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Abstract: Formaldehyde is a dangerous air pollutant with severe health impacts. It can cause
respiratory issues such as coughing, shortness of breath, and chest pain. In extreme cases, it
can even lead to fluid buildup in the lungs, a condition that can be life-threatening.
Formaldehyde can be measured using various chemical analysis methods, ranging from
classical methods to modern instrument-based techniques, such as specific chemical reagents
that react with formaldehyde, spectroscopy, chromatography, and electronic-based sensor
techniques. This research aims to provide a comprehensive overview of the evolution of
research related to formaldehyde measurements, especially relative humidity. This type of
research is a systematic literature review (SLR) using the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) method. The database used was Scopus,
covering the years 2014 to 2023, and obtained 3,489 documents. The literature review results
show a significant influence between relative humidity (RH) and formaldehyde emissions
from various building materials, such as paint, wood panels, and furniture materials. The
consistency of these findings suggests that relative humidity influences the amount of
formaldehyde released into indoor air.
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Introduction

Formaldehyde is a dangerous air pollutant with
detrimental health impacts (Liu et al., 2022). Increased
exposure to formaldehyde gas can pose serious health
risks (Alimin & Wahyuni, 2021; U.S. EPA, 2007). Massive
exposure can even cause blindness (ATSDR, 2014).
Exposure to formaldehyde in the nose and lungs can
irritate the respiratory tract, causing symptoms such as
coughing, shortness of breath, and chest pain, and in
extreme cases, can cause fluid to build up in the lungs
(Liana et al., 2021; NJ Health, 2016). If swallowed, this
gas can cause pain, vomiting, diarrhea, and potentially
cause other diseases (Jailer et al., 2015). As a precaution,
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people need to measure formaldehyde gas before
dangerous diseases occur.

Formaldehyde measurements are carried out using
various chemical analysis methods, ranging from
classical to modern instrument-based techniques
(Salamah, 2016; Salthammer, 2019). These methods
include using specific chemical reagents that react with
formaldehyde, spectroscopy, chromatography, and
electronics-based sensor techniques (Su & He, 2017). The
importance of formaldehyde measurement lies in
controlling air quality in industrial environments,
checking product safety, and assessing the risk of
formaldehyde exposure to human health (Qu et al,
2017). Various regulatory bodies and international
organizations  have  established formaldehyde
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measurement standards to ensure the safety and quality
of the environment and products used by society
(ANSES, 2019; CSRE, 2019). The Occupational Safety
and Health Administration (OSHA) states that the
permissible exposure limit is 0.75 ppm for 8 hours, and
the short-term exposure limit for 15 minutes is two ppm.
The National Institute for Occupational Safety and
Health (NIOSH) states that the 8-hour time-weighted
average is 0.016 ppm, and the short-term exposure limit
is 0.1 ppm. Meanwhile, the threshold limit values set by
the American Conference of Governmental Industrial
Hygienists (ACGIH) include a time-weighted average of
0.1 ppm and a 15-minute short-term exposure limit of 0.3
ppm (Baldelli et al., 2020; Golden, 2011).

Research related to formaldehyde measurement was
carried out by Wongsakoonkan et al. (2022) by creating
a color testing device to detect formaldehyde levels in
indoor air. The device has a high accuracy, selectivity,
low cost, and is easy to use. Tests using various
parameters, such as reaction time, accuracy, precision,
stability, selectivity, and shelf life, show color changes
according to the formaldehyde concentration with
varying intensities. The test equipment can detect
formaldehyde at concentrations as low as 0.01 ppm with
an accuracy of *25% and a bias of <10%
(Wongsakoonkan et al., 2022). Another study was
conducted by Meshalkina et al. (2018), which aimed to
measure formaldehyde emissions from furniture
materials investigated using a photometric method with
acetylacetone reagent. The research results state that the
smaller the density of indoor furniture, the less
formaldehyde emissions there will be, with the resulting
formaldehyde levels not exceeding 0.01 mg/m3
(Meshalkina et al., 2018). Some studies related to
formaldehyde measurements do not include research
suggestions that examine the causes of formaldehyde.
Therefore, research on formaldehyde measurement is
fundamental because it helps anticipate negative
impacts on human health and the environment (Kog,
2019).

This research will review the literature by examining
"formaldehyde measurement" from 2014 to 2023. This
analysis is intended to provide a comprehensive picture
of the evolution of research related to formaldehyde
measurement and identify the most dominant patterns
and techniques, especially relative humidity.
Understanding research trends in this context is hoped
to encourage improvements and innovations in
formaldehyde measurement methods, which are more
precise, efficient, and widely adopted. This research will
also provide researchers with insight into advances in
formaldehyde measurement and possible innovations
that can be explored.

