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Abstract 

The threat of air pollution to health has become the focus of attention, especially in cities 

in developing countries (Cao et al. 2018). In China, “Haze days” often occur in winter, 

especially in Shandong Province (Yang et al. 2021). Exposure to this toxic outdoor air 

has led to an exponential increase in the number of clinic visits (Chiang et al. 2021). 

However, it is worth noting that hospitals’ indoor air quality (IAQ) faces many problems 

(Leung and Chan 2006), including formaldehyde (HCHO) and carbon dioxide (CO2) 

pollution, and poor perception of IAQ. Plants may be a natural and sustainable solution 

to improve hospital IAQ. Some experiments have demonstrated the ability of plants to 

remove indoor gas pollutants (Brilli et al. 2018). Furthermore, exposure to a natural 

environment has a positive impact on human health and well-being (Yin et al. 2018). 

Consequently, this research aims to determine if placing indoor green plants can act as a 

natural method improve the clinical IAQ in China. 

 

This research was divided into four main phases. Initially, comprehensive literature 

reviews of hospitals’ IAQ, and the impact of plants on IAQ and occupants were 

undertaken. This identified the potential research gaps. A semi-structured interview A 

collected and analysed initial data, including determining the sample hospital, evaluating 

influencing factors on IAQ, and selecting indoor plants along with their placement. In the 

second phase of this research, subjective and objective assessments of four clinics 

investigated both the perceived IAQ of occupants and the IAQ index (indoor temperature, 

relative humidity, CO2 and HCHO concentration). Thirdly, two experiments were carried 
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out based on clinic and laboratory environments to evaluate the actual impact of plants 

on IAQ, their impact on the occupants of the clinics, and the plants’ ability to absorb 

HCHO. Finally, the results of semi-structured interview B provided subjective 

supplementary information on the influence of plants on both IAQ and occupants. After 

interview B, the results of each research step were combined to conduct a conclusive 

assessment.  

 

The subjective surveys found that hospital staff were more satisfied with IAQ than visitors. 

Medical staff consider clinics to be their workplaces, whereas the hospital environment 

is often associated with feelings of fear, uncertainty, and anxiety for visitors (Dijkstra, 

Pieterse, and Pruyn 2008). It was determined that plants can provide a relatively relaxing 

and pleasant indoor environment and relieve the stress of visitors to clinics. Plants also 

have a positive impact on the work efficiency of staff in the clinics and can alleviate their 

physical symptoms whilst working. Placing plants in more conspicuous places (such as 

on a windowsill) will help increase their positive impact on the occupants. 

 

Objective assessments found that overheating problems occurred in the clinics in winter. 

It is therefore recommended to use electric heaters reasonably and to control the room 

temperature at an appropriate range (18 - 24 °C) to avoid low relative humidity (RH) 

caused by overheating. Plants cannot effectively improve indoor RH. It is further 

recommended to use a humidifier in the clinics to increase RH and relieve the staff 

members’ dryness symptoms (Hashiguchi et al. 2008). Through the laboratory-based 
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experiments, this study determined the efficiency of certain plants to remove HCHO, 

namely C. comosum and E. aureum. Under the conditions of constant temperature and 

RH and a background concentration of HCHO (0.015 - 0.05 mg/m3), the removal rate 

ranges of C. comosum were 0.003 - 0.004 mg/m3 per hour during the daytime and 0.0008 

- 0.001 mg/m3 per hour at night. The removal rate ranges of E. aureum were 0.001 - 0.003 

mg/m3 per hour during the daytime and between 0.0007 to 0.001 mg/m3 per hour at night. 

Plants therefore can reduce indoor CO2 and HCHO concentrations in clinics. It is also 

worth noting that the removal efficiency of plants is slow and continuous. The difference 

is not statistically significant due to the complex influencing factors in the actual clinic 

environment, especially human activities. Due to outdoor pollution in winter and the need 

to conserve indoor heating, the doors and windows were closed for most of the time. A 

high CO2 concentration was also recorded in the clinics. Hence, this study suggests 

installing mechanical supply and exhaust ventilation systems (Simanic et al. 2019). It 

should also be noted that in winter, haze weather frequently occurs, and the main pollutant 

is particulate matter (PM). Filters are therefore suggested to be used at outdoor air intakes 

to remove PM (Zhang et al. 2011). 

 

Although the ability of plants to remove HCHO was determined in a laboratory 

environment, the method of simply placing green plants in clinics cannot effectively and 

directly improve IAQ. Hence, combining indoor plants with other air purification 

technologies (such as ultraviolet germicidal irradiation, sorption, and filtration) and 

making comprehensive use of their respective advantages will be a major trend in future 

research. 
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Chapter 1 -  Introduction 

1.1. Overview 

Relying on ever-changing technological progress and a flourishing economy, people’s 

living standards have made a qualitative leap. However, the excessive pursuit of 

economic development has caused irreversible damage to the ecological environment (Ji, 

Yao, and Long 2018). The World Health Organisation (WHO) (2018) indicated that 

around 90% of people in the world are breathing polluted air, which is mainly 

concentrated in Asia and Africa. Air pollution remains one of the most pressing issues 

needing to be solved in some developing countries such as China (Cao et al. 2018). 

Although air pollution in China has been greatly improved between 2014 and 2018, it is 

still at a relatively high level in some northern regions (Wang 2021). “Haze days” 

frequently occur in winter, especially in Shandong Province (Yang et al. 2021).  

 

Air pollution has led to a substantial increase in the number of hospital visits, and the 

average number of visits per day is significantly higher in winter than in other seasons 

(Chiang et al. 2021). This not only increases pressure on medical resources, but outdoor 

air pollution also seriously threatens indoor air quality (IAQ) in clinics (Chamseddine et 

al. 2019). In addition, people often take evasive measures such as closing doors and 

windows in haze weather, which inevitably hinders natural indoor ventilation (Liao, Du, 

and Chen 2021). Hospitals are densely populated places that concern people’s health, and 

the importance of maintaining good IAQ is self-evident. Satisfactory IAQ can help 

control patients’ infections and accelerate physical recovery (Liu et al. 2018). At the same 
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time, it can alleviate work pressure medical staff and reduce the complaint rate of physical 

symptoms at work (Dascalaki et al. 2009). However, if the IAQ is not properly controlled, 

it can easily cause sick hospital syndrome (SHS), with symptoms such as headaches, eye 

problems, upper respiratory tract issues, and skin irritation, etc. (Asif et al. 2018). In 

severe cases, it can cause severe hospital-acquired (nosocomial) infections and medical 

staff’s occupational diseases (Leung and Chan 2006). 

 

According to the United States Environmental Protection Agency (EPA) (2021), IAQ is 

usually used to characterise the air quality within an enclosed room space, such as a home, 

office, school, hospital, or other building environment. It is an important indicator used 

to measure the health status of the indoor environment and its suitability for habitation 

(Soreanu 2016). Indoor gaseous pollutants are the main factors affecting IAQ, which 

poses a serious threat to human health (Jung et al. 2021). Among the many gaseous 

pollutants, formaldehyde (HCHO) is widely used in cleaning and medical activities in 

hospitals (Sousa et al. 2011). Therefore, it is generally considered that high concentrations 

of HCHO are prone to occur in hospital environments (Zhang et al. 2020). A high indoor 

HCHO concentration can cause sensory irritation in the eyes, nose, throat, and skin (Dai 

et al. 2018), and even increase the risk of asthma, leukaemia, and nasopharyngeal cancer 

(Zhang et al. 2020). Cheong and Chong (2001) indicated that HCHO concentrations were 

higher than the exposure limit (0.10 mg/m3) in hospital offices. Dascalaki et al. (2008) 

found that the improper use of disinfecting agents would cause increased HCHO levels 

in operating rooms. Jung et al. (2015) investigated that the HCHO concentrations in wards 

and pharmacies were higher than in other areas. Hwang, Roh, and Park (2018) found 

unsafe levels of HCHO for children under 8 years of age in postnatal care centres.  



 3 

The carbon dioxide (CO2) concentration is also an important factor affecting hospitals’ 

IAQ in winter (Zhou et al. 2015). The indoor CO2 concentration moreover can be used as 

an indicator of IAQ (Fromme et al. 2019). When the CO2 concentration is high, a high 

concentration of HCHO is usually recorded (Hwang, Roh, and Park 2018). In winter, the 

hospital has a large flow of people and a relatively closed environment, which often 

results in a high indoor concentration of CO2 (Chamseddine et al. 2019). A high CO2 

concentration can increase the prevalence of acute health symptoms (such as chest 

tightness and mucosal irritations), and adversely affect the work efficiency of staff 

members (Satish et al. 2012). Cheong and Chong (2001) pointed out that the CO2 

concentration increased significantly in a hospital office during working hours. Zhou et 

al. (2015) indicated that due to the thermal comfort requirements of inpatients, changes 

in indoor CO2 levels were affected by their habit of opening and closing windows in the 

wards. 

 

In addition to the adverse effects of indoor pollutants on IAQ and the health of occupants, 

perceptions of IAQ are further important considerations. Indoor temperature and relative 

humidity (RH) are main indoor thermal environment parameters, as well as the important 

factors affecting perceptions of IAQ (Skoog, Fransson, and Jagemar 2005). Satisfactory 

thermal comfort has a positive impact on the health and work efficiency of occupants 

(Sattayakorn, Ichinose, and Sasaki 2017), while helping to stabilise the patients’ moods 

and promote their recovery (Alotaibi et al. 2020). However, the perception of dry air is 

always accompanied by a low indoor RH and an increase in the reporting rate of 

occupants’ dryness symptoms (Wolkoff 2018). Furthermore, changes in indoor 

temperature and RH can cause varied HCHO concentrations and health risks (Tao et al. 
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2015). Therefore, it is necessary to comprehensively consider a hospital’s IAQ, to 

evaluate both indoor pollutants and perceived IAQ.  

 

With indoor pollution seriously threatening human health, Brilli et al. (2018) suggested 

that plants may be a sustainable solution for improving IAQ. Plants are autotrophic 

organisms that require gas exchange, and gaseous air pollutants may be absorbed during 

the process of their life cycles (Gawronski et al. 2017). Furthermore, plants contain 

enzymes that can catalyse the degradation of pollutants (Brilli et al. 2018). Lim et al. 

(2009) pointed out that residential households with multiple combinations of plants have 

much lower HCHO concentrations, compared with households without plants. Some 

experiments have determined the ability of plants to reduce HCHO based on a controlled 

chamber environment. Xu, Wang, and Hou (2011) pointed out that Chlorophytum 

comosum (C. comosum), Aloe vera, and Epipremnum aureum (E. aureum) could remove 

HCHO from indoor air over a long period of time. Lim et al. (2009) stated that a pot of 

Fatsia japonica had a reducing rate of 0.23 mg/m3 for the first 2 hours and around 0.080 

mg/m3 for the next 3 hours. Teiri, Pourzamani, and Hajizadeh (2018) suggested that plants 

removed 65% - 100% of HCHO from polluted air, depending on different inlet 

concentrations (0.66 - 16.4 mg/m3). In addition, plants can simultaneously absorb CO2 

and release O2 through their photosynthetic metabolism (Brilli et al. 2018). Meanwhile, 

in the process of photosynthesis, water vapour can transpire from leaves through 

microscopic leaf pores (namely stomata) to increase air humidity (Gawronski et al. 2017). 

Raza, Shylaja, and Gopal (1995) indicated that Apicra deltoidea could absorb nearly 80% 

of accumulated CO2 in a hospital room. Based on a controlled chamber environment, 

Torpy, Irga, and Burchett (2014) found that indoor plants were able to remove CO2 at 
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very low light levels. Cetin and Sevik (2016) suggested Ficus elastica and Yucca 

massengena considerably reduced the CO2 concentration during the day. 

 

In addition, the benefits of plants for mental health have also received widespread 

attention (Markevych et al. 2017). Yin et al. (2018) suggested that exposure to a natural 

environment could have a positive impact on human health and well-being. Park and 

Mattson (2008) pointed out that patients in a ward with plants had significantly reduced 

postoperative analgesic intakes, lower systolic blood pressure and heart rate levels, and 

made fewer reports of physical symptoms. Dijkstra, Pieterse, and Pruyn (2008) proposed 

that plants in wards could relieve stress by increasing the perceived attractiveness of the 

room. Raanaas et al. (2011) pointed out that natural elements could also affect cognitive 

performance in an office working environment. Ikei et al. (2014) found that subjects 

exposed to natural elements had more common feelings of “comfort”, “relaxation” and 

the “natural”. Hence, plants have many potential benefits for both IAQ and occupants. 

On this basis, this study will explore the effects of plants on IAQ and on occupants in 

clinics in winter. 
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1.2. Research gaps and research questions 

Before exploring the impact of plants on both IAQ and occupants, it was necessary to 

have a clear understanding of IAQ in clinics. Therefore, this research was divided into 

two main parts for exploration: the investigation of clinical IAQ and the impact of plants 

on both clinical IAQ and occupants. As mentioned in Section 1.1, the impact of gaseous 

pollutants (HCHO and CO2) on hospitals’ IAQ and occupants’ health has been identified 

(Satish et al. 2012; Dai et al. 2018; Zhang et al. 2020). These studies were mainly focused 

on hospital offices, wards and operating rooms, etc. (Cheong and Chong 2001; Dascalaki 

et al. 2008; Zhou et al. 2015). However, there was still a lack of research data on clinical 

IAQ in winter. Hence, a further comprehensive survey of clinical IAQ in winter in 

Shandong province was conducted in this research. Moreover, according to Jung et al. 

(2015), few studies have comprehensively investigated IAQ and perceptions of IAQ in a 

hospital environment. Due to the complexity and importance of IAQ in hospitals (Liu et 

al. 2018), this research has developed a framework for a hospital IAQ audit and 

comprehensively reviewed the current situation of hospitals’ IAQ.  

 

Additionally, some potential benefits of indoor plants have been found for both IAQ and 

occupants. Although many studies on the removal of indoor gaseous pollutants by plants, 

most of them were concentrated in controlled laboratory environments (Lim et al. 2009; 

Xu, Wang, and Hou 2011; Teiri, Pourzamani, and Hajizadeh 2018). According to Guo et 

al. (2004), IAQ varies in each hospital working area. This research therefore aimed to 

identify the abilities of plants to remove indoor gaseous pollutants (HCHO and CO2) in 

actual clinical environments. Furthermore, existing studies did not give recommendations 
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for plants that were suitable for placement in the clinic. This study would combine 

interviews with occupants and previous studies to determine the plants to be placed in the 

clinic. It is known that plants can absorb CO2 through photosynthetic metabolism during 

the day (Gawronski et al. 2017). However, the ability of different plant species to absorb 

HCHO remains to be verified (Brilli et al. 2018). Hence, the exact HCHO removal 

efficiency of selected plants also needed to be determined in a laboratory environment. 

 

Similarly, the research on the decompression ability of plants was mostly concentrated in 

the ward environment (Park and Mattson 2008; Dijkstra, Pieterse, and Pruyn 2008). 

Research on the impact of plants on staff members’ attention recovery was also conducted 

in an office environment (Ikei et al. 2014). Therefore, the impact of indoor green plants 

on occupants in clinics needed to be considered in this study. Based on this research gap, 

two research questions are presented: (1). What is the effect of indoor green plants on 

clinics’ occupants? (2). Can indoor green plants effectively reduce indoor air pollutants 

in clinics? 
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1.3. Aim and objectives 

The aim of this research was to investigate the relations and interactions among indoor 

green plants, occupants, and IAQ in hospitals’ clinics to determine if placing indoor green 

plants can act as a natural method to improve the clinical IAQ in China. The research aim 

was accomplished by carrying out the following six objectives: 

 

(1) To conduct an exhaustive literature review on hospitals’ IAQ, IAQ guidelines, 

and the impact of green plants on IAQ and occupants; 

(2) To understand the “real feelings” of occupants about IAQ in clinics;  

(3) To investigate the current status of IAQ in clinics; 

(4) To evaluate the ability of indoor green plants to improve IAQ in clinics;  

(5) To assess the abilities of indoor green plants to improve IAQ (HCHO) under 

controlled environments; 

(6) To explore the impacts of indoor green plants on occupants in clinics. 
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1.4. Methodology 

In order to achieve the research aim and objectives, this research adopted a mixed 

methods research (MMR) approach. The identification of the research methods was 

mainly based on the research objectives and a review of the previous studies. With the 

research objectives, the study separately reviewed the research methods used in hospitals’ 

IAQ investigations, and the research methods used to identify the abilities of indoor green 

plants to improve IAQ. Finally, interviews, questionnaires, physical measurements, and 

experiments were identified to be used in this study to collect qualitative and quantitative 

data. Through reviewing the methods used in hospitals’ IAQ investigations, the program 

of an IAQ audit for hospitals was developed. Based on this, the implementation of the 

research program was designed and detailed in four steps.  

 

The purpose of stage one was to identify the investigation area, which included the 

literature review, semi-structured interview A, and the walk-through inspection. 

Objective one was achieved through the literature review (Chapter 2), which presents a 

clear understanding of the current IAQ in hospitals, IAQ guidelines, and the impact of 

plants on both IAQ and occupants. Furthermore, the topic guidance questions for 

interview A were determined on the basis of the literature review. Interview A collected 

initial data to determine the scope of the research area through discussions with the 

hospitals’ occupants (Baurès et al. 2018). The walk-through inspection aimed to identify 

both the potential study areas and the suitable monitoring locations (Cheong and Chong 

2001). 
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Stage two was the clinical IAQ investigation. Based on the initial findings from the 

interviews, a questionnaire survey was designed to understand the “real feelings” of 

occupants for IAQ in clinics, which achieved objective two. At the same time, this study 

used physical measurement to detect IAQ indexes including temperature, RH, CO2, and 

HCHO, which fulfilled objective three. Finally, through combining the results of the 

subjective assessments and the objective measurements, the IAQ status of a hospital could 

be determined. 

