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Abstract: A novel, simple, and small synchronous fluorescence and absorbance device in

conjunction with a homemade passive gas sampler for the determination of formaldehyde

in ambient air is described. A purple-blue light LED is used as light source, and two per-

pendicular photoresistors are applied to measure absorbance and fluorescence, respectively.

An absorbing reagent, which consisted of a 2,4-pentanedione, ammonium acetate, and

acetic acid solution, is enclosed in the sampler and used to collect and react with

airborne formaldehyde. The reaction product, yellow 3,5-diacetyl-1, 4-dihydrolutidine, is

then detected by the synchronous fluorescence and absorbance detectors. The light intensity

is inversely proportional to the resistance of the photoresistor. The proposed device has been

successfully applied to the determination of formaldehyde at various sites.
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INTRODUCTION

Formaldehyde is a main environmental pollutant that irritates the eyes and

upper respiratory tract and causes headache, nausea, drowsiness, and

allergic skin reactions.[1] It is also suspected to be a human carcinogen.[2] For-

maldehyde as a ubiquitous airborne contaminant in the environment mainly

originates from the manufacturing processes,[3] of such products as particle-

board, plywood, and urea-formaldehyde foam insulation. In addition,

cigarette smoke, motor vehicles, and some other combustion sources[4]

generate formaldehyde. Although commercialized formaldehyde detectors

have been sold, a device characterized by convenience, simplicity, and low-

cost is still imperative.

To date, various sampling and analysis techniques have been developed

for formaldehyde detection, and they are generally categorized as colori-

metric, polarographic, gas and liquid chromatographic (GC and HPLC)

methods. Airborne formaldehyde is usually collected by an active sampler[5]

using either a pump and bubbler or a passive sampler with impregnated

filter or solid sorbent.[6,7] The collected sample is then returned to the labora-

tory for further analysis. Chromatographic methods[8 – 12]with a fluorescence

detector or an absorbance detector are widely used because of their ability

to separate the formaldehyde derivatives from other possible interferents

and low detection limits. Chan et al.[13,14] reported the application of

Nafion-coated mercury film electrodes by differential-pulse voltammetry

and differential-pulse polarography with Girard’s Reagent T, which made

available the direct quantification of formaldehyde in ambient air. The pre-

paration and the lifetime of the mercury film electrode is time-consuming

and cumbersome. Fluorometric[15 – 17] and colorimetric methods have also

been developed for formaldehyde detection. Fluorometric methods using the

Hantzsch reaction, involving 2,4-pentanedione, have been much used for

trace formaldehyde measurement. Colorimetric methods based on para-

rosaniline, enethylbenothia, zolinone hydrazone, chromotropic acid, and

2,4-pentanedione are also widely used. These colorimetric methods[6] have

been established as standard test methods for the measurement of form-

aldehyde in indoor air. In addition, Reche[18] and Miksch et al.[19] also

reported the detection of formaldehyde by a spectrophotometer. Real-time

measurement of formaldehyde is possible using some spectroscopic

methods, but the required instrumentation is not readily portable; furthermore,

detection based on either fluorometry or UV-absorptiometry is of relatively

low sensitivity.

To our knowledge, fluorescence method has never been combined with

the absorbance measurement for formaldehyde detection. This paper reports

a homemade, portable, simple, low-cost photoelectric device for quantitative

detection of formaldehyde. The detector can synchronously measure the fluor-

escence and absorbance value of a reaction product from formaldehyde and
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Nash’s reagent. A large-surface area passive sampler with 15-min sampling

time is employed to collect the airborne formaldehyde. The proposed

method is suitable for remote location measurements where a supply of elec-

tricity is not available. It has been applied to measure the concentration of

airborne formaldehyde in various locations.

