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Abstract 

 

People spend 90% of their time indoors in the US, which probably can be 

exceeded in hot-climate countries such as Qatar. Indoor air quality (IAQ) is considered 

one of the most influential indoor environmental quality factors since air pollution was 

found to be partially attributed to one in eight deaths globally. In addition, high air 

polluted cities, such as Doha in Qatar, impose higher risk on occupants. For the large 

stock of existing buildings, with the usual impracticality to replace or upgrade the 

existing HVAC system, introducing air purifiers is often the most practical solution. 

Those air purifiers can include mechanical, electrostatic and botanical air purifiers.  

  Accordingly, my research objective was to evaluate the feasibility and the impact 

of different air purifiers on improving productivity, satisfaction and health symptoms of 

occupants in Qatar. Four hypotheses were tested. First, electrostatic mechanical (EM) 

purifiers are five times more effective in particulate matter (PM2.5) removal than 

botanical purifiers, and the same in volatile organic compound (VOC) removal. Second, 

botanical purifiers have a higher positive impact on satisfaction and self- reported 

productivity due to their biophilic effect. Third, EM purifiers have a higher reduction in 

health symptoms, and finally, the return on investment (ROI) is two times higher for the 

botanical purifiers due to their additional biophilic effect and lower cost.  

A field study was conducted in six office spaces, three as treatment groups and 

three as control groups, using EM purifiers, plants and a fake purifier to test the placebo 

effect. During the study, PM2.5, VOC and carbon dioxide (CO2) were monitored as air 



  

 

pollutants. As response variables, changes in self-reported productivity, satisfaction and 

health symptoms were captured by a weekly occupant survey. To evaluate the air 

purifiers’ feasibility, a Cost-Benefit Analysis (CBA) model was designed to capture the 

economic benefits resulting from increased productivity, satisfaction and avoided health 

implications.  

Results were analyzed using linear regression and one-way analysis of variance 

(ANOVA). When significant changes were detected, improvements were reflected in a 

developed CBA model. Results have shown that the EM air purifier was the most 

effective in air purifying, while plants were found to have the highest ROI. These results 

illustrate how offices in Qatar can greatly benefit economically and psychologically by 

incorporating EM air purifiers and/or plants, which will yield higher productivity and 

satisfaction rates in addition to profit growth.   
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Chapter I 

Introduction 

 

Indoor environmental quality (IEQ) has a significant impact on occupants’ 

productivity, health and well-being. Out of several IEQ factors, indoor air quality (IAQ) 

in particular plays an important role (Wyon, 2004; Mallawaarachchi, De Silva, & 

Rameezdeen, 2017). With the time occupants spend indoors reaching 90% of their time 

(ASHARE, 2017), probably even more in hot arid climate countries, people are 

continuously exposed to indoor air pollution that is derived from outdoor sources. 

Moreover, occupants are exposed to additional types of pollutants released from building 

materials, finishing materials, furniture and cleaning products (ASHARE, 2017). What 

can make the IAQ even worse is the adopted approach of energy savings, promoting 

airtight buildings and ventilation reduction, leading to a higher concentration of indoor 

air pollutants (Awbi, 2017). 

Health implications vary for different air pollutants leading to diverse health 

issues, especially the increase of cardiorespiratory mortality (Liu et al., 2018; ASHRAE, 

2017; Jung, Su, & Liang, 2016). Less severe impacts have direct effects on occupants’ 

productivity, cognitive function and satisfaction. The risk of those implications is 

escalated when the outdoor air pollution is higher, as in the case of industrial cities, 

resulting in more pollutants infiltrating inside the buildings.  

Qatar, located in the Middle East, has been reported to be one of the highest air 

polluted countries, especially for particulate matter (PM) levels (WHO, 2016). In Qatar, 
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where the temperature exceeds 50°C during summer, natural ventilation is not attainable 

for most of the year. Moreover, smoking is not totally banned from indoor spaces in 

Qatar, which elevates PM and volatile organic compound (VOC) levels. All of these 

factors contribute to a degraded IAQ, increasing the risk of cancer in Qatar, especially 

lung cancer (Denholm et al., 2016).  

Moreover, not all the current building stock in Qatar has the adequate air filtration 

system that can cope with the existing air pollution. With a large stock of existing 

buildings under the aforementioned conditions, it is crucial to find practical and feasible 

solutions that improve IAQ, dilute the concentration of indoor air pollutants and 

consequently improve productivity and satisfaction. 

 

Research Significance and Objectives  

With the vital importance of improving IAQ for existing buildings in countries 

like Qatar, the significance of this study was identifying the most practical and feasible 

air purification solutions. I investigated different air purifiers effectiveness in air quality 

improvement and their impact on occupants’ self-reported productivity and satisfaction 

by conducting a field study. Based on this study, a comprehensive Cost-Benefit Analysis 

(CBA) model was constructed that can be implemented in different countries.  

Looking at the possible air purification solutions for existing buildings, two 

treatments were proposed: electrostatic mechanical (EM) air purifiers and indoor plants 

as botanical air purifiers. Further to the role indoor plants play in indoor air pollutants’ 

removal, plants might also increase productivity as a biophilic element, since the visual 

connection with nature can reduce blood pressure, improve mental engagement and 
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attentiveness, improve cognitive function and have a positive impact on attitude and 

overall happiness (Browning, 2016).  

Accordingly, my research objectives were: 

▪ To perform a field study to measure IAQ improvement for specific indoor air 

pollutants and their correlation with productivity and satisfaction  

▪ To investigate the feasibility of air purifying solutions in office spaces in 

Qatar using a CBA model 

▪ To understand the positive impact of indoor plants as a biophilic element 

independent from their air purification effect 

 

Background 

People spend most of their time indoors (ASHRAE, 2017), where the level of 

pollution exceeds outdoors levels. Hence, the indoor environment has a dominant effect 

on human health (Wallace et al., 1985; Morawska et al., 2013). A study of 54 indoor 

environmental factors for the built environment, organized in 12 categories, found that 

the most significant IEQ factors positively correlated with occupants’ productivity were 

air quality, system controls, acoustical partitioning, open-plan design and amount of 

space (Figure 1) (Mallawaarachchi et al., 2017).  

Another study focused on five key factors for indoor environmental quality, which 

were office layout, thermal comfort, acoustics, lighting and air quality, concluding that 

acoustics and air quality were the two most influential factors.  Air quality had the 

highest impact on satisfaction and acoustics had the highest impact on productivity (Lou 

& Ou, 2019). 
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Figure 1. Built environment factors influencing occupants’ productivity (Mallawaarachchi et al., 2017). 
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Indoor Air Pollution 

Airborne contaminants infiltrate into the building from outdoor air, and are 

released from indoor sources, such as building material, combustion, environmental 

tobacco smoke (ETS), furniture and finishes, resulting in different types of pollutants 

including particles, bioaerosols and chemical gases and vapors (ASHRAE, 2017; EPA, 

2018a). Specifically, the physical and chemical deterioration of the building material can 

be considered one of the main sources of VOC emissions (Guieysse et al., 2008). Indoor 

environmental pollutants are categorized into two types: particles and gaseous pollutants 

(Hong, Hong, Yu, & Lim, 2017).  Air particles include smoke, fumes, dust and fibers; 

bioaerosols include particles from bacteria, fungi, viruses, plants and insects; while gases 

and vapors include VOCs and inorganic gaseous such as carbon dioxide, carbon 

monoxide, ozone, nitrogen oxides, sulfur dioxide and ammonia (ASHRAE, 2017). ETS 

alone is the source of many particles and gaseous pollutants, exceeding more than 4,000 

chemicals (EPA, 2018a). It contains several toxic compounds such as carbon monoxide, 

formaldehyde ammonia, nicotine, tobacco-specific nitrosamines, benzene, cadmium, 

nickel, and aromatic amines (ASHRAE, 2017).  

The smaller the size of the particle, the more it can penetrate the respiratory system 

and cause damage. Long-exposure to PM2.5 results in lung disease, while short-term 

exposure can lead to eye and lung irritation, nausea, breathlessness and dizziness. 

Moreover, bioaerosols can cause infection and allergy. Numerous other illnesses are 

linked to specific indoor air pollutants (Table 1) (ASHRAE, 2017).  

The current path of having energy-efficient buildings had led to a ventilation 

reduction to avoid energy loss from heated or cooled indoor air, resulting in further 
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elevated indoor pollutant concentration (Awbi, 2017). Moreover, most of the existing 

building stock that will remain standing till 2050 had been already built by 2009 (Sbci, 

2009), which justifies the urge to assess current workplaces and find methods of 

improvement. Based on the World Health Organization (WHO), air pollution on its own 

is the most significant threat to human health compared to different environmental 

aspects, responsible of the mortality of one in eight people globally (Wellenius, 

Schwartz, & Mittleman, 2015).   
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Table 1. Selected illnesses related to exposure in buildings (ASHRAE, 2017). 
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Further to the aforementioned illnesses, Sick Building Syndrome (SBS) has been 

found to be associated with building environmental quality. Its symptoms include eye, 

nose and skin irritation, fatigue, headache, respiratory issues, nausea and coughing. 

Moreover, SBS negatively affects neurological and physiological performance 

(ASHRAE, 2017; EPA,2018). Beyond the prospected short-term illnesses reported by 

ASHRAE, a recent study has illustrated in detail various illnesses tackling long-term 

effects as well (Figure 2) (Bard et al., 2019).  

 

 

Figure 2. Deleterious effects of air pollution on the human body (Bard et al., 2019). 
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While the standard threshold of indoor PM2.5 is 15 µg/m3 for annual mean and 35 

µg/m3 for 24-hr readings (EPA, 2016b), VOCs have a wide range of limits based on each 

compound, ranging from 1.5 up to 4,000 µg/m3 (Table 2) (CDPH, 2017). 

 

Table 2. VOC standard limits (CDPH, 2017). 

Compound Name CAS No. 
Allowable 

Concentration (μg/m3) 

 

Acetaldehyde 75-07-0 70 

Benzene 71-43-2 1.5 

Carbon disulfide 75-15-0 400 

Carbon tetrachloride 56-23-5 20 

Chlorobenzene 108-90-7 500 

Chloroform 67-66-3 150 

Dichlorobenzene (1,4-) 106-46-7 400 

Dichloroethylene (1,1) 75-35-4 35 

Dimethylformamide (N,N-) 68-12-2 40 

Epichlorohydrin 106-89-8 1.5 

Ethylbenzene 100-41-4 1000 

Hexane (n-) 110-54-3 3500 

Isopropyl alcohol 67-63-0 3500 

Methyl chloroform 71-55-6 500 

Methylene chloride 75-09-2 200 

Methyl tert-butyl ether 1634-04-4 4000 

Styrene 100-42-5 450 

Tetrachloroethene 127-18-4 17.5 

Toluene 108-88-3 150 

Trichloroethylene 79-01-6 300 

Vinyl acetate 108-05-4 100 

Xylene (m, o, p combined) 

108-38-3 + 95-47-

6 + 106-42-3, 

179601-23-1 + 95-

47-6, or 1330-20-7 

350 
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Impact of Indoor Air on Productivity & Satisfaction 

Several studies have highlighted the impact of IAQ on occupants’ productivity, 

health and well-being, both how poor IAQ can reduce work productivity and how air 

freshness is positively correlated with occupants’ satisfaction (Kang, Ou, & Mak, 2017). 