 

After establishing a comprehensive understanding of the clinical IAQ, two experiments 

followed that were conducted in stage three. In interview A, the selected plants were 

identified as C. comosum and E. aureum. The research then conducted experiment A to 

determine the effect of indoor plants on both IAQ and occupants in clinics. Due to no 

previous studies having evaluated the exact efficiency of these two plants in removing 

HCHO, experiment B was conducted to identify the removal efficiency of C. comosum 

and E. aureum as to HCHO concentrations in a laboratory environment. 

 

Stage four was semi-structured interview B, which aimed to expand the results of the 

questionnaire and gain a deeper understanding of the occupants’ views on the green plants 

placed in the clinics. Interview B was mainly centred on the impacts of indoor green 

plants on occupants. The results of interview B were then used to validate the results of 

the data analysis of the quantitative research. In addition to combining the results of 

interview B, the impact of plants on both occupants and IAQ were comprehensively 

analysed and discussed. 
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1.5. Significance of the research 

Due to the complexity of IAQ requirements and standards in hospitals (Liu et al. 2018), 

this domain has frequently been overlooked in the literature, representing a great potential 

for improvement, such as the framework for the hospital IAQ audit and the IAQ standard 

in hospitals. Through this research, a framework for an IAQ audit in hospitals was 

developed, which comprehensively analyses the IAQ in a hospital, to help find a solution 

for its management.  

 

In addition, the current situation of clinical IAQ in winter in Shandong province was 

established. The measured indoor HCHO and CO2 content, temperature and RH level 

were then compared with the IAQ guidelines. This assessed the existing problems in the 

current clinical IAQ and made further recommendations based on the objective 

measurement results and the subjective opinions of the clinic’s occupants. 

 

This study has evaluated the impact of plants on both IAQ and occupants in a real clinic’s 

environment. It provides a research foundation for future research on methods to naturally 

and sustainably improve IAQ. In addition, the advantages and disadvantages of different 

IAQ improvement methods were compared, and suggestions were put forward for 

combining indoor plants with other air purification technologies. 
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1.6. Outline of the thesis 

The thesis consists of eight chapters. A summary of each chapter is outlined: 

 

Chapter One is an introductory chapter. It describes the background of the research, states 

the research gaps and the significance of the research, identifies the aim and objectives, 

introduces the research methodology, and outlines the structure of the whole thesis. 

 

Chapter Two is the literature review. The chapter first reviews air pollution in Shandong 

Province. Secondly, it systematically reviews IAQ in hospitals. Thirdly, it reviews the 

impact of indoor green plants on both IAQ and occupants. 

 

Chapter Three is the research methodology. This chapter explains the research rationale 

for adopting the MMR methodology and the application of the four methods 

(questionnaire, interview, physical measurement, and experiment). The methodology 

chapter also introduces the design, the data collection, and the data analysis for each of 

the research activities. 

 

Chapter Four introduces the initial findings of semi-structured interview A. These 

findings include determining the hospital sample, the overall impression of IAQ, factors 

that influence IAQ satisfaction, and suggestions for both IAQ improvement and placing 

indoor plants (species, numbers, and location). 
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Chapter Five is a comprehensive survey of the clinics’ IAQ, through subjective surveys 

and objective measurements. The questionnaire survey included general information, the 

evaluation of IAQ, the influence of IAQ on occupants, and the physical symptoms 

reported by staff during working hours. The physical measurements focused on indoor 

temperature, RH levels, CO2 and HCHO concentrations. This chapter also discusses the 

correlation of IAQ parameters and summarises the general findings of the questionnaire 

and the physical measurements. 

 

Chapter Six presents the experimental assessment conducted in the clinics and the 

laboratory. The experiment in the clinics identified the impacts of indoor plants on both 

IAQ and occupants. The laboratory experiment identified the removal efficiency of C. 

comosum and E. aureum as to HCHO concentrations.  

 

Chapter Seven presents the semi-structured interviews with the occupants. This chapter 

introduces the general findings of the interviews, which aimed to expand on the results of 

the questionnaires and gain a deeper understanding of the occupants’ views on the green 

plants placed in the clinics. Secondly, the results of interview B were combined to 

comprehensively analyse and discuss the impact of plants on both occupants and IAQ. 

Finally, this chapter compares the advantages and disadvantages of different IAQ 

improvement methods. 

 

Chapter Eight concludes the research findings of each research activity, reflects on the 

deficiencies and limitations of the research, and presents the recommendations for further 

research. 
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Chapter 2 -  Literature review  

In order to explore a natural way to improve the IAQ in clinics, this chapter mainly 

reviews the literature from two aspects: (1) before considering the improvement of IAQ 

in outpatient departments, it is required to have a clear understanding of the current 

situation of IAQ in hospitals; (2) it is necessary to identify the removal efficiency of plants 

as to indoor gaseous pollutants, and its impact on the health of occupants. Therefore, this 

chapter is divided into five parts for review and discussion. 

 

Firstly, the harm from air pollution to human health is reviewed. In history, both the 

United States and the United Kingdom have experienced severe air pollution disasters, 

which have led to very serious consequences (Department for Environment Food and 

Rural Affairs 2012; EPA 2020). At this stage of rapid development in China, the air 

pollution problem also needs to be solved urgently (Cao et al. 2018). Pollution problems 

are serious in winter, especially in Shandong Province (Yang et al. 2021). Air pollution 

has forced people to take evasive measures such as closing their windows and reducing 

outdoor activities (Liao, Du, and Chen 2021). At the same time, the number of outpatients 

in winter clinics increases significantly due to air pollution (Chiang et al. 2021). 

 

Secondly, the impact of IAQ on hospitals’ occupants is reviewed. The importance of IAQ 

in hospitals is self-evident. However, external air pollution, closed windows, and 

increasing numbers of outpatients have severely affected IAQ in hospitals (Chamseddine 

et al. 2019). Moreover, due to its wide range of uses, the concentration of HCHO is 

usually high in hospitals, which poses a serious threat to the health of their occupants 
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(Sousa et al. 2011; Zhang et al. 2020). The concentration of CO2 in hospitals is also 

worthy of attention as they are large gathering places (Zhou et al. 2015; Chamseddine et 

al. 2019). Additionally, the influence of indoor temperature and RH on HCHO content 

and thermal comfort for occupants is critical (Skoog, Fransson, and Jagemar 2005; Tao 

et al. 2015). Therefore, a systematic review of hospitals’ IAQ is needed. 

 

Thirdly, the reviews of hospitals’ IAQ have been conducted from two aspects: subjective 

surveys and objective measurements. The subjective surveys are mostly concentrated on 

an occupant’s perceived IAQ and any medical symptoms incurred due to poor IAQ. The 

objective measurements of the IAQ tend to focus on the levels of indoor air pollutants. 

 

In addition, the effects of indoor plants on both IAQ and occupants are reviewed 

separately. The removal efficiency of gaseous pollutants by plants in different indoor 

environments has been evaluated. The effects of plants on human health are mainly 

focused on reducing physical and psychological pressures and on restoring attention. 

Furthermore, the chapter will discuss the potential benefits of plants on IAQ and 

occupants in clinics. Finally, this chapter identifies the research gaps based on a 

comprehensive review of the status of IAQ in hospitals and the effects of plants on IAQ 

and on the health of occupants. It also summarises the main results of previous studies.  
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2.1. Air pollution in Shandong Province, China 

2.1.1. The hazards of air pollution 

Air pollution is caused by the abnormal increase of some substances in the air due to 

human activities and natural processes (National Institute of Environmental Health 

Sciences 2021). When these substances present a sufficient concentration and exist for a 

period of time, they will endanger the comfort, health and well-being of both the human 

and the ecological environment (Vallero 2019). The subject of air pollution has long been 

the focus of global attention and is often discussed with issues such as industrialised 

economic development, environmental protection, and human health, and is even closely 

related to mortality (Anderson 2009). The government faces a difficult choice between 

economic growth, environmental protection and public health costs (Jiang, Kim, and Woo 

2020). Unfortunately, in the process of balancing economic development and air pollution, 

mankind has paid a heavy price.  

 

In October 1948, the town of Donora in Pennsylvania, US, was shrouded in smoke. Over 

five days, nearly 40 deaths were caused, and nearly half of the residents experienced 

severe respiratory or cardiovascular problems (EPA 2020). The UK has also experienced 

major air pollution. In December 1952, the “great smog” in London claimed the lives of 

4,000 people. The UK’s Beaver Committee then established the Clean Air Act in 1956 to 

prevent the recurrence of such tragedies (Department for Environment Food and Rural 

Affairs 2012). Similarly, the United States Congress passed the “Clean Air Act 

Amendment” in 1970, thereby setting the US air quality standards (EPA 2020).  
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Crises such as those in Donora and London reflect that air pollution has become a harsh 

consequence of industrial growth in countries and around the world. China’s 

industrialisation and economic growth has achieved a huge leap since 1978 and was 

ranked the second highest Gross Domestic Product (GDP) in the world by 2010 (Li, 

Feitelson, and Li 2020). However, pollution of the air and the consumption of energy are 

behind this economic prosperity. As early as 2007, China’s CO2 emissions had surpassed 

the United States, and by 2009, its total energy consumption had also surpassed the United 

States, becoming the world’s largest energy consumer and carbon emitter (Lu et al. 2020). 

Like the US and the UK, air pollution had also brought unpredictable consequences to 

China.  

 

Since 2005, “haze days” have become a serious problem in China. Around 2013, the 

threat from haze became a major concern for Chinese citizens (Fan et al. 2020). The main 

cause of haze is the increase of particulate matter (PM) in the air. PM generally refers to 

a mixture of solid particles and liquid droplets in the air (EPA 2018), and the most 

reported value corresponds to the concentration of particles with a mean diameter of 2.5 

μm (PM2.5) (González-Martín et al. 2021). The greatest hazard of haze to human health 

is that it will increase the risk of respiratory infections and even increase the incidence of 

lung cancer, which has forced people to take evasive actions, such as minimising outdoor 

exposure and closing windows (Liao, Du, and Chen 2021). Therefore, the government 

listed haze as a threat to national security and issued the Air Pollution Prevention and 

Control Action Plan (APPCAP) in 2013 (Wang 2021). In the period from 2014 to 2018, 

China’s air quality had been significantly improved and the average concentration of 

PM2.5 dropped from 60.62 to 38.42 μg/m3 (Liao, Du, and Chen 2021). Nevertheless, the 



 18 

air pollution in some northern regions, especially Shandong Province, is still at a 

relatively high level (Yang et al. 2021). 

 

2.1.2. Air pollution in Shandong Province 

Shandong Province is the third largest provincial economy, accounting for around 11% 

of the GDP (Jiang et al. 2020). It also has the second highest population at 100.70 million 

in 2019 (Li et al. 2021). Under the dual influence of the demands of urbanisation and 

industrialisation, Shandong Province is also a major energy consumer (Liu et al. 2020). 

Coal has long dominated the energy sector, accounting for 80% of the total energy 

consumption in the province and 10% of the country’s total energy consumption (Yao et 

al. 2019). Shandong’s energy demand and industrial structure have therefore led to a large 

amount of pollution emissions (Yao et al. 2019).  

 

According to Zhou et al. (2020), in 2019, the Chinese Ministry of Ecology and 

Environment (MEE) identified 20 cities with the worst air quality, five of which were 

located in Shandong province. The average annual range of PM2.5 concentration was 

between 39.58 to 59.75 μg/m3 in Shandong’s cities, was much higher than the WHO 

recommendation (10 μg/m3). In addition, the average concentration of PM2.5 in Shandong 

Province is highest in winter and lowest in summer, which is closely related to per capita 

energy consumption (Yao et al. 2019). Due to climatic characteristics, the winter in 

northern China is cold and dry, and the heating demand has greatly increased the use of 

coal (Li et al. 2020). During the winter-heating seasons (from November to March), large-
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scale centralised coal-fired boilers provide indoor heating to residential and commercial 

buildings, resulting in substantial increases in air pollution (Fan, He, and Zhou 2020).  

 

The frequent occurrence of haze also causes a substantial increase in the number of 

outpatient visits to hospitals in winter. According to Chiang et al. (2021), the degree of 

air pollution is significantly positively correlated with the number of outpatient visits, and 

the average daily number of hospital visits are significantly higher in winter than other 

seasons. Wang et al. (2020) indicated that exposure to a high concentration of PM2.5 is 

associated with the number of daily hospital visits for endocrine, digestive, urological and 

dermatological diseases. Short-term exposure to air pollution is also positively correlated 

with outpatient visits for asthma in China, and significantly increases the related medical 

burden (Lu, P. et al. 2020). According to Zhang et al. (2021), a higher concentration of 

air pollutants is positively associated with a higher rate of outpatient visits involving 

asthma in children. Based on research by Zhou et al. (2021), short-term ambient air 

pollution is also associated with an increase in outpatient care for anxiety.  

 

Winter air pollution has not only led to an increase in the number of visits to hospitals, 

but has also caused a serious threat to their indoor environments. As mentioned earlier, 

in haze weather, people often take avoidance measures such as closing doors and 

windows, thus inevitably hindering the natural indoor ventilation (Liao, Du, and Chen 

2021). Increasing numbers of outpatient visits in winter have not only increased medical 

pressures, but have also adversely affected the IAQ in hospitals (Chamseddine et al. 2019). 

Hospitals are densely populated places related to people’s health, and the importance of 

maintaining good air quality is self-evident. Hence, special attention should be paid to the 
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IAQ of hospitals in the Shandong Province in winter. Consequently, in the next section, 

the importance of hospitals’ IAQ will be introduced in detail, and its impact on occupants 

will be discussed. 
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2.2. The impact of hospitals’ IAQ on occupants 

2.2.1. The importance of hospitals’ IAQ 

Compared with outdoor air quality, IAQ is worse and has a more serious impact on human 

health (Rosário Filho et al. 2021). On the one hand, most people in industrialised countries 

spend as much as 80% to 90% of their time indoors (at work, at home or at school) 

(González-Martín et al. 2021), which means that most of the time people are exposed to 

indoor rather than outdoor air pollution. On the other hand, IAQ is not only affected by 

air penetrating from outside, but also depends on indoor pollution sources (Viegi et al. 

2019). Poor IAQ seriously endangers human health, which can cause many respiratory 

illnesses, allergies and even cancerous diseases (González-Martín et al. 2021).  

 

IAQ and its associated health risks vary as indoor environments have different functions 

(Guo et al. 2004). The most basic and major function of a hospital is to restore people’s 

health. Hence, the importance of hospitals’ IAQ to the health of its occupants is self-

evident. The impact of IAQ on human health in hospitals also has two sides. Firstly it 

confirms that improved IAQ directly or potentially influences hospital staff’s work 

efficiency and decreases the recovery time of patients (De Giuli et al. 2013). A high 

quality indoor environment can help control patients’ infections and also accelerates 

physical healing (Liu et al. 2018). IAQ is one of the main criteria for assessing satisfaction 

in hospitals. Satisfactory working conditions can help to decrease the complaint rate for 

medical staff related to health and work-related symptoms by approximately 72% 

(Dascalaki et al. 2009), and relieve work stress to a certain extent, thereby helping to 

improve the standard of medical services (Dendaas 2011). Secondly, due to the sensitivity 
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and complexity of a hospital building’s environment, improper control and protection of 

air quality will easily cause outbreaks of SHS, such as eye, upper respiratory tract and 

skin irritation, fatigue, as well as other physical discomfort (Asif et al. 2018). Not only 

that, poor and unhealthy IAQ can even further lead to hospital-acquired (nosocomial) 

infections, and occupational diseases for healthcare providers (Leung and Chan 2006). 

 

Compared to other public buildings, hospitals exhibit unique characteristics in their 

indoor environments, summarised as strict control and diversified requirements (Liu et al 

2018), and are mainly reflected in three aspects. Firstly, a hospital always has three 

categories of occupants: inpatients, visitors and hospital staff, who have different 

expectations and needs. For patients, a hospital is like a “temporary residence” whilst 

waiting to go home. On the contrary, a hospital is more like a “permanent environment” 

as a workplace for doctors and nurses (De Giuli et al. 2013). Hence, due to the different 

expectations of the hospital environment and the impact of work activities, the individual 

needs of hospital staff and patients vary greatly (Skoog, Fransson, and Jagemar 2005). 

Secondly, medical institutions are public service facilities. A large-scale general hospital 

especially needs to face inter-individual differences and diversified comfort demands 

caused by age, gender, behaviour, and cultural aspects, etc. (Liu et al 2018). Thirdly, 

hospitals are complex indoor facilities with spaces that have different functions (Balaras, 

Dascalaki, and Gaglia 2007). A general hospital commonly has various healthcare 

departments and medical facilities including outpatient departments, pharmacies, 

operating rooms, inpatient wards, intensive care units, radiology departments, doctor and 

nurse offices, and medical research laboratories, etc. Each department has its own IAQ 

needs, depending on its different medical purposes (Leung and Chan 2006).  
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2.2.2. Formaldehyde (HCHO) in hospitals 

Gaseous pollutants are major concerns in indoor environments, many of which are toxic 

(Jung et al. 2021). Total volatile organic compounds (TVOCs) are one of the commonest 

and most concerning gaseous pollutants (Shen et al. 2020). TVOCs are a general term for 

the amount of measured volatile organic compounds (VOCs) in the indoor air. The 

sources of TVOCs are very wide, as not only can they be produced through a variety of 

industrial processes, but can also be essential components of many products and materials. 

Most VOCs are widely used in textiles, woodworking, construction and chemical 

industries (Cheng et al. 2017). Based on its volatilisation characteristics, the concentration 

of many VOCs continues to be up to ten times higher indoors than outdoors, as they are 

emitted from numerous products including furniture, paint on walls, household cleaners, 

disinfectants and cosmetics (EPA 2017). Some VOCs are considered to be highly toxic 

and carcinogenic, causing respiratory diseases (Stamatelopoulou, Asimakopoulos, and 

Maggos 2019). High levels of VOCs are risk factors for asthma and rhinitis and may even 

cause skin cancers, melanomas, lung cancer and endocrine-related cancers (Cheng et al. 

