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Painted Walls: A Possible Contributory Factor to Elevation in Indoor Air Pollution Levels
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ABSTRACT

This study focused on the determination of formaldehyde emission concentration levels of some selected buildings in Rumuolumeni Community,
Obio-Akpor Local Government Area of Rivers State, and lies on latitude 4°65 44" north and longitude 6°35'51 " east. 10 buildings (five painted and
five unpainted buildings) at different locations within Rumuolumeni Community were selected for the study. A formaldehyde concentration
monitor was positioned 1.5 meters above the floor of each of the selected buildings to determine the formaldehyde concentration levels every 30
minutes intervals for three hours daily, for a period of two weeks. The geographical locations, indoor relative humidity, and temperature of the
selected buildings for the period under study were also taken. The mean values of 0.022 ppm, 0.036 ppm, 0.043 ppm, 0.048 ppm, 0.057 ppm, 0.058
ppm and 0.060 ppm of formaldehyde concentration levels emitted by the selected painted and unpainted buildings for the period under study did not
exceed the permissible limits of 0.08 ppm and 0.1 ppm established by WHO and NIOSH respectively. Similarly, the measured values of
formaldehyde concentration did not exceed the recommended levels permitted by OSHA and the American Conference of Industrial hygienists of
2 ppm, 0.75 ppm, and 0.3 ppm respectively. However, these values were higher than U.S. NIOSH “recommended time-weighted average exposure
limit of 0.016 ppm for workplaces”, and the ATSDR established “chronic inhalation minimal risk level (MRL) of 0.003 ppm (0.004 milligrams per
cubic meter, mg/m®) based on respiratory effects in humans”.
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1. INTRODUCTION

Air pollution is a serious environmental problem. The factors that are responsible for this environmental problem
are both natural and anthropogenic in nature. Human activities such as the manufacturing of paints and their
application on the buildings’ walls and other objects for the purposes of beautification and protection could pose
serious health hazards to human beings and his environment the due to the emission of toxic volatile compounds
compound called formaldehyde. In Nigeria, not all local paints factories adhere to standards in terms of the quantity
of formaldehyde required in the manufacturing of paints, probably, there are no guidelines put in place to regulate
the process or if there are guidelines, no proper inspection, monitoring and penalty for defaulters of the set
guidelines. More so, assessment of formaldehyde concentration in painted buildings has not been given adequate
attention in this part of the globe due lack of awareness on the health effect associated with exposure to this volatile
organic compound. More worrisome is the fact that owners of painted buildings are not ready to compromise when

issues of estimating formaldehyde concentrations are brought before them.

The discovery of formaldehyde has spanned well over a century. Formaldehyde was realized by technical synthesis
of the “dehydration of methanol in 1867 by the German chemist, August Wilhelm von Hofmann” [1]. Thereafter,
many industrial uses of formaldehyde emerged. Paint beautifies and offers protection and colour to objects [2].
Similarly, painting on a building increases the real estate value of our homes, hides stains and marks, protects
exterior and interior surfaces for longer durability promotes positive energy, and improves homeowner outlook [3].
More so, certain paints when applied to the walls have the potential to heat it, thereby saving energy and reducing
CO, emissions, cleaning the air we breathe, breaking down chemicals and pollutants, and eliminating harmful

pathogens [4]. A fresh coat of paint can work wonders for our homes, and potentially increase their value by
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thousands of dollars [5]. Paints protect the walls from moisture. In the United States, all kinds of paints that use
synthetic polymers like vinyl acrylic and formaldehyde in the production of paint binder resins are commonly
called latex paint while the UK is emulsion paint. Latex in the context of paint is not the same as latex from rubber
plant [6]. However, a number of authorities such as the European Union Occupational, and the American
Environmental Protection Agency (EPA), have also identified formaldehyde as a carcinogenic substance [7]. “The
International Agency for Research on Cancer (IARC) classified formaldehyde as a Group 1 carcinogen for humans
in 2004” [8].

