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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. 
 
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. 
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1 Objectives 
• Investigate the methods currently used for the quantitative detection of free formaldehyde emission in 

terms of sensitivity and reproducibility at low emission levels. 
 
• Develop a better sampling and analytical method in order to improve the reliability of low 

formaldehyde-emitting wood composite products. The ideal method should be very sensitive, 
inexpensive and easy to use. 

 
 

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. 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 workplace 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. 
 
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 average HCHO 
concentration in particle board mills was 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 received 
from workers’ and consumers’ associations, environmental organizations, regulatory authorities and 
industry associations (CPA, European Panel Federation, FormaCare, Formaldehyde Council, etc.). 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 2007, the California Air Resources Board proposed 
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 test the sensitivity of the current methods and develop new ones that will fit today’s 
requirements. 
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3 Background 
Since formaldehyde became a health concern, many methods have been developed to measure free 
formaldehyde content and formaldehyde emissions from composite wood panels. Some of these methods 
have been standardized and are now used by the industry to certify their products. The main World 
standards are listed in Table 1. 
 
 
 
Table 1 Panel formaldehyde emission standards throughout the World (2008) 
 

Standard Test Method Board Class HCHO 
Limit Value 

E0 (PB, MDF) ≤  0.5  mg/L 
E1 (PB) ≤  1.5  mg/L 
E1 (MDF) ≤  1.0  mg/L 

Australian & NZ standards 
AS/NZS 1859-1 & 2 

Desiccator Method 
AS/NZS 4266.16 

E2 (PB, MDF) ≤  4.5  mg/L 
E1 (PB, MDF, OSB) ≤  0.1  ppm Chamber Method 

EN 717-1 E2 (PB, MDF, OSB) >  0.1  ppm 
E1 (PB, MDF, OSB) ≤    8  mg / 100 g 

European standard 
EN 13986 Perforator Method 

EN 120 E2 (PB, MDF, OSB) ≤  30  mg / 100 g 
F**** (PB, MDF) ≤  0.3  ppm 
F***   (PB, MDF) ≤  0.5  ppm Japanese standards 

JIS A 5908 & 5909 
Desiccator Method 

JIS A 1460 F**     (PB, MDF) ≤  1.5  ppm 

U.S. Standards 
ANSI A208.1 & 2 

Large Scale 
Chamber Method 
ASTM E1333-96 

(PB, MDF) ≤ 0.30 ppm* 

PB =    Particleboard           MDF = Medium Density Fibreboard    OSB = Oriented Strand Board 
ppm = Parts per million (in air) 
 

* The American National Standards Institute (ANSI) has approved revised national voluntary standards for 
particleboard and MDF in interior applications, according to a report by Furniture Today. The standards, 
sponsored by the Composite Panel Assn. (CPA), are harmonized with the requirements of the California Air 
Resources Board (CARB). CARB began phasing in rules to limit formaldehyde emissions from composite panels 
in January 2009. 

 
 
In April 2008, the State of California adopted an airborne toxic control measure (ATCM) to reduce 
formaldehyde emissions from composite wood products[3], proposed by the California Air Resources 
Board (CARB), part of the California Environmental Protection Agency. Formaldehyde emission 
standards from this new CARB regulation are listed in Table 2. Phase 1 was implemented in January 
2009, and at the end of the implementation, in July 2012, the ASTM E 1333 Large Chamber Method 
formaldehyde emission limits will range between 0.05 and 0.13 ppm, depending of the type of products. 
 
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 (see Table 4). 
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A literature review was conducted for new alternatives which can detect these new low emission limits 
with high precision. The different methods described in the literature are summarized in Table 3. 
 
 
Table 2 CARB phase 1 and phase 2 formaldehyde emission standards for Hardwood Plywood 

(HWPW), Particleboard (PB), and Medium Density Fiberboard (MDF) 
 

Phase 1  Phase 2 
Board Type Effective 

Date 
HCHO Limit Value 

(ppm)  Effective 
Date 

HCHO Limit Value 
(ppm) 

      
HWPW-VC 2009-01-01 0.08  2010-01-01 0.05 
HWPW-CC 2009-07-01 0.08  2012-07-01 0.05 
PB 2009-01-01 0.18  2011-01-01 0.09 
MDF 2009-01-01 0.21  2011-01-01 0.11 
Thin MDF 2009-01-01 0.21  2012-01-01 0.13 
VC = Veneer Core               CC = Composite Core         
Based on the primary test method [ASTM E 1333-96(2002)] 
 
 

 
“The most widely used methods for the detection of formaldehyde are based on spectrophotometry, but 
other methods, such as colorimetry, fluorimetry, high-performance liquid chromatography, polarography, 
gas chromatography, infrared detection and gas detector tubes, are also used. Organic and inorganic 
chemicals, such as sulphur dioxide and other aldehydes and amines, can interfere with these methods of 
detection. The most sensitive of these methods is flow injection, which has a detection limit of 9 ppt 
(0.011 μg/m3)”[29], but this real-time determination method has a recovery rate of only about 50%. A more 
commonly used method, implying a derivatization with DNPH followed by HPLC detection, has a 
detection limit of 0.0017 ppm (0.002 mg/m3)[4]. This very low detection limit of the DNPH method 
suggests that it can be used to analyse the composite products with the new regulations with high 
confidence; but the method is complex to use and cannot be used in the mills as a quality control tool, 
hence alternative methods have to be developed. Colorimetric methods are also widely used, but are a 
little less sensitive[4]. 
 
