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SUMMARY 

Formaldehyde in air was analyzed by gas chromato,mphy (GC) using instru- 
ments equipped with thermal conductivity, flame-ionization and photoionization de- 
tectors A method of making formaldehyde standards in air. to calibrate the GC 
system, was tested. The rate of polymerization increase in air, with increase in relative 
humidity, was also determined_ The application of the method to the determination 
of formaldehyde desorbing from urea-formaldehyde foam and particle board is dis- 
cussed. 

INTRODUCTION 

Formaidehyde (HCHO) is widely used in many industrial and domestic pro- 
cesses such as adhesive manufacture, electroplating, fermentation, fireproofing 
agents, pigment manufacture, for cotton durable press, preservatives for wool, syn- 
thetic resins, mirrors, in the production of urea-formaldehyde foam, an anticoagu- 
lant for natural rubber and in agriculture for the control of insects in fresh vegetables_ 
Formaldehyde in air polymerizes easily’ to a linear polymer, HO(CH,O),H, but low 
IeveIs of formaldehyde could remain for some time. Because it may be a hazard to 
human health, a level of 2 ppm has been set by AGGIH’ as the TLV-TWA for an S-h 
exposure. To determine such low levels with accuracy and reliability, very sensitive 
methods are required- 

Methods currently available rely on large volumes, complex apparatus and 
chemical reactions. The NIOSH3e4 method requires a sample size of 6-25 1, a pro- 
cedure invoking several steps and elaborate apparatus. Methods *using detector tubes 
require sample sizes of 300-1600 ml for analysis in the 35-0.5 ppm range. A recent gas 
chromatographic-mass spectrometric (GC-MS) method’ deterinines formaldehyde 
at the parts per billion level by trapping a formaldehyde-air misture. In this method 
cooling at -72°C is used for conditioting the trap and a temperature of 240°C is 
required to release formaldehyde from the trap. Elaborate apparatus is also neces- 
sary. As GC can provide direct methods for the determination of vapors, equipment 
and procedures for the on-site determination of formaldehyde in a variety of environ- 
ments were investigated and methods of analysis developed. 
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EXPERIMEhTAL 

For the direct determination of formaldehyde in air at parts per million levels, 
GC was selected_ For these GC determinations, three instruments with three different 
detectors were used, but it was first necessary to develop methods for making precise 
standards of formaidehyde in air. 

These standards were generated from formaldehyde decomposed by heat on a 
stainless-steel plate placed on a hot-plate_ The stainless-steel plate was heated to 
16O’C and an inverted beaker placed on it so that small amounts of paraformal- 
dehyde could be introduced and formaldehyde generated to produce a saturated 
atmosphere_ The size of the beaker was 10-100 ml, depending on the amount of 
formaldehyde needed_ The formaldehyde-air mixture was drawn from this space with 
a syringe and injected directly into a gas chromatograph or into flasks of various sizes 
for subsequent analysis_ As formaldehyde is esplosive in the range 7-73 % by volume 
in air, precautions were taken to produce only small amounts of vapor on the hot- 
plate and to provide adequate protection against flying glass in the event that an 
explosion occurred_ Another method for producing the vapors at a low concentra- 
tion involved introducing l&100 mg of paraformaldehyde powder into 12-7-l flasks 
and appIying heat to the powder to reIease formaldehyde- The fu-st gas chromato- 
-mph used for this part of the investigation was a Bendix Model 2300 with a flame- 
ionization detector (FID) and a nickel column (2 m x 3 mm I.D.) packed with Tenax 
GC (35-60 mesh). At 4O’C and a nitrogen flow-rate of 20 mI/min the retention time of 
formaldehyde was 3-15 min_ A sensitivity setting of 5 - IO-‘” was used_ By using the 
FID the effect of time and concentration on formaldehyde vapor was tested by draw- 
ing formaldehvde-air samples of l-5 ml from various flasks at time intervals ranging 
from 1 min to-60 days and then analyzed_ Another factor affecting polymerization is 
the relative humidity (RH), and this was also tested using GC with an FID. Levels of 
30-70 and 75% RH were obtained by keeping the flasks in a room with a controlled 
RH. The 10% RH air or nitrogen atmospheres were obtained by flushing the flasks 
for 1 h with the respective gases from compressed gas cylinders and the RH was 
determined by GC_ Samples up to 5 ml were injected directly into the GC system. For 
larger samples the trapping method previously described by Dumas6 was used_ For 
the trapping of formaldehyde a tube (20 cm x 3 mm I.D.) filled with Chromosorb 
lOl(60-50 mesh) was found to be ef&ctive_ The trap was maintained at 25°C Using 
this method, IO-ml samples of formaldehyde-air mixture were analyzed by injection 
into a trap at 25% and placing the trap in the GC system, where formaldehyde was 
released at 60°C. 

