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Examination related to revised test method for determination of formaldehyde,
regulated by the low for the control of household products containing harmful substances

Yoshiaki Ikarashi”, Masa-aki Kaniwa, Toshie Tsuchiya

In Japan, the amount of formaldehyde in textile products was regulated by the low for the control of
household products containing harmful substances. Formaldehyde was determined by measuring the optical
density of acetylacetone derivative of formaldehyde extracted from textiles. The household products low
stated that the increase in the optical density of color development of the extract from the textile products for
babies or infants within 24 months after birth should not be more than 0.05. Collaborative study decided the
amount of formaldehyde equivalent to the increase in absorbance described above, and the amount was 16
ppm. There are some reports that formaldehyde causes an allergic reaction even at a very low concentration,
so continuous regulation for formaldehyde in the textiles was desirable using this level of amount. We
developed HPLC method for the determination of formaldehyde in textile products. Formaldehyde was
determined by the direct injection of acetylacetone derivative of samples into the system equipped with ODS
column and UV-VIS detector (detection wavelength 413 nm) using the mixture of acetonitrile and water as
mobile phase. The linearity was obtained between a peak area or height and the concentrations of
formaldehyde solution in the range of 0.0625-2 xg/ml. The regulation level was sufficiently detected by the
present HPLC method. We recommended that the HPLC test was adopted as a reexamination method for the
products may violate the regulation as well as a dimedone test.

Key Words: formaldehyde, regulation, acetylacetone, absorbance, HPLC
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Table 1. Correlation between formaldehyde concentration and the absorbance: a comparison of
results from 5 laboratories

Laboratory A

Concentration (ug/ml) Optical density (A) AA(A-Ay)
415 nm 414 nm 413 nm 412 nm 413 nm
0 0.005 0.005 0.005 0.005 0(=Ay
0.02 0.008 0.005 0.006 0.006 0.001
0.04 0.010 0.010 0.011 0.011 0.006
0.06 0.012 0.012 0.011 0.011 0.006
0.08 0.014 0.015 0.016 0.016 0.011
0.1 0.017 0.017 0.017 0.016 0.012
0.2 0.029 0.030 0.031 0.031 0.026
0.4 0.056 0.057 0.055 0.055 0.050
0.6 0.083 0.083 0.084 0.082 0.079
0.8 0.107 0.108 0.109 0.109 0.104
1 0.135 0.135 0.136 0.136 0.131
2 0.262 0.264 0.265 0.265 0.260
Laboratory B
Concentration (pg/ml) Optical density (A) AA(A-A))
415 nm 414 nm 413 nm 412 nm 414 nm
0 0.011 0.011 0.012 0.012 0(=Ay
0.05 0.019 0.020 0.020 0.020 0.009
0.1 0.026 0.026 0.026 0.026 0.015
0.2 0.040 0.040 0.040 0.041 0.029
0.4 0.068 0.068 0.068 0.068 0.057
0.8 0.122 0.122 0.122 0.122 0.111
1 0.147 0.148 0.148 0.148 0.137
2 0.282 0.282 0.282 0.282 0.271
4 0.546 0.546 0.547 0.546 0.535
Laboratory C
Concentration (ug/ml) Optical density (A) AA(A-Ay)
415 nm 414 nm 413 nm 412 nm 413 nm
0 N.D.” N.D. 0.000 N.D. 0 (= Ay
0.1 N.D. N.D. 0.009 N.D. 0.009
0.2 N.D. N.D. 0.022 N.D. 0.022
0.4 N.D. N.D. 0.049 N.D. 0.049
0.6 N.D. N.D. 0.078 N.D. 0.078
0.8 N.D. N.D. 0.094 N.D. 0.094
1 N.D. N.D. 0.129 N.D. 0.129
2 N.D. N.D. 0.266 N.D. 0.266
Laboratory D
Concentration (ug/ml) Optical density (A) AA(A-Ay)
415 nm 414 nm 413 nm 412 nm 414 nm
0 0.001 0.001 0.001 0.001 0(=Ay
0.0625 0.010 0.010 0.010 0.010 0.009
0.125 0.018 0.018 0.018 0.018 0.017
0.25 0.034 0.034 0.034 0.034 0.033
0.5 0.067 0.068 0.067 0.067 0.067
1 0.135 0.135 0.135 0.135 0.134
2 0.269 0.269 0.269 0.269 0.268
Laboratory E
Concentration (ug/ml) Optical density (A) AA(A-Ay)
415 nm 414 nm 413 nm 412 nm 414 nm
0 0.072 0.072 0.069 0.069 0(=A4Ay
0.0625 0.078 0.078 0.076 0.075 0.006
0.125 0.094 0.094 0.087 0.085 0.022
0.25 0.107 0.107 0.102 0.100 0.035
0.5 0.135 0.135 0.133 0.132 0.063
1 0.199 0.200 0.197 0.197 0.128
2 0.323 0.324 0.324 0.324 0.252

