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Abstract: - Indoor air quality is quite affect human health. Users spend time in many different interior places
such as homes, offices, schools, public transportation vehicles, theaters, restaurants, etc. However, recent
researches show that the indoor/outdoor pollutant ratios at commercial interiors were higher than those places.
Over the last three decades solid empirical evidence about indoor plants that removes negative effects of indoor
air pollutants has found. This paper introduces correlation between indoor air quality and greenery in
commercial interiors. The central aim of this research is to create user awareness the issue of improving the
indoor air quality of commercial interiors by using suitable indoor plants. In this context, in the research was
conducted a comparative study on user preferences for the living wall designed two different forms in the
commercial interior. The result of the research showed that participants prefer Store 2 containing the living wall
designed with multiple plants than Store 1 containing the living wall designed with a single species of plant.
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1 Introduction

The World Health Organization (WHO) reports that
people spend 90% of their time indoors and they are
not aware of what are exposed to in these areas. In
the 1950s, indoor air quality (IAQ) was for the first
time the world’s agenda when correlations between
indoor air pollution (IAP), allergies and other
chronic illnesses were recognized [1, 2]. IAP was
aggravated by the energy crisis of 1970s; buildings
were designed to maximize energy efficiency to
help reduce energy costs. For this reason, airtight
buildings that included super insulation and reduced
fresh air exchange changes appeared. In these
buildings synthetic materials that final petroleum
products such as particle boards, synthetic fibers and
plastics were being used instead of natural materials
such as wood, marble and natural fibers. The users
of the building began to complain of various health
problems such as itchy eyes, skin rashes,
drowsiness, respiratory and sinus congestion,
headaches, and other allergy-related symptoms.
[3,4,5,6,7,8]. All of these factors have caused an
illness called Sick Building Syndrome (SBS) [9,
10]. In the 1970s, The National Aeronautics Space
Administration (NASA) identified indoor air
pollution problems by determining 107 Volatile
Organic Compounds (VOCs) emitted synthetic
materials in spacecraft. Thus, the NASA conducted
a research on the use of living plants to purify and
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revitalize indoor air [7]. Dr. Bill Wolverton, the
NASA’s Professors, conducted many experiments
on the ability of interior plants to remove IAP [11,
12, 13, 14, 15]. On the other hand, concurrently with
these researches, some researches experimentally
studied the influence of greenery on human attitudes
and functioning. Studies showed that greenery in
people living areas can enhance and offer benefits
such as psychological recreation and environmental
improvement [16, 17]. Furthermore, some
experiments and psychology suggests that the
interaction with green has relaxing effects such as
lowered diastolic blood pressure and heart rate [18,
19, 20, 21, 22]. At this point, previous studies
demonstrated that the plants used interior spaces
provide benefits in many ways to user health and
IAQ. However users do not have any awareness of
this issue [8, 23]. Today because of in cities space is
limited at ground level, vertically it is not, the
concept of vertical vegetation be exist. This vertical
vegetation, which has been referred as ‘“vertical
gardens, “living walls” or “green walls” begin to
have high aesthetic impact and value in homes,
offices and commercial interiors [24]. The purpose
of this paper establishing correlation indoor plants
removed IAP and living walls to suggest greenery
having both functional and aesthetic value.

In this respect, indoor air quality of commercial
interiors and the use of greenery in commercial
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interiors as well as possible sources discussed in this
paper are summarized the recommendation put
forward to increase the users’ awareness in the
conclusion part.

2 Indoor Air Pollution (IAP) and
Indoor Air Pollutants (IAPS)

IAP occurs depends on many different factors
caused by indoor/outdoor. IAP consists of pollutant
sources such as outdoor air, soil, water, building
envelope, building equipment, finishes and
furnishings, machines and appliances, occupants,
occupant activities, maintenance and cleaning [25].
These sources emit some pollutants such as bio-
aerosols (bacteria, fungi, fungal spores, viruses,
pollen and all organic dust containing the particles
of these bio-aerosols), tiny particular materials
(particles created by combustion of diesel fuels,
cigarette smoke, fired-up stove or cooking), volatile
organic substances (formaldehyde, xylene, toluene,
ethylbenzene, benzene, trichloroethylene, etc.),
pesticides (pesticides and other chemical materials
killing fungi and bacteria), pollutant gases (carbon
dioxide, carbon monoxide, ozone, sulfur dioxide,
nitrogen oxides, asbestos and radon) and radiation
[26]. Researhes demonstrated that especially the
large part of IAP is occured by means of volatile
organic compounds (VOCs) in commercial interiors
[27, 28, 29, 30]. For this reason, in this part of the
study is focus on VOCs.

