase of the study in 2008-2009.  Low 
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formaldehyde resin formulation and evaluation through particleboard manufacturing and testing will be performed 

in 2008-2009 as well the planned activities as listed in Key activities Table. 

 

Partners 
MDF, particleboard, OSB, plywood and furniture manufacturers 

 

Rationale and Potential Impact 
The project will provide the Canadian wood industry and furniture manufacturers with a better and suitable 

technique for evaluating emissions from low free formaldehyde-containing products at very low formaldehyde 

levels.  The study will compare different formaldehyde sampling and analytical techniques in order to recommend 

the most suitable ones for these new categories of products. 

 

It will ensure that the wood composite industry and wood-based furniture manufacturers continue to be judged 

fairly in relation to other industries/products in terms of their products’ indoor air impacts.  Considering the ever-

tightening environmental regulatory standards, this project will be very useful to industry by allowing them to be 

better prepared for any future regulations requiring very low formaldehyde-emitting products. 

 

Proposed Approach  
Different  techniques will be used in order to evaluate formaldehyde emanating from low-emitting products.  They 

include: DNPH/HPLC, near-IR, spectrophotometric and fluorimetric methods.  Products such as OSB and 

softwood plywood will be investigated first due to their extremely low free formaldehyde content.  In a second 

step, new resins with urea-melamine-formaldehyde will be prepared and analyzed for their free formaldehyde 

content.  If these resins meet the low free formaldehyde content requirements, wood composite panels will be 

manufactured and their formaldehyde emissions investigated following the methods outlined above.  If the 

variation is statistically different, the analytical methods as well as the sampling methods will be modified to 

reduce these variations.  Different ASTM methods and guides such as ASTM D 6007, ASTM D 5116, ASTM E 

1333, ASTM D 5197 and ISO 12460-1 1m³ chamber will be part of methods investigated in this study. 

 

Work Completed this Fiscal Year 
 

• A literature review of the different sampling methods and analytical methods used to determine the amount of 

formaldehyde emanating from wood composite panels (summary of different methods actually used, such as 

ASTM D 6007, ASTM E 1333, ASTM D 5197, charcoal and DNPH tubes, etc.; comparison of the methods 

and standard adopted internationally; sensitivity and working range of analytical techniques; etc.). 

 

• Comparison of the calibration curves of the different colorimetric methods used at Forintek: Of all the 

colorimetric methods used [chromotropic acid, JIS ISO-12460-4, perforator (acetylacetone), 1 m
3 

chamber 

(acetylacetone heated at 40°C) and 1 m
3 

chamber (acetylacetone heated at 60°C)], the chromotropic acid 

method is clearly the most sensitive.  However, the acetylacetone methods could be easily improved by using a 

50 mm cell instead of a 10 mm one1. 

• Optimisation of the chromotropic acid method, adjusting the proportion of the reagents: Changing the 

amount of chromotropic acid in the solution didn’t have any positive impact on the results.  The method could 

be improved by increasing the amount of sample with regard to the amount of sulfuric acid in the solution.  

 

• Optimisation of the acetylacetone method: The method can be greatly improved if the water sample is not 

diluted as recommended (80% increase in absorbance).   

 

                                                   
1
 Method ISO/TC 89 N 424, 2006-11-28 
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• Sampling of the 1 m
3
 chamber: The formaldehyde retention is better if an acetylacetone – NH4OAc solution 

is used instead of pure water as a collecting media.  

 

• Effect of temperature during sampling for the acetylacetone method: Sampling using a solution at 30°C 

didn’t have a significant impact compared to room temperature sampling. 

 
The most sensitive method that we are actually using at FPInnovations is the DNPH derivatization followed by 

HPLC analysis.  The limit of quantification for this method is of 1.3 µg/L of formaldehyde in solution, which 

corresponds to 0.06 ppb in air for a 90 L sampling.  This is well below the stricter limit of 0.05 ppm aimed by the 

second phase of the new CARB regulations (0.05 ppm for hardwood plywood in 2010).  But this method is rather 

expensive and quite difficult to establish in a plant for day to day quality control (equipment is fragile and only 

qualified people can obtain and analyse the results). 

 

Spectrophotometry is among the less expensive and easiest methods used for the determination of formaldehyde.  

The most accurate one used right now is the reaction of the sample solution with chromotropic acid, analyzed with 

a UV-visible spectrometer.  The limit of quantification of this method is 40 µg/L in solution (for a limit of 

detection of about 0.01 ppm in air for a 60 L sampling), which is insufficient for our future needs.  The limit of 

quantification for the method based on the Hantzsch reaction with acetylacetone is 150 µg/L in solution (about 

0.15 ppm in air based on a 120 L sampling), which is also insufficient. 

 

The Hantzsch reaction involves the cyclization of amine, aldehyde and β-diketone to form a dihydropyridine 

derivative.  The method actually used is based on the reaction of formaldehyde with acetylacetone in the presence 

of ammonia.  Based on the literature, we tried to improve the sensitivity of the Hantzsch reaction method in 4 

different ways: by using fluorimetry instead of spectrophotometry
2
, by adding Silica-gel beads into the solution

3
, 

by the addition of a surfactant (Triton X-100)
4
 and by the use of a novel reagent (acetoacetanilide, or AAA) instead 

of acetylacetone
5
. 

