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Abstract: Library is the key to knowledge. It bridges the gap between the user and the information and supports the academic interests
of its users. Thereby, it is considered to be the heart of the institution as well as a pillar of society. In the process of acquiring and
disseminating information, library professionals need to go through various steps that can cause the alteration in the indoor environment,
leading to different health issues, which in turn affect the quality of performance. In this study, the authors tried to point out different
sources of indoor air pollutants, namely physical, chemical, and biological pollutants, and what are the potential health risks caused by
them. The study also tried to suggest a few Indian indoor plants as an alternative remedy to this situation and how they are helpful. The
concept of a green wall is also discussed. As the health of the professionals is related to their performance and also to the satisfaction of
the users, so it is necessary to observe and protect the environment they are working in.
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1. Introduction

When speaking of libraries, an image always pops up in our
mind, and that is a huge storehouse full of stacks of books. So
basically, libraries are the homes of books, journals,
magazines, atlases, pamphlets, etc. Mostly the insiders of
libraries are made of papers, but now there are also CDs,
DVDs, microfiches, chips, computers, printers, scanners etc.
All these materials need maintenance and preservation for
long-term use. And for preservation, libraries use different
methods and different chemicals as well as herbal substances.
All the activities inside the library and these substances used
for preservation, along with the natural air pollutants,
contribute to the degradation of indoor air quality (IAQ) of
libraries and that in turn affects the health status of the people
working in and using libraries. The term Indoor Air Quality
(IAQ) can be defined as the quality of air in a closed building
or structure in relation to the pollutant concentration and
thermal conditions, which can negatively affect the health and
performance of the occupants (Sam Kubba 2017).
Phytoremediation is a relatively new term that generally
refers to the use of plants to absorb or reduce contaminants in

the environment. This method is cost-effective. Plants in
general can absorb carbon dioxide from the atmosphere and
store it inside them as biomass (through the process of
photosynthesis), thereby reducing one of the greenhouse
gases and, in turn, slowing the process of global warming.
Plants also release oxygen and water vapour into the air,
which contributes to making the environment cool and
pollution-free (Greipsson 2011). Some indoor plants are very
useful in removing various toxic gases from the atmosphere
and making the environment comfortable for living and/ or
working, along with a charm of aesthetics (Ravindra and Mor
2022).

Indoor Air Pollution in Libraries

Particles or agents present in the air inside a building, causing
the air quality to degrade, can be termed as indoor air
pollutants. Indoor air pollutants can be categorized as i)
Physical pollutants, such as radiation, particulate matter, and
temperature, etc., i) Chemical pollutants, which include
nitrogen dioxide (NO3), carbon monoxide (CO), VOCs, etc.,
and iii) Biological pollutants such as bacteria, fungi, etc.
These are harmful and have negative effects on human health.
The most common indoor air pollutants are listed below:

Tablel: Different Indoor Air Pollutants

S. No. | Physical Pollutants Chemical pollutants Biological Pollutants
1 Temperature Nitrogen dioxide(NO2) Bacteria
2 Humidity Sulphur dioxide(SO2) Fungi
3 Lighting Carbon dioxide(COz)
4 Particulate Matter (PM2.5, PM10) | Carbon monoxide(CO)
5 Emissions of electronic devices Formaldehyde(HCHO)
6 Radon radiation Ozone(0O3), Total Volatile Organic Compounds
(TVOCs), Lead (Pb), Asbestos, Pesticides

Physical pollutants:

Temperature is the basic parameter of indoor air quality, as an
increase or decrease in temperature can be sensed
immediately by the occupants and causes them discomfort.
Also, higher temperature is favourable for bacterial growth,

thus contributing to the indoor air pollution. Humidity also
influences the growth of viruses and bacteria by reducing the
air circulation and trapping them in the air (WHO 2022). Use
of poor artificial light can cause an unpleasant environment
for the occupants, and the excessive use of artificial light can
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increase the temperature, causing light pollution (EPA 2024).
Particulate matter (PM), also known as particle pollution, is a
mixture of solid carbonaceous particles with liquid droplets
suspended in the air. They are mainly of two types depending
on the size: a) PMo with a diameter of 10 micrometre or less,
and b) PMys with a diameter of 2.5 micrometre or less.
Particulate matter with less than 10 micrometrein diameter is
inhalable and affects the lungs deeply. With that concern,
PM; s has the greatest risk of causing serious health problems
as it can affect the lungs, even get into the bloodstream,
damaging the heart. Although the main source of PM in the
library is the outdoor environment, it can also be generated
inside from the cleaning activities, carpets, paints, Xerox
machines, printers, etc. (Vinh Van Tran et al. 2020). Various
electronic equipment, such as reprographic machines,
computers, printers, etc., that are used inside the library emit
Volatile organic compounds (VOCs) and particulate matter,
which in turn degrade the air quality, causing health hazards
(Cacho et al. 2013). The main source of Radon is the soil,
while the other sources are from buildingmaterials and tap
water. It contaminates the air significantly (Jassim and Isaifan
2018).

Chemical pollutants:

There are various common chemical pollutants that originate
inside the library and also come from the outdoors and get
trapped in the indoor air. Oxides of Nitrogen (NO and NO,)
are potential indoor air pollutants, sources of which might be
from the aging wooden furniture, lights, heaters, or from the
outdoor air. In high concentration NO, can damage health.
The sources of Carbon Monoxide (CO) are quite the same as
with NO», and the presence of both is identified as a hazardous
risk factor. CO concentration can cause health problems like
headaches, dizziness, and hypoxia. Carbon dioxide (CO) is
another indoor air pollutant that may come from the
respiratory activity of the people inside the library and from
the outside air, the adverse effect of which may cause
hyperventilation, headache, and loss of consciousness, etc.
(Albert 1994). The source of SO, is mainly from fuel
combustion, and it is present in larger amounts in the outdoor
air than indoors. It is also produced indoors by the use of
heaters (Nidhi et. al. 2023). Volatile Organic Compounds
(VOCQ) include different chemical substances in gaseous
forms that have higher concentrations in indoor air than
outside. Sources of VOCs are generally paints, preservatives,
pesticides, room fresheners, correction ink, copier etc.

Formaldehyde is one of the VOCs that can be readily
measured. Sources of formaldehyde are mainly building
materials. Formaldehydes are also present as a component in
adhesives and paints. In libraries, formaldehyde mainly
comes from the pressed wood products like cabinets, shelves,
and drawer fronts, etc., that contain UF resin.

Ozone is an atmospheric pollutant that can infiltrate into the
indoor air from outdoors, and as an indoor air pollutant, it can
also be produced indoors from the Xerox machines, laser
printers, etc. (Heather et al. 2009).

Asbestos is commonly used in building materials for roofs,
vinyl floor tiles, old stoves, and heaters, etc. Lead is an
environmental pollutant, the major source of which is mainly
from automobile emissions. Lead finds its way to the indoor,

and it is also produced by the activities inside. This heavy
metal can be deposited in the indoor air through dust and can
have adverse effects on humans through inhalation or dermal
contact (Tan et al. 2016).

Pesticides are used inside the library to keep the books and
other materials free from pests and mites. So the indoor air
contains a high concentration of pesticide spray.

Biological pollutants:

There are airborne as well as human activity-generated
bacteria and fungi, which are also influenced by the climatic
conditions and poor ventilation. As microbes, they are
harmful. (Burrell 1991).

Potential health hazards caused by indoor air pollution:
Indoor air pollutants have negative impacts on health and can
cause severe illness, even leading to death. Various studies
have reported on different diseases caused by physical,
chemical, and biological indoor air pollutants, ranging from
the most common allergic reactions to fatal diseases like
COPD and lung cancer.