A second gas chromatograph, a Bendix Model 2200 with a thermal conduc- 
tivity detector (TCD), was aIso used with the same column to determine the air in the 
formaidehyde-air mixture. The c&d&ions used with this chromatograph were the 
same as used previously except that helium was used as the carrier gas and the 
retention- time of formaldehyde was 2.7 min_ The results were calculated with a 
Hewlett-Packard Model 3380A ix$egrator_ 

A third-gas chromatograph with very high S&sitivity and portable so ti~at it 
could be used for on-site analysis was also tested, J%is was t_&i Photovac Mo_del 
lOAl instrument, equipped with a photoionizatioti d&ctor *d-a. I;2 m % 3 m& 
I.D. PTFE column packed with CaVrbo@ck BHT_- A column $tiperatu& of ?S”C 

. 
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and a carrier gas flow-rate of 12 mI/min in air (less than 0.1 ppm of hydrocarbon 
impurities) was used. Under these conditions the retention time of formaldehyde was 
3.6 min. Either a IOO-mV recorder or a Hewlett-Packard 3380A integrator was used 
to register the signal. 
The desorption of formaldehyde from materials containing derivatives of this com- 
pound were tested using the above methods. Desorbing vapors from urea-formal- 
dehyde foam were determined from 2 1 (20 g) of foam piaced in a 6-l desiccator and 
from 160 g of particle board placed in a 600-ml flask. Kitagawa and Drgger glass 
detector tubes were used to determine the formaldehyde content of the standards used 
for calibration_ In a published GC method’, various concentrations of formaldehyde 
in water were used as standards. To test such standards. a 37 y< formaldehyde solu- 
tion stabilized with methanol was used to prepare dilute mixtures with water at 
concentrations down to 0.03 “//,_ These mixtures were tested by titration’ to verify the 
actual concentration of formaldehyde_ 

RESULTS AND DlSCLJSSION 

The possibility of preparing standards with low levels of formaldehyde in water 
was tested and the results in Table I show the actual formaldehyde contents de- 
termined by titration. The results for up to IOO-fold dilution were close to the caicu- 
lated amounts. For dilutions greater than IOO-fold. the determined amounts were 
higher, being as high as G-048 “//, at IOOO-fold dilution when the calculated amount was 
0.03 p/d_ This interference makes the use of these dilute mixtures unreliable as stan- 
dards. 

l-AaBLE I 

FORLlALDEHYDE CONCENTRATION IN SOLUTiON DETER&!INED BY TITRATION 

Formakielwie in solurion (7:) 

37, 36.1 
0.72** 0.77 

o-37** 0.3s 
0.07_)** o.osz 
0.037tf 0.035 
o.o3i- 0.042 
0.037- 0445 
O.OlS5ft 0.024 

* 37 % Formaldehyde solution stabilized with 13 7; of methanol. 
* Dilutions with distikd water. 

The instability of formaldehyde vapor makes it difficult to prepare an exact 
standard; however, at low levels, in air at levels of 120 ppm or less, the changes in 
concentration after 48 h is not detectable and this allows a formaldehyde-air mixture 
to be used as a standard for GC calibration_ 

Because paraformaldehyde decomposes at temperatures above 160°C to re- 
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lease formaldehyde, this procedure proved a convenient means of producing a mix- 
ture of formaldehyde in air. Table II shows the eifect of various conditions on form- 

aldehyde concentration in air. On drawing 100 ~1 of formaldehyde-air mixture into 
a syringe, after the first minute integrator counts of 82,686 for air and 42,000 for 
formaldehyde were obtained. On holding for 5 min the 100 ~1 of formaldehyde-air 
mixture in the syringe before injection, the counts were 134,000 for air and much 

lower (1300) for formaldehyde. The same amount of 100 ~1 of air alone showed 
134,000 counts. This demonstrates that saturated formaldehyde in air could not be 
obtained because of its instability. By generating high levels of formaldehyde on the 
shot surface from paraformaldehyde and injectin g 100 ml from the trapped vapor 

under the beaker into a 12.7-I flask, a standard was obtained. On sampling this 
standard after 6 days, 600 counts were obtained when 1 ml was injected into the gas 
chromatograph. On testing this flask with the Kitagawa glass detector tubes 120 ppm 
of formaldehyde was found, which corresponds to 150 ng/ml. Therefore, 1 ml con- 
taining 150 ng gave 600 counts on the integrator_ Using this relationship, counts were 
converted into amounts of formaldehyde. The results for two 12.7-l flasks, containing 
16 mg of paraformaldehyde in one and 100 mg in another, are shown in Table II. The 
paraformaldehyde was decomposed by heat, producing formaldehyde. The formal- 
dehyde level in the flask with 16 mg of paraformaldehyde added at 70% RH, was 70 
ng/ml after 1 day, and 55 ng/ml after 3 days. For the flask with 100 mg of para- 
formaldehyde added, at 75 % RH th e values were 225 &ml and 13-S r&ml after 1 

and 3 days, respectively_ This shows a higher loss at the higher concentration of 
formaldehyde. 