Method

This research is a meticulous type of descriptive
research, employing thorough systematic literature
review (SLR) methods and bibliometric analysis
(Agustinur et al, 2023; Trisnanti et al., 2023). The
literature review study adheres to the rigorous Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method, which involves review,
evaluation, classification, and structure, all based on
previously obtained data (Fitriyani, 2021). The source of
this research is the esteemed Scopus database, chosen for
its internationally recognized quality and reputation
among research institutions. This ensures that the
Scopus database source provides accurate data in
scientific publications (Putro et al., 2022).

The data collection process, conducted on March 31,
2024, was comprehensive. The search was carried out
using the keyword "formaldehyde measurement" to
retrieve all relevant scientific publications from 2014 to
2023, with the specifications "Article, Abstract,
Keywords". This yielded a substantial 3,489 documents.
These documents, obtained based on the specified
keywords, were exported in RIS form, which includes
citation information and abstract & keywords. The
downloaded files were then processed in VOSviewer.
VOSviewer is done by creating a map based on text data
data (Jatmiko et al., 2021). The next step is to enter the
RIS file from Scopus that has been downloaded and
select the Title and abstract files fields (Krisnaningsih et
al., 2021). Then, select the binary counting specifications,
minimum number of occurrences of terms: 10, and
number of terms to be selected: 1116. After that, verify
the selected terms and click finish. This application can
display network, overlay, and density visualization
(Deta et al., 2024).

The obtained visualization is then reviewed. The review
results refer to relative humidity. Then, search for
articles using criteria in the form of articles and
proceedings with the keyword relative humidity
formaldehyde. The data that has been obtained is then
analyzed using the narrative method. The narrative
method is used to describe the effect of relative humidity
on formaldehyde (Pahleviannur et al, 2022). The
research stages can be described in Figure 1 and 2.
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Figure 1. Research Stages
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The research flow in Scopus and VOSviewer can be seen
in Figure 2.
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Figure 2. Research flow in Scopus and VOSviewer

Result and Discussion

Results should be clear and concise. The
discussion should explore the significance of the results
of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature. The
"formaldehyde measurement" keyword on the Scopus
website yielded a substantial 3,489 documents from 2014
to 2023. This analysis, based on article title, abstract, and
keywords, presents the annual development of research
publications on formaldehyde measurements (Zakiyyah
et al., 2022). The data from Scopus reveals that research
on this topic has a long history, dating back to 1913, but
it truly gained momentum in the 1990s, underscoring its
enduring importance and relevance.
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Figure 3. Graph of the Number of Formaldehyde
Measurement Documents in 2014-2023

Figure 3 shows that research will fluctuate from
2014 to 2023. The highest document publication
occurred in 2022, with 399 documents. The following
analysis is based on source type. According to Figure 4,
the journal type dominates with 3,130 documents, 298
documents in the form of conference proceedings, book

series totaling 45 documents, 14 books, and trade
journals totaling two documents.
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Figure 4. Graph of the number of documents based on
source type

The analysis of this research is based on the top
five countries with the highest number of publications,
which can be seen in Figure 5.
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Figure 5. Graph of the Number of Documents based on
the Top Five Countries

Figure 5 illustrates that China leads the world in
publications discussing "formaldehyde measurement."
As the top formaldehyde-producing country,
particularly in its cities, China's production practices
have a profound global impact (Mahdi et al., 2023; Tang
et al., 2009). This is especially significant as goods from
China often contain higher levels of formaldehyde than
those from other countries, sparking a surge of research
interest in formaldehyde measurements.

The document is visualized using the
VOSviewer  application,  which  provides a
comprehensive overview of the research clusters. The
thickness of the connecting lines indicates the strength
of the connection between topic areas or critical pairs.
The size of the circles represents the significance of the
entity in the network (Putra et al., 2024; Yantidewi et al.,
2023). Figure 6 reveals five distinct clusters associated
with the keyword "formaldehyde measurement": red
(cluster 1) with a total of 336 items; green (cluster 2) with
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263 items; blue (cluster 3) with 259 items; yellow with
166 items; and purple with 92 items for cluster 5.

