International Journal of Environmental Science and Development, Vol. 7, No. 6, June 2016

Evaluation of the Developed Formaldehyde Detector

Crystalynne D. Cortez and Jennifer L. Santos

Abstract—The study was an evaluation of the formaldehyde
detector that the proponents developed. The purpose of the
study was to determine the consistency response of the device to
the presence of formaldehyde. Specifically, the study aimed to
expose and test the device with three different concentration of
formalin. Small scale experimental method was used in the study
where the gas sensor was placed inside an eight liter closed
container. The gas sensor was exposed with formalin for 5
minutes and without formalin for another 5 minutes. Three
different concentration of formalin were used in the experiment
which were 1%, 5% and 10%. Three trials for every
concentration were conducted. It was found that the device have
constant response graphs to the three tests indicating that it was
sensitive to formaldehyde of low to high concentrations.
Furthermore, the developed formaldehyde detector worked
properly within the limits set to it.

Index Terms—Gas sensor, consistency response, formalin
exposure, formalin testing.

. INTRODUCTION

Formaldehyde which is a colorless flammable gaseous
substance with a very strong smell is widely used in number of
industries. It is used as an ingredient in manufacturing
building materials and making household products; and as
preservative in medical laboratories and funeral homes [1]. It
is used in making glues, fabrics, plastics, paints, varnishes,
carpets, medicines, and beauty aids [2], [3].

Exposure to formaldehyde can be occupational and
non-occupational. Some of the workers with highest
continuous exposure level (2-5ppm) are those involved in
varnishing of furnitures and wooden floors, and in the
garment and finishing of textiles industry. There are also jobs
that has shorter-term exposure but with high levels
(3ppm-higher) like those in production of paper, the
pathologists, and the embalmers. On the other hand, there are
occupations that have lower levels of exposure such as
manufacturing of abrasive and rubber, and formaldehyde
production industries. Sources of non-occupatinal exposures
include cigarette smoke, paint, varnish, plastic, carpet, and
vehicle emissions [4].

Being an active component in many household products,
formaldehyde is also considered as a hazardous chemical.
According to National Institute for Occupational Safety
Health, formaldehyde is a suffocating gas that can cause eyes,
nose, throat, and respiratory system irritation. It was even
considered as a potential occupational carcinogen. The
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exposure limit set by Occupational Safety and Health
Administration to formaldehyde was 0.75 ppm measured as
an 8-hour time-weighted average (TWA) and 2 ppm
short-term exposure limit (STEL) allowed during a 15-minute
period [5].

Nausea, headache, tear overflow and burning sensation in
the throat were the immediate effects to people exposed to
high concentration of formaldehyde. However, contact
dermatitis, congenital defects, and cancer were results of
long-term exposure to formaldehyde [6]. The effects of
formaldehyde on human vary on the concentration level of
exposure: 0.05-1.05 ppm could lead to neurophysiologic
effect; 0.05-1.0 ppm was considered the respiration air
threshold; 0.05-2.0 ppm could cause ocular irritation; 0.1-2.5
ppm could cause upper respiratory tract irritation; 5.0-30 ppm
had severe effects on the lungs and lower respiratory tract;
50-100 ppm could cause pneumonia and pulmonary edema;
and >100 ppm could lead to death [7].

Exposure to formaldehyde can be classified as indoor, and
outdoor exposures. According to the World Health
Organization (WHO), most cases of FA exposure happens
indoor. In 2010, an indoor air guideline value was developed
by WHO to prevent upper respiratory and eye irritation, and
as much as possible, cancer. The guideline stated that the
maximum daily exposure to 0.1 mg/m3 of formaldehyde is 30
minutes [8].

There was a study made in Taiwan wherein risk assessment
of formaldehyde in typical office buildings was done. The
result showed that there were also high levels of
formaldehyde in non-industrial environments [9]. This
contradicted the result of most studies that proved that high
concentrations of formaldehyde were found in manufacturing,
funeral homes, and laboratories.

Since formaldehyde is present in most products that people
use, it is important to know the level of formaldehyde present
in air in order to avoid its symptoms and hazardous effects. To
do this, formaldehyde detectors were used. Cortez et al. (2015)
developed a low-cost prototype of a formaldehyde detector
that could detect formaldehyde levels in ppm [10]. This
detector was evaluated in the study.

1. OBJECTIVES

The study aimed to evaluate the developed formaldehyde
detector to determine its consistency response to the presence
of formaldehyde. Specifically, it aimed to expose and test the
device with three different concentration of formalin.

I1l. METHODOLOGY

Small scale experimental analysis was used in the study to
evaluate the ability of the device to sense formaldehyde. Test
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set-up was shown in Fig. 1 where the formaldehyde gas sensor
was placed in an 8 liter closed container.