According to World Health Organization(WHO), indoor exposures to formaldehyde are the major contributor to
individual exposures through inhalation, which could lead to adverse health effects as a result of high level of
formaldehyde concentration [9]. A study by Lang and Triebig showed that formaldehyde Exposure to indoor air
pollution may be responsible for nearly 2 million deaths per year in developing countries [11]. High levels of
indoor formaldehyde pollution could emanate from interior decoration of buildings [11]. Materials such as
furniture, wall paint, adhesive used in the decoration of residential buildings are responsible for the release of
formaldehyde [12]. Studies have shown that formaldehyde concentration is basically a function of the relative
number of decorative materials used in the buildings. There is a correlation between indoor pollutant levels and the
time decoration was done, the size of the indoor environment and arrangements of furniture [13]. A study on
contemporary exposure to formaldehyde and organic solvents during surface coating with acid-curing lacquers and
paints in the Norwegian woodworking and furniture industry over a period of 3 years showed that about 10% of the
samples analyzed exceeded the Norwegian occupational exposure limit of 0.5 ppm [14].

1.1. Sources of Formaldehyde

The sources formaldehyde in the environment is both natural and man-made. Secondary formation of
formaldehyde happens in the atmosphere through oxidation of natural and anthropogenic volatile organic
compounds [15]. Formaldehyde is one of the many organic substances that are emitted into the Earth’s atmosphere
from biogenic origins [16]. Formaldehyde has been observed to be emitted from eucalyptus forests in Portugal
when isoprene is broken down [17]. Formaldehyde is produced via isoprene reaction with hydroxyl ion (OH) and
nitrogen monoxide (NO) [1]. Formaldehyde concentrations from the range 0.24-0.52 ppb have been detected by
Smidt “in forests in the Austrian Alps (920 m) and 0.16-0.30 ppb at a mountaintop site (1758 m)” [1].
Formaldehyde and other aldehydes are formed when hydrocarbons react with O; and OH radicals [18].
Formaldehyde is a product of reaction between OH radicals and either isoprene or terpenes spread around foliage
[18]. Formaldehyde can also be found in sea water [19]. The sources of formaldehyde are both natural and
man-made. Industrial applications, consumer goods, combustion of fossils, and emissions from building materials
are some of the anthropogenic sources of formaldehyde [18]. Ordinarily, formaldehyde is not a constituent of
gasoline, but atoxic air pollutant that is typically emitted from natural gas-fired internal combustion engines due
incomplete combustion [20]. “The concentration of a chemical specie in vehicle exhaust is a function of several
factors, including engine type, engine operating conditions, fuel and lubricating oil composition and emission
control system” [21]. The furniture industry is experiencing an increase in the use of synthetic materials, resulting

in increasing air pollution. Formaldehyde is said to be a part of human’s normal metabolic process, and account for
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about 1.5 ounce [22]. “Most organisms, including humans, naturally produced formaldehyde is physiologically

present as a metabolic byproduct in all bodily fluids, cells, and tissues” [23].

Production: China and the United States are the leading global formaldehyde producers and consumers [23].
Report has shown that “more than 65% of the Chinese formaldehyde output is used to produce resins mainly found

in wood products - the major source of indoor pollution in China” [24].
1.2. Physical Properties of Formaldehyde

The name formaldehyde emanates from its similarity to formic acid. The pure compound is a colourless and
pungent-smelling gas that polymerizes spontaneously into paraformaldehyde. Hence, this compound is stored as
an aqueous solution commonly called formalin. It has a mass of 30.00g/mol, a density of 815 kg/m®, and a boiling

point of -19°C. Formaldehyde is soluble in water and in acetone.

Formaldehyde (HCHO), also called methanol, is the simplest of aldehydes (R—CHO), used in large amounts in a
variety of chemical manufacturing processes. It is produced principally by the vapor-phase oxidation of methanol
and is commonly sold as formalin, a 37 percent agueous solution.Formaldehyde is said to appear in several forms,
and notable among them include molecular formaldehyde, 1,3, 5-trioxane, paraformaldehyde, and methane dio
[25].

