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Abstract

We have developed a passive sensor element for detecting formaldehyde. It works by using the chemical reaction between formaldehyde and both β-diketone and ammonium ions on a porous glass surface.
Lutidine derivative (yellow dye) is formed as a reaction product, and the absorbance at around 410 nm
increases. The formaldehyde concentration is calculated from the change in absorbance of the sample
after exposure. Indoor formaldehyde concentrations in the Kanto area of Japan have been determined.
Using this sensor element, we have successfully detected ppb levels of formaldehyde.

1. Introduction
Formaldehyde (HCHO) is a reactive gas emitted by
various off-gassing sources, such as building materials and furniture, and also one of the source materials
that cause sick building syndrome. The World Health
Organization (WHO) guidelines for residential
indoor air quality set the formaldehyde exposure limit
at an average value of 80 parts per billion (ppb) for 30
minutes [1].
Formaldehyde is a colorless reactive gas at ordinary
temperatures and pressures, and it is an irritant with
an unpleasant odor. It dissolves easily in water, and
the resulting liquid is called formalin. Outdoors,
formaldehyde is readily photooxidized to carbon
dioxide in sunlight, and it reacts with air pollutants.
Therefore, the half-life of formaldehyde is about 50
minutes in the absence of NO2 gas and about 35 minutes in its presence. Outdoor formaldehyde concentrations are lower than indoor ones. The outdoor
emission sources of formaldehyde are mainly the
gases emitted by cars and factories. By contrast, the
indoor emission sources of formaldehyde are resin
products, adhesives, chipboard, fabric, tobacco
smoke, and heating devices.
Formaldehyde is an important industrial material
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with a huge annual production volume of over one
million tons in Japan and 20 million tons worldwide,
and it is used as a synthetic raw material in the production of various compounds including resinoids,
chemical reagents, drugs, and medicines. The many
Japanese laws regulating formaldehyde and formaldehyde measurement are summarized in Table 1.
These regulations show that formaldehyde is used in
many fields, and that many people have the potential
to be affected by formaldehyde vapor. We therefore
believe that it is very important to determine the
formaldehyde concentration in the atmosphere and to
utilize formaldehyde safely. Our small, lightweight
sensor provides an excellent way of monitoring the
formaldehyde concentration around us.
Indoor and outdoor formaldehyde concentrations
measured in metropolitan Tokyo, Yokohama [2],
Yamanashi prefecture [3], and Sapporo [4] are summarized in Table 2. The indoor formaldehyde concentration is usually 2–6 times higher than the outdoor concentration, and the indoor concentration
range is wider than the outdoor range. Since people
spend about 80% of their time indoors, the major
anthropogenic sources that affect human beings are
found in the indoor environment.
Acute exposure to formaldehyde causes irritation
of the eyes and upper airways, and long-term exposure to low levels has been associated with an
increased risk of developing respiratory illnesses. In
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Table 1. Regulatory controls concerning formaldehyde in Japan.
Law

Regulation

Chemical Release Promotion Law

Type 1 designated chemical substances

Fire Service Law

Specified combustible liquids, materials that require a written report such as for storage
(content 1% or below is excluded)

Basic Environment Law

Substances to be monitored

Food Sanitation Act

Standard for food, additives, and others

Poisonous and Deleterious
Substances Control Law

Deleterious substances (content 1% or less is excluded)

Pharmaceutical Affairs Law

Deleterious drugs (content 1% wp or less is excluded), cosmetics standard mixing prohibition
(formalin)

Labour Standards Law

Chemical materials related to diseases

Industrial Safety and Health Law

• Dangerous inflammable articles, type 2 organic solvents
• Materials of the second kind in Specified Chemical Substances (content 1% or less is excluded)
• Detrimental characteristics should be displayed (content 1% or below is excluded)

Water Supply Law

Water quality standard: 0.08 mg/L

Air Pollution Control Law

Specific substances, hazardous air pollutants (priority materials)

Prevention of Marine Pollution Law Hazardous liquid substances C (content 45% or less)
Ship Safety Law

• Corrosive substances (UN number: 2209, content 25% or more)
• Inflammable liquids (UN number: 1198, flash points: 60.5°C or less)

Port Regulations Law

• Corrosive substances (UN number: 2209)
• Inflammable liquids (UN number: 1198)

Household Goods Quality Labeling Standards
Law
(1) 16 ppm or less (among textile goods, diapers, diaper covers, bibs, underwear, night clothes, gloves,
socks, inside clothes, jackets, hats, and bedding used by babies and infants under 24 months.)
(2) 75 ppm or less among textile goods, undergarments, nightclothes, gloves, socks, Japanese
socks (tabi), and also adhesives for hairpieces, false eyelashes and moustaches, and garters.)
Building Sanitation Law

Air quality standard: 0.1 mg/m3; water quality standard: 0.08 mg/L

Building Standard Law

Regulated materials guideline value: 0.1 mg/m3

Standard for school environmental
sanitation

Guideline value: 0.08 ppm or less (added in 2002)