Improvement in air quality was correlated with a slight increase in productivity for 52% 

of the employees and much higher productivity for 28% (Mallawaarachchi et al., 2017), 

while a 61% increase in cognitive function scores was correlated with low CO2 and VOC 

levels (Allen et al., 2016). On the other hand, poor indoor air quality can reduce work 

performance by 6-9% (Wyon, 2004) and can lead to a 5-13% productivity loss (Kosonen 

& Tan, 2004). Poor health in the workplace also leads to poor decision making and 

increase in absenteeism (Danna, Karen, & Griffin, 1999). In a study where a source of air 

pollution was introduced into the space, with the employees blinded to this source of 

contamination, satisfaction was reduced by 7% (Wargocki et al., 1999). Moreover, a 

correlation was found between ventilation rates below 25 l/s and the number of short-

term sick leaves. Accordingly, an estimation of annual 40-200 billion USD loss can be 

avoided by improving IAQ (Guieysse et al., 2008).  

 

Qatar Air Pollution 

Qatar air pollution was reported to be higher than other Eastern Mediterranean 

cities such as Abu Dhabi and other industrial cities such as Beijing. The WHO database 

for PM10 levels in ten different regions, in 2011-2015, shows Doha (Figure 3), the capital 

of Qatar, as one of the highest cities having PM10 levels exceeding 150 µg/m3 (Figure 4) 

(WHO, 2016).  This exceeds WHO standards more than seven-fold, while PM2.5 
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exceeded 90 µg/m3 (Denholm et al., 2016; WHO, 2016).  Furthermore, Qatar has the 

highest level of CO2 per capita globally, reaching 45.4 metric tons per capita in 2014 

(World Bank, 2018; Farahat, 2016).  

Recently, construction has been the most dominant activity in Qatar, preparing for 

the 2022 World Cup by constructing stadiums, accommodation, shopping malls and 

several infrastructure projects. Consequently, population exposure to crystalline silica as 

an outdoor air pollutant has increased. The construction was planned in the way of 

expanding briskly the urban areas in Qatar, which significantly increased vehicle miles 

traveled (VMT), leading to the increase in transportation emissions and NO2 

concentration in the air (Al-Naimi, Balakrishnan, & Goktepe 2015; Farahat, 2016). 

 

 

Figure 3. City of Doha, capital of Qatar (Google Maps, 2019). 
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Figure 4. PM10 levels for selected cities by region. For the last available year in the period 

2011‐2015 (WHO, 2016). PM10 = fine particulate matter of 10 microns or Afr: Africa; 

Amr: America; Emr: Eastern Mediterranean; Eur: Europe; Sear: South‐East Asia; Wpr: 

Western Pacific; LMI: Low‐ and middle-income; HI: high-income. 
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Aside from the construction activity, frequent sandstorms in the region (Figure 5) 

contribute to the transfer of aerosols, particulates, and air pollutants. The high 

temperature and the scarcity of rain dry up the soil, facilitating the transfer of soil 

particles and aerosols to the atmosphere (Farahat, 2016).  Moreover, ozone (O3) and 

nitrogen dioxide (NO2) have reached hazardous levels in some regions within Qatar. 

These two pollutants have an inverse correlation, where the increase in one is correlated 

with the decrease in the other due to their related chemical reactions (Yaacoub, Kadri, 

Mushtaha, & Abu-Dayya, 2013). Most of the aforementioned air pollutants are 

carcinogens that increase cancer risk in Qatar, especially lung cancer (Denholm et al., 

2016).  

 

 

Figure 5. Visibility due to natural dust forecasted by the WRF-Chem model in the Middle 

East (Meteosim, 2019). 
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Indoor Air Quality Improvement 

Pathways to improve IAQ include source control, improved ventilation and air 

cleaners (EPA, 2016a). In buildings with existing heating, ventilation and air 

conditioning (HVAC) systems and the constrained natural ventilation in a hot arid 

climate as Qatar, source control and improved ventilation options are challenging. It can 

be problematic for existing HVAC systems to accommodate additional panel filters, due 

to space insufficiency and the fan pressure drop that can be caused by that filter. Hence, 

the most practical option in an existing office space in Qatar will be portable air cleaners. 

Common air cleaning techniques are filtration, catalytic oxidation, adsorption, 

electrostatic precipitation, ozonation, photolysis (ultraviolet radiation) and biological 

processes.  

One of the most effective air cleaning techniques is filtration, which can capture 

both harmful particles and gases. It can also be cheaper than general mechanical 

ventilation (ASHRAE, 2017). The typical air filter media is made of glass and plastic 

fibers, capable of capturing relatively large particles, but less efficient when it comes to 

0.1-0.5 μm particles. For instance, a typical filter has a Minimum Performance Reporting 

Value (MERV) of 7, which is ineffective for 0.3 μm particles and below (Polidori, Fine, 

White, & Kwon, 2013; Zhu et al., 2017). However, the development of new materials 

increases filtration efficiency. Besides, the filter thickness is in direct proportion with its 

efficiency (Zhu et al., 2017). 

The filter performance is contingent on the particle deviation movement when it is 

in proximity to the filter. This movement is governed by five effects: interception effect, 

inertial deposition, Brownian diffusion, electrostatic effect and gravity effect. The 
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interception effect is where the pores of the filter media are unaligned and so obstruct the 

flow of particles through the filter. The inertial deposition occurs with the complex 

arrangement of the fibers, by which the airflow is diffused and decelerated, causing the 

particles to deposit by inertia. Brownian diffusion occurs when the particle deviates from 

its path and collide with the filter fiber, which results in instant capturing. This effect 

increases with smaller particles. The electrostatic effect results from the electrostatic 

force when one or both fibers and particles are electrically charged, causing a force of 

attraction between the two. Finally, the gravity effect is the least influential and can 

mainly affect particles only larger than 0.5 μm (Zhu et al., 2017).  

On the other hand, the biological process reduces air pollution by means of 

botanical (plant) or microbial component (Guieysse et al., 2008), while adsorption is the 

process by which pollutant molecules can adhere to a surface of an adsorptive material. 

Active carbon is one of the common materials used for adsorption in air purifiers, whose 

high effectiveness is due to its porous surface and high specific surface area. It can clean 

the indoor air of ozone and some VOCs up to 50-60% (Sidheswaran et al., 2012), even 

when those pollutants exist in low concentrations. This activated carbon can be found in 

the form of foam filter media or a granular form that is flexibly shaped in any shape and 

size (Pierpaoli et al., 2017; Bastani et al., 2010).  

 

Electrostatic Mechanical Air Purifier 

Some electrostatic mechanical purifiers can remove particles and gaseous 

pollutants by combining two methods of air purification, filtration and adsorption. The 

mechanical air purifier removes particles by capturing them on its physical filter material, 
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such as HEPA filter, while electrostatic filters place an electrical charge on particles 

through an ionization process that allows particles to attach to the surrounding surfaces, 

such as walls and furniture (EPA, 2016a). Additionally, gaseous pollutants are removed 

by an adsorptive material found in some of those purifiers (Sidheswaran et al., 2012). 

Several studies have shown that the utilization of portable air purifiers can clean 

indoor air from PM2.5 by 50% to 65%; this percentage varies based on the cleaner airflow 

rate and the room size. Using a portable air purifier in a highly polluted Chinese city 

succeeded in reducing PM2.5 from 96.2 μg/m3 to 41.3 μg/m3 within hours, in addition to 

the correlated improved health outcomes (Bard et al., 2019).  

 

Botanical Air Purifier & Biophilic Benefit 

Botanical air purifiers and biofilters function by pushing the air through tubes or 

devices containing the plants and their soil (Guieysse et al., 2008), or by purifying the air 

using regular plants. The removal paths of pollutants through indoor plants include three 

different main paths. The first path is through the plant leaves and stems; the second is 

through the roots of the plant, while the third is through the soil mix and its 

microorganisms (Cruz, Christensen, Thomsen, & Müller, 2014). The rhizosphere zone – 

the slim zone of soil that is directly affected by the root secretions – is considered to be 

the most effective area for benzene removal (Orwell et al., 2004). 

The efficiency of VOC removal may vary from 28-96% based on the plant type 

and the experimental conditions (Cruz et al., 2014). In a real-world office study, three 

potted plant species, in 200 mm pots with a total area of 942 cm2, were used within office 

spaces of 10-12 m2 area, with a density of 78.5 cm2 (5 cm pot) per square meter office 
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area. Those plants reduced the total indoor VOC up to 75%, CO2 up to 10% and CO up 

to 8-14% (Tarran et al., 2007). Indoor plants also removed 9.2-90% of formaldehyde, 

benzene or xylene from a small controlled chamber (Wang & Zhang, 2011). The three 

species were selected from seven different plant species, whose effectiveness was 

examined earlier. However, it is believed that any three species would have yielded the 

same result (Tarran et al., 2007).  

The PM removal by plants is performed by a different process, which is 

adsorption. PM is not absorbed by the pores of the plants, but instead are deposited on 

leaves, which act as filters (Hong et al., 2017; Lohr & Pearson, 1996). This process 

highly depends on the shape, grooves and geometry of the leaf. When examined in a 

controlled office environment, five different plants had an average collection efficiency 

for PM2.5 and PM10 of 25% (Chen, Yu, Bi, & Fu, 2017) and 20%, respectively (Lohr & 

Pearson, 1996). 

In spaces where natural ventilation is challenging, houseplants have been found to 

be highly effective in VOC removal, unlike well-ventilated buildings with high air 

exchange, where the houseplants are less effective (Claudio, 2011). In a two-year study 

conducted by NASA, 50 houseplants were tested for their effectiveness in indoor air 

pollutants removal. Wolverton (1997) assigned a score for each plant based on four 

criteria: removal of chemical vapors and toxins, ease of growth and maintenance, 

resistance to insect infestation, and transpiration rates. Accordingly, ten plants were 

selected as the most effective houseplants in cleaning indoor air, especially from 

formaldehyde, benzene, and carbon monoxide (Table 3) (Seaman, 2017; Wolverton, 

1997). 
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Table 3. Top ten indoor plants for removing pollutants and VOCs from the air (Seaman, 2017; Claudio, 2011; Wolverton, 1997).  