2017). Among the various VOCs, HCHO is highly concerning due to its wide distribution 

and high carcinogenicity (Shen et al. 2020). HCHO is a colourless, flammable, and 

strong-smelling chemical (EPA 2019). Short-term exposure to high concentrations can 

lead to a burning sensation in the eyes, nose, and throat, wheezing, nausea, and skin 

irritation, etc. (Dai et al. 2018). Prolonged exposure to high concentrations of HCHO may 

increase the risk of asthma, leukemia, and nasopharyngeal cancer (Zhang et al. 2020).  

 

Hospitals are often considered to be places where high HCHO concentrations tend to 

occur, with their associated health risks (Zhang et al. 2020). HCHO has a wide range of 
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uses in hospitals (Sousa et al. 2011). As a disinfectant, it is widely used in cleaning 

activities and medical activities, and it is also used as a fixative and antiseptic for 

anatomical specimens. An aqueous solution containing 5% HCHO is used as a fumigant 

and disinfectant in hospitals to effectively kill bacteria, fungi and viruses. A solution 

containing approximately 37% HCHO is commonly called formalin and is used to store 

and preserve tissue samples in hospital laboratories (Public Health England 2017). A 

study in the operating rooms of Greek hospitals indicated that the improper use of 

disinfecting agents would cause increased HCHO levels (Dascalaki et al. 2008). 

According to Sousa et al. (2011), the source of HCHO emissions in a hospital 

environment is mainly internal, which is a potential carcinogenic risk for occupational 

staff. Therefore, understanding the status of HCHO pollution in hospitals is very 

important for improving the hospital’s IAQ and reducing health risks. 

 

Due to the health risks of exposure to indoor air contaminants, international institutions 

and national environmental protection departments have established various exposure 

limits for indoor pollutants. In 1987, the US EPA classified HCHO as a possible human 

carcinogen. In the same year, the Occupational Safety and Health Administration (OSHA) 

established a federal standard that the HCHO exposure limit for workers in an 8-hour 

working day was 1.20 mg/m3. In 1992, the exposure limit was lowered to 0.90 mg/m3 

(National Cancer Institution 2011). In 2020, in UK, the Health and Safety Executive (HSE) 

revised workplace exposure limit was 2.50 mg/m3 in an 8-hour working day (HSE 2020). 

Compared with the US, the UK’s HSE has developed a relatively loose exposure limit for 

the workplace. For residential and public buildings, Public Health England (PHE) 

referred to the WHO recommendations (PHE 2019), but the US did not give relevant 
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guidelines. According to the study by the WHO, limiting the concentration of HCHO to 

0.10 mg/m3 can prevent the adverse effects of short-term exposure, including sensory 

irritation, lung function damage, nasopharyngeal cancer and myeloid leukemia (WHO 

2010). Similarly, in Germany, the Committee for Indoor Air Guide Values (AIR) 

provided a precautionary guide value. The maximum concentration level of HCHO was 

below 0.10 mg/m3 in indoor air, which showed no adverse health effects even in sensitive 

subjects or after long-term exposure (Fromme et al. 2019). Table 2-1 below summaries 

the indoor exposure limits guidelines for HCHO in different countries and international 

agencies. 
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Table 2-1 The exposure limits guidelines of HCHO in indoor air 

Issued 

institution 

Guideline 

(mg/m3) 
Guideline definition Reference 

US, 

OSHA 
0.90 

Daily exposure limit for workers 

(usually 8 hours a day) in the 

workplace 

National 

Cancer 

Institution 

(2011) 

UK, 

HSE 
2.50 

Daily exposure limit for workers 

(usually 8 hours a day) in the 

workplace 

HSE (2020) 

UK, 

PHE 
0.10 

Short-term (30-minute) exposure 

limits in residential and public 

buildings (reference WHO 

recommendations) 

PHE (2019) 

WHO 0.10 

Short-term (30-minute) exposure 

limits in residential and public 

buildings 

WHO (2010) 

Germany, 

AIR 
0.10 

Maximum concentration level of a 

single substance in indoor air 

Fromme et al. 

(2019) 

China, 

NHC 
0.10 

Short-term (1 hour) exposure limits in 

residential and public buildings 
NHC (2002) 

 

In China, Indoor Air Quality Standard (GB/T 18883-2002) was formally implemented in 

2003 by the National Health Commission (NHC). It is mainly limited to IAQ in residential 

and public buildings. Its purpose is to protect human health and prevent and control indoor 

air pollution. The standard specifies the exposure limit of HCHO within one hour is 0.10 

mg/m3 (NHC 2002). Based on the above guidelines for residential and public buildings, 

it is generally recommended that the HCHO short-term (1 hour) exposure limit is 0.10 

mg/m3 (Water Treatment Services 2021). 
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2.2.3. Carbon dioxide (CO2) in hospitals 

In addition of HCHO, the indoor concentration of CO2 is also an important factor affecting 

IAQ in hospitals (Zhou et al. 2015). A hospital is a relatively closed place, where a large 

number of people gather. CO2 is primarily a by-product of human metabolism, so its 

concentration is always higher in hospitals (Chamseddine et al. 2019). A high 

concentration of CO2 will increase the prevalence of acute health symptoms, such as 

headaches and mucosal irritations, and lead to a slower work performance for hospital 

staff (Satish et al. 2012). It is also an indicator of indoor ventilation levels. When its 

concentration exceeds 1000 ppm, indoor ventilation is considered inefficient (Fromme et 

al. 2019). CO2 levels can be a good indicator for predicting IAQ when categorised into 

two groups: ≤ 750 ppm and > 750 ppm. The concentrations of HCHO were higher with 

CO2 levels ≥ 750 ppm than CO2 levels  < 750 ppm in researched multi-facilities (Hwang, 

Roh, and Park 2018).  

 

There has been some controversy about whether CO2 should be classified as an indoor air 

pollutant, due to indoor CO2 primarily being a by-product of human metabolism. The 

WHO has not given a specific indoor exposure limit. The American Society of Heating, 

Refrigerating, and Air-conditioning Engineers (ASHRAE) recommended that CO2 

concentration should not exceed 1000 ppm in residential and public buildings (Majd et al. 

2019). In the UK, the HSE revised workplace exposure limit was 5000 ppm in an 8-hour 

working day (HSE 2020). In Germany, AIR provides more detailed guidelines and 

recommendations, suggesting that indoor concentrations below 1000 ppm are considered 

harmless and there is no need to take any measures. However, when the indoor 

concentration exceeds 1000 ppm and is lower than 2000 ppm, indoor ventilation should 
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be improved immediately. Higher than 2000 ppm is an unacceptable level and requires 

mechanical ventilation, structural measures or constructional measures (Fromme et al. 

2019). In China, according to Indoor Air Quality Standard (GB/T 18883-2002), indoor 

concentrations of CO2 cannot exceed 1000 ppm. 

 

Table 2-2 The exposure limits guidelines of CO2 in indoor air 

Issued 

institution 

Guideline 

(ppm) 
Guideline definition Reference 

US, 

ASHRAE 
1000 

Should not exceed 1000 ppm in 

residential and public buildings 

Majd et al. 

(2019) 

UK, 

HSE 
5000 

In an 8-hour working day in the 

workplace 
HSE (2020) 

Germany, 

AIR 

< 1000 Harmless, no measures are necessary 

Fromme et al. 

(2019) 

1000 - 2000 
Suspicious, ventilation must be 

improved 

> 2000 

Unacceptable level, constructional 

measures and/or mechanical 

ventilation are recommended 

China, 

NHC 
1000 

Below 1000 ppm is acceptable in 

residential and public buildings 
NHC (2002) 

 

Table 2-2 above summaries the indoor exposure limits guidelines of CO2 in the US, UK, 

Germany and China. The UK sets exposure limits in the workplace, and the consensus 

reached by the other three countries is that the concentration of CO2 should not exceed 

1000 ppm in both residential and public buildings. 
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2.2.4. Temperature and relative humidity (RH) in hospitals 

The influences of temperature and RH on IAQ should both be considered at the same 

time. Temperature and RH are important indoor thermal environment parameters and also 

important factors affecting perceptions of IAQ (Skoog, Fransson, and Jagemar 2005). 

Thermal comfort is the subjective satisfaction evaluation of the surrounding thermal 

environment (Verheyen et al. 2011). In a hospital environment, the satisfaction of 

occupants with thermal comfort is particularly important (Hwang et al. 2007). A 

satisfactory thermal environment has a positive impact on the efficiency of medical staff 

(Sattayakorn, Ichinose, and Sasaki 2017). Moreover, a comfortable thermal environment 

can assist in stabilising the patient’s mood and contributing to their recovery (Alotaibi et 

al. 2020). In contrast, the perception of dry air is always accompanied by a low indoor 

RH and an increase in the reporting rate of occupants’ dryness symptoms (Wolkoff 2018). 

In addition, according to Tao et al. (2015), changes in indoor temperature and RH can 

cause varied HCHO concentrations and health risks. 

 

There are two important standards related to the thermal comfort zone of hospitals in 

China: Architectural and Design Code for General Hospitals (GB 51039-2014) (Table 

2-3) and Design Code for Heating, Ventilation and Air Conditioning in Civil Buildings 

(GB50736-2012) (Table 2-4). Architectural and Design Code for General Hospitals (GB 

51039-2014) was published in 2014 by the Ministry of Housing and Urban-Rural 

Development (MOHURD). The code aims to standardise the architectural design of 

general hospitals and meet the requirements of medical services, safety, health, the 

economy, applicability, energy saving, and environmental protection (MOHURD 2014). 

Design Code for Heating, Ventilation and Air Conditioning in Civil Buildings (GB50736-
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2012) was published in 2012 by MOHURD, which aims to standardise the heating, 

ventilation and air conditioning design of civil buildings to ensure a healthy and 

comfortable working and living environment (MOHURD 2012).  

 

Table 2-3 Architectural and design code for general hospitals (MOHURD 2014) 

Standards Season Function space 
Temperature 

(°C) 
RH (%) 

Architectural 

and Design 

code for 

General 

Hospitals 

Summer 

(Air 

conditioning) 

Outpatient 

department 
≤ 26 / 

Inpatient 

department 
≤ 27 / 

Operating 

room 
≤ 26 ≤ 65 

Winter 

(Heating) 

Outpatient 

department 
18 ≤ / 

Inpatient 

department 
20 ≤ / 

Operating 

room 
20 ≤ 30 ≤ 

 

Table 2-4 Design code for heating and air conditioning in civil buildings (MOHURD 

2012) 

Standards Season 
Thermal 

comfort level 

Temperature 

(°C) 
RH (%) 

Design Code for 

Heating, 

Ventilation and 

Air 

Conditioning in 

Civil Buildings 

Summer 

(Air 

conditioning) 

I 24 - 26 30 ≤ 

II 24 - 28 / 

Winter 

(Heating) 

I 22 - 24 40 - 60 

II 18 - 24 ≤ 70 



 31 

Due to the publication year of GB 51039-2014 being later than GB 50736-2012, GB 

51039-2014 was set up specifically for general hospitals. The recommended guide values 

for indoor temperature and RH in clinics in winter are mainly based on Architectural and 

Design Code for General Hospitals. As shown in Table 2-3 above, this design code 

stipulates the maximum accepted indoor temperature (26 °C) in summer and the lowest 

acceptable temperature (18 °C) in winter in outpatient departments. However, the 

minimum acceptable temperature in summer and the maximum acceptable temperature 

in winter are not stipulated. 

 

In Table 2-4, the thermal comfort level is divided into two classifications: Class I and 

Class II. In China, the design standards of hospitals are classified as Class I civil buildings 

(MOHURD 2012). This design code stipulates the indoor temperature range (24 - 26 °C 

in summer, 22 - 24 °C in winter) in Class I civil buildings. Therefore, referring to the 

above two specifications, the recommended acceptable temperature range in clinics is 24 

- 26 °C in summer and 18 - 24 °C in winter. 

 

For indoor RH, Architectural and Design code for General Hospitals, only stipulates the 

maximum acceptable RH level (65%) in the operating rooms in summer and the minimum 

level (30%) in winter, while outpatient and inpatient departments are not mentioned. In 

Table 2-4, the design code (Class I) stipulates the minimum RH level in summer to be 

30%, and the RH range in winter should be within 40 - 60 %. Therefore, referring to the 

above two specifications, the recommended acceptable RH range in clinics is 30 - 65 % 

in summer and the temperature range is 30 - 60 °C in winter.  
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2.3. The investigation of IAQ in hospitals 

2.3.1. Investigation methods of IAQ in hospitals  

There are normally two approaches to identify hospitals’ IAQ: subjective surveys and 

objective measurements (Cheong and Chong 2001). In this section, 30 studies are 

reviewed, and Table 2-5 summarises their research methods. Among them, 17 studies 

only adopted physical measurements (numbers 2, 3, 5, 6, 10, 11, 12, 14, 15, 17, 18, 19, 

20, 21, 25, 28 and 30). One study only used questionnaire surveys (number 22). Ten 

studies adopted physical measurements and questionnaire surveys (numbers 1, 4, 7, 8, 9, 

13, 16, 24, 27 and 29). One study used physical measurements and interviews (number 

26). Another study used all three investigation methods: interviews, questionnaires, and 

physical measurements (number 23). 
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Table 2-5 Review of research methods used in hospitals’ IAQ investigations 

Study Reference (year) Objective of study Research Methods 

   
Physical 

measurements 

Questionnaire 

surveys 
Interview 

1.  Cheong and Chong (2001) A hospital in Singapore √ √  

2.  
Klanova and Hollerova 

(2003) 
Five wards of a children’s hospital √   

3.  
Pastuszka, Marchwiñska-

Wyrwa, and Wlazlo (2005) 

Three hospitals and one medical clinic located in 

Upper Silesia, Poland 
√   

4.  
Skoog, Fransson, and 

Jagemar (2005) 
A general hospital in southern Sweden √ √  

5.  Wang et al. (2006) Four hospitals in Guangzhou, China √   

6.  Helmis et al. (2007) 
A dentistry clinic in the dentistry faculty of Athens 

University 
√   

7.  Hwang et al. (2007) A medical centre in Taiwan √ √  

8.  Hashiguchi et al. (2008) A hospital in the southern part of Fukuoka, Japan √ √  

9.  Dascalaki et al. (2009) Greek hospital operating rooms √ √  

10.  Sautour et al. (2009) A French hospital √   

11.  Ekhaise et al. (2011) Benin teaching hospital in Nigeria √   
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12.  
Wan, Chung, and Tang 

(2011) 
Eight operating rooms in a hospital √   

13.  Verheyen et al. ( 2011) A Belgian healthcare facility √ √  

14.  
Awosika, Olajubu, and 

Amusa (2012) 
A teaching hospital in Nigeria √   

15.  Azimi et al. (2013) 
Specialty and subspecialty Khatam-Al-Anbia 

hospital, located in Tehran, Iran 
√   

16.  De Giuli et al. (2013) Three wards of Padua general hospital in Italy √ √  

17.  
El-Sharkawy and Noweir 

(2014) 

A university hospital in the eastern province of Saudi 

Arabia 
√   

18.  Jung et al. (2015) Thirty-seven hospitals in Taiwan √   

19.  Mendes et al. (2015) Elderly care centres in Portugal √   

20.  Verde et al. (2015) 
A community hospital located in the city of Setubal, 

Portugal 
√   

21.  Zhou et al. (2015) A ward of a general hospital in Nanjing, China √   

22.  Yu et al. (2016) A maternity hospital in Shenyang, China  √  

23.  
Sattayakorn, Ichinose, 

and Sasaki (2017) 
Two general hospitals in Bangkok, Thailand √ √ √ 

24.  
Zhang, Hong, and Feng 

(2017) 
Four hospitals in Chongqing, China √ √  
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25.  Asif et al. (2018) A public hospital in Islamabad, Pakistan √   

26.  Baurès et al. (2018) Two French hospitals √  √ 

27.  Derks et al. (2018) A hospital in the Netherlands √ √  

28.  
Hwang, Roh, and Park 

(2018) 

Twenty-three hospitals, 36 geriatric hospitals, and 3 

postnatal care centres in South Korea 
√   

29.  Liu et al. (2018) Two hospitals in China √ √  

30.  Chamseddine et al. (2019) 
Three hospitals, two located in residential and 

commercial areas, and one located in a rural area 
√   
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Based on the comprehensive analysis in Table 2-5, the classification of all the reported 

studies is presented in Figure 2-1. As depicted in Figure 2-1, only one study conducted 

subjective surveys, 17 studies adapted objective assessments, and the other 12 studies 

combined both subjective and objective assessments. Performing field measurements was 

the most commonly used method for evaluating IAQ in hospitals. Physical measurements 

mainly monitored chemical pollutants, thermal comfort zones, particulate matters, and 

biological samplings. The measured results were usually compared with local IAQ 

guidelines (Jung et al. 2015; Baurès et al. 2018; Hwang, Roh, and Park 2018). 

 

 

Figure 2-1 The approaches of IAQ audits in hospitals 
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In addition to objective measurements, subjective assessments were also an important 

part of hospitals’ IAQ investigations. The methods of subjective assessment mainly 

included questionnaires and interviews. Respondents were doctors, nurses, patients and 

other occupants. Subjective assessments can understand the perceptions of IAQ, thermal 

comfort, and the physical symptoms reporting of occupants (Skoog, Fransson, and 

Jagemar 2005; Zhang, Hong, and Feng 2017).  