1.3. Effects of Formaldehyde

Materials like resins, chipboard, plywood, fabrics, and activities such as cigarette smoking, heating and cooking are
the main indoor sources of formaldehyde that are posing serious health effects on humans [26]. Formaldehyde
vapour may cause irritation, especially the eyes, upper airways and skin when one is expose to it [27]. Workers who
involve in materials that contain formaldehyde compound during production stage have been identified as the ones

mostly affected by formaldehyde pollution [28].

Studies have shown that there is an association between exposure to formaldehyde and increasing number of blood,
brain, and colon cancers related deaths among workers in formaldehyde production industries compare to persons
who are not working where formaldehyde is produced [18]. Eye irritation and stinging, throat and nose irritation
have been reported with formaldehyde concentration between the range of 0.13-0.45ppm [29]. “In the atmosphere,
formaldehyde usually breaks down quickly to create formic acid and carbon monoxide, which can also be harmful
substances” [19]. “Formaldehyde is a well-known airborne contaminant causing eye, nose, and throat irritation as

well as airway irritation and slight neuropsychologic changes [30].

Formaldehyde poisoning is a disorder brought about by breathing the fumes of formaldehyde resulting in eye, nose,
and throat irritation, headaches and skin rashes [31]. Andrzej and others conducted a study on formaldehyde
emitted by the internal wall paints at Wrovlaw, Poland [32]. In this study, two kinds of paints were used on 30
different houses [32]. Results indicated that formaldehyde concentration in the paint containing it has an effect on
the residents of the houses in which formaldehyde was in the paint mixture [32]. Additionally, paint is said to
contribute 17% of the total hazardous waste in the United Kingdom with large quantities ending up in the sewers or
mixed with municipal solid waste [33]. In some major cities around the world, it is illegal to discharge oil-based

paint down the drains and sewers.
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1.4. Methods of Detection of Formaldehyde in Air and Liquid

A number of methods have been designed for detecting formaldehyde in air and liquid. The methods employed in
air and aqueous samples are spectrophotometry and high-performance liquid chromatography (HPLC) respectively
[34]. Other methods such as “colorimetry, fluorimetry, polarography, gas chromatography (GC), infrared
detection, flow injection analysis, and gas detector tubes “can also be employed in the detection of formaldehyde”
[34].

1.5. Uses of Formaldehyde

Formaldehyde has many industrial uses such as the production of urea-formaldehyde resins, phenol-formaldehyde
resins, melanine resins [35]. Other applications include preservation of biological specimens, grain, seed dressing,

soil disinfection, soap preservative, detergents, and many others.
1.6. Indoor Limit

A number of safety and occupational health organizations around the globe have established permissible limits for
formaldehyde both in occupational and non-occupational (residential) environments [1]. These occupational and
non-occupational threshold limit values are often viewed as time weighted average (TWA), short-term exposure
limit (STEL) and ceiling (C) values. The later defines the exposure limit which should not be exceeded at any time
[36]. “In the United States, buildings are monitored to ensure that their air does not contain high levels of
formaldehyde, which can sometimes be a risk for newly constructed buildings as formaldehyde is used in
producing and finishing many building materials” [37]). According Subasi, the indoor formaldehyde concentration
level should normally not be above 0.03 ppm [18]. Similarly, WHO has reported “the perception of odour may
result in some individuals reporting subjective sensory irritation, and individuals may perceive formaldehyde at
concentrations below 0.1 mg/m?®, but this is not considered to be an adverse health effect and thus, a short-term
(30-minute) guideline of 0.1 mg/m®is recommended as preventing sensory irritation in the general population” [9].
In view of the of the foregoing, “Occupational Safety and Health Administration (OSHA) has set the short-term
exposure limit (STEL) for formaldehyde at 2ppm in 15 minutes and the permissible exposure limit time-weighted
average (PEL-TWA)” at 0.75ppm [38]. American conference of governmental industrial hygienists (ACGIH)
pegged their permissible exposure limit at 0.3ppm. Similarly, “the National Institute for Occupational Safety and
Health (NIOSH) established a short-term exposure limit” (STEL) of 0.1ppm and a limit of 0.016ppm for
occupational exposure. “The Agency for Toxic Substances and Disease Registry (ATSDR) has established a
chronic inhalation minimal risk level (MRL) of 0.003 ppm (0.004 milligrams per cubic meter, mg/m®) based on
respiratory effects in humans. World Health Organization (WHO) established an indoor air quality guideline for
short-and long-term exposures to formaldehyde (FA) of 0.1 mg/m3 (0.08 ppm) for all 30-min periods at lifelong
exposure” [39]. “Recent environmental requirements restrict the use of volatile organic compounds (VOCs), and