S.N. Plant Name Scientific Name Plant Picture Plant Characteristics 

 

1 

 

Areca palm 

 

Chrysalidocarpus 

lutescens 

 

 

▪ Removes more toluene and xylene than other 

plants 

▪ Toluene (includes formaldehyde and dibutyl 

phthalate) can be found in paint thinners, nail 

polish remover, glues, and correction fluid  

▪ Xylene is used as a solvent in the printing, 

rubber, and leather industries 

▪ High rate of evapotranspiration  

▪ Brown tips indicate arid indoor air 

 

2 

 

Lady palm 

 

Rhapis excelsa 

 

 

▪ Second best effectiveness after Areca palm 

▪ Easy to grow, adaptable to most indoor 

environments  

▪ High resistance to insect infestations 

▪ Brown tips indicate arid indoor air 
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3 

 

Bamboo 

palm 

 

Chamaedorea 

erumpens 

 

 

▪ High score in formaldehyde removal 

▪ Effective at benzene removal 

▪ Increase room humidity 

▪ Pinching the tip of the plant will slow down or 

eliminate its growth 

 

4 

 

Rubber plant 

 

Ficus elastica 

 

 

▪ Effective at formaldehyde removal 

▪ Grows very well in an indoor environment 

▪ Tolerates low temperatures 

▪ Does not tolerate direct sunlight 

▪ Does not tolerate overwatering 

 

 

5 

 

Dracaena 

 

Dracaena 

decremensis 'Janet 

Craig' 

 

 

▪ Highly effective at removing trichloroethylene 

Easy to grow 

▪ Performs better in indirect sunlight 

▪ Brown tips indicate that the plant is 

underwatered 

▪ Not highly resistant to mites, scale insects, and 

mealybugs 
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6 

 

English ivy 

 

Hederá helix 

 

 

▪ This type of plant, the Philodendrons, can 

come in different species, including the Red 

Emerald (Philodendron erubescens), the Lacy 

Tree (Philodendron selloum), the Heart-Leaf 

(Philodendron oxycardium), and the Elephant 

Ear (Philodendron domesticum or tuxla).  

▪ Easy to grow  

▪ Tolerates low light conditions 

▪ Does not tolerate direct sunlight 

 

7 

 

Dwarf date 

palm 

 

Phoenix roebeleni 

 

 

▪ High score in removing airborne chemicals 

▪ Effective at xylene removal from indoor air 

▪ Slow growth 

▪ Sharp needle-like ends impose a risk of skin 

penetration 

 

 

8 

 

Ficus 

 

Ficus macleilandii 

Alii 

 

 

▪ Effective at removing chemical vapors from 

indoor 

▪  Easy to grow 

▪ High resistance to insects 

▪ Tolerates lower light conditions 

▪ Avoid placing the plant within an air draft path 

▪ Yellow leaves indicate overwatering 

▪ Poisonous plant 
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9 

 

Boston fern 

 

Nephrolepis 

exaitata 

Bostoniênsis 

 

 

▪ Ranked top plant in the study for 

formaldehyde removal 

▪ Avoid placing in direct sunlight 

▪ Performs better in cold environments 

▪ Not highly resistant to insects 

 

 

10 

 

Peace lily 

 

Spathiphyllum 

wallish 

 

 

▪ Highly effective at alcohols, acetone, 

trichloroethylene, benzene, and formaldehyde 

removal 

▪ High transpiration rate  

▪ One of the few plants that bloom indoor with 

white flowers 

▪ Not highly resistant to insects 

▪ Toxic to humans and pets 
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Allergy Trigger Plants 

While selecting an indoor plant for IAQ improvement, one must consider the 

aspect of allergy caused by the plants. The most common allergens that trigger allergic 

reactions in humans are pollen, dust, food, insect stings, animal dander, mold, 

medications/drugs and latex. The main factor for a human to develop an allergic reaction 

towards plants is pollen grains, causing allergic rhinitis, known as hay fever (AAAAI, 

2019; Peden & Reed, 2010). Plants shed their pollens in different seasons throughout the 

year; trees shed in spring, grass in early summer and weeds in late summer and fall 

(Peden & Reed, 2010).  

Some plant species are known to have a higher ability to trigger allergic reactions 

than others. Those species include ragweed of Ambrosia species, the Cupressaceae 

/Taxodiaceae family, such as Japanese cedar (Cryptomeria japonica), Japanese cypress 

(Chamaecyparis obtuse), Cupressus species, Juniperus species, Betula species, 

and grasses of the Poaceae family, such as timothy (Phleum pratense), rye 

(Lolium  species), orchard grass (Dactylis glomerata) and bermuda grass (Cynodon 

dactylon) (Wang et al., 2009). Other common allergic plants include birch (Betula nigra), 

elm (Ulmus parvifolia), oak (Quercus species), pine (Pinus species), poplar (Populus 

deltoides), walnut (Juglans species), bluegrass (Poa pratensis), nettle (Urtica dioica), 

sagebrush (Artemisia tridentate), tumbleweed, lamb's quarters (Chenopodium album) and 

English plantain (Plantago lanceolate) (Robinson, 2017). 

Looking back at the top 10 plants that purify the air, Areca, Lady Palm, Bamboo 

Palm, Dracaena and Peace lily are considered some of the best allergy-friendly indoor 
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plants. However, male palms are to be avoided due to the large amount of pollen they 

produce. Ferns should also be avoided for their possible allergic reactions (SHA, 2019).  

Besides acting as air purifiers, indoor plants act as biophilic elements that increase 

the connection of occupants with nature, resulting in an increased occupants’ satisfaction 

and well-being. This biophilic effect can reduce sick-leave absenteeism by more than 

60% (Tarran, Torpy, & Burchett, 2007). With a visual connection to nature, stress 

reduces due to brain shifting to a different processing mode instantly in 40 seconds, while 

cognitive function is enhanced. Furthermore, it can powerfully create an emotion of 

pleasure in the brain (Browning, 2016). 

 

Measuring Productivity & Satisfaction 

According to the World Green Building Council (WGBC), staff salaries and 

benefits account for 90% of business operating costs (Alker, Malanca, Pottage, & 

O’Brien, 2014). Accordingly, identifying parameters linked with increased productivity 

and satisfaction will benefit the economy as well as the individuals. Productivity can be 

defined as output to input (Feige, Wallbaum, Janser, & Windlinger, 2013), or the 

efficiency of the production (Mclaughlin, 2014). Some tools and indices used for 

measuring productivity, are the Work Productivity and Impairment Index (WPAI), which 

measure absenteeism, presenteeism and actual working hours, (Espie et al., 2018) and the 

Work Environment Diagnosis Instrument (WODI) for both productivity and satisfaction, 

which converts the survey responses into percentile values (Riratanaphong, Van der 

Voordt, & TU Delft, 2011; Maarleveld, Volker, & Van Der Voordt, 2009). Generally, 

post-occupancy evaluation (POE) is the most common method used for self-evaluated 
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productivity and satisfaction (Al Horr et al., 2016). It is worth noting that not only 

environmental factors can affect occupants’ productivity; other factors such as personal, 

social and organizational can affect productivity as well (Clements, 2006; Bluyssen, 

Aries, & van Dommelen, 2011).  

 

Cost Benefit Analysis 

Developing a cost-benefit analysis (CBA) model for indoor air quality usually 

includes investment cost and recurrent costs related to the intervention, energy cost, 

health benefits (Malla, Bruce, Bates & Rehfuess, 2011) and productivity benefits. CBA 

models include the productivity loss/increase percentile by calculating the monetary 

value of this loss/increase based on the average value of work hour (Seppanen, Fisk, & 

Faulkner, 2003). With salaries typically representing 90% of company expenses, variance 

in productivity will have a significant influence on the results of the CBA.  

Job satisfaction was also proven to have a significant negative correlation with 

turnover intention (r2 -0.17, p < 0.01) (Tsai & Wu, 2010; Amah, 2009) and a mean quit 

rate due to dissatisfaction of 24.9%, based on a civilian study (Carsten & Spector, 1987). 

However, job satisfaction is not exclusively related to indoor air quality. There are other 

indoor environmental factors, economic opportunities and management factors related to 

job satisfaction (Kamarulzaman et al., 2011; Carsten & Spector, 1987). Moreover, there 

are some intermediate steps between dissatisfaction and the actual decision of quitting 

(Mobley, 1977). This makes it challenging to identify the exact fraction of indoor air 

quality satisfaction responsible for turnover cost. 
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Health benefits in CBA models are calculated using disability adjusted life-years 

(DALYs), which is a metric used for quantifying the disease burden by calculating years 

lost (Aldred et al., 2016). This calculation is based on a method developed by the US 

EPA. Since it is hard to precisely identify the exposure duration and the dose, some 

studies based their CBA model on assumptions of indoor air pollutant level changes, 

while others were based on actual measurements. Consequently, the US EPA has 

developed a tool that estimates the benefits from the reduction of major air toxins based 

on the reduction of fine PM or ozone (Gwinn et al., 2011).  

In summary, indoor air quality, as a vital indoor environmental factor, plays an 

essential role in affecting health, well-being and productivity. With the increase of 

outdoor air pollutants, indoor air pollutants consequently increase, imposing a higher risk 

to building occupants. The issue can be problematic to overcome in existing buildings 

with existing HVAC systems, especially in a hot climate where natural ventilation is not 

a practical option. However, air purifiers, such as mechanical and botanical air purifiers, 

can contribute to improving the indoor air quality by removing major air pollutants from 

indoor air and improving occupants’ well-being.  

 

Research Questions, Hypotheses and Specific Aims 

My research endeavored to provide a comparison between electrostatic 

mechanical air purifiers and botanical air purifiers, by answering the questions of: 

 1) Which air purifier has higher effectiveness in capturing indoor air pollutants? 

This question was investigated by monitoring PM2.5, VOC and CO2 at the time of each 

treatment. 
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 2) Which air purifier has a higher impact on satisfaction and self-reported 

productivity? This question was tackled to assess the changes in satisfaction and self-

reported productivity aside from air quality changes, since they can be impacted by other 

factors, not air quality solely.  

3) Which air purifier has a higher impact on health symptoms reduction?  

4) Which air purifier has a higher Return on Investments (ROI)?  

My first hypothesis was that electrostatic mechanical purifiers are five times more 

effective in PM2.5 removal than botanical purifiers, and almost the same for VOC 

removal. My second hypothesis was that botanical purifiers have a higher positive impact 

on satisfaction and self-reported productivity due to their biophilic aspect. Since the EM 

purifiers are expected to be more effective in air cleaning, my third hypothesis was that 

they have a higher positive impact on health symptoms reduction. Lastly, I predicted that 

ROI was two times higher for botanical purifiers due to their positive impact on 

productivity as a biophilic element and their lower cost, including initial, operational and 

maintenance costs.  

 

Specific Aims  

The specific aims of this study were to: 

▪ Evaluate the change in CO2, VOC and PM2.5 concentrations during each air 

purification condition. 

▪ Test the percentage of increase in occupants’ self-reported productivity and 

satisfaction correlated with IAQ improvement. 
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▪ Investigate purifiers’ cost data from the Qatari market, in addition to monetizing 

factors for self-reported productivity, satisfaction and health impacts. 

▪  Evaluate the Return on Investment (ROI) of IAQ improvement based on the cost of 

each solution and its relative increase in occupants’ self-reported productivity and 

satisfaction. 