Many studies have already been made to compare the different standard methods used to measure 
formaldehyde emission, not necessarily to find the most sensitive or accurate one, but to try to correlate 
them. Risholm-Sundman et al.[30] explain the variation between the large and small chambers, gas 
analysis, flask, perforator and desiccator methods. They found that “the variations between the results 
from different methods can partly be explained by differences in test conditions. Factors like edge sealing, 
conditioning of the sample before the test and test temperature have a large effect on the final emission 
result.” Que et al.[31,32] evaluated formaldehyde emission from wood products using the desiccator, 
perforator, 1m3 chamber and large chamber methods. Good relationships were obtained between the 
methods studied. Kim and Kim [33] compared values from the perforator, desiccator and gas 
chromatography methods, but the lowest concentration used was higher than 0.5 ppm. They also 
compared emission from building finishing materials at various temperatures (20, 37 and 50 °C)[34]. 
 
“Eight instruments were employed by six independent research groups using four different techniques: 
Differential Optical Absorption Spectroscopy (DOAS), Fourier Transform Infra Red (FTIR) 
interferometry, the fluorimetric Hantzsch reaction technique (five instruments) and a chromatographic 
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technique employing C18-DNPH-cartridges” to measure ambient formaldehyde in urban air[35]. The 
DNPH technique gave results up to 25% lower than the continuously measuring instruments and the 
differences between the individual Hantzsch instruments are probably due in part to the calibration 
standards used. 
 
 
 
Table 3 Methods for the determination of formaldehyde in air and wood[4,5] 
 

Preparation Method Analytical 
Method 

Limit of 
Detection 

 
[Air Matrix] 
 
Draw air through an impinger containing aqueous pararosaniline 
and sodium sulfite.[6] 
 

 
Spectrometry 

 
0.0083 ppm 

(0.01 mg/m3) 

Draw air trough PTFE filter and impingers, each treated with 
sodium bisulfite solution; develop colour with chromotropic acid 
and sulphuric acid; read absorbance at 580 nm.[7] 
 

Spectrometry 0.025 ppm 
(0.03 mg /m3) 

Draw air through solid sorbent tube treated with 10% 2-
(hydroxymethyl) piperidine on XAD-2; desorb with toluene.[8,9] 

GC/FID 
 

GC/NSD 

0.025 ppm 
(0.03 mg /m3) 

0.017 ppm 
(0.02 mg /m3) 

 
Draw air through tube that contains a smaller concentric tube made 
of Nafion (semipermeable) through which water flows in the 
opposite direction and serves to trap formaldehyde; add 1,3-
cyclohexanedione in acidified ammonium acetate to form 
dihydropryridine derivative in flow injection analysis system.[10] 
 

Fluorescence 
[FIA] 

9 ppt 
(0.011 μg/m3) 

Draw air through impinger containing hydrochloric acid / DNPH 
reagent and isooctane; extract with hexane / dichloromethane.[11] 
 

HPLC / UV 0.0017 ppm 
(0.02 mg/m3) 

Draw air through silica gel coated with DNPH reagent.[12] 
 HPLC / UV 0.0017 ppm 

(0.02 mg/m3) 
Expose passive monitor (DuPont Pro-Tek Formaldehyde Badge) 
for at least 2 ppm-h; analyse according to manufacturer’s 
specifications.[13,14] 
 

Chromotropic 
acid test 

0.0083 ppm 
(0.01 mg/m3) 

Draw air through a midget bubbler containing 15 mL buffered (pH 
= 4.5) Firard T reagent.[15] 
 

DC 
polarography 

0.24 ppm 
(0.3 mg/m3) 

Expose to passive monitor (3M 3721) (formaldehyde in air diffuses 
through a membrane and adsorbs onto bisulfite-impregnated 
paper); desorb with water; add chromotropic acid and sulphuric 
acid; read absorbance at 580 nm.[16] 
 

Spectrometry < 0.028 ppm 
(< 34 μg/m3) 
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Draw air through DNPH-coated silica SPE; elute with 
acetonitrile.[17] HPLC / UV 

0.40 ppb 
(0.49 μg/m3) 

 

Draw air through DNPH-coated silica; elute with acetonitrile.[18] HPLC / UV 
< 1 ppb 

(< 1.2 μg/m3) 
 

Draw air through glass fiber impregnated with DNPH; elute the 
derivative with acetonitrile, then through a cation exchange column 
to remove excess reagent; evaporate the solvent and redissolve in 
toluene containing internal standard.[19] 
 

GC / TSD 
8.1 ppb 

(10 μg/m3) 
 

Draw air through impingers containing pH 7 phosphate buffer and 
EDTA; add bisulfite and let react bisulfite excess with 5,5’-
dithiobis(2-nitrobenzoic acid); read absorbance at 412 nm (indirect 
measure of formaldehyde).[20] 
 

Spectrometry 
0.01 ppm in 88 L 

sample 
(12 μg/m3) 

Draw air through microcartridges packed with porous glass 
particles impregnated with dansylhydrazine; place cartridge in-line 
with HPLC mobile phase.[21] 
 