 

Preliminary results show that the using fluorimetry instead of spectrophotometry (without changing anything else 

in the method) to detect the formaldehyde in the solution allows to gain at least one order of magnitude in 

sensitivity (we could measure concentrations under 30 µg/L in solution or about 0.03 ppm in air based on a 120 L 

sampling).  The addition of Silica-gel beads didn’t give any significant improvement.  The addition of a surfactant 

(Triton X-100) to the solution improved the sensitivity by more than 15% (for example, a signal intensity of 460 

(a.u.) for a concentration of 240 µg/L compared to a signal of 395 (a.u.) if no surfactant is added) and gave the best 

calibration curve of all the methods.  The most sensitive method was the one involving the new reagent 

(acetoacetanilide), though we had to heat the solution instead of letting it react at room temperature as suggested in 

the literature
5
.  We could measure concentrations of less than 3 µg/L (or about 0.01 ppm in air based on a 120 L 

sampling).  Note that these are preliminary results, and with the optimization of the solutions used for air sampling 

(started in the second quarter), lower limits of detection will be achieved. 

 

We tried to improve the UV-visible spectrometer methods (based on the use chromotropic acid and acetylacetone) 

by using 50 mm cells instead of 10 mm ones.  A longer light path would mean more light absorption and in theory 

a better sensitivity.  As supposed, a five time longer path gave about five times more absorption, hence a better 

sensitivity.  However, blank samples also absorbed 5 times more.  Consequently, we might have a better 

sensitivity, but the use of longer cells doesn’t improve the limit of detection of the method.  See example below: 

 

 

                                                   
2
 S. Belman, Anal. Chim. Acta,1963, 29, 120. 

3
 H.-y. Yuan, S.-e Wang, D. Xiao, Spectroscopy Letters, 2005, 28, 121. 

4
 O. Largiuni, R. Udisti, R. Traversi, G. Piccardi, Intern. J. Environ. Anal. Chem., 2002, 82(2), 97. 

5
 Q. Li, P. Sritharathikhun, S. Motomizu, Analytical Sciences, 2007, 23, 413. 
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 Table 1 : Comparison of the absorbance at 412 nm of formaldehyde samples, following 

the acetylacetone method, using a 10 mm or a 50 mm optical cell. 

 

Absorbance (Acetylacetone Method) 
[HCHO] 

10 mm Cell 50 mm Cell 

0 0.012 0.057 

1 x10-7 M 0.013 0.054 

5 x10-7 M 0.014 0.070 

10 x10-7 M 0.018 0.068 

50 x10-7 M 0.026 0.132 

 

 

We also determined the limit of detection of most of the fluorimetric methods.  However, because of the lack of 

availability of the spectrofluorimeter, some work remains to be done for the next quarter.  Preliminary results are 

listed in the table below: 

 

 

 Table 2 : Limit of detection of different fluorimetric methods (Acetylacetone method 

based on the use of UV-visible spectrometer shown here for comparison purpose) 

 

Limit of Detection 
Method 

in Matrix in Air 

Acetylacetone (UV-Vis) 0.030 mg/L ≈ 0.030 ppm 

Acetylacetone 0.006 mg/L ≈ 0.003 ppm 

Acetylacetone 

+ Surfactant 
0.009 mg/L ≈ 0.004 ppm 

Acetoacetanilide 0.009 mg/L ≈ 0.015 ppm 

 

 

As one can see, even if the method based on the use of AAA shows an equivalent limit of detection in the matrix 

compared to the acetylacetone method, the limit of detection is less comparable in air, simply because the 

preparation of the sample to be analyzed (addition of reagents, …) requires a more important dilution of the initial 
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sample.  A potential solution would be to use a solution already containing all the reagents for the air sampling of 

the chamber.  But all fluorimetric methods gave better results than spectrophotometric ones. 

 

Air sampling from the 1 m3 chamber containing a PB sample has been performed.  Variations between the results 

are observed, even if all the samplings were performed simultaneously.  For instance, for an hour sampling time 

(60 L) of air, results gave a formaldehyde concentration of 0.22 ppm in air using the acetylacetone (UV-visible) 

method and of 0.18 ppm for the acetoacetanilide (fluorimetry) method.  Tests using a reliable low HCHO emitting 

source are needed to compare the final results with a known and precise value. 

 

 

Work Planned for the year 2008-2009 
 

• Complete the determination of the limits of detection & calibration curves of the following methods: 

o Acetylacetone 

o Acetoacetanilide 

o Acetylacetone with surfactant 

o Acetoacetanilide with surfactant 

 

• Investigate the use of Near Infrared technology to measure formaldehyde online 

• Compare all methods using a reliable and precise HCOH source. 

• Study the influence of possible interference (ozone, other aldehydes, …) on the results. 

• Acquisition and optimization of a fluorimeter suitable for these methods and for the industry. 

• Technological transfer. 

 

 


