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Abstract 
In April 2008, the State of California adopted an airborne toxic control measure (ATCM) to reduce 
formaldehyde emissions from composite wood products, proposed by the California Air Resources Board 
(CARB), part of the California Environmental Protection Agency. Phase 1 started in January 2009, and at 
the end of the implementation, in July 2012, formaldehyde emission limits will range between 0.05 and 
0.13 ppm, depending on the type of products, based on the ASTM E 1333 Large Chamber Method. 
 
These new limits are in the order of the limits of detection of the current analytical methods presently 
used, and rendered the chromotropic acid reaction, on which the ASTM E 1333 is based, with a limit of 
detection of 0.01 ppm less precise. 
 
The use of Near Infrared technology was investigated in 2009/2010. This analytical technique was not 
initially considered to be sensitive enough to measure formaldehyde emissions at very low levels.  Recent 
developments in the broadband sources of near infrared radiation available and the type of detectors used 
have contributed in recent years to improve spectral stability and sensitivity. Some instruments have 
recently been tested in Europe and equipment suppliers claim that these systems can be used for online 
monitoring of formaldehyde emissions. This analytical technique is not recognized at this time by 
Canadian and US regulatory authorities and more testing was required to demonstrate the system’s 
reliability.  Commercial products with very low free formaldehyde have been tested in 2009 with NIR 
sensors and results have been correlated with the ASTM E 1333 Large Chamber test results.  At least one 
Canadian panel manufacturer has already expressed interest in running a mill trial. Results will be 
presented to regulatory authorities. 
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1 Objective 
Develop better collection and analytical methods in order to improve the reliability of low formaldehyde-
emitting wood composite products. 
 
 

2 Introduction[1] 
Formaldehyde (HCHO) is the most common aldehyde in the environment and also an important chemical 
used for manufacturing building materials. Urea formaldehyde (UF) resins have, for a long time, been 
used for the manufacturing of medium and high density fiberboards (MDF & HDF), particleboards and 
hardwood plywood because of their high reactivity and low cost. But they are also the main source of 
formaldehyde emissions from wood panels and furniture components. Emissions are due to the free (non-
polymerized) formaldehyde content, UF resin hydrolysis and to the wood itself (natural source). 
 
In the 1970’s, energy crisis encouraged heat conservation through tight sealing of homes. Indoor air 
quality and HCHO emissions from composite products slowly became a subject of public concern. Test 
methods, product guidelines and work place exposure limits were established. UF formulations were 
modified to lower HCHO emissions. Panel post-treatment with ammonia also became an option. MDI and 
PF resins were proposed as substitutes to UF resin particularly for specialty products and are more 
extensively used today in particleboard and MDF manufacturing in order to meet the new CARB 
formaldehyde regulations. 
 
In 2004, the International Agency for Research on Cancer (IARC, part of the World Health Organization) 
recommended reclassification of formaldehyde as human carcinogen[2]. The observations used for their 
study were based on data collected between the 1960’s and the 1980’s, during which the mean HCHO 
concentration in particle board mill workplaces were higher than 1 ppm compared to 0.16 ppm since the 
90’s, and higher than 2 ppm in plywood mills compared to less than 0.4 ppm today. 
 
Although this reclassification was not legally binding, concerns and immediate reactions were raised by 
workers’ and consumers’ associations, environmental organizations, regulatory authorities and industry 
associations (CPA, European Panel Federation, FormaCare, Formaldehyde Council ...). In 2005, new 
toxicological and cancer studies have been initiated by FormaCare and Formaldehyde Council, involving 
independent research institutes in Europe and USA.  
 