2.1 Volatile Organic Compounds (VOCs)

VOCs in indoor air, indicated that building related
materials including furniture and equipment and
consumer and household related products are major
VOC sources [31, 32, 33, 34, 35, 36]. VOCs include
adhesives, caulks, sealants, paints, solvents,
varnishes, detergents, wood stain, floor wax,
carpets, textiles, wallboard, treated wood, urethane
coatings, pressed-wood products, vinyl flooring,
fabrics and can also be emitted by the use of
other products, such as printers, photocopiers
[37, 38]. As it seen Table 1, Dr. Bill Wolverton
defined interior emission sources [7-55]. VOCs may
cause reduced worker productivity and acute health
effects such as eye, nose and throat irritation,
headaches, fatigue, nausea, loss of coordination,
damage to liver, kidney and central nervous system,
sinus congestion and asthmatic symptoms etc. to
short-term  exposure. Nevertheless, long-term
exposure may cause cancers [38, 39, 40, 41]. In the
context of this study is investigated VOCS as
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formaldehyde, benzene, trichloroethylene, toluene,
xylene and ethylbenzene the most common in
commercial interiors.

Table 1. Interior Emission Sources
Chemical
Emission
Sources
Adhesive
Materials

Xylene/

Toluene TCE

Formaldehyde Benzene

Biologic
Substances

Carpets
and Fabrics

Bonding
Elements

Interior
Coating

Cosmetic
Products

Printers
and Printed - X X X
Materials

Particle
Boar

Plywood X - - -

Painting
and X X X -
Varnish

Tobacco
Smoke

TCE: Trichloroethylene.

X - X -

2.1.1 Formaldehyde

Formaldehyde is a ubiquitous chemical known
irritant and carcinogen found in all indoor
environments. Formaldehyde is found foam
insulation and particle board or pressed-wood
products. Besides, many consumer paper products
such as grocery bags, waxed papers, facial tissues,
and paper towels, are processed with urea
formaldehyde resins. These resins present in floor
covering, carpet backing, and permanent-press
fabrics. Many common household cleaning agents
include formaldehyde. Cigarette smoke and heating
and cooking fuels such as natural gas and kerosene
include formaldehyde. The National Toxicology
Program defines formaldehyde as reasonably
anticipated to be a human carcinogen [7, 42, 43, 56].

2.1.2 Benzene
Benzene is a very commonly used solvent and is
also found such as gasoline, inks, oils, paints

plastics, and rubber. Furthermore, detergents,
explosives, pharmaceuticals, and dyes include
benzene. The World Health Organization is
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classified benzene as known and possible human
carcinogens [7, 43, 44].

2.1.3 Trichloroethylene

Trichloroethylene is a commercial product generally
used in the metal degreasing and dry-cleaning
industries and is also used printing inks, paints,
lacquers, varnishes, and adhesives.
Trichloroethylene is considered as a potent liver
carcinogen chemical by the National Cancer
Institute [7].

2.1.4 Toluene

Toluene is used as a high-octane blending stock in
gasoline; as a solvent for paints and coatings, gums,
resins, oils, rubber and adhesives; and as an
intermediate in the preparation of chemical
products, dyes, pharmaceuticals and detergents.
Therefore, studies showed that toluene emitted from
some building materials as furniture, floor, wall
coverings, wallpapers, gypsum blocks and panels
used in wall construction. Also, toluene presents in
cosmetics products such as nail polishes [8, 43, 44,
45, 46].

2.1.5 Xylene and Ethylbenzene

Xylenes and ethylbenzene are chemicals in a group
of VOCs that pollute indoor air. Ethylbenzene is
used in paints, lacquers, artificial wood and
insecticides and xylene present in artificial wood,
wood varnish, paints protective coatings, and is
used as a solvent for alkyd resins, lacquers, enamels
and rubber cements [8, 43, 44, 45, 47].

3 Greenery

Plants are very important for the earth because of
they produce the oxygen that makes life possible,
add precious moisture and filter toxins. Plants can
be described as the lungs of the earth [41]. In heated
interior spaces, plants increase the comfort level for
users by the way of indoor relative humidity by
releasing moisture into the air [48].

Researches demonstrated that low-light-requiring
indoor plants are used as the potential for improving
indoor air quality by removing trace organic
pollutants from the air in energy-efficient buildings.
For removing volatile organic chemicals, the plant
root-soil zone is the most effective area so
maximizing air exposure to the plant root-soil area
should be considered when placing plants in
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buildings for effective air filtration. In this way,
indoor plants are important factor for solving indoor
air pollution problems [7].