HPLC / 
Fluorescence 

0.01 ppb in 
1 L sample 
(0.01 μg/L) 

 
[Wood Matrix]   

 
Large-scale chamber tests.[22-25] 

 
Spectrometry 

 
0.0083 ppm 

(0.01 mg/m3) 
 

Formaldehyde, absorbed in distilled water, reacts specifically with 
a chromotropic acid – sulphuric acid solution.[24,26] 
 

2h desiccator 
test NR 

Small samples are boiled in toluene, and the formaldehyde-laden 
toluene is distilled through distilled through distilled / deionised 
water, which absorbs the formaldehyde; a sample of the water is 
then analysed photometrically by the acetylacetone or 
pararosaniline method.[27] 
 

Perforator 
method NR 

Formaldehyde in water is determined by adding sulphuric acid 
solution and an excess of iodine; the iodine oxidizes the 
formaldehyde, and the excess is back-titrated with sodium 
thiosulfate.[27] 
 

Iodometric 
method NR 

Draw air through 25 mm PVC filter (5 μm pore size); extract 
formaldehyde from particulates into water, derivate with DNPH.[28] 
 

HPLC / UV 0.062 ppb 
(0.076 μg/m3) 

DNPH = 2,4-dinitrophenylhydrazine; EDTA = ethylene diaminetetraacetic; FIA = Flow Injection Analysis; FID 
= flame ionization detection; GC = gas chromatography; HPLC = high-performance liquid chromatography; NR 
= not reported; NSD = nitrogen selective detection; SPE = solid phase extraction; TSD = thermionic specific 
detection; UV = ultraviolet absorbance detection 
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In the past few years, intensive research has been performed in the area of formaldehyde detection, 
particularly in countries where stricter formaldehyde emission rules are already in place (such as in 
Japan). Research scientists aim to develop cheap, easy to use and very sensitive and accurate methods for 
monitoring workplace atmospheres and to measure emission from furniture and building materials. 
 
Both passive and active new samplers have been developed to collect formaldehyde from air. On the 
passive side, Yuan et al. used a homemade passive gas sampler (based on the Hantzsch reaction) in 
conjunction with a portable synchronous fluorescence and absorbance device to measure formaldehyde 
concentrations down to 0.1 μg/mL[36]. Shinohara et al. developed a sampler consisting of Petri dish 
containing a DNPH-impregnated sheet with detection limits of 3.71 and 0.928 μg/m.h for 2- and 8-h 
sampling periods[37]. Kim et al. evaluated a badge-type air sampler, containing 4-amino-3-hydrazino-5-
mercapto-1,2,4-triazole (AHMT) reagent on a chromatography paper and obtained detection limits of 
10.4 and 1.48 μg/m3 for 1 and 7 day exposure times[38], respectively. Fend et al. focused their work on the 
fabrication of a formaldehyde odour sensor based on molecularly imprinted polymers with a detection 
limit of about 20.5 μM[39]. Shi et al. fabricated a SnO2-based gas sensor using R.F. Induction Plasma 
Deposition (IPD) method that had enough sensitivity at 20 ppb HCHO detection level[40]. In general, 
passive samplers are less efficient than active samplers for the detection of trace amounts of 
formaldehyde so they are rarely used for this purpose. 
 
Of course, a lot of work is done trying to improve the existing methods. Working on the Hantzsch 
reaction based method, Li et al. used a novel reagent, acetoacetanilide (AAA), so that “the reaction is 
carried out at room temperature […], the cyclization product […] is soluble in water, and the product can 
be detected by spectrophotometry and fluorometry”[41]. The limit of detection was 2.0 x 10-8 M. Yuan et 
al. didn’t use a novel reagent but instead added silica-gel beads into the solution, allowing the reaction to 
complete within 55 minutes at room temperature[42]. The sensitivity of the analysis also increased, with a 
detection limit of 0.1 μg/mL. Largiuni et al. tried different surfactants to enhance the formaldehyde 
fluorimetric determination sensitivity[43]. The use of Triton X-100 allowed a fluorescence improvement of 
up to 70% compared to a surfactant free sample. This Flow Injection Analysis (FIA) method has a 
detection limit of 55 ng/L. 
 
Other groups developed methods based on FIA. Sritharathikhun et al. installed a detector using a light 
emitting diode (LED) as a light source on their portable FIA system[44]. “The detection limit obtained was 
of 2.7x10-8 M (0.8 ppb) in aqueous solution (S/N=3), which corresponds to 35 pptv in air.” Motyka et al. 
optimized the (flow-injection) chemiluminescence determination of formaldehyde in water using gallic 
acid and hydrogen peroxide, getting a detection limit of 4x10-8 M (S/N=3) [45]. Xie et al. also used a 
chemiluminescence reaction based on myoglobin and luminal, allowing them to obtain a much lower 
detection limit in the order of 0.3x10-12 M[46]. 
 
Tittel et al. developed different detection techniques based on mid-infrared lasers[47-49]. They got detection 
limits of formaldehyde ranging from 0.32 ppbv to 150 ppbv with an instrument allowing continuous 
measurement over a long period of time.  
 
Zhao et al. determined formaldehyde concentrations by staircase voltammetry[50]. “Despite the fact that 
the sensitivity of the method is not very high [detection limit of 23.4 μg/L (7.80x10-7 M)], its low cost and 
convenience could provide a monitoring technology for real-time analysis of HCHO” the authors 
reported. 
 