Growing public concerns about a healthy environment in working and living spaces increased the need 
for very low emitting formaldehyde products. In April 2008, the California Air Resources Board adopted 
new measures that will limit formaldehyde emissions from composite wood panels. For example, 
hardwood plywood formaldehyde emissions will be limited to 0.05 ppm by 2012[3]. These new 
regulations challenge the detection limits of the standard detection methods currently used. The objectives 
of this project are to develop better collection and analytical methods in order to improve the reliability of 
low formaldehyde-emitting wood composite products. 
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3 Background 
In the first two years of the project (Part A of the report)[4] the literature review was completed and 
comparative studies among HPLC, chromotropic, and other analytical techniques were investigated.   
 
Up to four intruments have been studied in order to evaluate free formaldehyde from low-emitting 
products.  They include: GC, HPLC, UV-vis spectrometer and fluorescence spectrometer.  The activities 
of the project focused on the comparison of different colorimetric methods used at FPInnovations. It has 
been found that the spectrophotometry is among the least 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.  
 
An alternative method to determine formaldehyde concentration in air has been developed to be used as 
part of the ASTM E1333 Large Chamber Method.  60 L of air are sampled through an impinger 
containing an acetylacetone-ammonia solution. The solution is then heated, and analyzed by fluorimetry 
using a Turner Quantech filter fluorometer equipped with a NB430 excitation filter and a SC500 emission 
filter. The test method is inexpensive, easy to use, compatible with the Large Chamber, Perforator and 
Desiccator Methods, and is very sensitive.  The minimum detection limit (MDL) and the limit of 
quantification (LOQ) of this analytical method are 0.0004 and 0.0013 ppm, respectively. 
 
The project has been extended for one year to include the evaluation of a near infrared (NIR) technique to 
measure formaldehyde emissions from the panels, has a substitute to the chromotropic 
acid/spectrophotometry method actually used, but also as an online method to evaluate the emission of the 
hot panel right after pressing. 
 
 

4 Staff 
Alpha Barry Group Leader, Department of Composites Products 
Frédéric Dechamplain Research Scientist, Department of Composites Products 
Diane Corneau Technologist, Department of Composites Products 
Mathieu Gosselin Technologist, Department of Composites Products 
Rawle Lovell Technologist, Department of Composites Products 
 
 

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. 
 
The methods described below are currently used at FPInnovations – Division Forintek for research and/or 
for certification purposes. 
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5.1 ASTM E1333 – 96 (2002) – Large Scale Chamber Method 
The Standard Test Method entitled “Determining Formaldehyde Concentrations in Air and Emission 
Rates from Wood Products Using a Large Chamber" is the reference method used in North America to 
determine formaldehyde off gassing from wood composite products. This method employs a single set of 
environmental conditions but different product loading ratios to assess formaldehyde concentrations in air 
and emission rates from certain wood products.  For more details how to operate the method, please refer 
to reference given at the section references of the report[5]. 
 
After being conditioned for one week at 23 °C and 50% relative humidity (RH) (Figure 1), the samples 
are moved in the Large Chamber (Figure 2) for 16 to 20 hours, at 25 °C and 50% RH. The air inside the 
chamber is then sampled for one hour at 1 L/min, and the formaldehyde concentration is determined by an 
adaptation of the National Institute for Occupational Safety and Health (NIOSH) 3500 chromotropic acid 
test procedure. Absorbance results are read at 580 nm on a Milton Roy Spectronic 601 UV-visible 
spectrometer (Figure 3). 
 
This is the primary method recommended by CARB for the certification of wood products based on the 
new regulations. 
 

 
 
Figure 1 Conditioning chambers 
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Figure 2 Wood samples are put inside the Large Chamber 
 
 
 
 
 

 
 