Previous studies stated that people prefer natural
(green, etc) environments than environments
dominated by arte facts. The quality of green spaces
has a relationship to people's mood and it can put a
positive mood [17, 22].

3.1 Indoor Plants

Studies showed that multiple species of indoor
plants removed IAPS in a particular space [11, 12,
13, 14, 15, 57, 58]. Dr. Bill Wolverton stated that
these IAPS are converted into food and energy
sources by plants through metabolic degradation

[59].

In these studies aloe vera, golden pothos
(Scindapsus  aureus), nephthytis (Syngonium
podophyllum),  spider plant (Chlorophytum
comosum), pot mum (Chrysanthemum morifolium),
english ivy (Hedera helix), dump cane

(Dieffenbachia compacta) removed formaldehyde
[12, 15, 49, 50]. English ivy (Hedera helix), peace
lily (Spathiphyllum ‘mauna loa’), madagascar
dragon tree (Dracaena marginata), janet craig
(Dracena deremensis) dispelled benzene. Peace lily
(Spathiphyllum  ‘mauna loa’), pot mum
(Chrysanthemum morifolium) removed
trichloroethylene. Tolune was eliminated snake
plant (Sansevieria trifasciata) and mother-in-law’s
tongue (Sansevieria hyacinthoides). Xylene was
dispelled zanzibar gem (Zamioculcas zamiifolia).
Spider plan (Chlorophytum comosum), snake plant
(Sansevieria trifasciata) and mother-in-law’s tongue
(Sansevieria hyacinthoides) removed ethylbenzene
[45, 59, 60].

3.2 Living Walls

In recent years it was very common encounters with
the concept of living walls in the field of
architecture, interior architecture and landscape
architecture. However, date of this concept goes
back to the 1930s. Stanley Hart White, Professor of
Landscape Architecture at the University of Illinois
Urbana, is known as an inventor and technological
innovator, conceptualizing the living wall and
pioneering green modernism. White’s first sketch of
the green wall seen in Figure 1. He patented the first
known green wall in 1938 [61].
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Figure 1. First Sketch of a ‘Green Wall’ by
Stanley Hart White (1932) [61].

At the present time, the living walls in facades or
interiors the most innovative and powerful tools for
the bioclimatic and sustainable design especially
very limited places [51]. Furthermore, created
environmental ~ consciousness  consumers in
commercial interiors can affect consumer’s
purchasing decisions. Living walls in commercial
interiors is one the most effective ways in the
process affecting consumers. At the same time,
living walls used inside the store behave like a
sound dampener while reducing air pollution, heat
and adding color to the space [52]. Living walls
quiet adds an aesthetic value to the building. Living
walls is able to bring nature closer to users.
Although the appearance of these living walls based
on former, there is lack of awareness of the benefits
and performance of living walls [53, 54]. Notedly,
for the prevention of IAP, consciously plant
selection is not done in the living walls.

4 Method

Case study was envisaged to conduct questionnaire
with the participants face to face as the method to
collect data. First, photos of same stores have
different living walls were projected on the screen
with projection device in conference room. Store 1
contained the living wall designed with a single
species of plant. This plant was golden pathos. Store
2 included the living wall designed with multiple
plants. These plants were aloe vera, golden pothos,
spider plant, peace lily, dump cane (see Figure 2 and
Figure 3). All of the participants were taken to
conference room. Photos of the Store 1 and the
Store 2 were projected on the screen. The question
that which store do you prefer to shopping? was
asked to participants.
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Figure 2. Store 1: Living Wall Designed with a
Single-Type of Plant [63].

e W

Figure 3. Store 2: Living Wall Designed with
multiple plants. [63].

4.1 Participants

The main participant group of the study is
constituted by 38 person who potential customers
with members of the Atilim University as academic
staffs, administrative staffs and students. 20 of the
participants are woman and 18 of are man.