 

  



  

28 

 

 

Chapter II 

 

Methods 

 

 This study was a cross-sectional field experiment using six office spaces located 

in Doha, Qatar. Air quality parameters, which were CO2, PM2.5 and VOC, were 

monitored as the independent variables, while productivity and satisfaction and health 

symptoms were collected as the response variables. The variables measured during the 

study were analyzed and used to perform a cost-benefit analysis for the utilization of EM 

air purifiers and plants as botanical purifiers, by monitoring the IAQ enhancement using 

air sensors, and measuring the overall impact on self-reported productivity and 

satisfaction using an online occupant survey.  

 

Study Sample 

For conducting the study, six office spaces were selected that reflected different 

conditions (Table 4), representing Qatar’s existing building inventory. Those offices 

included one with a high-end fresh air handling unit (FAHU) HVAC system, one with 

old HVAC split system with no fresh air provision, one smoking office, one office with 

high occupancy rate, and two offices with average occupancy rate and central HVAC 

systems with fresh air provision. Three of those spaces acted as treatment groups, 

whereas the other three acted as control groups. The less fortunate offices were selected 

as treatment groups, which were the smoking office, the one with the old split HVAC 

system with no fresh air (FA) provision and the third with the high occupancy rate, for 
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which interventions were provided to evaluate the improvement in IAQ. For all the 

offices, air quality was monitored by continuous air sensors connected to the internet and 

online occupants’ surveys were conducted.  

 

Table 4. Study offices conditions. 

Office  
HVAC 

Type 

FA 

provision 

Area 

(m2) 
Occupants 

Occupancy 

rate 

(m2/person) 

Smoking 

Office 1A Central Provided 45.00 16 2.8 Yes 

Office 1B Central Provided 45.00 15 3.0 No 

Office 2A Central Provided 46.75 22 2.1 No 

Office 2B Central Provided 24.50 6 4.1 No 

Office 3A Split 
Not 

provided 
51.00 17 3.0 No 

Office 3B Central Provided 75.00 19 3.9 No 

 

 

The six experimental office spaces were selected from a desk-based office type to 

unify the nature of tasks performed within those offices. The layout was an open-plan 

office for all the spaces, which varied in occupancy rate, area of windows and daylight 

provision. Randomly selected occupants from each office participated in the study, as a 

stratified sample. The average sample size was ten employees for each office, with a total 

of 60 employees for the study. Those occupants were fixed throughout the study duration 

to examine the impact on the same individuals.  
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The duration of the study followed a time frame of seven and a half weeks during 

summer (Figure 6). The design of the study was planned to have the first three days for 

initial air monitoring, followed by six weeks of interventions, during which every two 

weeks had a different type of air purifier and a weekly survey, followed by a final week 

of no intervention and a final survey. The three different types of purifiers were rotated 

randomly among the three offices during the six weeks. For the control spaces, the whole 

seven weeks and half of the study included no interventions and the same initial, weekly 

and final surveys. 
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Figure 6. Study timeline. 
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Air Purifiers Selection 

I selected three different types of air purifiers: electrostatic Mechanical (EM) air 

purifier, botanical purifiers (plants) and the fake purifier (placebo). The selection was 

based on having the purifiers available in the Qatari market to serve as a valid input value 

when later assessing the cost-benefit analysis for each option against the average salaries 

in Qatar. The plants and the air purifiers were selected from the top performers regarding 

effectiveness.  

 

Electrostatic Mechanical Purifiers  

The air purifiers for this study were EM air purifiers, that combine the benefits of 

both the mechanical and the electronic air purifying.  EM air purifiers are classified by 

area coverage and type of pollutant captured. Appropriate purifiers based on office area 

were selected that comprised both a HEPA filter for particles and an active carbon filter 

for gaseous pollutants such as smoke and VOCs (Figure 7). Blueair and LG air purifiers 

were used for this study, which had a rate of pollutant removal of over 99% of airborne 

particles, in addition to purifying up to 408 m3/hour of each dust, pollen and smoke 

(Blueair, 2018).  

The purifiers were distributed across the space with sufficient distance between 

the purifier and the wall to allow air circulation, running for the whole working hours. 

The same filters within the EM air purifiers were used for the three office spaces without 

replacement.  
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Figure 7. Types of filters within one of the selected air purifiers (LG, 2019). 

 

Fake Purifier 

To establish the placebo effect, a simple air purifier with double filters for both 

dust and odors was used by removing the two filters (Figure 8), leaving the purifier 

working as a small running fan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 8. Air purifier with removable filters acting as a fake purifier. 
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Botanical Purifiers 

For botanical purifiers, not all the plants listed in the literature with high ability of 

pollutant removal were available in the Qatari market. The species selection criteria were 

based on availability at the time of the study, with high leaf density (LD) preferred, while 

toxic plants and those that may trigger allergy were avoided (Table 5). 

 

Table 5. Selection criteria of indoor plants used in the study. 

 

S.N. Plant Name Allergy Risk Reason Not to use 
Availability 

in Qatar 

1 Areca palm 
Allergy-friendly plant 

Avoid male palm 
NA Available 

2 Lady palm 
Allergy-friendly plant 

Avoid male palm 
NA 

Not 

Available 

3 Bamboo palm 
Allergy-friendly plant 

Avoid male palm 
NA 

Not 

Available 

4 Rubber plant - 

Relatively less LD 

compared to other 

plants 

Available 

5 Dracaena 
Allergy-friendly plant 

Avoid male palm 
NA Available 

6 English ivy - 
Very short compared 

to other plants 
Available 

7 
Dwarf date 

palm 
Avoid male palm NA 

Not 

Available 

8 Ficus - Poisonous plant Available 

9 Boston fern Allergy Trigger 

Performs better in 

cool environments 

Low resistance to 

insects 

Allergy Trigger 

Not 

Available 

10 Peace lily Allergy-friendly plant 
Toxic to humans and 

pets 

Not 

Available 
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Based on the criteria of availability, high LD and low risk of allergy or poisoning, 

Areca palm and Darcaena were the species selected for the study. Three pots were 

procured of each type, with a total of six pots, with a height exceeding one meter for each 

plant. The pots were scattered in the office spaces at a ratio that ranged from 6 cm to 4.8 

cm pot diameter per square meter office area. Each office was given instructions for plant 

care to avoid overwatering or dryness. 

 

Data Collection 

For the predictor variables, continuous IAQ monitoring sensors were used to 

measure indoor pollutant levels, including CO2, VOC, and PM2.5, in addition to 

temperature and humidity. Those sensors were connected to the internet via Wi-Fi, 

through which a mobile application captured the readings for the five aforementioned 

parameters as well as an overall air score for 24 hours a day. However, only the readings 

of the eight working hours were analyzed. One sensor was provided for each office space, 

located at the top of a desk in the middle of the open-office space. Prior to the study, the 

sensors were left running for three days before taking real-time measurements. Final 

measurements were recorded continuously for one week after removal of the 

interventions to serve as the baseline.    

For the response variables, self-reported productivity and satisfaction were 

captured by an occupants’ survey as the average percentage of increase/decrease. The 

survey also monitored changes in health symptoms. The survey questionnaire was 

provided to the occupants as a web-based survey that was conducted weekly. Three types 

of surveys were conducted: initial survey, weekly survey and final survey. 
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The initial survey included questions related to individual demographic data, 

including age, sex, level of education, profession, average number of hours spent in the 

office each day, whether the participant had access to an external window or not, whether 

the participant considered the space to be noisy or not, and self-reported productivity and 

satisfaction. In addition, two questions were related to specific health symptoms that the 

participant experienced, including nose blocking, nose running, coughing, chest tightness, 

eye irritation, blurred vision, headache, dizziness, fatigue, difficulty to concentrate, 

depressed, sleepy and feeling stressed.  

Similarly, the weekly survey comprised questions that were related to satisfaction, 

self-reported productivity and health symptoms, in addition to specific questions asking 

about satisfaction related to air purifiers and plants and any other additional comments. 

The final survey was conducted for one week after all interventions were removed to 

serve as the baseline. It also included questions that captured the occupants’ feedback on 

the whole study duration and their preference of one purifier over another, if any. All 

questions listed in the initial survey, weekly survey and final survey can be found in the 

Appendix.  

 

Data Analysis 

For IAQ, measurements collected from the continuous air sensors were modified 

to reflect the eight working hours duration instead of 24 hours. A mean value was 

calculated for each working day. Consequently, one mean value for each week was 

calculated. For the occupants’ surveys, results were translated into five response values: 
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self-reported productivity percent, satisfaction due to interventions, overall satisfaction, 

increase in health symptoms and decrease in health symptoms.  

Multiple methodologies were used for the analysis. Ordinal and range data were 

analyzed using bar charts. Quantifiable data were examined for correlation using 

statistical analyses, testing pollutant levels with each response value by linear regression 

and testing treatment with each response value by one-way ANOVA. When a significant 

change was correlated with a specific intervention, the improvement was used to feed the 

cost-benefit analysis model.  

 

 Cost-Benefit Analysis 

A Cost-Benefit Analysis (CBA) was performed for a five-year duration to 

determine which indoor air purifier has the highest ROI. Factors considered in the CBA 

included initial cost, operation cost, maintenance cost (Table 6), increase in self-reported 

productivity, increase in satisfaction and decrease in health burden. The depreciation 

value was not considered since the total initial cost was included in the calculations, 

assuming the net value of the purifiers after five years is zero.  

 

Table 6. Initial estimated costs facts and figures. 

 

Aspect Mechanical Purifier Botanical Purifier 

Initial Cost QR 1,800 average price/purifier QR 190 per plant 

Operation Cost Electricity = 20-80 Watt/purifier Water = 1 liter/week/plant 

Maintenance Cost 
QR 370 for filter replacement 

every 6 months.  
NA 
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Benefit from self-reported productivity improvement was calculated based on 

average annual employee’s salary, obtained from offices participating in the study, 

reported informally for confidentiality. For satisfaction improvement and its associated 

turnover cost, the mean quit rate due to dissatisfaction is 24.9% (Carsten & Spector, 

1987). The turnover rate is related to overall satisfaction, not indoor air quality solely. 

Having three main categories within overall satisfaction, including environmental quality, 

economic conditions and management practices, one third of 24.9% was estimated as a 

contribution in equation (1), as the constant k, to calculate profit generated from 

increased satisfaction due to environmental conditions. Moreover, there is a difference 

between turnover intention and actual quitting, since it was found that the rate of quitting 

decreases during unemployment and low opportunity market conditions (Carsten & 

Spector, 1987). This is why a probability of 50% was included in the satisfaction profit 

equation and tested via sensitivity analysis. Finally, turnover cost incorporates the cost of 

hiring, training the new employee and productivity loss, reaching 33% of an employee’s 

annual salary (Forbes, 2019).  