Table 2: Diseases due to indoor air pollution

S. No Disease Cause
1 Allergic reactions Biological pollutants may
cause allergy
2 |Breathing problems, headache Aldehydes
Coughing, throat irritation,
3 Chest tightness Ozone
4 Asthma Exposure to NO2
5 Chronic Obstructive Nitrogen oxides and
Pulmonary Disease (COPD) particulate matter
6 Airway infection Exposure to VOC
7 | Lung infection/Lung cancer | Asbestos, Sulphur oxides
8 Blood and nerve disorders Pesticide, Lead
. o Due to discomfort inside
9 Sick building syndrome the building

A poor indoor air quality leads to indoor air pollution which
in turn can cause health problems as well as harmful diseases
and loss of performance. According to “WHO’ a medical
condition where the residents or workers of a building feel
sick or unwell that increases with the time of exposure inside
the building is known as sick Building Syndrome
(Ref:Parulair). Exposure to a high concentration of NO, can
have adverse effect on pulmonary function and cause lung
damage. Different studies have reported that there are
significant changes in the lung function in patients with
asthma and COPD with exposure to NO,. Ozone toxicity
occurs primarily through inhalation. The harmful effects of
ozone exposure include pulmonary inflammation (Heather et
al. 2009). Health effects caused due tothe exposure to Volatile
Organic compounds (VOC) include dyspnea or shortness of
breath, eye nose and throat irritation, headache, fatigue,
dizziness etc. Formaldehydes can cause difficulty in
breathing, watery eyes, coughing and wheezing etc. High
concentrations of formaldehydes can sometimes trigger
attacks of asthma (WHO 2023). Exposure to SO, can cause
breathing difficulties, asthma, nose and throat irritation etc.
And a long exposure to asbestos through breathing can lead
to lung cancer.Lead contamination is toxic and being exposed
to lead can damage different organs and systems in our body.
It can cause hypertension, cerebrovascular diseases. It also
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affects the kidney, liver and our central nervous system (Assi
et al. 2016). Pesticides are toxic substances and its exposure
can cause allergic reactions, headache, dizziness, breathing
difficulties etc. depending on the amount and period of
exposure (Shi et al. 2020). The indoor air contaminated with
bacteria and fungi can cause health hazards such as allergic
reactions, asthma, conjunctivitis etc. (Hayleeyesus and
Manaye 2014).

Use of common Indian Indoor Plants to Maintain Indoor
air Quality:

Dracaena group of plants (about 120 species of plants in the
Asparagaceae family) are very capable of removing benzene
from indoor air. It can also remove formaldehyde and
improve indoor air quality (Treesubsuntron C and
Thiravetyan, P. 2012).

Table 3: Common Indoor plants in India and their effects

Plants Common name Family Effects
Dracaena fragrans Dracaena Asparagaceae Reduce VOCs, Reduce COz, remove bad smell
Spathiphyllum wallisii Peace Lily Araceae Do
Anthurium andraeanum Anthurium Araceae Reduces formaldehyde, ammonia and hydrocarbon
Epipremnum aureum Money Plant Araceae Reduces Benzene and formaldehyde
Aloe Vera Aloe Vera Asphodelaceae Do
Chlorophytum comosum Spider Plant Asparagaceae Reduce Ozone, formaldehyde and Hydrocarbon
Ficus benjamina Weeping fig Moraceae Reduce formaldehyde and hydrocarbon
Dypsis lutescens Areca Palm Arecaceae Reduces formaldehyde
Polystichum munitum Sword fern or Boston fern | Dryopteridaceae Do

Table Ref: air purification by house plants/Pieter de
Visser)

Table Ref: role of plants in indoor air
remediation/Parulchauhan, IJETSR)

Peace Lily, as an indoor plant, has the capacity to purify air
by absorbing contaminants such as benzene, CO, etc. It
reduces VOCs and adds moisture to the indoor air, thereby
making it comfortable for breathing. It also absorbs some
airborne allergens, as well as acetone and alcohol products
produced from varnishes, paints, and other similar materials,
promoting calmness. It also has an aesthetic use as home
décor (Casalena 2022).