Figure 3 Formaldehyde solutions analyzed with the Milton Roy Spectronic UV-visible spectrometer 
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5.2 Turner Quantech Fluorometer 
Fluorometry is a sensitive method that we have investigated as an alternative to the UV/vis spectrometry 
to analyze formaldehyde emission in the ASTM E 1333 Large Chamber Method. The method consists of 
sampling 60 L of air through an impinger containing an acetylacetone-ammonia solution. The solution is 
heated to activate the Hantzsch reaction between formaldehyde, ammonia and acetylacetone. The 
resulting product, 3,5-diacetyl-1,4-dihydrolutidine (DDL), being fluorescent at 510 nm when excited 
using a 420 nm light beam, is then quantified by fluorimetry using a Turner Quantech filter fluorometer 
equipped with a NB430 excitation filter and a SC500 emission filter (Figure 4). The test method is cheap, 
easy to use, compatible with the Large Chamber, Perforator and Desiccator methods, and is very 
sensitive. MDL and LOQ have been calculated at 0.0004 and 0.0013 ppm respectively. 

 

 
 
Figure 4 Formaldehyde-acetylacetone solutions, 10 mm quartz cells and the Turner Quantech 

Digital Filter Fluorometer 
 
 
5.3 ASTM D5197 - 03 – DNPH Derivatization Method 
The ASTM D5197 - 03 Standard Test Method entitled “Determination of Formaldehyde and Other 
Carbonyl Compounds in Air (Active Sampler Methodology)” is used as a part of the Large Chamber 
analytical methods when greater accuracy and precision than the adapted chromotropic acid test 
procedure are needed. 
 
This test method involves drawing air through a cartridge containing silica gel coated with 2,4-
dinitrophenylhydrazine (DNPH) reagent.  Low molecular weight carbonyl compounds readily form stable 
derivatives with the DNPH reagent. The DNPH derivatives are analyzed for parent aldehydes and ketones 
utilizing [Agilent 1100 Series, Figure 5] high performance liquid chromatography (HPLC). The sampling 
procedure is a modification of U.S. EPA Method TO-11 A[6]. 
 
This is the reference method to measure trace amounts of formaldehyde. 
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Figure 5 Agilent Series 1100 HPLC-UV 
 
 
5.4 CascoNIR Measurement Probe 
This work is done in collaboration with Casco Adhesives, who manufacture the CascoNIR Measurement 
Probe (Figure 6). Casco Adhesives develops, produces, markets and distributes wood adhesives and resin 
systems for industrial use. Casco Adhesives is a sub-business unit of Akzo Nobel Industrial Finishes and 
has activities in Europe, Asia, North America and Latin America. 
 
The instrument has been developed, tested and already installed in some European mills to measure 
online formaldehyde emissions from particle board panels after the press.  Particleboard panels were near 
infrared (NIR) scanned and the data were correlated to a database to determine the formaldehyde 
emission value. This is the method being optimized in this project in order to assist the Canadian 
particleboard and MDF mills to better control their process and to meet new CARB regulations at a lesser 
cost. 
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Figure 6  The CascoNIR Measurement Probe, from Casco Adhesives 
 
 

Results and Discussion 
5.5 Build-up of the database 
To use the CascoNIR in the lab, the panels coming out of the Large Chamber are cut into one-square-foot 
pieces to be analyzed with the NIR instrument.  For each of the three particleboard samples analyzed in 
the Large Chamber, four specimens were cut and analyzed.  The 1 ft² sample is installed on  the rotating 
plate (20 RPM), and 3 NIR spectra are recorded over a 1 minute period of time. The procedure is repeated 
for the 12 specimens on both sides. A grand total of 72 NIR spectra were recorded for one Large Chamber 
sample. At the end, when enough data is collected, a correlation curve is built between the NIR results 
and their corresponding Large Chamber results. 
 
The first step was to start building a database of spectra obtained from different wood composite panels, 
and to associate these spectra with the ASTM E1333 Large Chamber method, but also with the DNPH 
and/or acetylacetone/fluorimetry methods. In the present work, only particleboard samples were used to 
establish the correlation between the NIR and large Chamber results in collaboration with Casco staff 
members. 
 