Portable systems using LED-based detectors have also been developed. Kawamura et al. achieved a 
detection limit of 0.04 ppm HCHO within a 3 minute sampling time by using 4-amino hydrazine-5-
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mercapto-1,2,4-triazole (AHMT) as reagent[51]. The detection method achieved by Toda et al. is based on 
efficient gas collection and chromogenic reaction with 3-methyl-2-benzothiazolone hydrazone (MBTH) 
through a pair of alternatively sampling small-bore porous-membrane tube diffusion scrubbers[52]. A limit 
of detection of 0.08 ppbv with a 5 minute resolution could be reached. 
 
Finally, formaldehyde detection methods have been developed using HPLC or GC instruments.  
Possanzini and Palo used a HPLC with fluorescence detection to obtain sensitivity better than that of the 
classical DNPH method (0.25 ppb for a 1h sampling) [53]. Jeong and Paik analyzed the 2,4-DNPH-
formaldehyde derivative by GC equipped with a nitrogen-phosphorous detector (GC-NPD) and obtained a 
sensitivity as good as the NIOSH method (HPLC-UV) (detection limit of 0.12 μg/sample) [54]. Yu et al. 
developed a GC/combustion/isotope ratio mass spectrometry (GC/C/IRMS) method having a lower 
detection limit and less analytical error compared to the DNPH method[55]. 
 
 

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 
for certification purposes. 
 
 
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 on how to operate the method, please 
refer to the information given in the bibliography section of the report[56]. 
 
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). 
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Figure 1 Conditioning chambers 
 
 

   
 
Figure 2 Wood samples are put inside the Large Chamber 
 
 
This is the official method use by CARB for the certification of wood products based on the new 
regulations. 
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Figure 3 Formaldehyde solutions analyzed with the Milton Roy Spectronic UV-visible spectrometer 
 
 
5.2 DIN EN 120:1992 – Perforator Method 
For the Perforator Method (DIN EN 120:1992 Wood-based panels approximately 110 g of the sample, cut 
into 1 cubic inch cubes are extracted during 2 hours in a perforator apparatus (Figure 4) using boiling 
toluene in a recycling flow. The emitted formaldehyde is collected in a 2 L water flask and then 
determined using the acetyl-acetone method. Absorbance results are read at 412 nm on a Milton Roy 
Spectronic 601 UV-visible spectrometer. 
 

 
Figure 4  Perforator apparatus 
 
This method is mainly used in Europe for the EN 13986 Standard certification. 
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5.3 JIS A 1460:2001 – Desiccator Method 
The Japanese Industrial Standard method (JIS A 1460:2001) entitled “Building Boards Determination of 
formaldehyde emission - Desiccator method” involves cutting ten (50 x 150) mm2 specimens of the 
sample, sealing them in an 11 L desiccator along with a 300 mL dish of distilled water. After 24 hours at 
20 °C, the concentration of the formaldehyde dissolved in the water is determined using the acetyl-
acetone method. Absorbancy results are read at 412 nm on a Milton Roy Spectronic 601 UV-visible 
spectrometer. 
 
This method is mainly used in Japan for the JIS A 5908 & 5909 Standards certification. Another similar 
desiccator method used in Japan, the JAS –SE-9 for formaldehyde emission amount from Structural Glue 
Laminated timber is also performed at FPInnovations. 
 
 
5.4 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. 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-11A[57]. 
 

 
 
Figure 5 Agilent Series 1100 HPLC-UV 
 
 
This is the reference method to measure trace amounts of formaldehyde. 
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6 Results and Discussion 
6.1 Review and optimization of the current methods 
6.1.1 DNPH derivatization followed by HPLC-UV analysis 

Many techniques are used to determine the concentration of formaldehyde emissions from wood products. 
In North America, the ASTM E1333 Large Chamber method is the reference method for wood product 
certification as it is for CARB formaldehyde products certification. The quantity of formaldehyde in the 
air sample taken from the chamber is determined by a slightly modified National Institute for 
Occupational Safety and Health (NIOSH) 3500 chromotropic acid test procedure. According to NIOSH 
(4th Edition, 8/15/94) the low end of the working range for the chromotropic acid analytical procedure is 
0.02 ppm. A more sensitive analytical procedure is recommended for testing wood panel products where 
formaldehyde concentrations in air are anticipated to be at or below that level. DNPH is recognized as 
such a method.”[56] 
 
ASTM D5197 – 03 DNPH test method is the most accurate and precise technique used in our lab to 
determine formaldehyde concentrations. The chromatograms for down to 1.3 μg/L show a well defined 
formaldehyde peak, away from potential interfering peaks. Under this point, (1.3 μg/L), the peak becomes 
too small to be quantified with precision. Used in correlation with the ASTM E1333 method, this limit of 
quantification 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). 
 
This method is well documented in the literature, and is used as a reference when optimizing or 
developing alternative methods. Usually, calibration and correlation are done using known concentrations 
of formaldehyde in aqueous solutions or approximate concentrations of formaldehyde in air (from wood 
sample emissions). But to test the precision and recovery rate of the methods for a 60-minute air sampling 
(as specified in the Large Chamber method), a known concentration of formaldehyde in air is needed. 
 