 

𝑃𝑠 = 𝑇𝑠 × 𝑘 × −𝑇𝑐 × 𝑛 × 𝑃(𝐴)       (1) 

Where: 

𝑃𝑠 = Profit of satisfaction improvement 

𝑇𝑠 = Treatment mean increase in satisfaction, 

𝑘 = - 8.3%, 

𝑇𝑐 = Turnover cost per employee, 

𝑛 = Total number of employees, 

𝑃(𝐴) = Probability of actual leave 
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Factors for monetizing total health benefits were calculated based on the EPA tool 

“CO-Benefits Risk Assessment (COBRA) Health Impacts Screening and Mapping Tool” 

(EPA, 2018b). The COBRA tool generates monetized values for avoided health burden, 

mortality and work loss. My CBA focused on the ROI for company owners. Hence, 

minor Restricted Activity Days (MRAD) and Work Loss Days (WLD) due to fine PM 

were extracted from the US EPA tool and were used in a CBA model. Instead of 

obtaining the money value for those two items from the US EPA tool, which are related 

to salaries in the USA, I obtained the numbers of days form the tool results and 

multiplied them with average salaries in Qatar.  

 

Proposed CBA Template 

The CBA analysis was modeled for EM air purifiers and plant scenarios, 

projecting a five-year duration (Table 7). It included average annual salary, average 

office area, average occupancy rate and average number of employees for all offices 

under this study. The second section in the model was used to capture the results for each 

treatment, considering the average of all office results combined for productivity, 

satisfaction and health benefits, to calculate the ROI annually per employee.  

 

 

 

 

 



  

40 

 

Table 7. Proposed cost benefit analysis. 

Average Annual Salary 
 

Average Office Area 
 

Average Occupancy Rate 
 

No. Of Employees 
 

Discount Rate 
 

Category  

Option 1 

Electrostatic Mechanical 

Purifier 

Option 2 

Botanical 

Purifier 

Initial Cost 
  

Operation Cost 
  

Maintenance Cost 
  

Productivity Benefits 
  

▪ Average Employer Salary 
  

▪ Productivity percentile  
  

Satisfaction Benefits (Turnover) 
  

Health Benefit 
  

▪ MARD 
  

▪ Work Loss Days 
  

Total  
  

NPV 
  

Per Employee/Year 
  



  

41 

 

 

Chapter III 

 

Results 

 

The study sample was selected randomly from six different offices in Doha, Qatar. 

As a stratified sample, ten employees were selected from each office. One of the control 

offices, office 2B, had a high rate of annual leave and low survey response rate. Hence, it 

was excluded from the analysis. The average response ratio for the five offices during the 

weeks of the study was 60%. The following table and charts represent the demographics 

of the study sample (Table 8, Figures 9-11).   

 

Table 8. Study sample demographics. 

Office  
Office 

1A 

Office 

2A 

Office 

3A 

Office 

1B 

Office 

3B 
Total 

Gender       

Male 6 2 6 5 5 24 

Female 1 8 3 4 1 17 

Age       

< 25 0 5 0 0 0 5 

25-34 4 4 8 7 3 26 

35-44 2 0 1 2 2 7 

45-54 1 1 0 0 1 3 

Occupation       

Engineer 5 1 7 5 5 23 

Draftsman 1 0 1 3 0 5 

Admin 1 9 1 1 1 13 

Education Level      
 

High School 0 2 0 1 0 3 

Some college  1 1 0 0 1 3 

Bachelor degree 5 6 8 7 1 27 

Master’s degree 1 1 1 1 4 8 
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Figure 9. Gender chart. 

 

Figure 10. Age chart. 

 

 

 

Figure 11. Education level and occupation charts. 

 

Further to the sample demographics, 68% of the sample reported to have access to 

daylight and 78% did not consider their working space to be noisy. 
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Air Quality 

Indoor desktop air sensor, Awair 2nd edition with Wi-Fi connectivity, was used to 

report readings for PM2.5, TVOC, CO2, temperature and humidity. The monitoring was 

running continuously for 24 hours; however, the computed averages are based on the 

weekly average of working days and hours. The baseline results for three treatment office 

spaces (1A, 2A and 3A) and two control office spaces (1B and 3B) were reported as 

follows (Table 9).  

 

Table 9. Baseline physical measurements for indoor sensors in five spaces, weekly 

average. 

Office 
PM2.5 

(μg/m3) 

VOC 

(ppb) 

CO2  

(ppm) 

Temp. 

(°C) 

Humidity 

(%) 

Office 1A 40 173 720 22.3 50.4 

Office 1B 32 183 528 21.9 68.9 

Office 2A 10 115 522 19.5 63.9 

Office 3A 38 105 561 27.6 65.6 

Office 3B 11 86 472 20.5 67.2 

 

 

During the study, the same parameters were monitored continuously for the same 

duration while replacing the type of the intervention every two weeks in each treatment 

office and having no interventions in the control offices (Tables 10-12, Figures 12-14).  
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Table 10. Fluctuation in PM2.5 mean weekly readings during different treatments. 

PM2.5 

(μg/m3) 

Office 

1A 

Office 

2A 

Office 

3A 

EM Purifier  
6 8 26 

4 8 17 

Plants 
23 5 35 

23 8 29 

Placebo 
38 11 35 

37 10 33 

Baseline 40 10 38 

 

 

 

Figure 12. PM2.5 mean weekly reading during different treatments. 
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Table 11. Fluctuation in CO2 mean weekly readings during different treatments. 

CO2  

(ppm) 

Office 

1A 

Office 

2A 

Office 

3A 

EM Purifier  
498 471 492 

516 510 541 

Plants 
769 508 517 

886 506 488 

Placebo 
832 490 450 

70 515 523 

Baseline 720 522 561 

 

 

 

Figure 13. CO2 mean weekly reading during different treatments. 
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Table 12. Fluctuation in VOC mean weekly readings during different treatments. 

VOC  

(ppb) 

Office 

1A 

Office 

2A 

Office 

3A 

EM Purifier  
141 129 89 

108 104 79 

Plants 
130 68 68 

154 94 77 

Placebo 
169 117 109 

170 127 104 

Baseline 173 115 105 

 

 

 

Figure 14. VOC mean weekly reading during different treatments. 
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VOC by 21.3%, with a minimum reduction of 10% and a maximum of 37.6% for the EM 

condition compared to the baseline.  Looking at CO2 results during EM air purifier 

treatment, no significant change was found in CO2 indoor levels, which is an expected 

finding since those purifiers are designed to capture particles and VOCs. 

During the implementation of plants, PM2.5 was reduced by 29.0%, with a 

minimum reduction of 8% and a maximum of 45.2%, while the VOC was reduced by 

26.1%, with a minimum reduction of 10.8% and a maximum of 40.7%. 

Readings in control offices were measured during the same time the three study 

offices had their interventions (Table 13, Figures 15-17). This was done to evaluate the 

fluctuation during the same duration without a treatment. 

 

Table 13. Control offices mean weekly measurements. 

 Office 1B Office 3B 

 
PM2.5 

(μg/m3) 

VOC 

(ppb) 

CO2  

(ppm) 

PM2.5 

(μg/m3) 

VOC 

(ppb) 

CO2  

(ppm) 

Week 1 35 135 499 5 120 472 

Week 2 14 167 476 4 92 484 

Week 3 21 185 481 10 80 478 

Week 4 17 154 516 8 76 457 

Week 5 15 199 470 10 77 463 

Week 6 17 163 486 8 67 464 
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Figure 15. PM2.5 mean weekly reading in control offices. 

 

 

Figure 16. VOC mean weekly reading in control offices. 
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Figure 17. CO2 mean weekly reading in control offices. 
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productivity in the form of intervals, satisfaction related to the treatments as an ordinal 
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responses into quantitative ones for the sake of the analysis.    
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Through graphical analysis, I illustrated the self-reported productivity results of the 

total duration of the study, combined for all offices per treatment. Productivity responses 

were similar when placebo and EM air purifiers were used, which was increased when 

compared to the baseline, considering 2-3% of the occupants with productivity less than 

25% of the time compared to 24% of the occupants in the case of the baseline (Figure 

18).  

 

 

Figure 18. Mean self-reported productivity per treatment, baseline and control spaces. 
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through statistical analysis, productivity was found to have a significant correlation with 

PM2.5 levels (p-value 0.023). 

 

Table 14. Productivity overall improvement per treatment. 

 Plants Purifier Placebo Baseline 

Overall Productivity Mean Values 72.6 65.3 65.0 65.0 

% above baseline 11.7% 0.43% 0% - 

 

 

Self-Reported Satisfaction  

The subject of satisfaction was addressed by one question directly related to the 

type of treatment within the space: “Overall Satisfaction improved because of 

plants/purifiers”. The response was an ordinal scale of five, starting from strongly 

disagree to strongly agree. Similar to productivity responses, relative frequencies were 

calculated. Through graphical analysis, I illustrated the results combined for all offices 

for each treatment (Figure 19), where dissatisfaction is represented as a negative value 

below zero percentile, while the middle of “Neutral” responses falls at zero. 
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Figure 19. Mean satisfaction responses per treatment. 
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increased. The responses were analyzed by comparing the results of each treatment with 

the predecessor week (Tables 15-16), as well as computing the mean of total decrease 

and increase of symptoms for each treatment (Table 17). 

 

Table 15. Mean decrease in health symptoms per treatment per office. 

Treatment  

Mean 

Health 

Symptoms  

Treatment Comparison 

">" better in health feedback 

Office 1A         

Purifiers -29.5 Purifiers > 

Plants 

    

Plants -10.5 Placebo > 

Plants 

  

Placebo -17   Placebo > 

Baseline Baseline -14     

Office 2A         

Plants -26 Plants > 

Placebo  

    

Placebo -5.5 Purifiers > 

Placebo 

  

Purifiers -24.5   Purifiers > 

Baseline Baseline -13     

Office 3A         

Placebo -3 Purifiers > 

Placebo 

    

Purifiers -4.5 Placebo > 

Plants 
  

Plants -3  Plants > 

Baseline Baseline -2     

 

 

Form the above sets of comparisons for the mean decrease in health symptoms, it 

was found that every time EM air purifiers were involved in a comparison, they 

performed better than the other treatment as well as the baseline. It was also found that all 

the treatments, including placebo, were better than the baseline. Looking at the 

comparison between plants and placebo, the two treatments alternated in being associated 

with more decrease in symptoms. With further analysis of the values reported during 

plants and placebo, plants’ mean value for the three offices is -13.2 complaint (negative 
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value refers to decrease) against -8.5 symptoms for placebo, which results in having 

plants impact better on health symptoms reduction.  

Based on the above, the order of the conditions according to the maximum 

decrease in health symptoms is: EM air purifier, plants, placebo and finally baseline 

condition.  

 

Table 16. Mean increase in health symptoms per treatment per office. 