Table 2. Indoor/outdoor formaldehyde concentrations.
Tokyo,
Summer 2001

Tokyo,
Winter 2001

Yokohama,
Summer 2003

Yokohama,
Winter 2004

Yamanashi,
2005−2006

Sapporo,
Winter 2000

Number of samples

68/68

68/68

108/108

108/108

20/20

12/12

Average concentration (ppb)

6−87 (28)

2−53 (17)

2−75 (36)

2−63 (40)

6−40 (16)

4−88 (51)

Number of samples

17/17

17/17

108/108

108/108

20/20

12/12

Average concentration (ppb)

2−16 (8)

4−16 (8)

11

12

Measurement conditions
Indoors
Outdoors

2004, formaldehyde was classified as a human carcinogen by the International Agency for Research on
Cancer. In Japan, formaldehyde was classified as a
group II Specified Chemical Substance in 2004.
Therefore, a sensor that can monitor the indoor formaldehyde concentrations is needed in order to evaluate human exposure levels.
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2. Measurement of formaldehyde levels
One well-known formaldehyde measurement technique is the DNPH method. Formaldehyde is collected in the form of 2,4-dinitrophenylhydrazones
(DNPHs) by drawing air through a DNPH-silica cartridge. The contents of the cartridge are extracted
using organic solvent and the eluate is analyzed by
high-performance liquid chromatography. Although
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Fig. 2. R
 elationship between formaldehyde concentrations
determined by the DNPH method and by our sensor
element.
Fig. 1. Formaldehyde sensor element.

accurate results are obtained, this analytical method
requires many complex procedures and takes several
days to produce results. Furthermore, measurements
in a closed area may be impossible to perform
because the method requires a pumping unit. Three
measurement methods have been approved as simple
formaldehyde measurement methods by the Japanese
Health Ministry, namely a mobile formaldehyde sensor with a 3-minute monitoring time (Biomedia,
Japan), a formaldehyde detecting device (Rikenkeiki,
Japan), and a formaldehyde analysis kit (Gas-Tech,
Japan). However, they all require a device equipped
with a pumping unit, and the measurement time is
restricted to between 3 and 30 minutes. This makes it
impossible to perform measurements in a confined
space or to measure the average formaldehyde concentration over a period of 1 day.
We have developed a formaldehyde sensor with
excellent properties. It is small, easy to use, and
highly accurate. Moreover, the measurement period
can be set arbitrarily, measurements are possible in
confined spaces, and on-site analysis is possible.
3. Developed sensor element
The developed sensor element housed in a plastic
case is shown in Fig. 1. We used a porous glass as a
substrate, which we impregnated with both β-dike
tone and ammonium ions. Lutidine derivative (yellow
dye) is formed as a reaction product and the absorbance of the sensor element increases at around 410
nm. We found a linear relationship between the
amount of lutidine derivative and the product of the
formaldehyde concentration and the exposure time.


We can calculate the amount of lutidine derivative
from the change in the sample’s absorbance, so we
can calculate the formaldehyde concentration in the
same way. We also found that we could set the measurement period arbitrarily because the lutidine
derivative was stable under weak light conditions
(e.g., a few hundred lux).
We have also developed a device for measuring the
sensor element’s absorbance. In this device, a light
emitting diode and a photodiode are used as a light
source and a detector, respectively. We confirmed that
we could measure the sensor element’s absorbance
with high accuracy without the need for a large analytical instrument. This makes possible on-site analysis of formaldehyde concentration from the absorbance change measured using our small device. We
can also determine the approximate formaldehyde
concentration visually by checking the sensor’s color
against a color chart. Moreover, we can convert a
captured sensor element image into a formaldehyde
concentration. We determined that the error in the
concentration measurement resulting from the image
conversion was ±10 ppb.
The sensor element shown in Fig. 1 is small enough
to be positioned almost anywhere in a house. It can
measure formaldehyde concentrations in confined
spaces, such as drawers, because the sensor element
can function without an active sampling device.
The results of a chamber test are shown in Fig. 2.
This test was carried out at the Chemicals Evaluation
and Research Institute (CERI), Japan, which is an
independent performance evaluation organization.
We prepared three different concentrations of formaldehyde (40, 80, and 160 ppb, which are 50%, 100%,
and 200% of the WHO guideline value, respectively).
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Fig. 3. Indoor/in furniture formaldehyde concentrations.