alternative means of curing have been developed, generally for industrial purposes” [40].
1.7. Effects of Temperature and Relative Humidity on CHCO emission concentration
“Humidity is one of the main environmental factors affecting the emission rate and key parameters of

formaldehyde and volatile organic compounds (VOCs) from building materials” [41]. Chamber’s experiments
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showed that a 10 °C rise in temperature resulted in 1.9 — 3.5 times increase in the formaldehyde emissions, and a
35% increase in relative humidity resulted in the increase of formaldehyde emissions by a factor of 1.8-2.6 [42]. A
study on dry building materials showed that both temperature and humidity have tremendous influence on the rate
at which formaldehyde is emitted from the materials [43]. A higher level of formaldehyde emissions was noticed
when particleboard panels bonded with a UF-type resin were subjected to very high humidity and heat than the
usual testing procedures [44]. Indoor formaldehyde concentration level increases with a corresponding increase in
air temperature of the indoor environment [13].

:#2. MATERIALS AND METHOD
2.1. The Study Area

Rumuolumeni Community in Obio-Akpor Local Government Area was selected for this study. Rumuolumeni
community is bounded on the north by Elio-parawo and Rumuokwuta communities, on the south by mile three
Diobu, on the east by Creeks and Ogbogoro community, on the west by rivers and lies on latitude 4°65 44" north
and longitude 6°3551 east. The area is naturally inhabited by the Ikwerres, a sub-group of the Igbo cultural

ethnicity and visitors from other tribes in Rivers State and people from other parts of Nigeria.

More so, as a part and one of the fastest growing communities in Obio-Akpor LGA, it plays host to some oil and gas
service companies, the cement industry and others. Consequent upon this development, to accommodate the influx
of new visitors to the area, more buildings of modern architectural designs with different colour of paints are being

constructed. The study area is indicated in figure 1 with a black circle.
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Figure 1. Map of Obio-Akpor Local Government Area Showing the Study Location with Black Spot
2.2. Materials

Materials employed in this study include formaldehyde concentration monitor, global positioning system (GPS),

digital thermometer, digital hygrometer, measuring tape and stop clock.
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2.3. Method

Five different locations within Rumuolumeni community were selected for the study. In each of these locations,
one newly painted building was chosen, making a total five buildings. Formaldehyde concentration monitor was
positioned 1.5 meters above the floor of each of the newly painted buildings to determine the formaldehyde
concentration levels every 30 minutes intervals for a period of three hours daily. The geographical locations,
indoor relative humidity and temperature of the selected buildings for the period under study were also recorded.

These were done for a period of two weeks.
3. RESULTS AND DISCUSSION
The global positions of the selected newly painted buildings are presented in Table 1.

Table 1. The Global Positions of the Selected Painted Buildings for the Study

GPS Reading
Location
North East

Bigtree 04° 48'90" 06°56'94"
Azumini 04°48'83" 06°57'09"
Aker 04° 48'95" 06°57'20"
Eagle Clement 04° 48'59" 06°56'37"
Erico 04°48'52" 06°56'32"

Figure 2 shows the mean indoor temperatures of the unpainted and painted buildings investigated for formaldehyde

concentrations.
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Figure 2. The Mean Temperatures of the the Selected Buildings
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In figure 2, the temperature of the painted buildings (marked with orange curve) is generally higher than that of the
unpainted buildings, except Azumini location, where both have the same mean temperature value of 31°C. This
difference in temperature could be attributed to the painted walls acting as insulating surfaces and the nature of the

building materials. More so, certain paints when applied to the walls have the potential to heat it [4].