Fig. 1. Test set-up for the experiment.

Once the reading inside the container was stable, 50 ml. of
formalin was introduced inside the container as shown in Fig.
2.

P

Fig. 2. Test set-up where 50 ml. of formalin placed inside the container.

The gas sensor was exposed with formalin for 5 minutes to
let the particles of formaldehyde evaporate and diffuse in the
container. The formalin was then removed from the container
and the gas sensor was exposed for another 5 minutes. 600
samples of formaldehyde gas concentration was taken from
the test.

Three different concentration of formalin were used in the
experiment as shown in Fig. 3. These were 1%, 5% and 10%.
Three trials for every concentration were conducted to
examine the consistency of the device to sense formaldehyde.
The tests were done in different day and time.

- S
Fig. 3. Different test concentrations of formalin.

IV. RESULTS AND DISCUSSION

Formaldehyde detector is a low cost gas detector that was
developed by the proponents to detect any presence of
formaldehyde in the environment. The purpose of the detector
was to notify the user of the formaldehyde concentration in
parts per million (ppm) as unit of measurement for
formaldehyde gas concentration.

According to Bolmen (1998), basic gas detection principle
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was comprised of five functional components. These were
transport of air sample, analysis of air sample, identification
of target gas concentration, comparison of concentration to
alarm set points and actions to alarm conditions [11]. During
the transport, air in the monitored environment was collected
using the sorption process. These collected samples was next
analyzed by the gas sensor using the gas detection principle
and techniques to determine if a specific target gas was
present in the air sample [12]. Once the gas concentration of
the target gas was identified, comparison to alarm set points
was done. These principles were carried out to the design of
the detector. The set points for the detector was based from
OSHA 2 ppm short-term exposure limit.

The principle of the actual formaldehyde detector
prototype was shown in Fig. 4. Air samples in the
environment was absorbed by the gas sensor. The resistivity
of the gas sensor with respect to formaldehyde particles was
then transmitted to the microcontroller unit where it was
processed and converted into parts per million. The reading
was then displayed to the liquid crystal display (LCD). Real
time data per second, recorded by the device, was saved in the
secure digital card (SD) added in the design. The data saved
were imported for analysis.

Air Samples
Gas Sensor
Module
Microcontroller Data Storage
Unit Module
Light and Buzzer Liquid Crystal
Alarm Module Display Module

Fig. 4. Block diagram of the low-cost developed prototype of formaldehyde
detector.

Gas sensor was the key component of the detector, which
was defined as a transducer that detects gas molecules and
which produces an electrical signal with a magnitude
proportional to the concentration of the gas [13]. Selectivity
of the formaldehyde sensor was taken into account.
Selectivity of the gas sensor indicated the extent to which it
can determine a particular analyte of formaldehyde without
interferences from other components of the sample [12].

As a rule, gas sensor was used to carry out sequential
analysis of series of samples. The response time of the sensor
determine the throughput of the system. The response time
was the time elapsed since gas was added to the environment
until the sensor response attains a practically constant value.
According to Banica (2012), response time of below 1 minute
is excellent and a response time of about 10 minutes is still
satisfactory [12].

To determine the response of the device to formaldehyde,
three tests of different formalin concentration were performed.
The first test conducted was using the 1% formalin. Fig. 5
shows the actual data saved by the device in the SD card for
this test. During trial 1, the initial concentration of
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formaldehyde was recorded in 0.35 ppm; during trial 2, it was
0.46 ppm and during trial 3, it was 0.53 ppm. The differences
with the initial values of the three trials was due to the initial
calibration of the gas sensor in the environment. Factors such
as the presence of other materials containing formaldehyde
and the air quality during the time of testing caused the
discrepancy of the calibration. Trial 1 was done on May 2,
2015 at 5:20 PM, while trials 2 and 3 were done on May 5,
2015 at 11:16 AM and 12:06 PM respectively. 10 minutes of
data collection was performed for the three trials.
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Fig. 5. Actuall‘%'r?ﬁaldehyde concentrations recorded by the formaldehyde
detector that was saved in the SD card for 1% formalin.
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Fig. 6. Test results of the formaldehyde concentration detected by the
formaldehyde detector as it was exposed to 1% formalin.