Figure 6. Network Visualization of Formaldehyde
Measurements

Formaldehyde, known chemically as CH2O or
HCHO and commercially as formalin, is represented in
our network visualization (Isbilir et al., 2023). The term
'hcho' is depicted in green, 'formalin' in blue, and 'ch20'
in purple. While the term 'formaldehyde' itself may not
be prominently displayed in a large circle, it is
distributed across the five clusters, with the most
significant distribution found in cluster 1, comprising 13
items. This distribution is further supported by the data
in Table 1, which provides a visual representation of the
distribution of formaldehyde-related keywords.
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In the red keyword cluster, "formaldehyde
measurement" does not show a dominant circle, so the
word formaldehyde has not become a popular topic.
Meanwhile, the green cluster for the word hcho has a
vast network because it shows attachment to all clusters
(Figure 7).
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Figure 7. Green Cluster Network (Zoom Out)

677



Jurnal Pendidikan, Sains, Geologi dan Geofisika (GeoScienceEd
Jourbal)

November 2024, Volume 5, Issue 4, 674-683

The word formalin (blue cluster) has only an
attachment to most of the blue circles and one red circle,
according to Figure 8.

Figure 8. Blue Cluster Network

Meanwhile, ch2o in the purple cluster has a
network of purple circles and one green circle (Figure 9).
Thus, the word hcho is the dominant topic with the most
popular research trends.
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Figure 9. Purple Cluster Network

According to Figure 7, circle hcho is most
frequently associated with the yellow cluster: volatile
organic compounds (VOCs), pollutants, health, indoor
air quality, and relative humidity, which can be
observed more clearly in Figure 10.
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Figure 10. Green Cluster Network (Zoom In)

According to the literature from Parthasarathy
et al., volatile organic compounds, pollutants, VOCs,
health, indoor air quality, and relative humidity are
related to HCHO. Parthasarathy et al. (2011) stated that
formaldehyde (HCHO) is a type of volatile organic
compound (volatile organic compounds or VOCs). As
an air pollutant, exposure to HCHO can hurt human
health. Various factors, including relative humidity, can
affect HCHO levels in indoor air. Therefore, maintaining
proper indoor relative humidity is essential to control
the levels of HCHO and VOCs, as well as improve
indoor air quality and the health of occupants (Wang et
al., 2023).

However, research regarding relative humidity
as a cause of HCHO still needs to be discussed.
According to Figure 10, the yellow circle is from the
words relative humidity compared to the circle from a
volatile organic compound, pollutant, VOCs, health, and
indoor air quality. This is supported by overlay
visualization. Overlay visualization functions to
visualize changes or evolution in data over time
(Trisnanti et al., 2023). This visualization can see patterns
or relationships between entities in the dataset changing
from one time period to the next (Dewi & Jauhariyah,
2021). Purple to yellow colors use specific color schemes
to represent certain periods in bibliometric analysis. The
purple color is used to represent entities or data from
earlier years, while the yellow color is used to represent
entities or data from more recent years (Yantidewi et al.,
2023).
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Figure 11. Overlay Visualization on The Keyword
"hcho" (Zoom In)

Figure 11 shows that formaldehyde
measurement research was updated between 2018 and
2020. Purple shows old research at the beginning of 2018,
green shows research conducted in the middle of the
year, and yellow shows the latest research published in
2020. The word relative humidity has a turquoise green
color, indicating between 2018 and 2019. Therefore, this
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topic requires updates because publications have been
rare, even for almost five years. Moreover, relative
humidity, apart from being a factor causing the presence
of HCHO, can also indicate whether the environment is
healthy or unhealthy.

Relative humidity can affect formaldehyde
measurements and can be observed in building
materials. Formaldehyde is a chemical that can be
released from various building materials, such as paint,
floor coverings, and wood panels. Long-term exposure
to formaldehyde can irritate the eyes, nose, and throat
and contribute to respiratory problems and allergies.
Formaldehyde and moisture measurements help ensure
that building materials meet applicable regulatory
requirements.

Research on formaldehyde and relative
humidity in building materials was carried out by
Huang et al. (2015). This research aims to study the
impact of relative humidity (RH) on the initial emittable
concentration (Cm,0) of formaldehyde emissions from
building materials in the RH range of 20-85% and obtain
a correlation between the emission rate and RH based on
a theoretical approach. Data from the research was
collected using the ventilated C-history method, which
consists of two physical processes. The first process is
emission under airtight conditions, where the tested
building materials are placed in an airtight chamber
until they reach equilibrium. The second process is
emissions under ventilated conditions. Formaldehyde
concentration data in the room was measured during
these two emission processes. The research results
showed that the initial concentration of formaldehyde
increased ten times when the relative humidity
increased from 20% to 85% so that there was a linear
relationship between In (initial concentration of
formaldehyde) and relative humidity (Huang et al,
2015).