In this study, different methods currently used to measure formaldehyde off gassing from wood 
composite products have been compared. The composite panels were first put in the large chamber to be 
sampled via the ASTM E1333 method for which the chromotropic acid is used to analyze the collected 
formaldehyde . They were then sampled with a DNPH cartridge on one sampling port, and with an 
acetylacetone scrubber on the other port. The panels were taken out of the chamber after the completion 
of the sampling and twelve one-square-foot specimens were cut from the particleboard samples and 
analyzed using the CascoNIR probe. ASTM E1333, DNPH and fluorimetry results were finally included 
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in the Simca P+ multivariate data analysis software from Umetrics. This database will then be used to 
predict formaldehyde emission values from new panels when enough data are collected. 
 
While the database is being built, one cannot evaluate the performance of the method. But one can 
compare the three other methods used. Table 1 shows preliminary formaldehyde emission results obtained 
from the three methods.  As can be seen, the fluorimetry and the DNPH methods compare favourably, 
while the chromotropic method used in the ASTM E1333 appeared to be less accurate, especially in the 
low concentration range, near the limit of detection of the method. 
 
 
Table 1 Method comparison of formaldehyde emission value from different sets of panels 
 

Formaldehyde Emission Value (ppm) Sample ID Type of Panel 
ASTM E1333 DNPH Fluorimetry 

1 Plywood 0.00 0.029 0.030 
2 MDF 0.08 0.108 0.108 
3 Particleboard 0.08 0.118 0.112 
4 MDF 0.16 0.176 0.171 
5 Particleboard 0.06 0.082 0.083 

 
 
5.6 Correlation models 
The database was first built using 27 particleboard panel samples from different Canadian mills.  
Formaldehyde emissions from the samples were determined in the Large Chamber in the morning. The 
samples were then cut and scanned using the NIR technique in the afternoon. 
 
Once the results were included in the Simca P+ multivariate data analysis software, a first correlation 
model was made.  This model was then used to predict the emission values of the 20 subsequent 
particleboard panels analyzed.  Figure 7 compares the NIR predicted values to those measured according 
to the ASTM E1333 Large Chamber method. 
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Figure 7 Formaldehyde emission comparison between the NIR predicted values and ASTM E1333 

results for 20 different particleboard panels 
 
 
As one can see, the predicted values were consistently higher than the ASTM E1333 results.  
Furthermore, for most of the samples, the difference between the predicted and the measured values was 
too high, suggesting that the preliminary correlation model needs to be upgraded.  The NIR spectra of the 
20 samples were added to the original database, and a new correlation model was developed. This new 
model was used to predict formaldehyde off gassing from two new particleboard samples (Table 2). 
 
Table 2 Formaldehyde emission values from different sets of panels using the new correlation 

model 
 

Formaldehyde Emission Value (ppm) 
Sample ID 

ASTM E1333 NIR prediction 
Standard Deviation 

…IND2/09 0.13 0.159 0.0095 

…IN6/09 0.13 0.133 0.0101 
 
As one can see from Table 2, a huge improvement with this NIR prediction model was obtained 
compared to the first model.  The difference between the predicted and the accepted values was kept 
under 0.03 ppm. This difference is still high and not acceptable for the industry because the CARB new 
regulation, particularly for hardwood plywood products for which the second phase limit is between 0.00 
and 0.05 ppm, is accepted by most North American wood composite producers. The standard deviation 
numbers are related to the deviation between the multiple 1 ft2 panels used for NIR predictions that are 
averaged to give the final result. The results suggest that more data is needed to better improve the NIR 
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prediction model to make the method acceptable by the industry. Ten more samples were then analyzed 
(Table 3) and a new model developed.  The correlation model had to be improved again, because samples 
deviations between the two sets of results remain relatively high, sometimes higher than 0.05 ppm. 
 