To achieve that, 80 L Tedlar bags filled with precise quantities of air and formaldehyde were used. Air is 
then sampled through DNPH cartridges or impingers containing the acetylacetone solution or water for 
analysis via the chromotropic acid method for comparison. 
 
A calibration curve for the DNPH derivatization method was made using known concentrations of 
formaldehyde in air (see Figure 6). As seen on the curve, one can determine formaldehyde concentrations 
as low as 0.001 ppm (1 ppb), for a 60 minute air sampling at 1 L per minute, 50 times lower than the 
strictest CARB value of 0.050 ppm. It is possible to determine even lower concentrations by using a 
sampling time of 120 minutes at 1.5 litres per minute. 
 
But this method is expensive and difficult to implement for daily quality control in mills. The elution of 
the DNPH cartridges with acetonitrile requires a longer period of time to complete and the HPLC 
procedure requires also time and training. 
 
6.1.2 Precision of the spectrophotometric methods 

The spectrophotometric methods are common ground in formaldehyde determination, because they are 
inexpensive, reliable and easy to use. Many of them are used in our lab, and optimizing them will be part 
of this work. 
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Figure 6 Calibration curve of the DNPH method, using HPLC and air samples. 
 
Figure 6 shows the formaldehyde calibration curves of the spectrophotometric methods used at 
FPInnovations. One curve is based on the chromotropic acid test (used for the Large Chamber and the 
Small Chamber methods). The other curves are all based on the acetylacetone reagent, but with different 
parameters, as specified by the methods (solution preparation, heating time and temperature). All the 
curves have been determined using the Spectronic 601 UV-vis spectrometer. The method related to the 
curve with the highest slope gives a better resolution when the coefficients of regression are similar. 
When using the same instrument, the chromotropic acid method allows us to have a better sensitivity. 
 
Table 4 summarizes the MLD for the different spectrophotometric methods. As predicted with the curves 
shown in Figure 7, the test using the chromotropic acid reagent is the most sensitive compared to the 
other methods. 
 
Table 4 Limits of detection of the spectrophometric method, in the sampling solution and in air 
 

Method       Limit of detection…..

in Matrix      in Air*…

• Desiccator: ~0.1 mg/L         ≈0.01 ppm..
(JIS ISO-12460-4)

• Perforator: ~0.5 mg/100g   ≈0.007 ppm 
(EN 120) 

• UTC, 1 m3, small and large chamber:
– Acetylacetone reagent: 0.03 mg/L       ≈0.03 ppm..
– Chromotropic acid reagent: 0.015 mg/L     ≈0.01 ppm..

 
* Correlated to the ASTM E1333 Large Chamber Method 
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Figure 7 Formaldehyde calibration curves of different spectrophotometric methods 
 
 
 
6.1.3 Optimization of the chromotropic acid test method 

In the chromotropic acid test method, a 4 mL sample aliquot is mixed with 0.1 mL 1% chromotropic acid 
(4,5-dihydroxy-2,7-naphthalene disulfonic acid solution) and 6 mL sulphuric acid (H2SO4). When heated 
in a strong oxidizing environment, formaldehyde reacts with chromotropic acid to form a purple 
monocationic chromogen. The color intensity can then be read at 580 nm to measure formaldehyde 
concentration. 
 
In trying to optimize the method, the proportion of the active ingredients in the reaction has been 
changed. Varying the chromotropic acid’s concentration didn’t have a significant impact on the results. 
Furthermore, adding too much chromotropic acid (0.5 mL and up) gave a yellowish color to the blank 
solution. 
 
The proportion of formaldehyde aliquot vs. sulphuric acid has also been studied (see Figure 8). Mixing 
equal volumes of each resulted in a 15% increase in absorbance compared to the official method. But this 
slight increase did not improve the limit of detection (0.01 ppm) (Table 4). Any further increase of the 
ratio resulted in a sharp decrease of the absorbance value. Note that a formaldehyde concentration of 0.2 
mg/L corresponds to about 0.05 ppm in air (correlated to the Large Chamber method). 
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6.1.4 Optimization of the acetylacetone method 

The acetylacetone method is based on the Hantzsch reaction between acetylacetone, ammonia and 
formaldehyde to form diacetyldihydrolutidine (DDL). The absorbance of the yellow solution is then read 
at 412 nm. Usually, 10 mm glass cells are used to read the absorbance. To try and optimize the method 
measurements have also been made using 50 mm cells. A 5 time longer light path should in theory gives a 
5 time increase in absorbance. Comparative results are shown in Table 5. 
 
As expected, 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. The use of 50 mm cells 
was also tried with the chromotropic acid method at 580 nm, with similar results. 
 
In the standard method, air sampling is done using distilled water, and then a 25 mL aliquot is mixed with 
25 mL of an acetylacetone-ammonia solution. To optimize the method, the acetylacetone-ammonia 
solution was used as sampling solution. The proportion of the active ingredients remains the same except 
that the total volume is not diluted by the water coming from the 25 mL aliquot. This new procedure 
resulted in an 80% increase in absorbance for the formaldehyde solution, while having a negligible impact 
on the lab blank. Results are reported in Table 6. 
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Figure 8 Effect of the sulphuric acid/sample volume ratio on the absorbance at 580 nm 
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Table 5 Comparison between 10 mm and 50 mm glass cell for absorbance reading at 412 nm 
 

Absorbance (Acetylacetone Method) 
[HCHO] 

10 mm glass cell 50 mm glass 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 

 
 
Using this new sampling solution and formaldehyde in air standards, a calibration curve of the optimized 
method was made (Figure 9). A limit of quantification of 0.01 ppm (10 ppb) has been determined. But the 
coefficient of regression at low concentration was not excellent, even with four replicates for each 
calibration points. 
 