¥ N.D. = not determined.
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Fig. 1 Calibration curve for acetylacetone derivative of formaldehyde
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Table 2. Optical density of acetylacetone derivatives, concentrations and amounts of
formaldehyde in products: calculation from results of laboratory A

Increase in optical density Concentration of Amount of formaldehyde in

formaldehvde products

Rate (%) (ug/ml) (ppm)
0.05 - 0.389 - 155
0.055 10 e 0.427 e 17.1
0.06 20 - 0.465 e 18.6
0.07 40 i 0.542 i 21.7
0.08 60 d 0.619 d 24.8
0.09 80 nd 0.696 - 27.8
0.048 0.375 15
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Table 3. A summary of interlaboratory trial of acetylacetone absorption method

Laboraoty UV spectrometer Wavelength Calibration curve Formaldehyde Amount of
shows maximal concentration shows formaldehyde
absorption (nm) difference of 0.05 in textiles (calcula

absorbance (ug/ml) value, ppm)

A Shimadzu UV-160A 413 y =0.1305x - 0.0005 0.39 16

B Hitachi U-1100 414 y =0.1333x + 0.0031 0.35 14

C Hitachi U-3000 413 y = 0.1335x - 0.0042 0.41 16

D Shimadzu UV-2450 414 y =0.1339x + 0.0001 0.37 15

E Shimadzu UV-240 414 y =0.1249x + 0.0023 0.38 15

Table 4. Limitation amount of formaldehyde in textile products to receive ecolabels in European Union

Countries Ecolabelling standard Products Formaldehyde

European Union EU Ecolabel direct skin contact 30 ppm
Netherland Stichting Millieuker for garments 30 ppm
Germany Toxproof without skin contact 300 mg/l
Toxproof direct skin contact 75 mg/l
Toxproof baby clothing 20 mg/1
Germany Oceko — Tex 103 without skin contact 300 ppm
Oeko — Tex 103 direct skin contact 75 ppm
Oeko — Tex 106 baby clothing 75 ppm
(Sweden, Norway, Iceland, Finland, Denmark) Nordic Swan A,B for garments 30 ppm

Data were quoted from the homepage of Textile Working Group (http://www.emcentre.com/textile/Ecolabels.htm).
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Fig.2 Change in chromatogram of acetylacetone derivative of formaldehyde depending on the ODS column
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Fig. 3 HPLC chromatograms of formaldehyde solution (a),
acetylacetone solution (b), and reaction mixture of formaldehyde
and acetylacetone

Arrow shows the peak of acetylacetone derivative of formaldehyde.
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Fig. 4 Calibration curves for acetylacetone derivative of formaldehyde by HPLC
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(a) Formaldehyde standard 0.5 /" g/ml
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Fig.5 Typical HPLC chromatograms of textile products
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Fig. 6 Increase in absorbance of acetylacetone-formaldehyde
reaction product with increasing in standing time
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Fig. 70 Decrease in peak height of acetylacetone-formaldehyde
reaction product with increasing in standing time

For each concentration solution, peak height that observed
after standing for 30 min was regarded as 100%.
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