Shan Zhou et al. (2019) also measured
formaldehyde by assessing relative humidity. The
research method involved adjusting the relative
humidity, temperature, and frequency of air exchange
on wood-based panels and then measuring the
concentration of formaldehyde released. The results
showed that relative humidity and temperature
influenced the concentration of formaldehyde released
from wood-based panels. The higher the relative
humidity, the more formaldehyde is released (Zhou et
al., 2019).

Mostafa Ebrahimi et al. (2017) conducted similar
research. The objective of this article is to examine the
effect of relative humidity and temperature on
formaldehyde emissions from Medium-Density
Fiberboard (MDF) under load. Based on research results,
there is a positive relationship between formaldehyde

and relative humidity, where formaldehyde emissions
increase as relative humidity increases (Ebrahimi et al.,
2017).

Apart from building materials, research related
to measuring formaldehyde in rooms by reviewing
relative humidity is fundamental because formaldehyde
is a chemical compound that can be dangerous to human
health if exposed to high levels. Research by Pengpeng
Yang et al. (2020) in a typical teaching machine room of
Guangxi Normal University from March 2016 to
February 2018. The research results show that
formaldehyde changes as temperature and humidity
change. Formaldehyde concentrations were higher in
summer and autumn, while formaldehyde
concentrations were lower in winter and spring. Further
analysis shows that there is a strong positive correlation
(R2 > 0.85) between formaldehyde concentration and
relative humidity (Yang et al., 2020).

Measurement of formaldehyde and humidity in
rooms was studied by Srinandini Parthasarathy et al.
(2011). This study aimed to understand the effect of
temperature and humidity on formaldehyde emissions
in temporary shelter units provided by the US Federal
Emergency Management Administration (FEMA).
Composite wood was chosen to analyze the influence of
temperature and humidity on formaldehyde emissions.
Samples were examined via high-performance liquid
chromatography. The results showed that increasing
temperature or humidity caused an increase in the
formaldehyde emission factor. The linear regression
model shows a significant relationship between
temperature, humidity, and formaldehyde emission
factors (Parthasarathy et al., 2011).

Another study was conducted by Jung et al.
(2022), who identified the relationship between VOC
emissions and changes in temperature/humidity in 23
housing units in five different residential towers in
Ajman, United Arab Emirates. At relative humidity, the
results show that formaldehyde (HCHO) and VOCs
such as benzene (C6H6), toluene (C7HS), ethylbenzene
(C8H10), xylene (C8H10), and styrene (C8HS8) has a
consistent humidity dependence in the range of 15-60%
of relative humidity (RH). However, there is an emission
limit point where the generation of indoor air pollutants
deviates from a linear relationship at RH 40-50% (Jung
et al., 2022).

Based on the research discussed, relative
humidity can affect formaldehyde measurements. Long-
term exposure to formaldehyde can irritate the eyes,
nose, and throat, as well as respiratory problems and
allergies. Some studies highlight the relationship
between relative humidity and formaldehyde emissions
from various building materials such as paint, floor
coverings, wood panels, and Medium-Density
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Fiberboard (MDF). Results show that formaldehyde
concentrations tend to increase as relative humidity
increases, with some studies showing a linear
relationship between the two. The analysis also
highlighted changes in indoor formaldehyde
concentrations and humidity changes, demonstrating
the importance of formaldehyde and humidity
measurements in ensuring compliance with health and
safety regulations applicable to indoor environments.

Thus, the presence of formaldehyde gas can be
influenced by relative humidity. The relative humidity
in the room can be measured to determine the effect of
formaldehyde levels further. It is hoped that research
regarding the correlation of formaldehyde levels and
relative humidity will become a reference for
researchers.

Relative humidity can affect formaldehyde
measurements and can be observed in building
materials. Formaldehyde is a chemical that can be
released from various building materials, such as paint,
floor coverings, and wood panels. Long-term exposure
to formaldehyde can irritate the eyes, nose, and throat
and contribute to respiratory problems and allergies.
Formaldehyde and moisture measurements help ensure
that building materials meet applicable regulatory
requirements.

Research on formaldehyde and relative
humidity in building materials was carried out by
Huang et al. (2015). This research aims to study the
impact of relative humidity (RH) on the initial emittable
concentration (Cm,0) of formaldehyde emissions from
building materials in the RH range of 20-85% and obtain
a correlation between the emission rate and RH based on
a theoretical approach. Data from the research was
collected using the ventilated C-history method, which
consists of two physical processes. The first process is
emission under airtight conditions, where the tested
building materials are placed in an airtight chamber
until they reach equilibrium. The second process is
emissions under ventilated conditions. Formaldehyde
concentration data in the room was measured during
these two emission processes. The research results
showed that the initial concentration of formaldehyde
increased ten times when the relative humidity
increased from 20% to 85% so that there was a linear
relationship between In (initial concentration of
formaldehyde) and relative humidity (Huang et al,,
2015).