4.2 Procedure

The research was conducted by using closed-ended
structured interviewing method [64]. The closed-
ended questions have a question format that limits
respondents with a list of answer choices from
which they must choose to answer the question in
the form of multiple choices [65]. The correlation
between the dependent and independent variables
related for determination of evaluations made to
reveal the living wall preferences of users were
analyzed by Chi-Square test. However, although the
minimum expected count is 6,16, in the data
analysis of questionnaire were used method of
Continuity Correction Statistic (see Table 2) [66].
SPSS (Statistical Package for the Social Sciences)
Statistical Package Program and ‘Microsoft Office
Excel’” programs were used for data analysis.
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Table 2. Data Analyses
Asymptotic ISE:(act gllxact
Value | df | Significance g g
(2-sided) (2- (1-
sided) | sided)
Pearson a
Chi-Square 3337 11,564
Continuity
Correction” | 0> |1 | 815
Likelihood
Ratio 333 |1 |,564
Fisher's
Exact Test 734 A07
Linear-by-
Linear 324 (1 |,569
Association
N of Valid 38
Cases

a. 0 cells (0,0%) have expected countless than 5. The minimum
expected count is 6,16.
b. Computed only for a 2x2 table

5 Results and Discussion

While 52.6% of the participants are women and
47.4% of are men. Results demonstrate that 65, 8%
of the participants prefer to Store 2. 32, 8% of the
participants prefer to Storel (see Table 3)

Table 3. Demographic Information

n %
Man 18 47,4
Gender
Woman 20 52,6
Store 1 13 34,2
Which store do you prefer o
1 ¥4
to do shopping? Store 2 25 | 658

Gender

B tan
Ewoman

Figure 4. Demographic Information
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Results show that Store 2 is preferred by the
majority of woman and man participants (70,0%
woman- 61,1% man). Whereas Store 2 is mostly
preferred by woman participants (56,0%), store 1 is
usually preferred by man participants (53,8%).
Results of Chi-Square (Continuity Correction
Statistic) tests did not reveal a statistically
significant difference (p>0,05) between gender and
store preferences.

Table 4. Range of the Gender according to User
Store Preferences and Correlation Analysis

Which store do
you prefer to do
shopping? Total

Store 1 | Store 2

n 7 11 18

%Gender | 38,9% | 61,1% | 100,0%

Man | %Which
store do
you
prefer to
do
shopping?

53,8% | 44,0% | 47,4%

Gender
n 6 14 20

%Gender | 30,0% | 70,0% |100,0%

%Which
store do
you
prefer to
do
shopping?

Woman

46,2% | 56,0% | 52,6%

n 13 25 38

%Gender | 34,2% | 65,8% |100,0%

Total %Which
store do
you
prefer to
do
shopping?

100,0% | 100,0% | 100,0%
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Which
store do

shopping?

W store 1
Estore 2

Figure 5. Range of the Gender according to User
Store Preferences

Which
store do
you prefer
to do
shopping?
W store 1
Estore 2

60,0%]

Percent

Man

Woman

Gender
Figure 6. Range of the Gender according to User
Store Preferences and Correlation Analysis

6 Conclusion

The literature review about IAP and IAPS
demonstrated that indoor air is quite dirty for many
reasons in today. Hence, people using these spaces
are exposed to IAPS generated by many different
sources. Especially due to commercial interiors
working as the social center of a community, people
spend time with friends and/or family in these
places as long as they get goods and services.
Therefore, people spend a long time depending on
several reasons in commercial interiors. People have
the chance choosing their location, furniture of
homes and offices but they do not have such a
chance in commercial interiors. It is important that
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the IAP of commercial interiors is more than other
places such as home, office, etc. because of their
locations and products.

It is presented that many indoor plants such as
aloe vera, golden pothos, nephthytis, spider plant,
pot mum, english ivy, dump cane, peace lily
madagascar dragon tree, janet craig, snake plant,
mother-in-law’s tongue, zanzibar gem remove IAPS
in interior places. However, users and interior
architects do not have the awareness of benefits
these plants. Nowadays, although living walls in
interior places are used very commonly, they are
design only with aesthetics concern. Living walls
can be gained to a very significant function. If these
living walls are design with the beneficial indoor
plants, users and interior architects can become
conscious about this issue and the living walls may
have both aesthetics and functional characterize. In
this way, these plants and the concept of ‘greenery’
from being a decorative element, they can be a real
interior design element.

This study is an introduction which living walls
designed with beneficial indoor plants are used to
remove IAPS in commercial interiors to attract
attention of users. In this context, the living wall
preferences of the users were investigated in order
to raise greenery removed air pollution awareness
with this study. The store containing the living wall
designed with multiple plants was preferred by
users. On account of this, living walls in commercial
interiors may be designed with more than one
beneficial plant species as collage.

Further studies can be brought alternative living
wall form suggestions with designed beneficial
indoor plants for a particular interior places.
Moreover, correlation between living walls designed
different each other and user behaviors can be
studied by empirical studies in commercial interiors.
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