Figure 3 is the mean relative humidity of the selected buildings under study.
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Figure 3. The Mean Relative Humidity of the the Selected Buildings

The differences in the mean values of the indoor relative humidity of these buildings could be attributed to the fact
that when there is a rise in temperature, relative humidity tend to decrease. In figure 3, the relative humidity of the
painted buildings is relatively lower than that of the unpainted buildings. Recall that in figure 2, the mean
temperatures of the painted buildings are higher than the mean temperatures of the unpainted buildings. More so,
the type of materials used in the construction of the individual building, the ventilation profile of the buildings, and
the nature of the environment where these buildings are sited can as well contribute to the differences in their room

temperatures and relative humidity.

Figure 4 is a bar-chart showing the measured mean formaldehyde concentration of the selected newly painted and
unpainted buildings at different Locations for the period under study. In figure 4, generally, the painted buildings
have higher formaldehyde emission concentration levels than those of unpainted buildings, except the unpainted
building at Azumini location with concentration level of 0.58ppm, which equals the concentration level of the
painted building at Erico location and higher than those painted buildings at Big-tree, Azumini, and Eagle Cement
locations. The higher formaldehyde emission concentration levels of the painted buildings could be attributed to the
painted walls. Similarly, the high formaldehyde concentration level of the unpainted building at Azumini location
could be attributed to the type and number of decorative materials used in the buildings. Studies have shown that
formaldehyde concentration is basically a function of the relative number of decorative materials used in the

buildings [13]. More so, Zhai has reported that high levels of indoor formaldehyde pollution could emanate from
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interior decoration of buildings [11]. The painted building at Aker location has the highest formaldehyde
concentration level of 0.060ppm followed by that of Erico (0.058ppm), while Big tree, Azumini, and Eagle Cement
have the same concentration value of 57ppm. For the unpainted buildings, Azumini location has the highest
formaldehyde concentration level (0.058ppm) followed by Big-tree (0.048ppm), while the unpainted building at

Eagle has the lowest formaldehyde concentration level of 0.022ppm.
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Figure 4. The Measured Formaldehyde Concentration Levels of the Selected
Buildings at Different Locations

The mean values of 0.022ppm, 0.036ppm, 0.043ppm, 0.048ppm, 0.057ppm, 0.058ppm and 0.060ppm of
formaldehyde concentration levels emitted by the selected painted and unpainted buildings for the period under
study show that the average exposure limit to formaldehyde is in agreement with the permissible limits of 0.08 ppm
and 0.1ppm established by World Health Organization (WHOQO) of 2018 and NIOSH of 2005 respectively.
Similarly, the result of this study is also in agreement with the recommended levels permitted by Occupational
safety and Health Administration (OSHA) of 2008 and American Conference of industrial Hygienists of 2006,
which on their separate parts established permissible limits for formaldehyde in paints for residential and
occupational environments to be 2ppm, 0.75ppm and 0.3ppm respectively. However, these values of formaldehyde
concentration are higher than the “NIOSH recommended time-weighted average exposure limit of 0.016 ppm for
workplaces”, the “California Department of Health Services recommended guideline of 0.05 ppm for indoor air
concentration” and the “ATSDR established “chronic inhalation minimal risk level (MRL) of 0.003 ppm (0.004
milligrams per cubic meter, mg/m®) based on respiratory effects in humans”. Going by the above data, there is
perceived discrepancy, hence, the study agrees with the view of Tunga and others who alerted that, there exist no
standard uniformity for tolerable limit of formaldehyde in paints and no unified unit as units including ppm, ppb &

mg/m® are used [45].
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z: 4. CONCLUSION

It can be concluded that a painted indoor environment contributes to the increase in indoor air pollution levels due
to the emission of formaldehyde compares to when it is not painted. This means that painted buildings, especially
newly painted buildings will have poorer air quality than the unpainted buildings. Hence, the need to take adequate

precautions against exposure to high level of formaldehyde concentration, especially in the indoor environment.
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