 
 
Table 3 Measured and predicted (NIR) formaldehyde emission values from different sets of panels 
 

Formaldehyde Emission 
Values (ppm) Sample ID 

Measured 
ASTM E1333 

NIR 
prediction1 

Absolute 
Difference 

(ppm) 

Standard 
Deviation 

New NIR 
Prediction 

Model 
(ppm) 

Absolute 
Difference 

(ppm) 

1…IND2/09 0.13 0.157 0.027 0.0088   
2…IN6/09 0.13 0.121 0.009 0.0129   
3…80059 0.02 0.020 0.000 0.0100   
4…80052 0.02 0.038 0.018 0.0078   
5…IND/09 0.06 0.074 0.014 0.0128   
6…IN1B/09 0.18 0.188 0.008 0.0075   
7…IN2B/09 0.18 0.175 0.005 0.0101 0.178 0.002 
8…IND/09 0.06 0.040 0.020 0.0207 0.078 0.018 
9…DRC/09 0.11 0.049 0.061 0.0101 0.139 0.029 
10…IN1/09 0.06 0.010 0.050 0.0126 0.041 0.019 
11…IN8/09 0.12 0.087 0.033 0.0062 0.111 0.009 
12…IN6/09 0.05 0.066 0.016 0.0089 0.057 0.007 
 
 
Given the disappointing results, a review of the whole process was done. It was determined that the NIR 
instrument and spectrometry results were fine. Results were fitting within a normal range and triplicates 
were close together. However, when building a mathematical model to correlate all the results, too many 
factors were necessary, indicating that the model was probably over-fitted. It means that the fit was not 
“natural”, but artificially created so each result in the database fit in the model. An over-fitted model 
wouldn’t be able to predict a reliable result for a new sample. 
 
In order to find ways to improve the model, we correlated formaldehyde prediction with face density and 
found as expected that the low density face emits more formaldehyde than its counterpart and decided to 
develop a model based on the high emitting face side for all the database with 10 factors instead of 13 as 
initially adopted. Using this new model on the last six samples from Table 3, the new predicted values 
were reported under the column entitled “New NIR Prediction Model” and, as one can see, excellent 
predictions were attained, as the absolute difference between the ASTM E1333 measured values and the 
newly predicted values ranged between 0.002 ppm to 0.029 ppm.  The regression coefficient went up 
from 0.749 to 0.884.  Most of all, this model gave at least fair results for all the samples, without 
exception, contrary to previous models. 
 
This model seems promising, and formaldehyde emissions from some more samples were predicted 
(Figure 8). 
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Figure 8 Correlation between observed and predicted formaldehyde emissions (ppm), 

prediction based only on the results from the highest emitting side of the panels. 
 
 

6 Conclusions 
The use of Near Infrared technology was investigated. This analytical technique was not initially 
considered to be sensitive enough to measure formaldehyde emissions at very low levels, but recent 
developments in the broadband sources of near infrared radiation available and the type of detectors used 
have contributed in recent years to improve spectral stability and sensitivity.  
 
Commercial products with very low free formaldehyde have been tested with a CascoNIR Measurement 
Probe and results have been correlated with the ASTM E 1333 Large Chamber test results. Using the NIR 
spectra database, a good prediction model has been made using the Simca P+ multivariate data analysis 
software. But more results (analyzed samples) are needed before presenting the method to regulatory 
authorities. 
 
But the method will prove to be useful to get formaldehyde emission values online, right after the press 
exit, instead of waiting one week of conditioning to get the results. This technology is already installed 
online in some European particleboard and MDF mills. 
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7 Recommendations 
Due to budget restraints, the project could not be completed. To get sufficient results, at least 10 more 
samples need to be tested before sending the results to regulatory authorities. We reached an agreement 
with Casco Adhesives AB to provide the funding needed to complete the study and this work is underway 
and could be completed in few weeks. 
 
A mill trial should be organized and is strongly recommended to ascertain the stability of the instrument 
and its reliability of the results while the NIR probe is used online right after the press. 
 
Once the reliability of the instrument has been proven, results should be submitted to the regulatory 
authorities.  CARB is interested in the technology for mill quality control which will at the end make the 
technology officially recognised. 
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