 

Two steps of preparatory work need to be completed before investigating a hospital’s 

IAQ. The first step is to identify the investigation area through a literature review and 

interviews. A literature review can identify research gaps and any related issues to be 

investigated. The initial interviews with the occupants gain a preliminary understanding 

of the current hospital situation and confirms the target to be investigated. For example, 

in an investigation of two French hospitals, a preliminary interview was carried out 

among hospital staff. Through this initial interview, a list of target parameters to conduct 

physical measurements was determined (Baurès et al. 2018). The second step is 

performing a field walkthrough inspection. A walkthrough inspection can identify the 

possible pollutant sources, potential problems, the condition of the ventilation system and 

the selection of sampling points (Cheong and Chong 2001). Based on the above analysis, 

this study developed the IAQ audit method for hospitals shown in Figure 2-2. The 

following program will be the theoretical basis for the methodology design in Chapter 3. 
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Figure 2-2 The program of IAQ audit in hospitals 
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2.3.2. Subjective surveys for hospitals’ IAQ 

In this section, 11 studies are reviewed that conducted subjective surveys for a hospital’s 

IAQ. The approaches of the subjective surveys mainly included questionnaires and 

interviews. Most of the questions focused on perceptions of IAQ, thermal comfort, and 

physical symptoms reporting (hospital staff during working). The respondents included 

hospital staff, inpatients, and hospital visitors. Table 2-6 summaries the objectives, 

location, target population, and main results of these studies: 
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Table 2-6 Review of subjective surveys for hospital IAQ 

Year Place and People Results 

Cheong and 

Chong (2001) 

− A questionnaire survey conducted in a 

hospital’s offices in Singapore; 

− A total of 51 questionnaires were completed by 

hospital staff. 

− More than half of the staff reported that one or more 

physiological symptoms occurred during working times, 

with dry symptoms being the most common. 

Skoog, Fransson, 

and Jagemar 

(2005) 

− The same questionnaires were conducted in 

summer and winter respectively in an 

Orthopaedic ward of a general hospital in the 

southern Sweden; 

− 45 hospital staff and 35 patients participated. 

− The demands and recommendations about IAQ need to 

consider the different types of users present in a hospital. 

 

Hwang et al. 

(2007) 

− The questionnaire was conducted in a hospital 

in Taiwan; 

− 933 patients in inpatient wards were surveyed. 

− The difference in thermal sensation is not significantly 

related to age and gender but is affected by physical 

conditions; 

− The thermal neutral effective temperature for the frail 

population is about 0.3 °C higher than that of the vigorous 

population; 

− In preferred effective temperature, there was a difference 

of 1.5 °C in winter and 0.8 °C in summer, respectively, 

between the frail and the vigorous population. 
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Hashiguchi et al. 

(2008) 

− A Japanese hospital was investigated; 

− 45 hospital nursing staff and 36 patients 

participated in the questionnaire survey. 

− Subjective symptoms were reported, such as dry and itchy 

skin, thirst, etc.; 

− RH increased from 33% to 44%, which decreased the 

reporting of symptoms by staff, but not by the patients. 

Dascalaki et al. 

(2009) 

− A total of 557 hospital staff participated in an 

occupational survey; 

− The questionnaire surveys were conducted in 9 

Hellenic hospitals’ 18 operating rooms. 

− For all staff, the highest reporting rates of symptoms during 

working were headaches, exhaustion, dry skin, dry throat, 

and dry eyes; 

− Satisfactory IAQ can significantly reduce the symptom 

reporting rate. 

Verheyen et al. 

( 2011) 

− A total of 99 patients in inpatient wards 

participated in a questionnaire survey in a 

Belgian healthcare facility. 

− 95% of patients reported the thermal comfort was 

acceptable; 

− Patients' thermoneutral temperatures were lower than the 

healthy population. 

De Giuli et al. 

(2013) 

− A questionnaire survey was conducted in three 

medical wards at Padua general hospital 

(Orthopaedics, Internal medicine and 

paediatrics) in Italy; 

− 55 staff members and 35 patients participated. 

− In general, patients were more satisfied with indoor 

conditions than hospital staff; 

− Medical staff reporting physiological symptoms included 

dry mouth, dry skin, dry eyes, eye irritation, nose irritation, 

fatigue, etc. 
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Zhang, Hong, and 

Feng (2017) 

− A total of 778 questionnaires were collected 

from patients (405 in summer and 372 in 

winter) in four hospitals in China. 

 

− The subjective neutral temperatures were 24.8 °C in 

summer and 21.3 °C in winter; 

− The preferred temperatures (22.3 °C in winter and 25.1 °C 

in summer) were higher than the natural temperatures; 

− The subjective acceptable temperature range was wider 

than in healthy people. 

Sattayakorn, 

Ichinose, and 

Sasaki (2017) 

− A total of 928 occupants (451 patients, 331 

visitors and 146 medical staff) participated in 

semi-structured interviews following a 

questionnaire in two general hospitals in 

Bangkok, Thailand. 

− Patients accepted a wider thermal comfort range and 

preferred warmer temperatures than others; 

− The acceptable temperature range for patients, visitors, and 

medical staff was warmer than suggested by the Thai 

standard. 

Liu et al. (2018) 

− A total of 146 hospital staff and patients 

answered the questionnaire in two Chinese 

hospitals. 

− There is a low correlation between objective physical 

environment and subjective satisfaction levels; 

− The perceived IAQ in hospitals might be related to the 

climate zone. 

Derks et al. (2018) 

− A questionnaire survey for nursing staff in two 

wards of a hospital in the Netherlands; 

− 132 effective responses were gathered (89 in 

summer and 43 in autumn). 

− Thermal comfort and work productivity during summer 

were worse than autumn; 

− Work productivity may be affected by thermal 

environments. 
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Based on the review of subjective surveys for perceptions of IAQ and thermal comfort, 

several important conclusions can be drawn:  

 

− In general, patients showed more satisfaction towards thermal comfort and other 

indoor conditions compared to hospital staff ( Skoog, Fransson, and Jagemar 2005; 

Verheyen et al. 2011; Sattayakorn, Ichinose, and Sasaki 2017). The reason may be 

related to the different roles played by staff and inpatients in the hospital. Usually, 

patients have a shorter stay, making them more concerned with their physical health 

than the indoor conditions. However, it is a permanent workplace for the staff, 

making the indoor environment conditions more critical as they persistently influence 

their work and well-being (De Giuli et al. 2013).  

 

− For inpatients, thermal sensations were significantly affected by physical strength, 

but gender, age, and acclimatisation were less important (Hwang et al. 2007). Patients 

could accept a wider temperature range than others (Zhang, Hong, and Feng 2017), 

which may be caused by their illnesses and their lower expectations of thermal 

environment requirements (Sattayakorn, Ichinose, and Sasaki 2017). However, the 

medical staff had more expectations for the indoor environment because thermal 

comfort affected their work efficiency (Derks et al. 2018). In general, inpatients 

expected conditions to be warm enough. The reason is because the preferred 

temperatures are higher than subjective neutral temperatures in both winter and 

summer (Hwang et al. 2007; Zhang, Hong, and Feng 2017). Furthermore, the thermal 

neutral effective temperatures for the frail population are higher than that of the 

vigorous general population (Hwang et al. 2007).  
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− The perceptions of the participants in these surveys were limited to IAQ parameters 

of temperature and humidity. These subjective data sources were not able to gather 

conclusive information on indoor air pollution, hence necessitating the requirement 

of section 2.3.3, where these parameters were measured physically. 

 

− The hospital’s indoor thermal environment should not be considered the same as an 

office or residential environment. The hospital occupants’ group was more complex, 

with different individual needs between inpatients and staff. There was also a need 

for extra thermal comfort specifications in different indoor environments, such as 

operating rooms. 

 

In addition to perceptions of IAQ and thermal comfort, Table 2-6, shows four studies that 

subjectively assessed the effects of IAQ on the health of the medical staff (De Giuli et al. 

2013; Cheong and Chong 2001; Hashiguchi et al. 2008; Dascalaki et al. 2008). Figure 2-3 

summarises the reporting rates from medical staff on physical symptoms incurred during 

working hours in different hospitals:  
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Figure 2-3 Reporting rates of physical symptoms during working hours in three hospital environments: Singapore hospital, Greek hospitals, 

and Padua hospital 
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The dry symptoms were reported to be the most common. In the Singapore hospital’s 

offices, even when the measured RH was between 60% and 64%, dry skin (38%), dry 

eyes (31%) and dry or irritated throat (8%), were still reported, which might have been 

caused by the hot and humid climate outside (Cheong and Chong 2001). In the Greek 

hospitals, the reported symptoms of the male staff were significantly lower than the 

female staff, as the male staff suffered an average of 1.68 symptoms per person, while the 

female staff suffered an average of 2.70 symptoms per person. Dascalaki et al. (2008) 

discovered that satisfactory IAQ conditions (temperature, humidity, ventilation, light, and 

noise) could reduce the average number of health complaints from 2.24 to 0.64 per person 

and improve working conditions. Additionally, according to an investigation in a 

Japanese hospital (Hashiguchi et al. 2008), RH in the wards was increased from 33% to 

44%, which decreased complaints from the staff, but not the patients. In the Padua general 

hospital, the commonest symptoms included lethargy (39%), dry eyes (17.7%), difficulty 

in concentrating (15.2%), headaches (13.8%), dry skin (11.3%), eye irritation (10.4%), 

nose irritation (9.9%) and dry mouth (9.9%) (De Giuli et al. 2013). 

 

2.3.3. Physical measurements of IAQ in hospitals 

Since the subjective surveys did not take into account quantitative data based on the air 

pollution of the IAQ, it is necessary to review literature on measured objective parameters 

to gain a holistic picture. Many impact factors can contribute to indoor air pollution 

including the type of building, location, air intake, design, materials, furnishings and 

indoor activities (Cheong and Chong 2001). The physical measurements of IAQ in 

hospitals normally include chemical measurements of CO2, HCHO and TVOCs, 



 47 

particulate measurements such as PM10 and PM2.5, and biological pollutant levels 

including the bacteria and fungi content. At the same time, the survey-based perceived 

IAQ is correlated with the air exchange rate, temperature and RH. In this section, 21 

studies are reviewed involving physical measurements in hospitals, as summarised in 

Table 2-7: 
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Table 2-7 The physical measurement of IAQ in hospitals 

Reference 

(Year) 
Place and contents Results 

Cheong and 

Chong (2001) 

− Sampling sites: a hospital’s 

administration offices in Singapore; 

− Objective measurements: CO2, carbon 

monoxide (CO), HCHO, TVOCs, 

temperature, RH, PM10, bacteria, and 

fungi. 

− Most of the pollutants concentrations were below the threshold limit 

except for HCHO; 

− The high concentration of HCHO may be caused by the outgassing 

from indoor decorative materials; 

− The one viable solution to reduce HCHO level is to dilute the air in 

the premises; 

− Using mechanical ventilation air-conditioning (MVAC) systems can 

achieve good IAQ. 

Klanova and 

Hollerova 

(2003) 

− Sampling sites: five rooms were 

measured in a children’s hospital; 

− Objective measurements: PM, bacteria, 

fungi, temperature, and RH. 

− The concentration of bacteria was more dependent on the amount of 

PM; 

− A correlation was identified between the counts of PM (size ≥ 1.0 

μm) and bacteria; 

− A correlation was identified between the counts of PM (size ≥ 5.0 

μm), bacteria and staphylococci; 

− The concentration of moulds was associated with the RH. 

Pastuszka, 

Marchwiñska-

− Sampling sites: clinics of a hospital in 

Poland; 

− The bacterial concentration depended on the number of occupants 

and the physical quality of the building. 
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Wyrwa, and 

Wlazlo (2005) 

− Objective measurements: bacteria. 

Wang et al. 

(2006) 

− Sampling sites: four hospitals (rural 

hospital, urban hospital, children’s 

hospital and specialist hospital) in 

Guangzhou.; 

− Objective measurements: PM2.5 and 

PM10. 

− The average level of PM2.5 in indoor air was significantly higher than 

the outdoor standard 65 μg/m3 recommended by the EPA (1997); 

− A high correlation was found between PM2.5 and PM10, which 

indicated they came from similar emission sources; 

− Indoor PM2.5 accounted for the vast majority of the composition of 

PM10 (about 78%); 

− Linear regression analysed the relationship between outdoor and 

indoor concentrations, it was found that the indoor levels were 

strongly impacted by the outdoor. 

Balaras, 

Dascalaki, 

and Gaglia 

(2007) 

− Sampling sites: twenty operating rooms 

of ten Hellenic hospitals; 

− Objective measurements: temperature 

and RH. 

− The thermal conditions in most of the operating rooms could not 

meet international recommended standards; 

− The most commonly encountered problems: poor control of indoor 

thermal conditions, insufficient indoor air exchange, bad space 

ergonomics (blocking air-exhaust vents prevented the operation of 

the ventilation system), lack of technical installations maintenance, 

and understaffed technical departments. 
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Helmis et al. 

(2007) 

− Sampling sites: the Total Treatment 

Clinic in the Dentistry Faculty of Athens 

University; 

− Objective measurements: TVOCs, PM10, 

PM2.5, CO2, sulphur dioxide (SO2), nitric 

oxide (NO), and nitrogen dioxide (NO2). 

− Due to the large number of occupants, the CO2 concentrations 

reached high levels (about 800 - 2600 ppm), even in well-ventilated 

conditions, especially during the working cycle; 

− The maximum values of TVOCs observed (2000 - 5500 μg/m3), 

were associated with the use of detergent products; 

− NO, NO2, and SO2 were at low levels due to no indoor sources being 

presented; 

− Natural ventilation was restricted due to infection control in some 

periods. 

Dascalaki et 

al. (2008) 

− Sampling sites: seventeen operating 

rooms at nine Hellenic hospitals; 

− Objective measurements: TVOCs and 

HCHO. 

− In some case, the concentration of HCHO was higher; 

− The average concentrations of anaesthetic gases (isoflurane, 

sevoflurane) exceeded the 18% exposure limit, which was 2362 

μg/m3; 

− The average concentration of disinfecting agents was 288 μg/m3 for 

HCHO and 207 μg/m3 for glutaraldehyde, which met the exposure 

limits; 

− Additional compounds were identified (representing 54% of TVOCs 

concentrations). 
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Ekhaise et al. 

(2011) 

− Sampling sites: the wards in a Nigerian 

teaching hospital; 

− Objective measurements: fungi and 

bacteria. 

− The measurement concentrations of airborne microflora in accident 

and emergency, female, male, and paediatric wards exceeded the 

local IAQ guidelines; 

− The highest concentrations of both fungi and bacteria were reported 

in the accident and emergency wards; 

− The occupant density and humidity were the key influencing factors 

for the airborne microflora levels. 

Wan, Chung, 

and Tang 

(2011) 

− Sampling sites: eight operating rooms in 

a hospital; 

− Objective measurements: temperature, 

RH, CO2, PM10, PM2, and bacteria. 

− The indoor air temperature and CO2, PM10, bacterial levels were 

significantly positively correlated with the number of occupants; 

− The concentration of bacteria was associated with the PM level; 

− Using a high level HEPA (high-efficiency particulate air) filter and 

improving ACH (number of air changes per hour) can help to reduce 

the PM and bacterial levels. 

Awosika, 

Olajubu, and 

Amusa (2012) 

− Sampling sites: different wards of a 

teaching hospital in Nigeria; 

− Objective measurements: fungi and 

bacteria. 

− The medical wards found the highest bacterial and fungal levels, but 

the operating theatre recorded a level almost free of microbials. 

Azimi et al. 

(2013) 

− Sampling sites: the wards of 10 hospitals 

in Iran; 

− Objective measurements: fungi. 

− The highest concentration of fungi was reported in the orthopaedic 

operating room; 

− The lowest concentrations were observed in nursing stations; 
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− The most common fungal genus isolated were 70% of Penicillium 

14% of Aspergillus, 12% of Cladosporium, 2% of Alternaria, and 

2% of others. 

De Giuli et al. 

(2013) 

− Sampling sites: three medical wards in an 

Italian hospital; 

− Objective measurements: temperature, 

RH and illumination. 

− Microclimatic conditions were different between inpatient wards and 

staff rooms. 

El-Sharkawy 

and Noweir 

(2014) 

− Sampling sites: a university hospital in 

Saudi Arabia; 

− Objective measurements: total 

suspended particulates (TSP), PM10, CO, 

TVOCs, SO2, NO2, ozone (O3), 

temperature, RH and fungi. 

− Except TVOCs, all outdoor air pollutants levels were higher than 

indoor levels; 

− The IAQ was significantly affected by outdoor sources, the key 

factor was traffic; 

− The levels of TSP and PM10 were both higher than the air quality 

guidelines, and were found at locations where there were more 

human activities; 

− Cladosporium and Penicillium were the highest levels of fungal 

species recorded. 

Jung et al. 

(2015) 

− Sampling sites: 37 randomly selected 

hospitals in Taiwan. 

− The concentration of TVOCs in wards and pharmacy departments 

was higher than in other areas; 

− The highest levels of CO2 were recorded in wards, which might be 

caused by poor ventilation; 
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− Objective measurements: CO, CO2, O3, 

TVOCs, HCHO, PM2.5, PM10, bacteria 

and fungi. 

− Higher outdoor CO levels were found but no indoor sources of CO 

were found; 

− The filtration systems of central air conditioning can effectively 

remove PM and fungi, but cannot reduce the concentration of CO. 

The higher levels of PM and fungi were recorded in window type or 

single-split type environments compared with central air 

conditioning environments, and the outdoor air was the major 

contributor; 

− The main factors affecting the IAQ were human activities and air 

conditioning types. 

Mendes et al. 

(2015) 

− Sampling sites: 22 elderly care centres in 

Portugal. 

− Objective measurements: PM10, PM2.5, 

TVOCs, CO, CO2, fungi and bacteria. 

− In summer and winter, the mean concentrations of PM2.5 were higher 

than the international reference levels; 

− In two seasons, the levels of indoor TVOCs, CO, CO2, and bacteria 

were significantly higher than outdoor. 

Verde et al. 