The formaldehyde results for the 1 SO-ml flasks at IO,30 and 70 % RH after 60 
days showed that the remaining amounts of formaldehyde were becoming closer 
together, 140, 110 and SO ng/ml. This indicates that at a low concentration and after a 
long time the rate of polymerization is very low, and the effect of RH is reduced_ 

The results in Fig_ 1 show the effect of relative humidity and of formaldehyde 
concentration on the rate of polymerization as a function of time. The conversion was 
higher at the higher RH. This increases the rate of polymerization, especially in the 
first few minutes when the formaldehyde concentration is higher_ For the 500 &I 50 

ml (3333 ng/ml) of formaldehyde flask applied in a 10 “/, RH atmosphere, after 15 min 
the concentration had fallen to 3000 ng/ml, where as at 70 o/0 RH it was milch lower. 

Fig_ I. Formaldehyde concentration as a function of time. O&A. 500 pg of formaldehyde applied in a 
150-ml fkk with air; 0,500 JX~ of formaldehyde applied in a I%-ml flask with nitrogen; x , 100 pg of 
formaldehyde applied in a 1 SO-ml flask with air. 
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600 @ml. After 6 days the amounts of formaldehyde were much lower and closer 
together for all relative humidities with the same initial formaldehyde concentration. 
Compqring the polymerization at 30% RH, for initial-applied amounts of formal- 

Fig. Z Determination of formaldehyde using gas chromatog&ph with a photoionization dcteckr. (A): 
tW-@ sample from pm-tick board stored in a 600-ml Bask; (B) 500-d sample from formaldehyde stkiard 
in a E-i-1 flask: cc) IOO+ sample from urea-formaldchyd; foam stored in h 6-l desiccator- . 
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dehyde of 500 and 100 pg in the 150-ml flasks, after 6 days both were closer together 
in formaldehyde concentration. This indicates a continuous decrease in polymeriza- 
tion rate. Also, the polymerization rate was shown to be a function of concentration, 
time and relative humidity_ 

The desorption of formaldehyde from urea-formaldehyde foam was also 
tested, by placing samples in a 6-l desiccator for 6 months. Samples of 100 ~1 were 
drawn by a syringe and injected into the Photovac gas chromatograph for analysis. 
Fig. 2C shows the results for a lOO-~1 air sample from a 6-1 desiccator containing 2 1 
(20 g) of urea-formaldehyde foam left for 6 months. The formaldehyde peak was at 
3.64 min and there were also three other significant peaks, at 9.23, 17.39 and 20.36 
min, which at present have been identified. The formaldehyde concentration for this 
sample was 120 ppm. When no interferin g components with retention times close to 
3.64 min are present in the air, a l-ml sample could b-e injected into the gas chromato- 
graph and smaller amounts of formaldehyde could be determined. The sample in Fig. 
2B. generated from paraformaldehyde in the 12.6-I flask. produced the same two 
peaks at retention times of 3.59 and 20.87 min. which indicates that the peak at 20.36 
min is due to formaldehyde and not to other components. In Fig_ ?A, the same two 
peaks were also present for desorbed vapors from 160 g of particle board stored for 
6 months in a 600-ml flask. 

When formaldehyde-air standards of 55 ppm were analyzed using the FID, a 
l-ml sample size produced a response of 2S6 counts on the integrator, but with the 
photoionization detector only 0.03 ml was required for a response of 255 counts. The 
photoionization detector has a higher sensitivity than the FID, but further studies, 
using the concentration method previously described by Dumas6, which allows the 
analysis of larger samples, should be conducted to increase the sensitivity further. 

ACKKOWLEDGEMENT 

The author thanks Dr. E. J. Bond and Dr. H. V. iMorley for helpful suggestions 
in preparing the manuscript_ 

REFERENCES 

1 C. R. Noller. Tesrhook of’ Organic Ci~emis~r_r_ W. B. Saunders Co.. Philadelphia, PA and London. 
1957. p. 177. 

2 Threshold Limir cirlues for Chemical Suhsrances and Ph_rsicul zfgents in the W’orkroom E~~viromnenr. 

American Conference of Go\emment industrial Hygienists. Cincinnati_ OH. 19SO. 
3 Formaldel~dein _-fir. Anal~~ical~liethod~~o. P& C_-ldf. 235. U.S. Department of Health Education and 

Welfare. National Institute for Occupational Safety and Health, Cincinnati, OH. 1976. 
& FornzaIdeinde Derirariw Merhcid 1Vo. S327. U.S. Department of Health Education and Welfare, Na- 

tional inst&ute for Occupational Safety and Health. Cincinnati. OH, 1977. 

5 Y. Yokouchi, T. Fujii, Y. Amlx and K. Fuwa. J_ Cizronmrogr.. lb0 (1979) IX_ 
6 T. Dumas, /_ dss. Ofl;r. _411aoL CJwnt_. 61 (1975) 5. 
7 J. F. Walker, Fornmldeh_rde. ACS iMonograph Series_ Rheinold. New York, 1953. p. X0. 