Anthurium plants can purify the air by removing
formaldehyde, benzene, xylene, etc. It also removes microbes
and spores from the air, allowing allergy-prone people to
relax and feel stress-free.

Money Plant is a powerful indoor air purifier that removes
formaldehyde, benzene, etc. It also produces oxygen. As it
removes toxins from the air, it promotes good health. The
leaves of this plant absorb the radiation from electronic
devices such as laptops, computers, televisions, etc., thereby
keeping us safe from the harmful effects, and are also good
for the eyes.

Aloe Vera also has the air filtration capability by expelling
formaldehyde, benzene, dust, and microbes. This plant also
has anti-inflammatory and antimicrobial properties. It also
helps to improve air quality by absorbing some common
indoor chemicals found in paints and glue (Inbathamizh et al.
2020).

Spider plant removes benzene, xylene, carbon monoxide, etc.
It also removes formaldehyde produced from wood works,
adhesives, pesticides, etc. It also increases humidity in the
surrounding air (Rawat 2019).

The Areca palm removes toluene, xylene, and formaldehyde.
It reduces stress and is good for people suffering from
allergies (Sharma et al. 2019).

Boston fern absorbs formaldehyde emitted from air
fresheners, adhesives, paints, etc., and provides a soothing
effect in the surroundings. It also acts as a humidifier and
helps to retain the moisture in the air, which is good for dry
skin problems in cold weather and in air conditioned room
(Rawat 2019). Weeping fig filters the air by removing
formaldehyde and hydrocarbons. It is a natural humidifier. It
also has antimicrobial properties.

Table 4: Other Indian Indoor Plants with Air Purifying Properties

Sl. No. Plant name Scientific name Family
1. | Tulsi Ocimum tenuiflorum Lamiaceae
2. | Windows Thrill Kalanchoe blossfeldiana | Crassulaceae
3. | Radiator plants or Peperomia | Peperomia pellucida Piperaceae
4. | Snake Plant Dracaena trifasciata Asparagaceae
5. | Lucky bamboo Dracaena sanderiana Asparagaceae

There are a few other common Indian indoor plants that also
have some health benefits and air purifying properties. Tulsi
is the most common household plant that acts as a natural air
purifier by absorbing CO and SO,. It can continuously
produce fresh oxygen and is good for skin as well as
respiratory issues.

Lucky bamboo can remove harmful toxins from the air and is
believed to reduce stress. Snake plant also filters the air by
removing toxic substances like formaldehyde. It promotes
mental health and well-being. In addition to the purification
of air, Windows’ thrill reduces stress and boosts our moods
(Rankel 2024). Peperomia has anti-inflammatory properties
and is good for the eyes (Ho et al. 2022).
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Application of Green Walls:

Green wall, also known as a bio-wall or vertical garden, can
be incorporated in the architecture of the library building as a
solution to sustainability and a better environment. It can
improve air quality and reduce temperature. It also
contributes to the psychological well-being as well as
aesthetics. A green wall is a system that includes the
implementation of greenery on vertical surfaces or walls with
selected species of indoor plants. The idea can be applied
either by hanging the plants along the wall or by integrating
the greenery covering a large surface and allowing it to grow
continuously (Manso and Castro- Gomes 2015).

2. Conclusion

Indoor air in libraries is often contaminated with different
harmful agents that degrade the air quality, highly impacting
the health and performance of the occupants. Various
environmental and airborne pollutants and germs, along with
those generated by the activities inside, contribute to this
situation. The physical, chemical, and biological agents
altogether take a toll on human health by affecting body
function and causing diseases. Depending on the severity of
the concentration of the toxin and the time of exposure, the
effect might be lethal sometimes. As an alternative strategy,
we can use some indoor plants that are proven to have the air
purifying capacity as well as potential health benefits. A
relatively new concept of green wall can also be implemented
to take a step towards sustainability.
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