(2015) 

− Sampling sites: operating rooms, 

emergency services and inpatient wards 

in a Portuguese hospital. 

− Objective measurements: fungi and 

bacteria. 

− The results showed the air in the emergency services measured the 

highest airborne microbial concentrations; 

− The level of fungi was measured below 1 CFU/m3 in the operating  

rooms; The fungal load range was between 1 to 32 CFU/m3 in the 

inpatient wards, and there was a sampling site higher than the 

outdoor concentration; 
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− Gram-positive cocci (88%) was the most frequent phenotype of 

bacterial population, which included Staphylococcus (51%) and 

Micrococcus (37%). Penicillium (41%) and Aspergillus (24%) were 

the prevalent genera of fungal characterisation. 

Zhou et al. 

(2015) 

− Sampling sites: the general hospital 

wards in Nanjing. 

− Objective measurements: CO2 and 

temperature. 

 

− Patients’ living activities were a major impact factor for the CO2 

variation rule in the wards; 

− An outdoor temperature of 15 °C was a dividing line. When the 

outdoor temperature was below 15 °C, patients closed windows. 

When the outdoor temperature was over 15 °C, patients opened 

windows. 

Asif et al. 

2018) 

− Sampling sites: six hospital sites in 

Pakistan. 

− Objective measurements: fungi and 

bacteria. 

− The highest fungal load level was measured in general medicine 

wards (the mean was 193.4 CFU/m3) and the lowest level was found 

in two operating rooms (the mean was 58 CFU/m3 and 

41.1 CFU/m3); 

− The fungal genera included cladosporium (47%), aspergillus 

(17.1%), penicillium (7.1%), alterneria (6.2%), geotrichium (3.68%) 

and ulocladium (3.2%); 

− The highest bacterial counts were found in the out-patient 

department (the mean was 1649.7 CFU/m3), and the lowest level was 
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also found in two operating rooms (the mean was 221 CFU/m3 and 

236 CFU/m3); 

− The bacteria identified were gram positive cocci (89.8%), gram 

positive rods (7.2%), and gram-negative rods (3%). 

Baurès et al. 

(2018) 

− Sampling sites: two French hospitals. 

− Objective measurements: TVOCs, 

PM2.5, PM10, fungi, bacteria and viruses. 

− There was a complex mixture of chemical, physical and 

microbiological compounds in the indoor air of the hospital; 

− The sources of the most frequently quantified compounds (such as 

alcohol) were from health activities and use (e.g. hand sanitising); 

− Low levels of bacteria and fungi were detected in both summer and 

winter; 

− The air pollution in the hospitals was lower than the residential 

buildings, which was due to ventilation and central air conditioning. 

Hwang, Roh, 

and Park 

(2018) 

− Sampling sites: 62 facilities (hospitals, 

elderly care facilities, and postnatal care 

centres) in Korea. 

− Objective measurements: CO2, PM10, 

fungi, bacteria, TVOCs and HCHO. 

− The average concentration of indoor PM10 was significantly higher 

than outdoor in all the measured facilities; 

− The concentration of HCHO indicated unsafe levels for children 

under 8 years old in postnatal care centres (hazard quotient > 

acceptable level of 1). 

Liu et al. 

(2018) 

− Sampling sites: two hospitals in China. 

− Objective measurements: CO2, 

temperature, RH and illumination. 

− The concentration of CO2 in inpatient areas was higher and 

fluctuated compared with outpatient areas; 
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− Both hospitals A and B had an over-heating phenomenon in the 

inpatient areas (80% of the time, the temperature was higher than 

24°C), and the temperature was below 18 °C in the outpatient areas; 

− Hospital B had an over-humid problem in summer, which may have 

caused mould issues. In winter, the RH of hospital A was very low 

(below 20%); 

− Two reasons can cause the difference in RH between hospital A and 

B: One was the climate zone, A was located in a cold climate zone 

where outdoor humidity is lower in winter and B was located in the 

Yangtze River Basin, where the climate is more humid. The second 

was the heating system. Hospital A adopted radiators for heating, 

which cannot humidify. 
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Based on this review of the physical parameters of hospitals’ IAQ in multiple countries 

including Singapore, Poland, China, Greece, Nigeria, Iran, Italy, Saudi Arabia, Portugal, 

France, South Korea and Pakistan; Figure 2-4 summaries the air pollutions commonly 

investigated in these hospital environments: 

 

 

Figure 2-4 Air pollutants commonly investigated in hospitals’ environments 

 

Among them bacteria, fungi, PM, TVOCs, CO2, HCHO and CO were frequently 

investigated, and will be introduced in detail in the following sections. 
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2.3.3.1. Chemical measurements 

As shown in Figure 2-4 above, the most investigated chemical pollutants were TVOCs, 

CO2, HCHO and CO. Four studies focused on indoor CO concentrations. The source of 

CO is usually hard to locate in a hospital’s indoor environment (Cheong and Chong 2001; 

Jung et al. 2015). In a research on 37 randomly selected hospitals, it was found that indoor 

CO levels increased with outdoor CO levels, due to the inhalation of outdoor air through 

central air conditioning systems (Jung et al. 2015).  

 

For hospital environments, the occupants were the main contributors to indoor CO2 

concentrations (Cheong and Chong 2001; Wan, Chung, and Tang 2011), coupled with 

poor ventilation systems (Helmis et al. 2007; Jung et al. 2015). According to research on 

hospitals’ offices in Singapore, the average concentration of CO2 was 650 ppm during 

working times which decreased to 480 ppm after office hours. Clearly, the reason for this 

increase in CO2 levels during working times was staff members in the offices (Cheong 

and Chong 2001). Cross-ventilation is the best choice to reduce the CO2 level as it allows 

sufficient air renewal which significantly decreases the concentration of CO2 (up to 30% 

of total) (Helmis et al. 2007). In addition to this, the variation of indoor CO2 levels is 

affected by the habits of the occupants due to their thermal comfort requirements. In a 

study of field-measurements for CO2 levels in general hospital wards, patients closed 

windows depending on changes in the outdoor temperatures, to maintain thermal comfort 

in the wards, which increased CO2 levels (Zhou et al. 2015). Furthermore, CO2 levels can 

be a good indicator for predicting IAQ when categorised into two groups: ≤ 750 ppm and > 

750 ppm. The concentration of all pollutants (such as TVOCs, HCHO, and PM10) were 

higher with CO2 levels ≥ 750 ppm in researched multi-facilities (Hwang, Roh, and Park 
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2018). It is always an indicator of ventilation, as the concentration level should never 

exceed 1000 ppm (Fromme et al. 2019).  

 

In the research on physical measurements conducted in the administration offices of a 

Singaporean hospital, it was found that the concentrations of TVOCs increased after 

working hours and decreased at the start of each working day. This was due to the fact 

that the air-handling unit was shut down after working hours to slow down the dilution of 

internal sources in the air (solvents, cleaning agents, paints from the walls and varnishes 

from the new furniture) (Cheong and Chong 2001). Furthermore, Helmis et al. (2007) 

found that significantly high levels of TVOCs were recorded in a dentistry clinic, due to 

the use of acrylic substances and dental materials.  

 

As mentioned before, HCHO is highly concerning among various VOCs due to its wide 

distribution and high carcinogenicity (Shen et al. 2020). The physical measurements of 

some studies showed high HCHO concentrations in hospital environments (Dascalaki et 

al. 2008; Cheong and Chong 2001; Hwang, Roh, and Park 2018). For example, in the 

research on hospitals’ offices in Singapore, the concentration range of HCHO was 

approximately 0.12 to 0.37 mg/m3, which was higher than the exposure limit (0.10 mg/m3) 

(Cheong and Chong 2001). The results showed that children were most susceptible to 

health risks, and they were being exposed to HCHO concentrations that could have 

adverse effects (Hwang, Roh, and Park 2018). Cheong and Chong (2001) discovered that 

the high HCHO concentration may be caused by the outgassing of indoor decorative 

materials (carpets, ceiling particle boards and new partitions). In addition, some medical 

activities may have caused the HCHO level to rise. A study in the operating rooms of 
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Greek hospitals indicated improper use of disinfecting agents would cause increased 

HCHO levels (Dascalaki et al. 2008). It is not possible however to isolate HCHO sources 

with one viable solution, except to dilute the air in the premises with good ventilation 

(Cheong and Chong 2001).  

 

2.3.3.2. Particulate matter (PM10 and PM2.5) 

In hospital environments, the outdoor sources are considered to be the main contributors, 

especially to the PM10 indoor levels (Cheong and Chong 2001; Wang et al. 2006). A 

research on physical measurements for Guangzhou’s four hospitals indicated that a 

substantial fraction of PM10 was incoming due to unreasonable indoor ventilation patterns. 

The MVAC systems were the most effective means to reduce PM10 levels, as they usually 

include a filtration process where the filters could effectively reduce coarse PM (Wang et 

al. 2006; Wan, Chung, and Tang 2011; Jung et al. 2015). In addition to the influence of 

outdoor factors, the concentrations of PM10 and PM2.5 were also affected by indoor human 

activities (El-Sharkawy and Noweir 2014). During office hours, increased human 

activities caused the resuspension of particles (Wang et al. 2006). In dentistry clinics, the 

levels of PM10 and PM2.5 were extremally high during weekdays (higher than the outdoors 

by a factor of twelve). The reason was that a certain amount of specialist medical 

materials used in dental treatment emit PM (Helmis et al. 2007).  
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2.3.3.3. Biological pollutants (bacteria and fungi) 

The common fungal genus found in hospital environments were Penicillium, Aspergillus, 

and Cladosporium (Asif et al. 2018; Azimi et al. 2013; El-Sharkawy and Noweir 2014; 

Verde et al. 2015). For bacteria, gram-positive cocci was the most frequent phenotype of 

bacterial population (Verde et al. 2015; Asif et al. 2018). The occupant density was the 

key influencing factor for these airborne microflora levels in a hospital environment 

(Klanova and Hollerova 2003; Pastuszka, Marchwiñska-Wyrwa and Wlazlo 2005; 

Ekhaise et al. 2011; Wan, Chung and Tang 2011). The concentration of bacteria was also 

dependent on the amount of PM (Klanova and Hollerova 2003; Wan, Chung, and Tang 

2011) and the concentration of moulds was associated with the RH levels in the indoor 

air (Klanova and Hollerova 2003). Using HEPA filters and improving the air exchange 

rate can help reduce these airborne microflora levels (Wan, Chung, and Tang 2011; Jung 

et al. 2015; Baurès et al. 2018). Furthermore, it is indicated that outdoor climatic 

conditions could significantly affect the concentration of fungi and the cleaning frequency 

could significantly decrease these levels of both fungi and bacteria (Asif et al. 2018). 

 

2.3.4. Comprehensive discussion of hospitals’ IAQ 

The subjective surveys of hospital IAQ indicated that inpatients were more satisfied with 

the IAQ than the hospital staff. The inpatients were more concerned about their own 

physical health than the indoor environmental conditions (De Giuli et al. 2013). The 

medical staff were more sensitive to IAQ and reported frequent symptoms including 

headaches, exhaustion, dry skin, dry throat, dry eyes, etc. (De Giuli et al. 2013; Cheong 
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and Chong 2001; Hashiguchi et al. 2008; Dascalaki et al. 2008). In addition, a higher CO2 

concentration may lead to a lower perceived satisfactory level (Liu et al. 2018). 

Satisfactory indoor comfort conditions could also reduce the symptoms reporting rates 

(Klanova and Hollerova 2003). Hence, in the further investigation of clinics’ IAQ, the 

IAQ requirements of both staff and visitors need to be discussed. The reports of physical 

symptoms by staff should also be focused on. 

 

Physical measurements showed that the distribution of pollutants was very different in 

various departments of the hospitals. For example, due to the nature of dental facilities, 

there was a significant pollutant emission in a random dentistry clinic with high 

concentrations of CO2, TVOCs and PM (Helmis et al. 2007). There were various sources 

of indoor pollutants. The indoor CO2 concentration mainly depended on the occupants 

(Cheong and Chong 2001; Wan, Chung, and Tang 2011). Medical activities, indoor 

cleaning and interior decoration were considered to be the main sources of HCHO 

(Cheong and Chong 2001; Helmis et al. 2007). It was also considered that there was no 

indoor source of CO (Cheong and Chong 2001), and that the outdoor air was its main 

source (Jung et al. 2015). PM10 and PM2.5 were also mainly influenced by the outdoor 

environment (Cheong and Chong 2001; Wang et al. 2006; El-Sharkawy and Noweir 

2014). Finally, the occupant density was the key influencing factor for airborne 

microflora levels ( Ekhaise et al. 2011 and Wan, Chung, and Tang 2011).  

 

There was a certain correlation between various pollutants. The CO2 level can be a good 

indicator for predicting IAQ and is also an indicator of ventilation (Fromme et al. 2019). 

When the indoor CO2 concentration was high, a high concentration of HCHO was usually 
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detected (Hwang, Roh, and Park 2018). Changes in indoor temperature and RH can cause 

varieties in HCHO concentrations and health risks (Tao et al. 2015). The concentration 

of bacteria was more dependent on the amount of PM. A good correlation was identified 

between the counts of PM (size ≥ 1.0 μm) and bacteria. Similarly, a good correlation was 

identified between the counts of PM (size ≥ 5.0 μm) and the bacteria type known as 

staphylococci. The concentration of moulds was more associated with the RH in the 

indoor air (Klanova and Hollerova 2003). A high correlation was found between PM2.5 

and PM10, and the indoor PM2.5 accounted for the vast majority of the composition of 

PM10, which was about 78% in total (Wang et al. 2006).  

 

In some indoor environments such as the dentistry clinic, the amount of natural ventilation 

was restricted due to infection control strategies (Helmis et al. 2007). Poor ventilation 

efficiency seriously affects IAQ (Cheong and Chong 2001). Compared with non-central-

air conditioning environments, central air-conditioning units were more efficient in 

removing aerosol pollutants (Jung et al. 2015, Baurès et al. 2018). However, in an 

assessment of IAQ in the operating rooms of hospitals, the hospital staff were exposed to 

poor IAQ even with mechanical ventilation and scavenging systems (Dascalaki et al. 

2008). This was because the filtration systems of central air-conditioning units could 

effectively remove PM and fungi, but could not effectively reduce the concentration of 

some gaseous pollutants such as CO (Jung et al. 2015).  

 

In order to avoid potential health threats from occupants inhaling high concentrations of 

gaseous pollutants, especially hospital staff who work in the clinic most of the time 

(Helmis et al. 2007), regular monitoring to assess IAQ is essential (Verde et al. 2015). 
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Furthermore, it is necessary to explore methods to remove indoor gaseous pollutants and 

further improve IAQ in hospitals. In the next section, the efficiency of plants to remove 

gaseous pollutants and the impact on occupants is reviewed. 
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2.4. The effects of indoor plants on IAQ and 

occupants 

2.4.1. The effects of plants on IAQ 

As reviewed in Section 2.3, HCHO contamination in hospitals has a significant impact 

on the health of occupants. Like humans, plants themselves are also victims of air 

pollution, but they have developed very effective defense mechanisms (Gawronski et al. 

2017). With indoor pollution seriously threatening human health, plants may be a 

sustainable solution to improve IAQ (Brilli et al. 2018). Plants are highly autotrophic 

organisms and require intensive gas exchange during their life cycles. During this process, 

some gaseous air pollutants may be absorbed (Gawronski et al. 2017). As early as the 

1980s, the National Aeronautics and Space Administration (NASA) had experimentally 

demonstrated the ability of plants to remove gaseous pollutants (Soreanu, Dixon, and 

Darlington 2013). In an indoor environment, the selection and arrangement of plants are 

usually based on aesthetic characteristics, and their abilities to remove indoor air 

pollutants is often overlooked (Brilli et al. 2018). In recent years, some studies and 

experiments have demonstrated the ability and efficiency of specific plants to remove 

indoor air pollutants. Table 2-8 summaries these studies on the efficiency of indoor plants 

to remove indoor gas pollutants, especially HCHO.  
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Table 2-8 The efficiency of plants in removing indoor gaseous pollutants 

Pollutants 
Experimental 

environment 
Plant species Results 

Reference 

(year) 

VOCs 

Office 
Dracaena deremensis 

and Spathiphyllum 

− D. deremensis could reduce VOCs concentration by 50%. 

− A combination of D. deremensis and Spathiphyllum could 

reduce VOCs concentration by 70%. 

− The removal efficiency was the same under air-conditioned 

and non-air-conditioned conditions. 

Wood et al. 

(2006) 

Laboratory 
Dracaena deremensis 

and Spathiphyllum 

− The removal efficiency of plants increased with an increase 

of the inlet concentration of VOCs. 

Orwell et al. 

(2006) 

HCHO 

Residential 

Variety of plant 

combinations (areca 

palm, rubber plants, 

bamboo palm and 

peace lily, etc.) 

− Compared with households without plants, the HCHO 

concentration of households with plants was significantly 

lower. 

Lim et al. 

(2009) 

Laboratory Fatsia japonica 

− A marked decrease in HCHO for the first 2 hours and a slight 

decrease for the next 3 hours. 

− A pot plant had a reducing rate of 0.23 mg/m3 for the first 2 

hours and around 0.080 mg/m3 for the next 3 hours. 

Lim et al. 

(2009) 
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Hedera 

helix, Chrysanthemum 

morifolium, Dieffenba

chia 

compacta, and Epipre

mnum aureum 

− The four plant species studied demonstrated similar abilities 

to remove HCHO. 

− The removal rate reached 90% within 24 hours. 

− C. morifolium had the fastest absorption rate. 

− H. helix provided the slowest uptake. 

Aydogan 

and 

Montoya 

(2011) 

Chlorophytum 

comosum, Aloe vera, 

and Epipremnum 

aureum 

− The plants could remove HCHO from indoor air over a long 

time. 

− The ability of plants to remove HCHO during the day was 

higher than at night. 