EXPERIMENTAL

Apparatus and Procedures

A schematic diagram of the detection device is shown in Fig. 1. The detector

consists of a homemade dark box to hold a 1-cm cuvette. A commercially

available light-emitting diode (LED) as an excitation light source was

seated in one side of the dark box as a light source for both excitation and

Figure 1. Aschematicdiagramofthesynchronousdevice:(1)darkboxcover,(2)darkbox,

(3) 1-cm quartz cell, (4) light-emitting dioxide (LED), (5) battery, (6) photoresistor, and

(7) multimeter.
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absorption. On the diametrically opposite side, the transmitted light is

collected by one photoresistor (dark resistance 10 MV, commercially

available) and converted to a digital signal by a digital multimeter. In the

orthogonal position, fluorescence is collected by the other photoresistor and

recorded by another multimeter. Three AA-size batteries were used as

power source for the LED.

A homemade, handheld passive sampler[20] was used to collect real formal-

dehyde samples at different sites. The sampler was fabricated with two porous

polytetrafluoroethylene (PTFE) membranes to enclose a fixed volume of

absorbing reagent for formaldehyde in a plastic body. Formaldehyde in

ambient air is diffused through the porous PTFE membranes and reacts with

the absorbing reagent. Hantzsch reaction was accelerated by heating 70–808C,

and the reaction time is 10 min. The special feature of this sampler is that its

membrane has a very fast sampling rate and does not require external pump.

A TU-1901 UV-Vis spectrophotometer (Beijing Purkinje General Instru-

ment Co. Ltd., Beijing, China) was used for the measurements of absorbance

at 412 nm. Fluorescence was detected by a F-4500 fluorescence spectropho-

tometer (Hitachi, Tokyo, Japan) with excitation at 425 nm.

Reagent

2,4-Petanedione was obtained from Tianjin Reagent Plant (Tianjin Reagent

Plant, Tianjin, China) and further purified by distillation before use.

Ammonium acetate and acetic acid were from Kelong Reagent Plant

(Chengdu, China). Nash reagent was prepared by dissolving 25 g of

ammonium acetate in water, 3.0 mL of 70% acetic acid solution, and 0.2 mL

of freshly distilled 2,4-pentanedione in water, and the resulting solution was

made up to 100 mL with water. Formaldehyde solution (37.0–40.0%) was

purchased from Chongqing Chemcial Reagent Plant (Chongqing, China) and

standardized by an iodometric method. All other chemicals were of analytical

reagent grade. De-ionized water was used throughout the experiment.

RESULTS AND DISCUSSION

Sampler Performance

The proposed sampler with a surface-area of 39.25 cm2 was used and

compared with the performance of an active sampler,[21] and their absorbance

plots are shown respectively in Fig. 2. Within formaldehyde concentration

range 0.1–2.0mg/mL, the results of the active sampler with flow rate of

400 mL/min had good linearity with the proposed sampler at room tempera-

ture and 1 atm. The sampling time of both samplers is only 15 min.

H. Yuan et al.188
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The Characteristics of the LED

LED is a suitable light source for the device, and its emission band was

obtained from a fluorescence spectrophotometer and is displayed in Fig. 3.

The peak width at half peak height is only about 20 nm, and the maximum

emission peak is at 412 nm, which agrees well with the peak absorption

(412 nm) of the reaction product of formaldehyde and Nash reagent.

Different working voltages at 3.0 V, 4.0 V, 4.5 V, and 5.0 V of the LED

were tested. It was found that light source powered at 4.5 V had a better

stability and low noise, which was used for both determination in fluorescence

channel and absorption channel.

Calibration Characteristics

The relationship of resistances in the absorption channel and the fluorescence

channel to formaldehyde concentration (0.1–2.0mg . mL21) is shown in

Fig. 4. Line b demonstrates that the absorbance response to formaldehyde con-

centration in the range 0.1–2.0mg/mL can be expressed by a linear fit

equation C ¼ 7.5920 log (Rt/Rt0) 2 0.0430 with a square correlation

Figure 2. The plot of absorbance of the proposed sampler to absorbance of an active

sampler.
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Figure 3. The emission spectrum of the LED: y-axis is intensity, and x-axis

wavelength (nm).