Treatment  

Mean 

Health 

Symptoms  

Treatment Comparison 

">" better in health feedback 

Office 1A         

Purifiers 13.5 Plants > 

Purifiers 

    

Plants 11.5 Placebo > 

Plants 

  

Placebo 2.5   Baseline > 

Placebo Baseline 2     

Office 2A         

Plants 9 Plants > 

Placebo 

    

Placebo 17 Purifiers > 

Placebo 

  

Purifiers 2   Purifiers > 

Baseline Baseline 6     

Office 3A         

Placebo 8.5 Purifiers > 

Placebo 

    

Purifiers 4 Plants > 

Purifiers 

  

Plants 1.5   Baseline > 

Plants Baseline 0     

 

 

Form the above sets of comparisons for the mean increase in health symptoms, the 

EM air purifier results were consistently better than placebo and baseline conditions. The 

baseline, in this case, was slightly better than plants and placebo. Plants were also slightly 

better than EM air purifier. However, in the case of decreased symptoms EM air purifiers 

outperformed the plants. Similar to the decreased symptoms cases, plants and placebo 
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alternated in better performance. By looking at the mean value for offices combined 

when plants and placebo were in sequence, plants’ mean value is 10.25 symptoms against 

9.75 for placebo, which while slightly better than plants’ value, did not indicate a 

significant difference. 

Based on the above, the order of the conditions according to the maximum 

decrease in health symptoms is: EM air purifier, baseline, placebo and plant conditions.  

By investigating and combining the results for the same treatment in each office, in 

addition to baseline and control offices, the following mean values were computed (Table 

17, Figure 20).  

 

Table 17. Mean values of total health symptoms by type of treatment in all spaces. 

Treatment  

Mean Decrease in 

health symptoms 

Mean Increase in 

health symptoms 

Plants mean value -13.2 7.3 

Purifiers mean value -19.5 6.5 

Placebo mean value -8.5 9.3 

Baseline mean value -9.7 2.7 

Control 1B mean value  -16.5 5.2 

Control 3B mean value -4.7 4.7 
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Figure 20. Mean increase and decrease in health symptoms by treatment, baseline and 

control spaces. 
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Figure 21. Occupants overall feedback on treatments effects. 
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- “The device that has been set up made me feel the air lighter than before. I find it 

easy to breathe. In the past, I used to be very dizzy and sleepy at the office but 

now I have been feeling more fresh and productive” 

- “The air filter has improved the air quality according to my experience and was 

the best option out of the three” 

▪ During plants: 

- “I had a great effect from the plants and I would like to have them personally at 

my house” 

- “The plants made the office look pretty and made the air kind of more fresh” 

- “The plants have improved the surrounding and concentration in the workplace 

than before” 

- “I feel much better after the indoor plants, they make me feel fresh and every time 

I look at them their greenery gives me a spark of energy” 

 

Statistical Data Analysis 

R software was utilized to perform several statistical analyses, testing the 

correlation between survey results vs air treatment and survey results vs pollutants levels. 

The analysis was performed on the survey responses that can be quantified, including 

productivity and health symptoms. Analytical methods used included linear regression 

and one-way ANOVA.  
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Survey Results vs Pollutants Levels  

The survey results for productivity were classified into ranges: less than 25%, 25-

50%, 50-75% and more than 75%. To run the statistical analysis, those ranges were 

converted into quantitative values: 12.5%, 37.5%, 62.5% and 87.5% respectively. The 

weekly mean value for the employees within the same office per week was then 

computed. Increased and decreased health symptoms for each participant were added 

together, having the decrease as a negative value, then the mean values were computed 

(Tables 18-19).  

 

Table 18. Mean values for predictor and response variables in treatment offices. 

T
re

a
tm

en
t  

Week 

Predictor Variables Response Variables 

PM2.5 

(μg/m3) 

VOC 

(ppb) 

CO2 

(ppm) 
Productivity 

Health 

Symptoms 

P
u
ri

fi
er

 

W1 13 119 487 66.7 -1.2 

W2 10 97 523 63.9 -1.9 

P
la

n
ts

 

W1 21 89 598 73.1 -3.1 

W2 20 108 626 72.2  -0.3 

P
la

ce
b
o

 

W1 28 131 590 65.2 -3.7 

W2 27 134 581 64.9 -7.6 

B
as

el
in

e 

- 29 131 600 57.2 -7.9 
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Table 19. Mean values for predictor and response variables in control offices. 

Office / Week 

Predictor Variables Response Variables 

PM2.5 

(μg/m3) 

VOC 

(ppb) 

CO2 

(ppm) 
Productivity 

Health 

Symptoms 

1B – W1 35 135 499 68.0 -0.3 

1B – W2 14 167 476 70.8 -2.4 

1B – W3 21 185 481 66.1 -1.7 

1B – W4 17 154 516 82.5 -2.2 

1B – W5 15 199 471 77.5 -2.2 

1B – W6 17 163 486 67.5 -2.4 

1B – W7 32 183 528 72.5 -4.4 

3B – W1 5 120 472 62.5 0.8 

3B – W2 4 92 484 72.5 -0.4 

3B – W3 10 80 478 51.8 -1.1 

3B – W4 8 76 457 68.8 0.3 

3B – W5 10 77 463 43.8 0.8 

3B – W6 8 67 464 42.5 0.0 

3B – W7 11 86 472 67.5 -0.6 

 

 

The correlation was examined for each response variable by conducting a linear 

regression with each pollutant. Subsequently, multiple regression was conducted but no 

different findings resulted than those of the linear regression analysis (Table 20).   
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Table 20. Regression results for survey responses and pollutants levels. 

Modeled Variables St. error t-value p-value Adjusted r2 

Productivity and PM2.5 0.1303 2.38 0.023 0.120 

Productivity and VOC 0.0426 1.37 0.18 0.025 

Productivity and CO2 0.0156 0.79 0.43 -0.011 

Health symptoms and PM2.5 0.0225 -1.65 0.11 0.049 

Health symptoms and VOC 0.0057 -4.588 6.18e-05 0.37 

Health symptoms and CO2 0.0025 -1.72 0.095 0.054 

 

 

Survey Results vs Purifiers 

Statistical analysis was conducted for productivity and health symptoms for each 

individual against the three treatments: plants, purifiers and placebo, tested by one-way 

ANOVA. The results of the analysis were as follows (Table 21-22), where no significant 

correlation was found in between the survey results and any specific treatment.  

 

Table 21. ANOVA correlation between type of treatment and productivity. 

 Df Sum Sq Mean Sq F value Pr(>F) 

treatm 2 1350 675.2 1.84 0.164 

Residuals 107 39269 367.0   

 diff lwr upr p adj  

Purifier-Plants -6.496416     -17.65282     4.659987     0.3528633  

Placebo-Plants        -7.978036     -18.26405     2.307974     0.1605236  

Placebo-Purifier     -1.481620     -12.20964     9.246401     0.9423696  
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Table 22. ANOVA correlation between type of treatment and health symptoms. 

 Df Sum Sq Mean Sq F value Pr(>F) 

P 2 1.9 0.925 0.107 0.899 

Residuals 101 876.1 8.674   

 diff lwr upr p adj  

Purifier-Plants 0.27589286     -1.437659     1.989445     0.9223951  

Placebo-Plants        -0.02393822     -1.675901     1.628025     0.9993451  

Placebo-Purifier     -0.29983108     -1.991119     1.391457     0.9067275  

                                

  

Cost Benefit Analysis 

An economic appraisal of five-year duration was studied by designing a Cost-

benefit analysis (CBA) model to evaluate and compare between the electromechanical air 

purifier and the plants. The discount rate for net present value (NPV) was estimated as 

0.05 since Qatar’s mean interest rate is 4.5%. For the sake of the comparison, average 

office area and occupancy rate were considered in the calculations for both treatments. To 

treat the selected office area, two EM air purifiers and six plants were used.  The 

expected lifetime of Areca palm potted plant is 10 years, while the expected lifetime of 

Darcaena is less than 25 years. Within the model, the total cost of plants and purifiers was 

divided among the five years, assuming total depreciation at the end of the duration.  

In Qatar, the cost of electricity and water is relatively low. The average tariff for 

electricity in the commercial sector is 9-12 Dirham per KWh (one Qatari riyal is 100 

Dirhams) based on the electricity layer of consumption, while the average tariff for water 

is 6-8.6 Dirham per liter (KAHRAMAA, 2019). The expected consumption of plants is 
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one liter per week per plant, while the electricity consumption per purifier is 20-80 

watt/hour. The maintenance cost for air purifiers is the cost of filter replacement every six 

months, while no cost of maintenance is considered for plants.   

Based on survey results, the mean increase in productivity for plant weeks was 

11.7% and 0.43% for EM purifier weeks (Table 14). For satisfaction increase (based on 

“agree” and “strongly agree” responses), 66% of the employees reported an increase in 

satisfaction with plants, while 60% reported increase associated with EM purifiers 

(Figure 19).  

The calculation of health benefits was obtained from EPA tool, COBRA. The input 

values from my study that were fed into the EPA tool were the mean decrease of PM2.5 

and VOC for EM purifiers and plants (Table 23). The tool was run using MA as an 

estimated state since the tool does not have the database for Qatar, emission tier of “Fuel 

Comb. Others” and a discount rate of 3% instead of 7%. This discount rate was used to 

match Qatar’s interest rate. The output of the tool comprised several factors, from which 

the average number of Minor Restricted Activity Days (MRAD) and work loss days for 

different counties were obtained.  The EPA tool provides both the number of days and the 

monetary value, however, for this study, the number of days was obtained then multiplied 

with the average salary in Qatar. The MRAD money value was considered to be 42.5% of 

work loss day value, similar to the COBRA tool (EPA, 2018c). 
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Table 23. Mean decrease in pollutants compared to baseline. 

 Office 1A Office 2A Office 3A 

 PM2.5 

(μg/m3) 

VOC 

(ppb) 

PM2.5 

(μg/m3) 

VOC 

(ppb) 

PM2.5 

(μg/m3) 

VOC 

(ppb) 

Baseline 40 173 10 115 38 105 

       

Purifier W1 6 141 8 129 26 89 

Purifier W2 4 108 8 104 17 79 

Mean 5 124 8 116 22 84 

% of change 88% 28% 18% -1% 43% 20% 

       

Plants W1 23 130 5 68 35 68 

Plants W2 23 154 8 94 29 77 

Mean 23 142 7 81 32 73 

% of change 42% 18% 30% 30% 16% 31% 
    

Purifiers mean % of change for PM2.5    49.7% 

Purifiers mean % of change for VOC    15.8% 

Plants mean % of change for PM2.5    29.0% 

Plants mean % of change for VOC    26.1% 

 

The MRAD and the work loss days in the COBRA tool are calculated for the 

annual rate of 100 people (EPA, 2018c). For my CBA, MRAD and work loss days were 

computed per person to be entered in the CBA model (Table 24), then multiplied by the 

total number of employees and the average daily salary.  

 

Table 24. MRAD and Work Loss Days results. 

Treatment  
COBRA (per 100 people) Results per person 

MRAD Work Loss Days MRAD Work Loss Days 

Purifier 5714.24 967.17 57.14 9.67 

Plants 3424.86 579.56 34.25 5.80 
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Coast Benefit Analysis Model & Results 

Based on the aforementioned calculations, EM purifiers’ removal for PM2.5 was 

higher than that of plants, with a mean change in PM2.5 of 49.7% for EM purifiers 

against 29% for plants. On the other hand, plants were more efficient in VOC removal, 

with a mean change of 26.1% against 15.8% for EM purifiers. Consequently, the 

numbers of avoided MRAD and Work Loss Days were higher in the case of EM 

purifiers.  