− The order of HCHO removal capacity for the three plants was 

C. comosum > E. aureum > Aloe vera. 

Xu, Wang, 

and Hou 

(2011) 

Melissa officinalis and 

Hedera helix 

− M. officinalis showed a 12 times higher removal efficiency 

than H. helix. 

− The increased membrane permeability and decreased 

respiratory rate were observed. 

− M. officinalis had more gas adsorbing surface and higher 

stomata density than H. helix, making the former superior in 

HCHO adsorbing and diffusion. 

Jin et al. 

(2013) 



 

 68 

Chamaedorea Elegans 

− In a prolonged exposure, depending on different inlet 

concentrations (0.66 -16.4 mg/m3), the plants removed 65% - 

100% of HCHO from polluted air. 

− When the inlet HCHO concentration reached 14.6 mg/m3, the 

maximum elimination capacity was achieved (1.47 mg/m2. h). 

− The removal ratio of pot soil and roots to areal part was 1:2.45 

(29% : 71%). 

− Light environment removal efficiency was higher than dark 

environment. 

− Concentrations of HCHO up to 16.4 mg/m3 were not enough 

to affect plant growth. 

Teiri, 

Pourzamani

, and 

Hajizadeh 

(2018) 

 

CO2 

Hospital 

Apicra deltoidea, 

Sedum pachyphyllum, 

Bryophyllum pinnata, 

and B. calycinum 

− A. deltoidea was the most effective and absorbed nearly 80% 

of accumulated CO2. 

− Mixed succulents could remove large amounts of CO2, such 

as mixed A. deltoidea, S. pachyphyllum and B.pinnata. 

Raza, 

Shylaja, and 

Gopal 

(1995) 

Laboratory 

Aglaonema 

commutatum, 

Aspidistra elatior, 

Castanospermum 

austral, Chamaedorea 

− H. forsteriana and D. lutescens were able to remove CO2 at 

very low light levels. 

− A moderate increase in lighting levels can improve the 

efficiency of plants to remove CO2. 

Torpy, Irga, 

and 

Burchett 

(2014) 
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elegans, Dracaena 

deremensis, Dypsis 

lutescens, Ficus 

benjamina, and 

Howea forsteriana 

− Indoor plants are potential low-cost and sustainable air 

purification components in the built environment, but they 

still cannot directly replace indoor ventilation systems. 

 

Codiaeum variegatum, 

Ficus elastica, Yucca 

massengena, Ocimum 

basilicum, and 

Sinningia speciosa 

− F. elastica and Y. massengena considerably reduce the CO2 

concentration during the day, but substantially increase CO2 

during the night. 

− C. variegatum and O. basilicum produce less CO2 at night. 

− F. elastica, C.variegatum, and Y. massengena reduced the 

concentrations of CO2 even when the intensity of light was 

low. 

Cetin and 

Sevik 

(2016) 
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The indoor environments studied involved office and residential buildings, hospitals, and 

a laboratory designed experiment. Although there are many studies on the removal of 

indoor air pollutants by plants, most of them are concentrated in controlled environments 

with sufficient pollutants, and less research has been carried out in the field. As shown in 

Table 2-8 above, of the 11 studies, four were carried out in the field and seven were 

experiments in an exposure chamber. These four field studies investigated the ability of 

plants to remove VOCs in offices, remove HCHO in residentials, and absorb CO2 in both 

residentials and hospitals. Next, a critical review and discussion will focus on the 

efficiency of plants in the removal of VOCs, HCHO and CO2 in different indoor 

environments. 

 

2.4.1.1. The effect of plants in removing gaseous pollutants 

in a field study 

Some indoor potted plant species can absorb gaseous pollutants from the indoor air into 

their leaves and translocate pollutants to the root zone, then break them down with 

microorganisms grown in the roots (Franchini and Mannucci 2018). Brilli et al. (2018) 

indicate that plants contain enzymes that can catalyse the degradation of pollutants. 

Airborne pollutants can undergo transformation following enzymatic oxidation after 

absorption through the leaf stomatal uptake and with plant endogenous compounds (such 

as sugars, amino acid, organic acids, and peptides) to conversion into different 

bioproducts via conjugation. After the process of catabolism, the assimilated pollutants 

may either be re-expelled from the plants (re-emission into the air or ejection via root 

exudates into the soil), or further metabolised, finally becoming carbon and energy 



 

 71 

sources. The mechanisms of scavenging and detoxification by plant enzymes can 

maintain a decreasing gradient for pollutants concentration between the interior of the 

leaves and the indoor air. When the stomata are open, it allows a steady and continuous 

uptake.  

 

In the office environment, the efficiency of plants to absorb VOCs has been verified. 

According to research by Wood et al. (2006), the potted plants D. deremensis and 

Spathiphyllum can both reduce the concentration of VOCs in an office environment. 

Compared with a room without plants, the concentration of VOCs is reduced by 50% to 

70%. The removal efficiency of plants is the same under air-conditioned and non-air-

conditioned conditions. Under the premise of the same quantity, the removal efficiency 

of the combination of D. deremensis and Spathiphyllum is more effective than D. 

deremensis alone.  

 

In the residential environment, compared with households without plants, households 

with multiple combinations of plants have much lower HCHO concentrations. Based on 

the study by Lim et al. (2009), the concentration of HCHO in households without plants 

did not change over time and remained at around 0.07 mg/m3 from January to July. 

Household with plants however maintained a low HCHO content in January at 0.03 

mg/m3, which decreased to 0.01 mg/m3 in July. 

 

In addition, it is known that plants can simultaneously absorb CO2 and release O2 through 

photosynthetic metabolism during the day. Meanwhile, water vapour can transpire from 

the leaves through microscopic leaf pores (namely stomata) to increase air humidity 
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(Gawronski et al. 2017). Hence, indoor ornamental plants can be applied and developed 

for the removal of indoor CO2, with an appropriate selection of plant species, over an 

appropriate extension of illumination time and intensity (Torpy, Irga, and Burchett 2014). 

The effectiveness of plants in reducing CO2 may depend on the chlorophyll content of the 

leaves, which is one of the most important factors in influencing photosynthesis for the 

quantity of chlorophyll (Cetin and Sevik 2016).  

 

In a hospital environment, the ability of some succulent plants to absorb CO2 has been 

investigated. Among them, A. deltoidea was found to be the most effective, absorbing 

nearly 80% of the accumulated CO2 in a hospital room. Under the same conditions, mixed 

succulents had better CO2 removal efficiency than single succulents (Raza, Shylaja, and 

Gopal 1995). 

 

2.4.1.2. The effect of plants in removing gaseous pollutants 

in laboratory experiments 

As mentioned above, plants in the office can reduce the concentration of VOCs. Similarly, 

experiments in exposure chambers have also proved that the D. deremensis and 

Spathiphyllum can provide an effective and sustainable bioremediation system for VOCs 

pollution in indoor air. The concentrations of 0.65, 3.23, 32.29 and 322.91 mg/m3 were 

applied to D. deremensis and Spathiphyllum in the chamber, respectively. At each dosage, 

the VOCs concentrations could be reduced to below undetectable level within 24 hours. 

The removal efficiency of plants increased with an increase in the inlet concentration of 

VOCs (Orwell et al. 2006). 
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For HCHO pollution, four laboratory-based studies in Table 2-8 all proved the ability of 

plants to remove HCHO. According to Xu, Wang, and Hou (2011), based on a controlled 

chamber environment, C. comosum, A. vera, and E. aureum could remove HCHO from 

indoor air over a long time. The ability of plants to remove HCHO during the day was 

higher than at night (Teiri, Pourzamani, and Hajizadeh 2018). An experiment in an 

exposure chamber proved that a pot of F. japonica had a reducing rate of 0.23 mg/m3 for 

the first 2 hours and around 0.080 mg/m3 for the next 3 hours (Lim et al. 2009). In a 

prolonged exposure, depending on different inlet concentrations (0.66 -16.4 mg/m3), the 

plants removed 65% - 100% of HCHO from the polluted air. When the inlet HCHO 

concentration reached 14.6 mg/m3, the maximum elimination capacity of C. Elegans 

achieved 1.47 mg/m3 per hour. The removal ratio of pot soil and roots to the areal part 

was 1:2.45 (29%: 71%). A concentration of HCHO as high as 16.4 mg/m3 would not 

adversely affect plant growth (Teiri, Pourzamani, and Hajizadeh 2018). 

 

Although plants cannot directly replace indoor ventilation systems, they are potentially 

low-cost and sustainable air purification components in the built environment (Torpy, 

Irga, and Burchett 2014). A moderate increase in lighting levels can also improve the 

efficiency of plants to remove CO2. H. forsteriana and D. lutescens were able to remove 

CO2 at very low light levels. F. elastica and Y. massengena considerably reduced the CO2 

concentration during the day, but substantially increased CO2 during the night (Cetin and 

Sevik 2016).  
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2.4.2. The effects of indoor plants on occupants 

In the earlier Section 2.4, the efficiency of plants in removing indoor gaseous pollutants 

(VOCs, HCHO and CO2) was discussed. In addition to the ability to reduce air pollution, 

the benefits of plants for mental health have also received widespread attention 

(Markevych et al. 2017). According to Yin et al. (2018), exposure to a natural 

environment has a positive impact on human health and well-being. Over the past few 

decades, from the perspective of environmental psychology, two dominant theories have 

conducted in-depth discussions and guidance on the impact of the natural environment 

on restorative benefits, namely stress reduction theory (SRT) and attention restoration 

theory (ART) (Markevych et al. 2017; Yin et al. 2020). SRT proposed that human beings 

have an innate closeness to the natural environment. Exposure to nature could activate 

the parasympathetic nervous system and promote psychophysiological stress recovery 

(Ulrich et al. 1991). ART presented that the natural environment could replenish people’s 

cognitive capacities, thereby reducing their mental fatigue and increasing their focus and 

attention (Kaplan 1995). 

 

Studies have shown that being in a built environment for a long time and lacking contact 

with nature may lead to an increase in stress-related diseases (Yin et al. 2018). A relatively 

natural environment can mitigate the mental health damage from urban living conditions 

(Hartig and Kahn 2016). However, most healthcare facilities are built in urban 

environments and lack natural resources accessible to occupants. At the same time, the 

hospital environment is often associated with feelings of fear, uncertainty and anxiety 

(Dijkstra, Pieterse, and Pruyn 2008). Therefore, some studies have explored the effects 
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of the natural environment on the physical and mental health of occupants in hospitals by 

introducing plants. 

 

Park and Mattson (2008) pointed out that introducing plants into wards had a positive 

impact on the health recovery of surgical patients. The results showed that patients in the 

room with plants had significantly reduced postoperative analgesic intake, lower systolic 

blood pressure and heart rate levels, and made fewer reports of physical symptoms 

(including pain, anxiety, and fatigue). Yin et al. (2018) found that the biophilic indoor 

environment helped to lower blood pressure and skin conductance. Compared with 

participants without biophilic elements, participants who had experienced an indoor 

environment with biophilic elements reduced their systolic blood pressure by 8.6 mm Hg 

and their diastolic blood pressure by 3.6 mm Hg. Furthermore, their skin conductance 

decreased by 0.18 μS more than when they experienced the non-biophilic setting. Yin et 

al. (2020) claimed that physiological indicators such as heart rate, skin conductance levels, 

and blood pressure are all related to the autonomic nervous system. In the results of the 

above studies, the trend of these physiological responses perfectly matched the SRT, that 

is, the indoor plants helped reduce physiological stress levels. Dijkstra, Pieterse, and 

Pruyn (2008) proposed that plants in a hospital environment could relieve stress by 

increasing perceived attractiveness. The presence of plants increased the ward’s 

perceived attractiveness to the patient, and psychologically reduced postoperative pain 

and the pressures brought by the hospital environment. 

 

Indoor plants can not only relieve stress, but also restore concentration and relieve fatigue. 

Raanaas et al. (2011) pointed out that the natural elements could affect cognitive 

performance in an office working environment. According to Ikei et al. (2014), by 
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investigating the effects of rose exposure on the physiological and psychological 

variables of 34 office workers, it was found that the subjects exposed to roses had more 

common feelings of “comfort”, “relaxation” and the “natural”. In a study of the indoor 

environment of a teaching building, van den Bogerd et al. (2020) indicated that students 

preferred classrooms with nature elements, and their attention had been significantly 

improved. Based on the research by van den Berg et al. (2017), children in classrooms 

where a green wall with living plants was placed, scored better on a test for selective 

attention compared with children in control groups. Furthermore, in a research on the 

physiological and cognitive performance of exposure to a biophilic indoor environment, 

Yin et al. (2018) found that the indoor biophilic environment could increase short-term 

memory by 14%.  

 

2.4.3. Potential benefits of plants on IAQ and occupants in 

clinics 

As mentioned at the beginning of this chapter, severe air pollution in winter has led to an 

increase in the number of hospital visits (Chiang et al. 2021). Increasing numbers of 

outpatients has also increased medical pressures. Due to serious external pollution, the 

natural ventilation of a hospital’s outpatient department can be obstructed, which has a 

negative impact on IAQ (Liao, Du, and Chen 2021). Poor IAQ has a negative impact on 

the physical and mental health of both visitors and staff (Leung and Chan 2006; Dascalaki 

et al. 2009; Dendaas 2011; Liu et al. 2018). 
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As reviewed in Section 2.4.1 and Section 2.4.2, the characteristics of plants can be 

summarised: (1) plants can effectively remove gaseous pollutants; (2) plants can reduce 

psychological stress; (3) plants can restore concentration and fatigue. Hence, based on the 

reviews of the current situation of hospitals’ IAQ, there are several potential benefits of 

placing plants in clinics. Firstly, plants have been proven to have the ability to remove 

HCHO and CO2. Placing plants in clinical environments has the potential benefit to 

improve IAQ by reducing the concentrations of HCHO and CO2. Secondly, the hospital 

environment is often associated with feelings of fear, uncertainty and anxiety (Dijkstra, 

Pieterse, and Pruyn 2008). Plants in the clinics should reduce the pressure of outpatients 

seeing doctors and improve the adverse effects of the hospital environment on them, such 

as anxiety and other emotions. Furthermore, due to the properties of plants that can reduce 

fatigue and restore attention, placing plants in clinics should also alleviate the work 

fatigue of staff. 

 

Therefore, placing plants in a clinical environment has great potential benefits for IAQ 

and occupants. It is also a good cycle of sustainable development. Plants improve IAQ, 

and good air quality has a good impact on human health. Plants also have a beneficial 

effect on people’s mental health. Hence, placing plants should effectively improve the 

IAQ in clinics in Shandong province in the winter. The choice of indoor plants should be 

based on the plant’s pollutant removal efficiency and the popularity of local green plants 

in Shandong Province. 
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2.5. Summary 

Based on the reviews of the above-mentioned literatures, some research gaps in the 

studies and practices indicated the need for further study. Although many studies have 

comprehensively investigated IAQ in hospitals, there was still a lack of research data on 

clinical IAQ in winter in Shandong Province. Therefore, a further study involving a 

comprehensive survey of clinical IAQ in winter in Shandong province was conducted in 

this research. The subjective investigations showed that medical staff and inpatients had 

different requirements for IAQ (De Giuli et al. 2013), which needed to be discussed. 

Moreover, the frequency with which staff reported physical symptoms whilst working in 

clinics also required further investigation. Among the physical measurements of IAQ in 

hospitals, only four studies investigated the concentration of HCHO in hospitals (Cheong 

and Chong 2001; Dascalaki et al. 2008; Jung et al. 2015; Hwang, Roh, and Park 2018). 

The locations of these studies were mostly concentrated in hospital offices, wards, and 

operating rooms, etc. Due to the large differences in the distribution of pollutants in 

various departments of hospitals and the high threat of HCHO to health (Guo et al. 2004; 

Leung and Chan 2006; Dai et al. 2018; Zhang et al. 2020), it was necessary to focus the 

field investigations of this research on the concentration of HCHO in a clinical 

environment.  

 

In addition, as mentioned above, there was a certain correlation between various 

pollutants. When the indoor CO2 concentration was high, a high concentration of HCHO 

was usually detected (Hwang, Roh, and Park 2018). Changes of indoor temperature and 

RH can also cause variations in HCHO concentration (Tao et al. 2015). While 
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investigating the concentration of HCHO, it was therefore necessary to investigate the 

concentration of CO2, as well as the temperature and RH level at the same time, in order 

to have a more comprehensive understanding of clinical IAQ. 

 

Although there are several potential benefits of plants for both IAQ and occupants in 

clinics as discussed in Section 2.4.3, the research on the removal of gaseous pollutants by 

plants was mainly concentrated in a controlled laboratory environment (Lim et al. 2009; 

Xu, Wang, and Hou 2011; Teiri, Pourzamani, and Hajizadeh 2018). There are currently 

no other studies that have paid close attention to the efficiency of plants to remove HCHO 

in a clinical environment. In addition, the research on the decompression ability of plants 

was mostly concentrated in the wards or in simulations of the ward environment (Park 

and Mattson 2008; Dijkstra, Pieterse, and Pruyn 2008). Regarding the recovery of 

attention, the research was mostly focused on the impact of plants on staff in an office 

environment (Ikei et al. 2014), and on students’ perceptions of a biological environment 

in a classroom (van den Berg et al. 2017; van den Bogerd et al. 2020). Therefore, the 

impact of indoor green plants on IAQ and occupants in clinics needed to be both 

considered in further study. Furthermore, this study would further select plants that were 

suitable for placement in the clinic. According to Brilli et al. (2018), the ability of 

different plant species to absorb HCHO remains to be verified. Hence, the exact HCHO 

removal efficiency of selected plants would also be determined in a laboratory 

environment. 

 

In summary, this critical review of hospitals’ IAQ investigations and the impact of plants 

on IAQ and occupants has accomplished three important goals: (1) it helps to understand 
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the current situation of hospitals’ IAQ; (2) it determines the potential difficulties and 

obstacles in the improvement of hospitals’ IAQ; (3) it provides further research directions 

for plants to improve IAQ in clinics. 
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Chapter 3 -  Research methodology 

This chapter introduces the research methodology and methods used in the study. 