Figure 4. The response obtained at the absorption channel (line b) and fluorescence b

channel (line c) against formaldehyde concentration. The linear fit curve for the

synchronous method is line a.
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coefficient (r2) of 0.996, where C is the concentration of sample solution, Rt is

the resistance of the photoresistor when a sample solution is put in the cuvette,

and Rt0 is the resistance of photoresistor when the blank solution used. The

log(Rt/Rt0) value increases with the increase in formaldehyde, which can

be explained by the Lambert–Beer law as A ¼ log I0/I, where I0 and I are

the intensity of transmitted light when blank and sample solutions are

measured, respectively, and A is the absorbance value, which is proportional

to the concentration of sample solution. Because the resistance of the photo-

resistor is inversely proportional to the intensity of transmitted light, the con-

centration of the sample solution is proportional to log (Rt/Rt0). The results

from the fluorescence channel for formaldehyde measurement is depicted as

line c in Fig. 4. In the concentration range 0.1–2.0mg/mL, the intensity of

fluorescence is proportional to the concentration of formaldehyde. The resist-

ance of photoresistor increases with decrease in the fluorescence intensity.

Thus, the reciprocal of resistance of the photoresistor at fluorescence

channel to formaldehyde showed good linearity in linear fit equation of

C ¼ 0.5710(1/Rf 2 1/Rf0)þ 0.0920, r2 ¼ 0.983, where Rf and Rf0 are the

resistance of the photoresistor when the sample solution and blank solution

are measured, respectively. So the regression equation of the proposed syn-

chronous method can be obtained according to the resistance of fluorescence

and absorption channel. It describes as C ¼ 0.02245þ 5.7260 log(Rt/
Rt0)þ 0.1260 (1/Rf 2 1/Rf0) (r2 ¼ 0.999) in line a. Some parameters of the

synchronous methods were compared with those of the fluorometric and

absorptiometric methods used individually, as shown in Table 1. Table 1

shows that the square of correlation coefficient (r2 ¼ 0.999) and the

standard deviation (SD) (0.02) of the synchronous method are larger and

much lower, respectively, than those for the fluorometric method

(r2 ¼ 0.983, and SD ¼ 0.09) and the absorptiometric method (r2 ¼ 0.996,

and SD ¼ 0.04). The results clearly indicate that a better correlation relation-

ship was obtained in the synchronous method, and the SD was reduced to 0.02.

Table 1. Calibration characteristics of the three measuring systems

Method Calibration equation r2

Standard

deviation

(SD)

Fluorometric

method

C ¼ 0.5710(1/Rf 2 1/Rf0)þ 0.0920 0.983 0.09

Absorptiometric

method

C ¼ 7.5920 log(Rt/Rt0) 2 0.0430 0.996 0.04

Synchronous

method

C ¼ 0.0225þ 5.7260 log(Rt/Rt0)

þ 0.1260 (1/Rf 2 1/Rf0)

0.999 0.02
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Field Measurements

Table 2 displays the results from measurement at different sites by using

UV-Vis spectrophotometer, fluorescence spectrophotometer, and synchronous

device, respectively. The % error of the synchronous method compared with

the results obtained with fluorescence spectrometer and spectrophotometer

was less than 4%.

CONCLUSIONS

The current synchronous detector is a simple and effective method to obtain

a reliable and fast analysis, and it is especially suitable for field analysis.

The performance of synchronous detection may improve the selectivity of

the detection, as the determination is done by both fluorescence and absorbance

measurements.

REFERENCES

1. Formaldehyde. Documentation of the Threshold Limit Values and Biological
Exposure Indices, 6th ed.; American Conference of Government Industrial
Hygienists, Inc.: Cincinnati, OH, 1991; 664–687.

2. Kato, S.; Burke, J. P.; Koch, T. H.; Bierbaum, V. M. Formaldehyde in human
cancer cells: detection by preconcenration-chemical ionization mass spectrometry.
Anal. Chem. 2001, 73 (13), 2992–2997.

3. Consumer Product Safety Commission, Technical Workshop on Formaldehyde,
National Bureau of Standards, Gaithersburg, MD, USA, April 9–11, 1980.