4 5 percent - Notepad =
File Edit Format View Help

2015/5/2 18:45:8 ~
Formaldehyde: @.53 ppm
2015/5/2 18:45:1
Formaldehyde: @.53 ppm
2015/5/2 18:45:2
Formaldehyde: @.54 ppm
2015/5/2 18:45:3
Formaldehyde: @.53 ppm
2015/5/2 18:45:4
Formaldehyde: @.53 ppm
2015/5/2 18:45:5
Formaldehyde: @.53 ppm
2015/5/2 18:45:6
Formaldehyde: @.54 ppm
2015/5/2 18:45:7
Formaldehyde: @.53 ppm
2015/5/2 18:45:8
Formaldehyde: @.53 ppm
2015/5/2 18:45:9
Formaldehyde: @.53 ppm
2015/5/2 18:45:11
Formaldehyde: @.53 ppm

v

Fig. 7. Actuéi%?ﬁwaldehyde concentrations recorded by the formaldehyde
detector that was saved in the SD card for 5% formalin.

Fig. 6 shows the response graph of the device for 1%
formalin. Concentration increased drastically as the device
was exposed longer with formalin. The peak concentration for
trial 1 was recorded at 0.60 ppm, for trial 2 at 0.92 ppm, and
for trial 3 at 0.71 ppm. A slight decrease after 5 minutes was
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recorded. This was the time the formalin was removed from
the container. However, the reading stabilized and the device
recorded constant formaldehyde concentration until the tenth
minute. Average concentration of 0.65 ppm, 0.85 ppm and
0.65 ppm were noted for trials 1, 2 and 3.

The second test conducted was using the 5% formalin. Fig.
7 shows the actual data saved by the device in the SD card for
this test. During trial 1, the initial concentration of
formaldehyde was recorded in 0.53 ppm; during trial 2, it was
0.57 ppm and during trial 3, it was 0.50 ppm. Trial 1 was done
on May 2, 2015 at 6:45 PM. While trials 2 and 3 were done on
May 5, 2015 at 1:07 PM and 1:24 PM respectively. Data were
collected for 10 minutes in every trial.

Fig. 8 shows the response graph of the device for 5%
formalin. Similar with the first test, concentration of
formaldehyde in the container increased as the device was
exposed longer with formalin. After 5 minutes of exposure,
the peak concentration for trial 1 was recorded at 1.25 ppm,
for trial 2 at 1.43 ppm, and for trial 3 at 0.96 ppm. Like in test
1, a slight decrease after 5 minutes was recorded due to the
removal of formalin from the container. The reading
stabilized and the device recorded constant formaldehyde
concentration. Repeatability of values were observed during
the 5™ to 10" minute of test time. Average concentration of
1.24 ppm, 1.12 ppm and 0.81 ppm were noted for trials 1, 2
and 3.
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Fig. 8. Test results of the formaldehyde concentration detected by the
formaldehyde detector as it was exposed to 5% formalin.
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Fig. 9. Actual Fdrmaldehyde concentrations recorded by the formaldehyde
detector that was saved in the SD card for 10% formalin.

The last test conducted was using the 10% formalin. Fig. 9
shows the actual data saved by the device in the SD card.
These data were imported for analysis. During trial 1, the
initial concentration of formaldehyde was recorded in 0.68
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ppm; during trial 2, it was 0.45 ppm and during trial 3, it was
0.44 ppm. Trial 1 was done on May 2, 2015 at 7:25 PM.
While trials 2 and 3 were done on May 5, 2015 at 1:38 PM
and 2:07 PM respectively. 10 minutes of data collection was
for the three trials.
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Fig. 10. Test results of the formaldehyde concentration detected by the
formaldehyde detector as it was exposed to 10% formalin.

Fig. 10 shows the response graph of the device for 10%
formalin. Like tests 1 and 2, concentration of formaldehyde in
the container increases as the device was exposed with
formalin for 5 minutes. The maximum concentration for trial
1 was recorded at 1.51 ppm, for trial 2 at 1.22 ppm, and for
trial 3 at 1.10 ppm. Similarly, a slight decrease was recorded
upon removal of formalin from the container. The reading
became consistent for the last 5 minutes test time.
Repeatability of values were also observed. Average
concentration of 1.49 ppm, 1.03 ppm and 0.93 ppm were
noted for trials 1, 2 and 3.

V. CONCLUSIONS

The developed formaldehyde detector demonstrated to
have constant response graphs to the three tests indicating that
it was sensitive to formaldehyde of low to high concentrations.
It worked properly within the limits set to it. Spontaneity of
the detector in recording samples was obtained. It was able to
record different concentration levels of different samples. The
detector was able to select the particulate of formaldehyde
immediately within an elapsed time of less than a minute, thus,
giving a direct proportionality between response time and
concentration. As gas particles of formalin disperse in the test
environment longer, the concentration of formaldehyde
increases. The detector exhibited constancy in concentration
value a minute after the sample was taken out of the test
environment indicating that sensor response was acceptable.
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