Research methods are adopted to achieve the research objectives. In this study, the 

identification of the research methods approach was mainly based on the research 

objectives and the review of the previous studies. With the research objectives, this study 

has separately reviewed the research methods used in hospitals’ IAQ investigations, and 

the research methods used to identify the abilities of indoor green plants to improve IAQ. 

This chapter identifies the most suitable methodology as a combination of both qualitative 

and quantitative methods, which includes interviews, questionnaires, physical 

measurements, and experiments. In addition, the program for IAQ audit in hospitals was 

designed (Figure 2-2) through the review of previous studies. Furthermore, two 

experiments were used to identify the ability of plants to improve IAQ: experiments based 

on the actual indoor conditions (clinic) and experiments in controlled environments 

(laboratory). This study has designed the research program based on the above analysis. 
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3.1. Mixed methods research (MMR) approach and 

research design 

In simple terms, MMR can be defined as a research design that integrates qualitative and 

quantitative research approaches into a single study (Zou et al. 2018). However, it is not 

simply combining qualitative and quantitative methods to cancel out the respective 

weaknesses of one or the other (Tashakkori and Teddlie 2010). According to Creswell 

and Creswell (2017), the core assumption of an MMR inquiry is that the integration of 

qualitative and quantitative data produces extra insights beyond the information provided 

by a single research approach. There are two significant reasons to apply MMR in this 

study. Firstly, it is based on methodological eclecticism, which is also the basic 

characteristic of MMR. The meaning of methodological eclecticism in MMR is to select 

and then synergistically integrate the most suitable techniques from qualitative and 

quantitative research approaches and mixed methods, to more thoroughly investigate the 

phenomenon of interest (Tashakkori and Teddlie 2010). Secondly, MMR is more 

positioned within pragmatism than philosophy (DePoy and Gitlin 2016). Hence, 

employing MMR means the researcher is free to combine methods and select what they 

believe to be the best techniques available to answer the research questions (Tashakkori 

and Teddlie 2010).  

 

This research aims to identify the removal efficiency of plants as to indoor gas pollutants 

under hospitals’ clinic environments, as well as the impacts of indoor plants on occupants. 

Hence, this study needed to investigate the IAQ of hospitals while also exploring the 
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effects of plants on both the indoor environment and occupants. Based on the research 

methods used in previous studies, the most comprehensive IAQ assessment method is a 

combination of objective and subjective methods (De Giuli et al. 2013). Evaluating the 

removal efficiency of pollutants by plants is based on experiments. However, the use of 

a single qualitative or quantitative method cannot achieve the purpose of this research. 

Therefore, MMR was considered the most suitable approach in this study, and both 

qualitative data and quantitative data were collected.  

 

According to Creswell and Creswell (2017), there are three primary MMR designs found 

in social and health sciences: convergent mixed methods, exploratory sequential mixed 

methods, and explanatory sequential mixed methods. Convergent design is also called 

concurrent design, which refers to the collection and analysis of qualitative and 

quantitative data within a similar time frame (Fetters, Curry, and Creswell 2013). In 

convergence design, qualitative and quantitative data can be combined in various stages, 

to facilitate comparison results (Clark 2019). Different from the convergence design, the 

purpose of the sequential design is to have each phase of the mixed methods study build 

on the others (Fetters, Curry, and Creswell 2013). Exploratory sequential design first 

collects and analyses qualitative data, and these results and findings inform subsequent 

quantitative data collections (Onwuegbuzie, Bustamante, and Nelson 2010; Fetters, Curry, 

and Creswell 2013). An explanatory sequential design is the opposite, first collecting 

quantitative data to provide support for the subsequent qualitative research (Ivankova, 

Creswell, and Stick 2006; Fetters, Curry, and Creswell 2013). 
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The research methodology design is shown in Figure 3-1 based on the above-mentioned 

three basic designs of MMR and combined with the research objectives. The core design 

of this research advocated an explanatory sequential mixed approach. The research 

methodology design was then divided into three main sections. The first phase of the 

research used interviews to collect qualitative data to identify the investigation area. In 

other words, the preliminary qualitative investigation was to prepare for the subsequent 

quantitative data collection and to determine the direction of the data collection. In the 

second stage, the quantitative data was collected and analysed to build the qualitative 

(third phase) data collection. The research methods used were questionaries, physical 

measurements, and experiments. In the third stage, the qualitative data was collected 

using interviews. The collection of qualitative data helped to explain the initial 

quantitative results in more detail (Creswell and Clark 2018). Meanwhile, the results of 

the qualitative research in the third phase and the quantitative research were triangulated 

and integrated, so as to finally answer the research questions and achieve the research 

aims.  

 

Figure 3-1 Research methodology design  
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Once the research methodology had been determined, the next step was to establish a 

stepwise programme of research design. According to the research objectives, the 

literature review, and the research methodology design, four research methods were: 

interviews, questionnaires, physical measurements, and experiments. Figure 3-2 shows 

the research program design:  

 

 

Figure 3-2 The design of the research program 

 

The whole research process can be divided into four phases: investigation area 

identification; clinical IAQ investigation; removal efficiency of plants; and subjective 

data supplement. The following four parts will introduce these four stages in detail, 
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including the purpose and reason for using the methods, the design of each method, the 

data collection and the data analysis. 

 



 

 87 

3.2. Investigation area identification  

Stage one identified the investigation area, including the literature review, interview A, 

and the walk-through inspection. Objective one was achieved through the literature 

review (Chapter 2), which presented a clear understanding of the current IAQ in hospitals, 

IAQ guidelines, and the impact of plants on IAQ and occupants. In addition, the topic 

guidance questions for interview A were determined on the basis of the literature review. 

 

Interview A is a semi-structured interview. The main advantage of adopting a semi-

structured interview is it allows the interviewer to ask more open-ended questions and 

does not strictly follow a formalised list of questions (Wengraf 2001). On the one hand, 

the interviewer and respondent can easily start a discussion in a semi-structured interview, 

and the interviewer can also ask follow-up questions for a deeper understanding based on 

to the answers of the interviewee. On the other hand, by using the interview topic guide, 

the interviewees can maintain some flexibility in their answers. Furthermore, it 

encourages two-way communication, as the respondents can also initiate questions during 

the interview process (Magnusson and Marecek 2015). 

 

The purpose of interview A was to further determine the scope of the research area 

through discussions with the hospitals’ occupants (Baurès et al. 2018). Interview A 

collected initial data before the clinical IAQ investigations and two experiments were 

conducted. Several goals were achieved through analysing the initial data: (1) the 

interested hospital was determined; (2) the research scope of the questionnaire design was 

determined; and (3) the suitable plants used in experiments were identified. In addition, 
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the walk-through inspection was started after interview A at the investigated hospital. The 

major purpose of this hospital visit was to identify both the potential study areas and the 

suitable monitoring locations (Cheong and Chong 2001). 

 

3.2.1. Geospatial information on the hospitals 

This research was conducted in a county-level city in central Shandong Province, China. 

Shandong is a coastal province located in eastern China. In the southeast direction of 

Beijing, the straight-line distance is about 400 km. In the northwest direction of Shanghai, 

the straight-line distance is about 500 km. Shandong has a warm, temperate monsoon 

climate with four distinct seasons. The winter is cold and dry. Figure 3-3 shows the 

location of Shandong relative to Beijing (the capital), and Shanghai: 

 

 

Figure 3-3 The location of Shandong Province in China 
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In China, a hospital can be classified into three levels depending on the scale of the 

building, its scientific research capabilities, and medical equipment, etc. (Li, Du, and Hu 

2020). The sequence from the lowest to the highest level is primary, secondary, and 

tertiary. A primary hospital is a basic health care institution, mainly for a community. A 

secondary hospital is a regional hospital that can provide comprehensive medical services 

across communities. A tertiary hospital provides medical and health services to cities, 

provinces, and even nationwide. A tertiary hospital is a medical technology centre with 

comprehensive medical, teaching and scientific research capabilities (Zhang et al. 2018).  

 

A primary hospital for the community can only provide the most basic health care services 

but cannot afford to support the entire city-level medical security. Based on the size of 

the hospital and its medical functions, this study selected secondary and tertiary hospitals 

for the interview investigations. In urban areas, there are one tertiary and two secondary 

hospitals in a city. Hence, interview A was conducted in three hospitals: Tertiary Hospital 

A, Secondary Hospital B and Secondary Hospital C. Table 3-1 introduces the basic 

statistics of the three hospitals: 
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Table 3-1 The background of the three hospitals 

Hospital A B C 

Levels of care Tertiary Secondary Secondary 

Number of 

clinics 
58 40 38 

Number of 

Staff 
1738 600 600 

Visitors in a 

year 
490000 68000 200000 

Function General hospital General hospital General hospital 

Ownership Public Public Public 

 

3.2.2. Interview A 

3.2.2.1. Design of interview A 

In the review of the previous studies, the views and feelings of medical staff and patients 

on indoor environments were usually different (Verheyen et al. 2011; Sattayakorn, 

Ichinose, and Sasaki 2017). The occupants of a hospital’s clinic mainly include medical 

staff (nurses and doctors) and visitors. Hence, the invitation letters to participate in the 

interview were sent to these two groups of people via e-mail, WeChat, and leaflets: 

 

− Doctors and nurses who worked in clinics of the hospital received an invitation letter, 

as the group of hospital staff. 

− People who had been to clinics for medical treatment received an invitation letter, as 

the group of hospital visitors. 
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The invitation letter informed the respondents that the entire interview process would take 

approximately 15 to 20 minutes. During the interview, the conversation would be 

recorded, and all personal data would be processed anonymously. In addition, the 

“Participant Information Sheet” (Appendix A) was attached to the invitation letter, which 

briefly introduced the background, purpose, and expected results of this research. 

 

At the beginning of the interview, the respondents were asked again if they agreed to all 

the terms in the letter and signed an “Informed Consent Form” (Appendix B). After 

obtaining consent, the interviews were officially started and recorded. For privacy reasons, 

personal questions such as age and gender were not asked (Jeremy and Paul 2005). The 

interviewer asked questions according to a semi-structured interview guide (Table 3-2) 

while the participants had the right to skip any questions they did not want to answer 

(Wengraf 2001). In addition, due to the interview being semi-structured, the guide and 

sample questions might not be fully mentioned, but were discussed based on the 

respondents’ answers, and new topics might also emerge (Magnusson and Marecek 2015). 

The entire process of the interview was in Chinese and then translated into English when 

the research results were compiled.  

  



 

 92 

Table 3-2 Topic guide for interview A 

Part I - Clinic’s IAQ 

What do you think of the IAQ in clinics? 

How do you think the IAQ will affect occupants? 

What do you consider the factors affecting IAQ? 

Do you have any suggestions for IAQ improvement?  

 

Part II - Plant’s placement 

Do you recommend placing green plants (species, quantity, location) in clinics?  

What impact will it have on IAQ? 

What impact will it have on occupants? 

 

Part III - Supplement 

If possible, would you like to experience an indoor natural environment?   

Do you have any other comments?  

 

The topic guide was divided into three parts. The first part focused on the clinic’s IAQ. 

Based on Chapter 2, it raised four issues as in the table above: the subjective views of the 

occupants on IAQ; the impact of IAQ on the occupants; the influencing factors on IAQ; 

and methods of IAQ improvement. The second part focused on the occupant’s views on 

indoor plants being placed in clinics. It aimed to understand several issues including the 

acceptance of plants to occupants, the selection of species, the appropriate number of 

indoor placings, placing locations, and the impact on the occupants’ IAQ. The third part 

aimed to offer supplementary information and investigate the intention to participate in 

further research. 
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3.2.2.2. Data collection and analysis 

In qualitative research, there is no clear reference range for the size of a sample (Marshall 

et al. 2013). Qualitative research usually focuses on developing the depth rather than the 

breadth of understanding, and the minimum acceptable sample size is one sample 

(Vasileiou et al. 2018). For interviews, very large amounts of data can hinder meaningful, 

timely, and qualitative analysis (Boddy 2016). Sandelowski (1995) suggested that 50 

interviews would be a relatively large sample size for qualitative research. Any qualitative 

sample size over 30 can become too clumsy to manage and analyse (Boddy 2016).  

 

When demonstrating the required sample size, the scope of the research, the time and cost 

of the interviews should be considered, as well as the collected sample being as 

representative of the population as possible (Boddy 2016). Due to the purpose of 

interview A and the uncertainty of the response rate in the hospital, this study decided to 

use a relatively large sample size to make the collected samplings as representative of the 

population as much as possible. 

 

The data collection took place between September 01, 2019 and November 01, 2019. A 

total of 120 invitation letters were distributed to the three hospitals, and each hospital 

received 40 invitation letters: Tertiary Hospital A (40), Secondary Hospital B (40), and 

Secondary Hospital C (40). In each hospital, 20 staff members and 20 visitors received 

an invitation letter. Finally, a total of 56 participated, 10 participants from Hospital A, 28 

participants from Hospital B, and 18 participants from Hospital C. Figure 3-4 shows the 

number of invitation letters issued and the number of people who ultimately participated 

in the interview: 



 

 94 

 

Figure 3-4 The number of invitation letters issued and the number of participants 

 

The interview results were transcribed in an anonymous manner. NVivo 12 (QSR 

International) is a qualitative data analysis software that was used to manage the 

transcripts. The interview data was qualitative was analysed using applied inductive 

thematic techniques, with codes used to describe the themes observed in the data. The 

data collection was carried out concurrently with data analysis from the transcripts using 

NVivo, which aimed to avoid missing themes and to maximise the information gained. It 

was found that thematic saturation was attained when the number of interviewees reached 

nine. In the data analysis, opinions expressed by participants were used as “quotations” 

to illustrate the themes. 

 

3.2.3. Walk-through inspection in the investigated hospital  

Chapter 4 presents how Hospital B was selected for further research activities through an 

analysis of the initial findings of interview A. The reasons for the selection will be 

described in more detail in Section 4.4. The relevant information on Hospital B was 

introduced in Table 3-1 above. Hospital B is a public comprehensive secondary hospital 

with 40 clinics and 600 employees. The average annual number of visitors is 68,000. The 
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hospital was established in 1990. It consists of two buildings, an outpatients and an 

inpatients building, including treatment rooms, inpatients departments, outpatients 

departments, staff offices and emergency treatment departments, etc. The two buildings 

are occupied all day and are located in a densely populated residential area adjacent to 

heavy traffic. Figure 3-5 shows a schematic diagram of the hospital: 

 

 

Figure 3-5 The schematic diagram of the general hospital 

 

After approval by the hospital management, an initial visit to the two buildings was 

conducted during November 08, 2019 to November 10, 2019. Most of the clinics were 

located in the outpatients building. Therefore, the research activities were carried out 

there. The outpatients building has three floors: the ground floor is for clinic rooms, the 

first floor is for examination rooms (such as the radiology examination rooms), and the 
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second floor is the general office. Indoor smoking is prohibited in the building, and daily 

cleaning is carried out twice a day in the morning and the afternoon.  

 

In Architectural and Design Code for General Hospitals (GB 51039–2014) (MOHURD 

2014), it is stipulated that a heating system should be adopted in winter and an air-

conditioning system should be adopted in summer. Complementary heating devices can 

also be set up in rooms in winter. Natural ventilation should be adopted in the outpatients 

department. In severely polluted places such as laboratories, local exhaust ventilation 

should be provided. As mentioned in Section 2.1.2, large-scale centralised coal-fired 

boilers provide indoor heating to residential and commercial buildings in China, 

particularly in northern cities (Fan, He, and Zhou 2020). Hence, in clinics, municipal hot 

water is used for heating in winter via radiator terminals. Split air conditioners are used 

for cooling in summer. As this study investigated general clinics, the ventilation method 

was natural ventilation, as no mechanical ventilation systems had been installed. In 

addition, each clinic was equipped with an electric radiator for heating. There were no 

separate humidifiers in the clinics.  

 

Since the examination rooms were on the hospital’s first floor, the research activities were 

carried out on the ground floor, based on patient privacy considerations. There were 14 

specialist clinics on the first floor. After discussions with the hospital management, the 

impact on the hospital’s medical activities had to be minimised, while still meeting the 

needs of the research activities. Therefore, four clinics were approved to carry out the 

research. The four clinics were Room 1 (20 m2) of the Cardiology Clinic, Room 2 (20 m2) 

of the Encephalopathy Clinic, Room 3 (20 m2) of the Gastroenterology Clinic, and Room 
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4 (25 m2) of the Acupuncture Clinic. The floor plan of the outpatients department with 

measured points is shown in Figure 3-6: 

 

 

Figure 3-6 Floor plan of the outpatients department with measured points 

 

As shown in Figure 3-6 above, a total of six monitoring locations were selected, with five 

indoor and one outdoor sampling points. One monitoring point was set up in each of the 

four clinics. The four clinics were all located on the west side of the outpatients 

department on the first floor. The windows of the four clinics were on the south side and 

the doors on the north side. The sizes of Clinics 1, 2, and 3 were exactly the same. The 

daily number of occupants in the three clinics was also basically the same. Clinic 4 was 

larger than the other three rooms (5 m2) and there were more occupants in one day than 

in the other three clinics. The selection of Clinic 4 was to explore the influence of the 

number of occupants on IAQ. A monitoring Point 5 was set up in the corridor near the 

entrance of the four clinics. A monitoring Point 6 was set up outdoors near the windows 

of the four clinics. The selection of Point 5 and Point 6 was to identify the source of 
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HCHO (the detailed analysis will be discussed in Chapter 5). Figure 3-7 shows the 

internal and external views of the six sampling sites: 

 

 

Figure 3-7 Internal and external views of sampling sites: (a) Cardiology clinic room 1; 

(b) Encephalopathy clinic room 2; (c) Gastroenterology clinic room 3; (d) Acupuncture 

clinic room 4; (e) Corridor; and (f) Outdoor sampling point 
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3.3. Clinical IAQ investigation 

Stage two of the research was the clinical IAQ investigation. Before placing the plants in 

the clinics, it was necessary to have a comprehensive understanding of the current IAQ. 