4. Wong, J. W.; Kenley, K.; Ngim, K. K.; Shibamoto, T.; Mabury, S. A.;
Eiserich, J. P.; Yeo, H. C. H. Determination of formaldehyde in cigarette
smoke. J. Chem. Educ. 1997, 74 (9), 1100–1103.

Table 2. Comparison of formaldehyde determination at various sampling sites when

fluorometer, spectrometer, and the synchronous method were employed

Sampling

sites

Method

jS 2 Fj/F

(%)

jS 2 Aj/A

(%)

Fluorometric

method (F)

(mg/m3)

Absorptio-

metric

method (A)

(mg/m3)

Synchronous

method (S)

(mg/m3)

1 0.2389 0.2486 0.2476 3.64 0.40

2 0.1046 0.1109 0.1080 3.25 2.62

H. Yuan et al.192

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



5. ASTM Committee D 5014-94. Standard test method for measurement of formal-
dehyde in indoor air (passive sampler methodology), American Society for
Testing and Materials (ASTM), ASTM special technical publication, Boulder,
CO, USA, 14–16 August 1973.

6. Grosjean, D.; Williams II, E. L. A passive sampler for airborne formaldehyde.
Atmos. Environ. 1992, 26A (16), 2923–2928.

7. Matthews, T. G.; Howell, T. C. Solid sorbent for formaldehyde monitoring. Anal.
Chem. 1982, 54 (7), 1495–1498.

8. Johnes, S. B.; Terry, M. C.; Lister, T. E.; Johnson, D. C. Determination of submi-
cromolar concentrations of formaldehyde by liquid chromatography. Anal. Chem.
1999, 71 (18), 4030–4033.

9. Woo, C. S.; Barry, S. E. Detection and estimation of part-per-billion levels of for-
maldehyde using a portable high-throughput liquid absorption air sampler.
Environ. Sci. Technol. 1998, 32 (1), 169–176.

10. Gillett, R. W.; Kreibich, H.; Ayers, G. P. Measurement of indoor formaldehyde
concentrations with a passive sampler. Environ. Sci. Technol. 2000, 34 (10),
2051–2056.

11. Andrade, J. B.; Tanner, R. L. Determination of formaldehyde by HPLC as the
DNPH derivative following high-volume air sampling onto bisulfite-coated
cellulose filters. Atmos. Environ. 1992, 26A (5), 819–825.

12. Kaminski, J.; Atwal, A. S.; Mahadevan, S. High performance liquid chromato-
graphic determination of formaldehyde in milk. J. Liquid Chromatogr. 1992,
16 (2), 521–526.

13. Chan, W. H.; Chung, W. C.; Cai, P. X. Differential-pulse polarographic micro-
determination of formaldehyde via in situ derivatization with Girard’s reagent.
Analyst 1995, 120 (8), 2233–2236.

14. Chan, W. H.; Huang, H. Application of nafion-coated mercury film electrodes to
the microdetermination of formaldehyde by differential-pulse voltammetry.
Analyst 1996, 121 (11), 1727–1730.

15. Kleindienst, T. E.; Shepson, T. E.; Nero, C. M.; Arnts, R. R.; Tejada, S. B.;
Mackay, G. I.; Mayne, L. K.; Schiff, H. I.; Lind, J. A.; Kok, G. L.;
Lazrus, A. L.; Dasgupta, P. K.; Dong, S. An intercomparison of formaldehyde
measurement techniques at ambient concentration. Atmos. Envir. 1988, 22 (9),
1931–1939.

16. Fan, Q.; Dasgupta, P. K. Continuous automated determination of atmospheric for-
maldehyde at the parts per trillion level. Anal. Chem. 1994, 66 (4), 551–556.

17. Roberto, U.; Rita, T.; Giovanni, P. Sensitivity enhancement of the formaldehyde
fluorimetric determination by the use of a surfactant. J. Environ. Anal. Chem.
2002, 82 (2), 97–112.

18. Reche, F.; Garrigós, M. C.; Sánchez, A.; Jiménez, A. J. Simultaneous supercritical
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