By feeding all the obtained results in the CBA calculations (Table 25), EM 

purifiers had similar satisfaction benefits as plants and higher monetary value for avoided 

MRAD and Work Loss Days than plants. However, the monetary value for increased 

productivity for plants was around 27 times more than that of EM purifiers. This resulted 

in much higher ROI for plants than EM purifiers, with an approximate benefit of 31,000 

QR per employee for plants against 18,000 QR per employee for EM purifiers.   
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Table 25. CBA model & results. 

Input Values 

Average Annual Salary  180,000.00 QR 

Average Office Area 47.50 m2 

Average Occupancy Rate 2.60 Occupant/m2 

No. of Employees 18.00 no. 

Discount Rate 0.05   

                   

Option 1: 

Year 2019 2020 2021 2022 2023 Total NPV 

Productivity 

Improvement 13,932.00  13,932.00  13,932.00  13,932.00  13,932.00  69,660.00  66,342.86  

  

Satisfaction 

Improvement 26,179.36  26,179.36  26,179.36  26,179.36  26,179.36  130,896.81  124,663.63  

EM Purifier 

Minor Restricted 

Activity Days  215,566.52  215,566.52  215,566.52  215,566.52  215,566.52  1,077,832.60  1,026,507.24  

  Work Loss Days 85,837.81  85,837.81  85,837.81  85,837.81  85,837.81  429,189.04  408,751.47  

  Initial Cost (660.00) (660.00) (660.00) (660.00) (660.00) (3,300.00) (3,142.86) 

  Maintenance Cost  (1,480.00) (1,480.00) (1,480.00) (1,480.00) (1,480.00) (7,400.00) (7,047.62) 

  Operation Cost  (30.03) (30.03) (30.03) (30.03) (30.03) (150.15) (143.00) 

 
 QR 1,615,931.72 

  Per employee/Year QR 17,954.796 
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Option 2: 

Year 2019 2020 2021 2022 2023 Total NPV 

Productivity 

Improvement 379,404.00  379,404.00  379,404.00  379,404.00  379,404.00  1,897,020.00  1,806,685.71  

 

Satisfaction 

Improvement 29,285.39  29,285.39  29,285.39  29,285.39  29,285.39  146,426.94  139,454.23  

Plants 

Minor Restricted 

Activity Days  129,211.64  129,211.64  129,211.64  129,211.64  129,211.64  646,058.22  615,293.54  

  Work Loss Days 51,484.93  51,484.93  51,484.93  51,484.93  51,484.93  257,424.66  245,166.34  

  Initial Cost (228.00) (228.00) (228.00) (228.00) (228.00) (1,140.00) (1,085.71) 

  Maintenance Cost  0.00  0.00  0.00  0.00  0.00  0.00  0.00  

  Operation Cost  (23.40) (23.40) (23.40) (23.40) (23.40) (117.00) (111.43) 

      QR 2,805,402.68  

    Per employee/Year QR 31,171.14 
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Chapter IV 

 

Discussion 

 

Baseline measurements of PM2.5, VOC, and CO2 had significant variability 

between the spaces in the study:  PM2.5 hourly averages varied from 10 μg/m3 to 40 

μg/m3, VOC varied from 86 ppb to 182.90 ppb and CO2 varied from 472 ppm to 720 

ppm. Two offices exceeded the PM2.5 EPA 24-hour limit of 35 μg/m3. All the daily mean 

CO2 levels fell under 1000 ppm, indicating sufficient ventilation.  During the time of no 

treatment in use, the measurements of PM2.5 peaked in four spaces reaching 964, 100, 42 

and 111 μg/m3, while VOC peaked to 1539, 905, 2109, 899 and 626 ppb and CO2 peaked 

to 1638, 1397, 934, 1378 and 1155 ppm.  

As aforementioned in the result section, the monitoring was running continuously 

for 24 hours, however, the averages obtained for the analysis were daily averages during 

business hours. The results from implementing the treatments showed that the EM air 

purifiers reduced PM2.5 significantly by 49.7% compared to the baseline measurements. 

This value falls in proximity to another study range, which was 50-65% (Bard et al., 

2019). During the study, it was noticed that the EM air purifier effectiveness in reducing 

air pollutants in one specific space was weaker compared to other offices (Figure 12).  

Through investigation, it was found that occupants reduced the fan speed to decrease 

noise, which reduced the air changes per hour flowing through the purifier. This 

highlights the importance of studying human behavior in occupied spaces and how they 

can affect the indoor environmental conditions during operation.    
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The results of EM air purifier showed a reduction for both PM2.5 and VOC higher 

in the second week than in the first week in all the offices compared to the baseline of 

each office, by an average of 26.9% for PM2.5 and 112.3 % for VOC.  On the other hand, 

the second week of plants didn’t have better readings compared to the first week. The 

removal of pollutants in the second week was 45.3% less for VOC compared to the first 

week. This may occur since the mass of pollutants accumulate on the leaf surface 

increases over time and the deposition rate depends on the time exposed to pollutants 

(Abbass, Sailor, & Gall, 2017), while in the case of the EM air purifier the filters require 

replacement only once every six months. Accordingly, regular cleaning of plant leaves 

can help improve plants’ effectiveness in pollutant removal.  

Based on other studies, plants can eliminate VOC by adsorption up to 50-60% 

(Sidheswaran et al., 2012), which is similar to this study maximum value of VOC 

reduction and almost twice as the mean value of reduction. However, in another study, 

based on the type of the plant, the percentile range of removal was 28-96% (Cruz et al., 

2014), which corresponds to the results of this study.  

Observing CO2 levels during the plant treatment, an unpredictable rise in CO2 level 

in one office was detected (Figure 13). Since this incident was not repeated in other 

treatment and control offices, it is interpreted as an irrelevant event to the treatments used 

and possibly due to a change in occupancy rates.   

Overlooking the effectiveness of the EM air purifiers in the office where occupants 

reduced the fan speed, we can conclude that the EM air purifier is capable of removing 

more than twice (225%) PM2.5 than what plants can eliminate from indoor air pollution. 

For the removal of the VOC, plants were found to remove only 4.7% more VOC than the 
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EM air purifier. On the other hand, for the measurements in control offices, there were no 

significant fluctuations in the readings throughout the weeks of the study in two offices 

out of three, which support the finding that the change in air quality in the study offices 

was related to the treatments and not due to external factors.  

Reflecting the findings on my hypotheses, I predicted that the EM purifier would 

be five times more effective in PM2.5 removal than plants, and equal to plants in VOC 

removal. As discussed, EM mechanical purifiers were found to be only two times more 

effective in PM2.5 removal and almost the same in VOC removal as plants.   

 

Productivity  

Despite the high effectiveness of the EM air purifier in pollutant removal, the 

occupants’ responses regarding self-reported productivity had shown similar improved 

results for the EM air purifier and the fake purifier conditions (Figure 18) compared to 

the baseline. This emphasizes the strong role the placebo effect had on occupants. 

Moreover, based on the final survey responses and occupants’ feedback, few occupants 

had stated in the comment section of the survey that they considered the fake purifier to 

be the best treatment out of the three provided treatments.  

Results have shown that, unlike other treatments and baseline, no occupant 

reported to have productivity less than 25% of the time during the plant treatment (Figure 

18). Although plants were not the most effective in PM2.5 removal, the significant 

correlation between productivity and PM2.5 strengthen the evidence of the strong 

biophilic impact on occupants. Plants in this study had also a higher positive impact in 

spaces with high occupancy rates and little daylight provision due to small glazing area 
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ratio. This reinforces the need for occupants to have access to outdoor views and natural 

scenery. Moreover, from occupants’ feedback in the final survey, multiple occupants 

stated that seeing plants inside the space boosted their energy and enhanced their 

psychological well-being. This can be explained by biophilia; the bond the plants provide 

between human beings and nature. Although self-reported productivity can be biased, 

these findings match previous studies that showed the effect of biophilia and its 

correlation with productivity, since it leads to stress reduction, blood pressure reduction, 

heart rate reduction and cognitive function improvement; these benefits occur when 

occupants are exposed to green spaces (Yin et al., 2019). It is worth noting that PM2.5 

levels have also a strong correlation with productivity, where a 10-unit change in PM2.5 

significantly decreased productivity by 6% (Chang, Graff Zivin, Gross & Neidell, 2014). 

 

Satisfaction 

The results for satisfaction followed the same path as productivity; because 

measures were self-reported, occupants were not blind to the treatments and responses 

could be biased. Regardless of the reduction results of indoor air pollutants, plants and 

EM air purifiers had similar impact on satisfaction (Figure 19).  An increase in 

satisfaction was predicted from the biophilic effect of plants, regardless of the fact the 

EM air purifiers improved PM2.5 levels twice more than plants. Aside from the benefits 

biophilia has on productivity, biophilia positively impacts attitude and overall happiness, 

improves mental health, tranquility and special pleasure and increases visual comfort 

(Tavis, 2016). These factors were expected to influence the overall satisfaction of the 

occupants. The results support my hypothesis that plants have a higher positive impact on 
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self-reported productivity due to their biophilic aspect as predicted, but their positive 

effect on satisfaction compared to EM purifiers was not evident.  

 

Health Symptoms  

Health symptoms were monitored to investigate their correlation with the 

treatments and air pollutants levels, followed by feeding the health benefits as per EPA 

tool into the CBA model based on PM2.5 and VOC level changes. The survey collected 

responses related to the decrease as well as the increase in health symptoms compared to 

the preceding week of each survey. EM air purifier had the best performance in 

comparison with other treatments and the baseline. On the other hand, by comparing 

plants with placebo, plants were better in decreased health symptoms while the placebo 

was slightly better in increased health symptoms. This improvement in placebo impact on 

occupant can be related to the fact that the occupants were not blind to the treatment 

conditions.   

Moreover, for the question of “the highest improvement in health symptoms”, EM 

air purifier results were almost two times higher than those of plants. This comes in 

perfect alignment with the finding that EM air purifiers removed two times PM2.5 higher 

than plants.   

By combining the results of the increase and decrease of the symptoms and 

running statistical analysis to test correlation with air pollutant levels, a highly significant 

correlation (p-value < 0.001) was found between health symptoms and VOC level in 

indoor air. Reflecting on the findings on my hypotheses, EM air purifiers were found to 



  

73 

 

have a higher positive impact on health symptoms reduction since they were more 

effective in PM2.5 removal from the indoor air.  

 

Cost-Benefit Analysis 

Finally, after feeding all the aforementioned findings into the cost-benefit analysis 

model, the Minor Restricted Activity Days (MRAD) and the work loss days related to the 

health benefits were higher in the case of EM air purifiers, while productivity was higher 

in the case of plants. Due to the significant cost of employees’ salaries in engineering 

companies compared to other company expenses and the high cost of turn over avoided 

by increased satisfaction, the overall CBA result came in favor of the plants (Table 25). 