Shan Zhou et al. (2019) also measured
formaldehyde by assessing relative humidity. The
research method involved adjusting the relative
humidity, temperature, and frequency of air exchange
on wood-based panels and then measuring the
concentration of formaldehyde released. The results

showed that relative humidity and temperature
influenced the concentration of formaldehyde released
from wood-based panels. The higher the relative
humidity, the more formaldehyde is released (Zhou et
al., 2019).

Mostafa Ebrahimi et al. (2017) conducted similar
research. The objective of this article is to examine the
effect of relative humidity and temperature on
formaldehyde emissions from Medium-Density
Fiberboard (MDF) under load. Based on research results,
there is a positive relationship between formaldehyde
and relative humidity, where formaldehyde emissions
increase as relative humidity increases (Ebrahimi et al.,
2017).

Apart from building materials, research related
to measuring formaldehyde in rooms by reviewing
relative humidity is fundamental because formaldehyde
is a chemical compound that can be dangerous to human
health if exposed to high levels. Research by Pengpeng
Yang et al. (2020) in a typical teaching machine room of
Guangxi Normal University from March 2016 to
February 2018. The research results show that
formaldehyde changes as temperature and humidity
change. Formaldehyde concentrations were higher in
summer and autumn, while formaldehyde
concentrations were lower in winter and spring. Further
analysis shows that there is a strong positive correlation
(R2 > 0.85) between formaldehyde concentration and
relative humidity (Yang et al., 2020).

Measurement of formaldehyde and humidity in
rooms was studied by Srinandini Parthasarathy et al.
(2011). This study aimed to understand the effect of
temperature and humidity on formaldehyde emissions
in temporary shelter units provided by the US Federal
Emergency Management Administration (FEMA).
Composite wood was chosen to analyze the influence of
temperature and humidity on formaldehyde emissions.
Samples were examined via high-performance liquid
chromatography. The results showed that increasing
temperature or humidity caused an increase in the
formaldehyde emission factor. The linear regression
model shows a significant relationship between
temperature, humidity, and formaldehyde emission
factors (Parthasarathy et al., 2011).

Another study was conducted by Jung et al.
(2022), who identified the relationship between VOC
emissions and changes in temperature/humidity in 23
housing units in five different residential towers in
Ajman, United Arab Emirates. At relative humidity, the
results show that formaldehyde (HCHO) and VOCs
such as benzene (C6H6), toluene (C7HS), ethylbenzene
(C8H10), xylene (C8H10), and styrene (C8HS8) has a
consistent humidity dependence in the range of 15-60%
of relative humidity (RH). However, there is an emission
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limit point where the generation of indoor air pollutants
deviates from a linear relationship at RH 40-50% (Jung
et al., 2022).

Based on the research discussed, relative
humidity can affect formaldehyde measurements. Long-
term exposure to formaldehyde can irritate the eyes,
nose, and throat, as well as respiratory problems and
allergies. Some studies highlight the relationship
between relative humidity and formaldehyde emissions
from various building materials such as paint, floor
coverings, wood panels, and Medium-Density
Fiberboard (MDF). Results show that formaldehyde
concentrations tend to increase as relative humidity
increases, with some studies showing a linear
relationship between the two. The analysis also
highlighted changes in indoor formaldehyde
concentrations and humidity changes, demonstrating
the importance of formaldehyde and humidity
measurements in ensuring compliance with health and
safety regulations applicable to indoor environments.

Thus, the presence of formaldehyde gas can be
influenced by relative humidity. The relative humidity
in the room can be measured to determine the effect of
formaldehyde levels further. It is hoped that research
regarding the correlation of formaldehyde levels and
relative humidity will become a reference for
researchers.

Conclusion

Based on bibliometric analysis on the Scopus website
with the keywords "formaldehyde measurement" from
2014 to 2023, visualized using the VOSviewer
application, there were 3,489 documents. According to a
literature review study, several studies have shown a
significant influence between relative humidity and
formaldehyde emissions from various building
materials, such as paint, wood panels, and furniture. The
consistency of these findings suggests that relative
humidity influences the amount of formaldehyde
released into indoor air. This bibliometric and SLR
analysis helps establish a comprehensive research
framework. It facilitates further exploration by future
researchers to focus on aspects rarely explored,
especially regarding formaldehyde measurement. In
addition, this research also opens up space to explore the
factors that cause formaldehyde, including the impact of
relative humidity. Thus, topics not received much
attention can become innovation points worthy of
further development, perhaps resulting in significant
discoveries..
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