 
Table 6 Influence of the use of the acetylacetone-ammonia for air sampling on the absorbance 

results at 412 nm 
 

Absorbance Results at 412 nm 
Sample 

Water Used for Sampling Acetylacetone Used for sampling 
Absorbance 
Variation 

Lab Blank 0.009 0.008 - 11 % 

HCHO 0.2 mg/L 0.034 0.061 + 79 % 

HCHO 1.5 mg/L 0.211 0.387 + 83 % 

 
  
 
6.2 Development of an alternative method 
Since the spectrophomeric methods for determining the concentration of off gassing formaldehyde 
already in use in our lab were not accurate enough for the very low range, the need to develop an 
alternative method, inexpensive, easy to use, but also very sensitive remains. The methods optimized in 
the previous section are based on UV-visible spectroscopy, however, the Hantzsch reaction (on which the 
acetylacetone method is based) often forms fluorescent products. 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[58], by adding Silica-gel beads into the solution [59], by the addition of a surfactant 
(Triton X-100)[60] and by the use of a novel reagent (acetoacetanilide, or AAA) instead of 
acetylacetone[61]. 
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Figure 9 Calibration curve of the acetylacetone method, using standard air samples 
 
 
 
6.2.1 Hantzsch reaction and fluorimetry 

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 (Figure 10). 
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Figure 10 Hantzsch reaction 
 
 
Belman[58] found that, without any other change to the method, highly sensitive measurements could be 
made by fluorimetry instead of spectrophotometry, 3,5-diacetyl-1,4-dihydrolutidine (DDL) being 
fluorescent at 510 nm when excited at 420 nm.   
 
The method was tested at Université Laval on a Varian Cary Eclipse Fluorescence Scanning 
Spectrophotometer. Calibration curves were also prepared, using known concentrations of formaldehyde 
in air, for the fluorescence method with acetylacetone as the collecting media. As seen in Figure 11, a 
curve with an excellent coefficient of regression of 0.9983 was obtained. Concentrations as low as 0.01 
ppm were successfully quantified. The limit of detection was calculated to be 0.004 ppm. 
 

 
 16 of 28 

 



Development of an Improved Method for Analysis of Panels with Low Formaldehyde Emission 

 
 

 
 

y = 3056,5x + 215,53
R2 = 0,9983

0

100

200

300

400

500

600

700

800

900

0 0,05 0,1 0,15 0,2

Formaldehyde Concentration (ppm)

Fl
uo

re
sc

en
ce

 a
t 7

00
 V

 
Figure 11 Calibration curve of the acetylacetone method using fluorescence spectroscopy and air 

samples 
 
 
6.2.2 Addition of silica-gel beads 

Yuan et al.[59] developed a novel method for the determination of formaldehyde, with sensitivity 
enhancement based on the Hantzsch reaction. Silica-gel beads are added into the solution, and the 
reaction should be complete within 55 min at room temperature without heating. The silica-gel beads not 
only catalyze the reaction process but should also increase the sensitivity of the analysis.  
 
In our case, the addition of silica-gel beads didn’t give any significant improvement. The beads didn’t mix 
well in the solutions, didn’t have a significant impact on the reaction speed and didn’t improve 
absorbance results. Even when heated at 60 °C for 10 minutes, no improvement in absorbance results was 
observed. No further tests were done using silica-gel beads. 
 
 
6.2.3  Addition of a surfactant 

Largiuni et al.[60] developed a way to enhance the sensitivity of the formaldehyde fluorimetric 
determination by the use of a surfactant. It is not well understood how a surfactant can improve 
fluorescence performances, but it is probably due to the micelle effect of the surfactants in aqueous 
solutions. By protecting the fluorescent compound from the quenching in the bulk solvent, ordering the 
molecules in the micellar phase and creating a more rigid structure, the micelles stabilize the excited 
singlet state and thus the efficiency of the fluorescence improves. Micelles are also known to accelerate 
the rate of many organic reactions in aqueous media. 
 
A calibration curve was prepared, using known concentrations of formaldehyde in air, for the 
fluorescence method with a surfactant (Triton X-100) added to the collecting media (Figure 12). By 
adding the surfactant to the acetylacetone collecting media, the method becomes a little more sensitive 
(better slope, fluorescence read at 675 V instead of 700 V). But the curve has a lower coefficient of 
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regression (0.9855), the surfactant makes the solution more viscous and harder to work with and the limit 
of detection remains about the same at 0.004 ppm. 
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Figure 12 Calibration curve of the acetylacetone method using fluorescence spectroscopy and air 

samples 
 
 
6.2.4 Use of a novel reagent for the Hantzsch reaction 

Li et al.[61] introduced novel reagent, acetoacetanilide (AAA), to determine formaldehyde based on 
Hantzsch reaction. AAA, used instead of acetylacetone, gives a cyclization product with maximum 
excitation and emission wavelengths of 370 and 470 nm, respectively. The authors reported that the 
reaction between acetoacetanilide and formaldehyde can be carried out at room temperature without any 
heating procedure; the reaction product is soluble in water and the sensitivity of the method is better 
compared to the acetylacetone method. 
 