Reflecting the findings on my hypotheses, it was predicted that the ROI will be 

two times higher for the plants as a result of their additional positive impact as a biophilic 

element and their lower cost. After the finalization of the CBA model calculations, plants 

were found to have almost two times (1.7 times) higher ROI.  

The survey analysis along with the CBA showed that plants and the EM air 

purifiers have different roles in improvements. EM air purifier was more effective when 

it comes to air cleaning and health symptoms, while plants had the highest impact on 

productivity and ROI overall. These findings can guide users to select the right treatment 

based on the end target, whether it is mainly for health improvement, such as the case of 

private spaces, or increased productivity and profit, such as the case of corporate offices 

or both. From my point of view, the best treatment will result from combing both EM air 

purifiers and plants within the space. In the case of mechanically ventilated spaces, if the 
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HVAC system has the capacity to include a high MERV rating filter in addition to a 

carbon filter, then plants will be the most optimum solution for the space.  

 

Research Limitations  

Research design and conclusions were limited by these limitations: 

 

▪ The operation of the EM purifier was subject to human behavior, where occupants 

were manually increasing and/or decreasing the speed based on personal preference, 

which affected the air change per hour. The use of the purifier was not recorded. 

▪ The control sites and treatment sites had different baseline IAQ performance so their 

comparability was limited.  

▪ One of the six air sensors had a technical issue with Wi-Fi connectivity. Accordingly, 

readings were recorded manually directly from this sensor only. 

▪ For the smoking office, some of the heavy smokers went on vacation for the last three 

weeks of the study (at the time of using the fake purifier) which reduced the amount 

of smoke generated within the space.  

▪ Surveys links were sent out by Wednesday, but the occupants would finish them with 

different timing as suited them during the last two days of each week. I assumed that 

self-reported productivity was synonymous with productivity. 

▪ Participants were not blinded to all conditions (they were aware of addition/removal 

of plants and purifiers which may have biased their responses). 

▪ In the cost-benefit analysis model, the Minor Restricted Activity Days (MRAD) and 

work loss days were calculated using the EPA tool, using Massachusetts (MA) as a 

reference since Qatar data were not available in the EPA tool.   
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Conclusions  

IEQ significantly affects people’s lives considering the extended time they spend 

indoors. With the indoor air quality being one of the most important IEQ factors, 

specifically related to human health, several studies had investigated the impact of 

various indoor air pollutants on occupants’ well-being and health. This research study 

focuses mainly on VOCs and PM2.5 as indoor air pollutants and CO2 as an indicator of 

adequate ventilation. This study involved six offices randomly selected within Doha, with 

ten occupants participating from each office as a stratified sample. Interventions were 

introduced in three spaces, including plants, electrostatic mechanical (EM) air purifiers 

and fake purifiers to test the placebo effect, and the rest of the office spaces remained 

with no treatment. During the 7-weeks duration of the study, air quality was monitored 

continuously for 24 hours a day, utilizing online connected sensors. Weekly surveys were 

conducted to capture occupants’ variations in self-reported productivity, satisfaction and 

health symptoms. 

Research findings showed that occupants were affected by the three treatments due 

to different causes: actual improvement in air quality, biophilic effect and placebo effect. 

By analyzing air pollutant levels, it was found that the EM air purifier reduced PM2.5 

twice as much as plants did, where EM air purifier reduced PM2.5 by 49.7%, while plants 

reduced it by 29.0%. For VOC levels improvement, EM air purifier reduced VOC 

concentrations by 21.3%, while plants reduced them by 26.1%. The improvement in air 

pollution was correlated with improvements in health symptoms. Hence, improvement in 

health symptoms was the highest during the EM air purifiers condition. No significant 

changes in CO2 levels were found due to the utilization of plants and EM air purifiers.  
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The biophilic effect had a significant impact on occupants’ self-reported 

productivity, but not satisfaction. Although plants were not responsible for the highest 

reduction of air pollutant levels, survey responses during plants showed that 47% of the 

occupants reported being productive for more than 75% of the time and total of 91% of 

the occupants being productive for more than 50% and 75% of the time, against the case 

of EM air purifier with 39% of the occupants reported being productive for more than 

75% of the time and total of 78% of the occupants being productive for more than 50% 

and 75%. Although participants were slightly more satisfied in the case of plants, with 

66% total responses of “agree” and “strongly agree” against 60% in the case of the EM 

air purifiers, this difference is too slight to conclude these were different, accounting for 

the wide variation in responses.  

The placebo effect was also significant and cannot be disregarded. From the mean 

results obtained from the weekly survey, the placebo effect resulted in having almost the 

same level in self-reported productivity similar to the EM air purifier. Moreover, during 

the utilization of the fake purifier 34% of the occupants reported improvement in 

productivity and satisfaction in the final survey, against 54% who believed it had no 

significant effect. In addition, the maximum decrease in health symptoms was reported 

during the placebo. On the other hand, fake purifiers had the lowest results when it came 

to reported satisfaction. 

The cost-benefit analysis model designed for this study captured the initial cost, 

maintenance and operation cost for the EM air purifier and the plants based on the Qatari 

market, in addition to the benefits of self-reported productivity, satisfaction and turnover 
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cost and avoided health burden. All the aforementioned factors boiled down to conclude 

that the ROI of plants was 1.7 times higher than that of EM air purifiers.  
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Appendix 

Occupants’ Questionnaires 

 

Initial Survey 

 

1. Gender: 

       ☐ Male  

☐ Female 

 

2. Age: 

☐ Less than 25 years old 

☐ 25-34 years old 

☐ 35-44 years old 

☐ 45-54 years old 

☐ 55 or more 

 

3. Occupation: 

☐ Engineer 

☐ Draftsman 

☐ Admin 

Other, please state ……………………. 

 

4.  Level of Education: 

☐ Some high school, no diploma 

☐ High school graduate, or the equivalent 

☐ Some college credit, no degree 

☐ Bachelor’s degree 
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☐ Master’s degree 

☐ Doctorate degree 

 

5. How long you have been working in this company? 

☐ Less than 3 months 

☐ 3 months – 1 year 

☐ More than 1 year 

 

6. Based on your job, total hours spent inside the office every day on average is: 

☐ Less than 2 hours 

☐ 2 – 4 hours 

☐ 4 – 8 hours 

☐ More than 8 hours 

 

7. Do you have direct visual access to external windows from your desk? 

☐ Yes 

☐ No 

 

8. Do you agree or disagree with the following statement: “I consider the space I 

am working at to be noisy”?  

☐ Strongly disagree 

☐ Disagree 

☐ Neutral 

☐ Agree 

☐ Strongly Agree 

 

9. Out of the total time I spend in the office, I feel productive for: 

☐ Less than 25% of the time 
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☐ 25% - 50% of the time 

☐ 50% - 75% of the time 

☐ More than 75% of the time 

 

Weekly Survey 

 

1. Out of the total time I spend in the office, this week I feel productive for: 

☐ Less than 25% of the time 

☐ 25% - 50% of the time 

☐ 50% - 75% of the time 

☐ More than 75% of the time 

 

2. For the past week the following symptoms have Decreased (Select all that 

apply): 

☐ Nose blocked  

☐ Nose running 

☐ Coughing 

☐ Chest tightness  

☐ Eye irritation 

☐ Blurred vision 

☐ Headache 

☐ Dizziness  

☐ Fatigue 

☐ Difficult to Concentrate 

☐ Depressed 

☐ Sleepy 

☐ Stressed 

☐ None of the above 
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3. For the past week the following symptoms have Increased (Select all that apply): 

☐ Nose blocked  

☐ Nose running 

☐ Coughing 

☐ Chest tightness  

☐ Eye irritation 

☐ Blurred vision 

☐ Headache 

☐ Dizziness  

☐ Fatigue 

☐ Difficult to Concentrate 

☐ Depressed 

☐ Sleepy 

☐ Stressed 

☐ None of the above 

 

4. Do you agree or disagree with the following statement: “The use of indoor air 

purifiers (if any) improved the indoor air quality and my overall satisfaction”? 

☐ Strongly disagree 

☐ Disagree 

☐ Neutral 

☐ Agree 

☐ Strongly Agree 

☐ Not Applicable 

 

5. Do you agree or disagree with the following statement: “The use of indoor 

plants (if any) improved the indoor air quality and my overall satisfaction”? 

☐ Strongly disagree 
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☐ Disagree 

☐ Neutral 

☐ Agree 

☐ Strongly Agree 

☐ Not Applicable 

 

6. Other comments: 

……………………………………………………. 

 

Final Survey 

 

1. Out of the total time I spend in the office, this week I feel productive for: 

☐ Less than 25% of the time 

☐ 25% - 50% of the time 

☐ 50% - 75% of the time 

☐ More than 75% of the time 

 

2. For the past week the following symptoms have Decreased (Select all that 

apply): 

☐ Nose blocked  

☐ Nose running 

☐ Coughing 

☐ Chest tightness  

☐ Eye irritation 

☐ Blurred vision 

☐ Headache 

☐ Dizziness  

☐ Fatigue 
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☐ Difficult to Concentrate 

☐ Depressed 

☐ Sleepy 

☐ Stressed 

☐ None of the above 

 

3. For the past week the following symptoms have Increased (Select all that apply): 

☐ Nose blocked  

☐ Nose running 

☐ Coughing 

☐ Chest tightness  

☐ Eye irritation 

☐ Blurred vision 

☐ Headache 

☐ Dizziness  

☐ Fatigue 

☐ Difficult to Concentrate 

☐ Depressed 

☐ Sleepy 

☐ Stressed 

☐ None of the above 

 

4. For the small Philips air purifier (the red one), describe your overall experience 

and feedback. Select all that applies. 

☐ I felt improvement in satisfaction and productivity 

☐ I felt improvement in health symptoms 

☐ No significant improvement felt 

☐ Other 
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5. For the larger air purifier, describe your overall experience and feedback. Select 

all that applies. 

☐ I felt improvement in satisfaction and productivity 

☐ I felt improvement in health symptoms 

☐ No significant improvement felt 

☐ Other 

 

6. For the plants, describe your overall experience and feedback. Select all that 

applies. 

☐ I felt improvement in satisfaction and productivity 

☐ I felt improvement in health symptoms 

☐ No significant improvement felt 

☐ Other 

 

7. Which air purifier/plant you thought had the best effect? 

☐ Philips (the red air purifier) 

☐ The larger air purifier 

☐ Plants 

 

8. Which air purifier/plant you thought had the least effect? 

☐ Philips (the red air purifier) 

☐ The larger air purifier 

☐ Plants 

 

9. Based on this study, would you prefer to get plants/purifiers of your own and use 

it at the house/office? Which would be? 

☐ Air purifiers 

☐ Plants 
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☐ None 

 

10. Please take a moment to state any interesting notes of your own that you 

discovered/experienced during the study. 

……………………………………………………………………. 
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