Gas at each concentration was introduced into a
chamber containing a sensor element. The exposure
period was 30 minutes, which corresponds to the
WHO guidelines, and the temperature and humidity
were 25ºC and 50%RH, respectively. The exposure
experiment was performed three times for each concentration. We obtained a coefficient of variation of
17% and a correlation coefficient of 0.94. These
results revealed that the developed sensor element
can measure formaldehyde concentrations easily and
highly accurately without the need for a pumping
unit.
4. Measurements in residential houses
and furniture
We contacted volunteers who wanted to know the
formaldehyde concentrations in their houses or furniture and asked them to measure them using our sensor
element. There were 25 volunteers, who took 54
samples. An exposure time of 6–24 hours was selected arbitrarily, with the average exposure time being 8
hours. Measurements were performed on an arbitrarily selected day between October 1 and 30, 2007.
We provided the volunteers with sensor elements
housed in plastic cases for ease of handling. Each
volunteer exposed the sensor element for an arbitrarily selected period of 6–24 hours at a location of
their own choice where they wished to know the
formaldehyde concentration. Each volunteer then
placed the exposed sensor element in an aluminumVol. 7 No. 10 Oct. 2009

coated plastic bag, sealed it airtight, and returned it to
us. We measured the spectrum of each sensor element
and calculated the formaldehyde concentration from
the absorbance change at 414 nm. The results of a
formaldehyde concentration histogram analysis of
residential houses and furniture are shown in Fig. 3.
There is a concentration peak for residential houses at
20–40 ppb, and most values are less than 80 ppb
(WHO guideline value). Relatively high concentrations were measured in both new houses (0–2 years
old) and in houses built before the revision of the
Building Standards Law (over 2 years old), which all
lack a ventilation system.
The formaldehyde concentrations in furniture
ranged from 20 to 160 ppb, which are relatively high
concentrations. Drawers contain many formaldehyde
sources including chipboard, adhesives, and clothes,
and we expected high concentrations.
5. Concluding remarks
We successfully detected ppb levels of formaldehyde using our developed sensor for arbitrarily
selected exposure periods and locations. The sensor
element is affected by few other gases (interference
gases) because it uses a chemical reaction to detect
formaldehyde. In particular, acetaldehyde, which
belongs to the aldehyde group, caused little interference with the sensor element, indicating that our
measurement technique provides good selectivity.
We intend to continue research and development to
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make a range of sensor elements that can respond to
various different environmental chemicals with good
selectivity and high accuracy because there are many
chemicals in our environment. We believe that this
chemical-reaction-based sensor technology will lead
to technology for improving the environment because
the two technologies have many common factors.
References
[1]

[2]

[3]

[4]

Edition, Chapter 5.8 Formaldehyde,” p. 1, 2001.
H. Matsuki, H. Yokoyama, and H. Hasegawa, “Field survey of nitrogen dioxide and formaldehyde at indoor and outdoor in general
house,” School of Health Sciences’ Report, Tokai University, No. 11,
pp. 37–43, 2005 (in Japanese).
H. Kobayashi and M. Horiuchi, “The concentration of aldehydes,
nitrogen oxide and ozone in ambient air in Yamanashi Prefecture,”
Annual Report of Yamanashi Public Health Institute, No. 50, pp. 1–4,
2006 (in Japanese).
H. Tateno, T. Ebana, M. Yamamoto, Y. Urashima, S. Kozuka, N.
Mukaihara, and K. Fujita, “Concentration of Aldehydes and Ketones
in Room Air of a Newly Built House,” Annual Report of Sapporo city
Institute of Public Health, No. 27, pp. 65–70, 2000.

WHO Regional Office for Europe, “Air Quality Guidelines Second

Yasuko Yamada Maruo

Senior Research Engineer, Environmental
Information Systems Project, NTT Energy and
Environment Systems Laboratories.
She received the B.S., M.S., and Ph.D. degrees
in chemistry from Tohoku University, Miyagi, in
1984, 1986, and 2003, respectively. She joined
NTT Electrical Communication Laboratories in
1986 and engaged in research on surface characterization using synchrotron radiation and on
polyimide materials for optical devices. She is
currently engaged in research on chemical sensors for the atmospheric environment. She is a
member of the Chemical Society of Japan, the
Japan Society for Atmospheric Environment
(JSAE), the Japan Society for Environmental
Chemistry (JEC), and the Japan Association of
Chemical Sensors.

Jiro Nakamura

Group Leader, Environmental Information
Systems Project, NTT Energy and Environment
Systems Laboratories.
He received the B.E., M.E., and Ph.D. degrees
in applied chemistry from Osaka University in
1987, 1989, and 1995, respectively. He joined
NTT LSI Laboratories in 1989, where he worked
on the development of microfabrication technology. He moved to the NTT Information Sharing
Laboratory Group in 2001. Since moving to his
present research department in 2004, he has been
engaged in developing environmental sensing
systems and analyzing the influence of ICT on
the global environment. He received the Award of
the MicroProcess Conference in 1997 and the
Award of the Photopolymer Conference in
1998.

Takumi Yamada

Senior Research Engineer, Environmental
Information Systems Project, NTT Energy and
Environment Systems Laboratories.
He received the B.E., M.E., and D.Eng.
degrees in electrical engineering from Tokyo
Institute of Technology in 1986, 1989, and 1992,
respectively. He joined NTT Basic Research
Laboratories in 1992 and engaged in research on
crystal growth of III-V compound semiconductors using molecular beam epitaxy. He is currently engaged in research on an environmental
assessment system. He is a member of JSAE and
JEC.



NTT Technical Review