Calibration curves were prepared, using known concentrations of formaldehyde in air, for the 
acetoacetanilide method with water (as described in the literature), then with the acetoacetanilide solution, 
as sampling media. Note that we had to heat the solution instead of letting it react at room temperature as 
suggested in the literature to get reproducible results and more stable solutions. As seen in Figure 13, a 
curve with a regression coefficient of 0.9729 was obtained. Formaldehyde concentration of 0.02 ppm, 
using only 30L of air has been quantified with precision.  
 
Using acetoacetanilide solution as sampling media resulted in a more sensitive technique with a better 
calibration curve and excellent regression coefficient of (0.9954). Concentrations of 0.01 ppm, using only 
30 L of air, were quantified with precision. This improved performance of the method is due to the fact 
that, when using the acetoacetanilide solution as the collecting media, the sample is ten times more 
concentrated because there is no dilution as normally done when water is used as sampling media. 
 

 
 18 of 28 

 



Development of an Improved Method for Analysis of Panels with Low Formaldehyde Emission 

 
 

 
 

Aqueous Solution

y = 1705,5x + 445,02
R2 = 0,9729

0

200

400

600

800

1000

0 0,05 0,1 0,15 0,2 0,25

Formaldehyde Concentration (ppm)

Fl
uo

re
sc

en
ce

 a
t 6

75
V

 

Acetoacetanilide Solution
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Figure 13 Fluorescence spectroscopy Calibration curves using water and acetoacetanilide solution as 

sampling media 
 
 
 
6.3 Optimization using a filter fluorometer 
Section 6.2 results showed that fluorescence spectroscopy can be a good method to get accurate 
formaldehyde concentration readings under 0.05 ppm. The next step was to find a fluorescence 
spectrophotometer that can ideally be inexpensive, sensitive and easy to use in mill environment. After 
some research, the Turner Quantech Digital Filter Fluorometer (Figure 14) seemed to be the best choice 
to meet our goals. We ordered the base model (FM109515), which has a wavelength span from 340 to 
650 nm; it is equipped with the NB360, SC450, NB430 and SC500 filters so it can be used as excitation 
and emission filters for the acetoacetanilide and the acetylacetone methods respectively. 
 
 

 
 
Figure 14 Formaldehyde-acetylacetone solutions, 10 mm quartz cells and the Turner Quantech 

Digital Filter Fluorometer 
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The instrument is affordable (less than CDN$7000.00), it’s easy to use and, based on the literature, is as 
sensitive as the Cary Eclipse fluorescence spectrophotometer that was used up until now.  A 9-point 
calibration curve can be stored in the instrument so, once calibrated, it gives a direct concentration 
reading in ppm. The only downside of this instrument is that it’s not a scanning fluorimeter, so the 
maximum excitation and emission wavelengths have to be known before using the instrument, with the 
right filters available.  
 
 
6.3.1 Calibration curves 

Calibration curves were developed for the acetylacetone and acetoacetanilide methods. Aqueous 
formaldehyde standards have been prepared using a standardized 37% formaldehyde solution. Note that 
to get reproducible values using the fluorescence spectrometer, it is important to record the sample 
fluorescence as soon as the cell is inserted in the instrument. Because of the quenching effect, 
fluorescence intensity slowly decreases when the sample is submitted for a long period of time to the 
excitation wavelength. A lab blank should also be subtracted from the sample values, and the calibration 
curve validity confirmed regularly with samples of known formaldehyde concentration.  
  
The acetylacetone calibration curves are shown in Figure 15, ranging between 0 and 0.20 mg/L in the 
aqueous solution (0 to 0.055 ppm in air, based on the ASTM E1333 Large Chamber Method). 
Considering the excellent coefficient of regression of the curves (0.9995), another set has been made with 
concentrations ranging from 0 to 0.016 ppm. Even in this lower range, the coefficient of regression 
remained very good (0.9970). 
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Figure 15 Calibration curves of the acetylacetone method, using aqueous formaldehyde standards, in 

solution (left) and correlated to the Large Chamber method (right) 
 
 
Calibration curves associated to the acetoacetanilide method are shown in Figure 16. Results are similar 
to the acetylacetone method, but with a lower coefficient of regression (0.9858). Furthermore, solutions 
didn’t seem stable in time, sometimes giving higher, sometimes giving lower values. But still, the method 
could give us accurate results, even under 0.05 ppm. 
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Figure 16 Calibration curves of the acetoacetanilide method, using aqueous formaldehyde standards, 

in solution (left) and correlated to the Large Chamber method (right) 
 
 
 
6.3.2 Interference of foreign species 

The influences of foreign species were examined by adding a certain amount of interfering species in a 
6×10-6 M (0.05 ppm in air correlated to the Large Chamber method) HCHO solution, based on the 
acetylacetone method. The tolerable concentrations, defined as the concentration of foreign species 
causing less than ±5% relative error, were examined and Table 7 summarizes the limits for certain 
interfering compounds. The 5 selected volatile organic compounds (VOCs) are commonly associated with 
commercial wood products. As can be seen from the table, acetone did not interfere up to a ratio of 
100,000-fold over formaldehyde compared to 10,000-fold for acetic acid 10,000 and α-pinene. 
Acetaldehyde and hexanal did show some interference when concentration ratios over formaldehyde 
exceeded 50. 
 
 
Table 7 Tolerance limit of foreign species in the determination of 6 x10-6 M HCHO 
 

Tolerance Limit (+5% relative error) 
Interferent 

([interferent]/[HCHO]) 

Acetone 100 000 

Acetic acid 10 000 

α-pinene 10 000 

Acetaldehyde 50 

Hexanal 50 
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6.3.3 Correlation using commercial composite wood samples 

Correlation tests have been done based on the ASTM D6007 method and the 1 m3 chamber method. 
ASTM D 6007 and ASTM E1333 have the same operating conditions, they differ only by the size of the 
chambers used. The 1 m³ chamber was operated according to BIFMA conditions (23±1ºc and 50±5 % 
relative humidity). About twenty hours after samples installation in the chamber, the air was sampled with 
DNPH cartridges and with acetylacetone solution for comparison purposes. Results are reported in Table 
8. 
 
 
Table 8 Correlation between acetylacetone and DNPH methods using commercial wood samples 
 

[HCHO] (ppm) 
Sample # Method 

DNPH 
results 

Acetylacetone 
results 

Variation 
(%) 

1 ANSI/BIFMA M 7.1 - 1 m3 
chamber 0.0061 0.0062 1.6 

2 ASTM D6007 / Small scale 
chamber 0.0239 0.0265 11 

3 ASTM D6007 / Small scale 
chamber 0.0074 0.0112 34 

4 ASTM D6007 / Small scale 
chamber 0.0359 0.0423 18 

 
 
Sample 1 acetylacetone result is in good correlation with the DNPH. Variation for the other samples goes 
from 11 to 34% between the 2 methods. Note that for samples 2, 3 and 4, only 40 L of air were sampled 
with the DNPH cartridge and 30 L with the acetylacetone solution, instead of the 120 L and 60 L 
respectively, the usual amounts sampled during a Large Chamber test. These examples show that the 
precision of the methods is directly related to the volume of air sampled. A longer sampling time would 
have increased the precision of the results and decreased the variation between the two methods. 
 
 
 
6.3.4 Method detection limit 

The EPA defines the method detection limit (MDL) as “the minimum concentration that can be 
determined with 99% confidence that the true concentration is greater than zero” (document 40 CFR 136). 
A solution of the analyte that is one to five times the estimated detection limit is prepared. Seven or more 
replicates of this solution are tested, and then the standard deviation of the data set is determined. The 
method detection limit is calculated according to the formula: MDL = Student’s t value x the standard 
deviation, where the standard deviation σ is the square root of the variance σ2: 
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and where  is the arithmetic mean of the values xi, defined as: 
 

 
 

 
The limit of quantification (LOQ) is the limit at which we can reasonably tell the difference between two 
different values. The LOQ is equal to 10 times de standard deviation. 
 
MDL and LOQ calculations are shown in Table 9. Correlated to the ASTM E1333 Large Chamber 
method, for a 60 L air sampling, the MDL of the acetylacetone solution by fluorescence analysis is 0.0004 
ppm (0.4 ppb), and the LOQ is 0.0013 ppm (1.3 ppb). That’s one order of magnitude better of what would 
be required to accurately measure samples to be certified under the new CARB regulations. 
 
 
Table 9 MDL and LOQ limit calculation for the acetylacetone and fluorescence method 
 

Real [HCHO] 
(mg/L) 

Intensity 
(a.u.) 

Measured [HCHO] 
(mg/L) Variable Value 

326 0,00539 σ2 2.21 x10-7 

325 0,00510 σ 4.70 x10-4 

327 0,00568 Student’s t value 3.143 

330 0,00654 MDL (mg/L) 1.48 x10-3 

327 0,00568 MDL   (ppm) 0.0004 

326 0,00539 LOQ  (mg/L) 4.70 x10-3 

0,00600 

328 0,00597 LOQ   (ppm) 0.0013 
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7 Conclusions 
The Phase 2 CARB regulation limits formaldehyde emissions from HWPW at 0.05ppm. In order to 
measure accurately this low limit, accurate analytical methods will be required. An alternative sampling 
and analytical method in conjunction with the ASTM E1333 Large Chamber method has been developed 
and consists of sampling 60 L of air 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 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. 
 
 
 

8 Recommendations 
The DNPH derivatization method should remain the reference method in a controlled lab environment, 
for samples where high concentration of hexanal or acetaldehyde are suspected. The chromatogram gives 
a clear formaldehyde peak that is not influenced by similar compounds. 
 
The acetylacetone – fluorescence analysis method should be used in every applications where 
chromotropic acid or acetylacetone and UV-visible analysis are used to determine formaldehyde 
concentrations in air. The acetylacetone – fluorescence method is more sensitive and thus give more 
accurate results in the low concentration range. 
 
A new technology, based on near infrared spectroscopy, is being investigated. This new instrument, while 
more expensive, would have the advantage of giving instantaneous measurements of formaldehyde 
emission right after the press exit, instead of waiting one week of conditioning to get the results. 
Correlation tests and mill trials will be conducted in 2009 and the results will be annexed to this report. 
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