As discussed in Section 2.3.1, the combination of an objective and a subjective approach 

is a comprehensive method for the assessment of the IAQ (De Giuli et al. 2013). Hence, 

after the investigation area was identified, questionnaire A and physical measurement A 

were conducted at the same time in Hospital B. 

 

Designing questionnaires is a simple, fast and effective way to extract subjective data 

from respondents (Rattray and Jones 2007). The use of questionnaires is currently the 

most useful and common way to collect subjective data in hospital surveys, which has 

also been determined in the previous studies in Section 2.3.1. In general, survey questions 

can be divided into three structures: closed, open-ended, and contingency questions 

(Siniscalco and Auriat 2005). A questionnaire with closed questions was designed, which 

asked the respondents to choose the answer that best represented their point of view from 

a set of possible answers (Acharya 2010). The main advantages of closed questions are 

as follows (Siniscalco and Auriat 2005): (1) the respondents are restricted to a finite set 

of responses; (2) they are easy and quick to answer; (3) they have response categories that 

are easy to code. Since the purpose of the questionnaire is to collect subjective data for 

quantitative analysis, closed-ended questions were easy both to manage and to analyse 

the results. Moreover, due to the complex indoor environment of the hospital, adopting a 

convenient and fast method to collect data not only minimised the pressures on medical 

staff and visitors to answer the questions, but also increased the response rate. 
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In addition to subjective surveys, objective measurements are the most effective way to 

identify IAQ in hospitals (Cheong and Chong 2001). Chapter 2 reviewed that the indoor 

concentrations of HCHO and CO2 were important factors affecting IAQ in hospitals 

(Zhou et al. 2015). In addition, changes in indoor temperature and RH can cause variety 

in HCHO concentrations and health risks (Tao et al. 2015). Furthermore, temperature and 

RH are important indoor thermal environment parameters (Skoog, Fransson, and Jagemar 

2005), which are associated not only with human comfort but also with the health and 

productivity of occupants (Sattayakorn, Ichinose, and Sasaki 2017). Therefore, four IAQ 

indexes were measured including temperature, RH, CO2, and HCHO. The results of the 

objective measurements were quantitatively analysed and combined with both the 

subjective survey results, and a comprehensive discussion of IAQ in clinics.  

 

3.3.1. Questionnaire A  

The survey questions were formulated based on the findings of the literature review and 

the initial findings from interview A. The questionnaire included four parts with 11 

questions: 

− General information (questions 1 - 4); 

− The evaluation of IAQ (questions 5 - 8); 

− The influence of IAQ (questions 9 - 10); and 

− Physical symptoms reporting (question 11). 

 

A six-point Likert voting scale was adopted in questions 5 - 10. 
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3.3.1.1. The six-point Likert voting scale 

According to Taherdoost (2019), the Likert scale is simple in structure, highly reliable, 

and easy for participants to read and complete. Furthermore, Likert scales give 

quantitative values to qualitative data (Sinaian 2020). The voting scale utilised in the 

research is illustrated in Figure 3-8. The Likert scale had six options varying from “Very 

satisfactory”, “Satisfactory”, “Slightly satisfactory”, “Slightly unsatisfactory”, 

“Unsatisfactory” to “Very unsatisfactory”.  

 

 

Figure 3-8 The six-point Likert voting scale 

 

Each item had a score from 6 to 1. That is, a very satisfactory score was 6 and a very 

unsatisfactory score was 1. If participants were satisfied with the IAQ, their scores were 

usually not less than 4. The questionnaire chose this six-point answering scheme instead 

of using a seven-point scheme to eliminate the middle or neutral option. With this scale, 

the respondents had to choose either a satisfactory/unsatisfactory option from the 

conducive or obstructive side of the scale, which aimed to ensure they would not just pick 

the middle or neutral option to make the decision one way (Derks et al. 2018). In addition, 

the collected Likert scale data can be divided into two different types based on different 

analysis needs (Sinaian 2020). The data from the individual questions are treated as an 

ordinal level, and the data from the overall Likert scale are treated as an interval level. 
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Harpe (2015) supported the view that Likert scales were strictly ordinal in nature, while 

the overall scale was an interval level. Hence, the average scores of the questions were 

calculated and analysed. 

 

3.3.1.2. General information 

The first part of the questionnaire survey collected general information (Questions 1 - 4). 

These questions included information regarding the participant’s occupation, age, gender, 

and the length of stay in the hospital, as in Table 3-3. The reasons and purposes of the 

questions (1 - 4) are introduced in Table 3-4. 

 

Table 3-3 An example from the questionnaire: general information (questions 1 - 4). 

General information  

1. What is your purpose at the hospital? 

 

•  Doctor •  Nurse • Visitor 

 

2. Your gender: 

 

• Men • Women • Other 

 

3. Your age: 

 

• 18 - 20 • 20 - 40 • 40 - 60 • 60 - 80 • 80 above 

 

4. How long are you staying in the hospital? 

 

Visitors:  
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• Within 30 minutes • 30 - 60 minutes • 1 - 2 hours • 2 - 4 hours • 4 - 6 hours  

• 6 hours more  

 

Staff: 

 

• 6 months • 6 - 12 months • 1 - 2 years • 2 - 4 years • 4 - 6 years  

• 6 years more   

 

 

Table 3-4 The reason and purpose of questions (1 - 4) presented in the questionnaire. 

Question  Reason and purpose 

1 − The different needs of medical staff and patients for IAQ were 

identified in Section 2.3.2; 

− The purpose was to confirm the role of the participant in the hospital 

in order to further evaluate the needs of staff and visitors for IAQ. 

2 − Different gender groups might have different views on perceived 

IAQ. 

− The results could determine whether the ratio of men to women in the 

data collected by the questionnaire was balanced. 

3 − Different age groups might have different views on perceived IAQ. 

− This questionnaire only involved adults over the age of 18, and the 

age range was at intervals of 20 years, to understand as much as 

possible the views of different age groups on IAQ. 

4 − Different lengths of stay in the hospital might lead to different 

opinions on the perceived IAQ. 

− The purpose was to understand the length of stay of visitors to the 

hospital, and the length of service of the medical staff in the hospital. 
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3.3.1.3. The evaluation of IAQ 

The evaluation of IAQ was based on the perceived indoor conditions such as ventilation, 

air temperature, and humidity. The answers used a six-point Likert scale of “Very 

satisfactory” (6) to [Satisfactory, Slightly satisfactory, Slightly unsatisfactory, 

Unsatisfactory] “Very unsatisfactory” (1). Table 3-5 shows an example of the evaluation 

of the IAQ questions: 

 

Table 3-5 An example from the questionnaire: the evaluation of IAQ (questions 5 - 8). 

The evaluation of IAQ 

5. What do you think is the IAQ of the current hospital clinics? 

 

• Very satisfactory • Satisfactory • Slightly satisfactory • Slightly unsatisfactory 

• Unsatisfactory • Very unsatisfactory 

 

6. What do you think is the ventilation of the hospital clinics? 

 

• Very satisfactory • Satisfactory • Slightly satisfactory • Slightly unsatisfactory 

• Unsatisfactory • Very unsatisfactory 

 

7. What do you think is the temperature of the hospital clinics? 

 

• Very satisfactory • Satisfactory • Slightly satisfactory • Slightly unsatisfactory 

• Unsatisfactory • Very unsatisfactory 

 

8. What do you think is the air humidity in the hospital clinics? 

 

• Very satisfactory • Satisfactory • Slightly satisfactory • Slightly unsatisfactory 

• Unsatisfactory • Very unsatisfactory 
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Similarly, Table 3-6 introduces the reasons and purposes of questions (5 - 8) presented in 

the questionnaire: 

 

Table 3-6 The reason and purpose of questions (5 - 8) presented in the questionnaire. 

Question  Reason and purpose 

5 − Assessing an occupant’s satisfaction with the overall IAQ. 

6 − Assessing an occupant’s satisfaction with indoor ventilation; 

− In interview A, some interviewees complained about poor air 

circulation;  

− The results were compared with the objective assessment - the 

concentration of indoor CO2. 

7 − Assessing an occupant’s satisfaction with thermal comfort; 

− The results were compared with the objective assessment - the indoor 

temperature. 

8 − Assessing an occupant’s satisfaction with RH; 

− In interview A, some interviewees reported a dry or humid indoor 

environment;  

− The results were compared with the objective assessment - the indoor 

RH level. 

 

3.3.1.4. The influence of IAQ 

The influence of IAQ included the occupant’s psychology health and the work efficiency 

of the hospital staff using a six-point Likert scale of “Very conducive” (6) to [Conducive, 

Slightly conducive, Slightly obstructive, Obstructive] “Very obstructive” (1). Question 9 

was answered by both staff and visitors, while Question 10 was answered by hospital staff 

only. Table 3-7 shows an example of the influence of IAQ questions:  
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Table 3-7 An example from the questionnaire: the influence of IAQ (questions 9 - 10) 

The influence of IAQ 

9. Do you think that the air quality of the hospital clinics has any influence on your 

mood? 

 

• Very conducive • Conducive • Slightly conducive • Slightly obstructive •  

Obstructive 

• Very obstructive 

 

10. Do you think that the air quality of the hospital clinics has any impact on hospital 

staff’s work efficiency?  

 

• Very conducive • Conducive • Slightly conducive • Slightly obstructive •  

Obstructive 

• Very obstructive 

 

Similarly, Table 3-8 introduces the reasons and purposes of questions (9 - 10) presented 

in the questionnaire: 

 

Table 3-8 The reason and purpose of questions (9 - 10) presented in the questionnaire.  

Question  Reason and purpose 

9 − Assessing the impact of IAQ on occupants’ psychological health; 

− In interview A, some interviewees complained the IAQ had impacts 

on their mental health; 

− The results were compared with questionnaire B to identify the 

influence of indoor plants on occupants.  

10 − Assessing the impact of IAQ on staff’s work efficiency; 

− In interview A and the literature review, the results showed IAQ can 

influence staff’s work efficiency; 
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− The results were compared with questionnaire B to identify the 

influence of indoor plants on hospital staff. 

 

3.3.1.5. Physical symptoms reporting 

In Chapter two, some studies had subjectively assessed the effects of IAQ on the health 

of the medical staff (Cheong and Chong 2001; Hashiguchi et al. 2008; Dascalaki et al. 

2008; De Giuli et al. 2013). The dry symptoms were reported to be the most common. In 

interview A, some hospital staff claimed that IAQ may affect physical health, such as 

reporting lethargy symptoms. Hence, in this questionnaire survey, there were options of 

reporting symptoms including lethargy, dry skin, dry eyes, dry throat, nose irritation and 

chest tightness. For hospital staff, if the above conditions occurred recently (within one 

week), they could be reported as symptoms. If there was a lack of options, the respondents 

could fill in their own answers. Multiple choices were possible in this question. Table 3-9 

shows an example of question 11: 

 

Table 3-9 An example from the questionnaire: physical symptoms reporting (question 

11). 

Physical symptoms reported 

11. Do you often feel unwell during working hours recently (within one week)? 

 

• No symptoms •  Lethargy • Dry skin • Dry eyes • Dry throat • Nose irritation 

• Chest tightness • Other:              
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3.3.1.6. Data collection and analysis 

Questionnaire A was conducted from November 11, 2019 to November 16, 2019 in four 

clinics: Cardiology clinic (1), Encephalopathy clinic (2), Gastroenterology clinic (3), and 

Acupuncture clinic (4). Detailed information on the clinics was shown in Section 3.2.3 

above. Questionnaires for hospital staff and visitors were recorded after obtaining 

permission from the respondents. Subjective IAQ data was collected using questions set 

in Chinese. A sample of the questionnaire translated into English is attached in Appendix 

C. 

 

A total of 71 responses to questionnaire A were collected, including 18 hospital staff 

members and 53 visitors. The questionnaire was sent to all 20 staff members working in 

the four clinics. The staff response rate was 90%, which could fully reflect the staff’s 

perception of IAQ in the four clinics. A total of 160 questionnaires were sent to visitors 

in the four clinics on average. The response rate of the visitors was 35%. The reason for 

the low response rate might be that they were nervous and anxious while waiting for their 

consultations. They may have paid more attention to their physical conditions.  

 

The purpose of the questionnaire survey was to collect subjective data, combined with 

quantitative data for analysis, to understand the current IAQ in the clinics. In addition, a 

six- point Likert scale gave quantitative value to qualitative data (Sinaian 2020). The data 

from the overall Likert scale were treated as an interval level (Harpe 2015). Therefore, 

the average score of the questions was calculated and analysed. A total of 71 samples met 

the requirements of the analysis (Sinaian 2020).  
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3.3.2. Physical measurement A  

3.3.2.1. Equipment description and performance  

A multipurpose instrument with a datalogger (developed by Extech, model SD800) was 

used to record the indoor temperature, RH, and CO2 in the four clinics. The Extech SD800 

instrument coupled with the datalogger can measure, display, and store temperature, RH, 

and CO2 readings. The Data is stored on a SD card to be transferred to a computer. Table 

3-10 summarises the specifications of this instrument: 

 

Table 3-10 The performance of the Ectech SD800 Datalogger: measurement range and 

accuracy. 

 Range Resolution Accuracy (of reading) 

Temperature 

 

0.0 to 50.0 °C 0.1 °C ± 0.8 °C 

32.0 to 122.0 °F 0.1 °F ± 1.5 °F 

RH 

10 to 70 % 

0.1% 

± 4% RH 

70 to 90 % 
± (4% of reading + 1% 

RH) 

CO2 

≤ 1000 ppm 

1 ppm 

± 40 ppm 

> 1000 to ≤ 3000 ppm ± 5% of reading 

> 3000 ppm ± 250 ppm typical 

 

The instrument was placed in the centre of the wall at 1.5m above the ground in the four 

clinics. This position was chosen to avoid being close to ventilated places such as doors 

and windows, to avoid direct sunlight, and to be at the same level as breathing height. 

Figure 3-9 shows the Extech SD800 Datalogger: 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/rangefinding
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Figure 3-9 The Extech SD800 Datalogger 

 

HCHO samples were collected by a HL-2B Constant flow sampler with a Large bubble 

absorbent tube (Figure 3-10). The absorbent tube contained 5.0 mL of 50 mg/L 3-methyl-

2-benzothiazolinone hydrazone (MBTH). The HL - 2B Constant flow sampler is a 

professional instrument for sampling HCHO. It can meet the requirements of China’s 

national standard - Examination methods for public places: Part 2. Chemical pollutants 

(GB/T 18204.2-2014) (NHC 2014). 
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Figure 3-10 The equipment of HCHO collecting: (a) HL - 2B Constant flow sampler; 

(b) Large bubble absorbent tube 

 

Table 3-11 summarises the specifications of the HL - 2B Constant flow sampler: 

 

Table 3-11 The performance of the HL - 2B Constant flow sampler 

Range 0.3 - 0.7 L/min (20 °C, 101.3 kPa) 

Accuracy ≤ ±5 % 

Repeatability ≤ 2 % 

Stability ≤ ±5 % 

Timing error ≤ ±2 % 

Sampling pump vacuum level 

≥ 80kPa (instrument without load) 

At a flow rate of 500 ml/min, it can 

overcome the resistance of 50 kPa 

 

The sampler was located in the centre of the room and placed on a tripod at the level of 

respiratory tracts, at approximately 1.5 m above ground level. This position was chosen 

to avoid being close to ventilated places such as doors and windows, as in Figure 3-11: 
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Figure 3-11 The sampler used in this study 

 

3.3.2.2. Data collection and analysis 

The measurements were conducted from November 11, 2019 to November 16, 2019, at 

the same time as questionnaire A. CO2 is primarily a by-product of human metabolism, 

and the concentration of CO2 is always higher in hospital environments than the outdoors 

(Chamseddine et al. 2019). Hence, this study only measured indoor CO2 concentrations. 

The records of outdoor temperatures and RH came from the local weather station. 

 

The indoor temperatures, RH, and CO2 samples were collected from the four clinics and 

the measured points are shown in Figure 3-6. The first data set was recorded at 9 am on 

Monday and updated every ten minutes thereafter. The last data update was at 5 pm on 
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Saturday. Therefore, each clinic recorded 768 temperature, 768 RH and 768 CO2 data 

values. For outdoor temperatures and RH, the first data was recorded at 8 am on Monday 

and updated every three hours thereafter from the local weather station. The last data 

update was at 5 pm on Saturday. Therefore, 44 temperature and 44 RH data values were 

recorded. 

 

The HCHO samples were collected from the four clinics, one corridor (5) and one outdoor 

sampling point (6) (Figure 3-6). According to Examination methods for public places: 

Part 2. Chemical pollutants (GB/T 18204.2-2014) (NHC 2014), one measuring point 

setting for a single measurement is enough for an indoor area of less than 50m2. In order 

to understand the indoor HCHO concentration and its changing trend as much as possible, 

sampling was performed three times a day during working hours at 9 am, 12 pm, and 3 

pm. The time taken for a single sampling was 20 minutes. For indoor HCHO samples, 

two field blank samples were collected. One blank sample was collected at 3 pm on 

Saturday in Clinic 1. Another blank sample was collected at 3 pm on Saturday in Clinic 

4. The field blank samples were treated identically to the other samples and were analysed 

in the same manner. No target substances were detected above the lowest limit of 

detection. As the sample collection was considered to be punctual, the concentrations of 

HCHO were validated and reported without this field blank correction. Therefore, a total 

of 70 indoor HCHO samples were collected. At corridor (5) and outdoor sampling point 

(6), all the collected samples did not reach a detectable level, which meant that the outdoor 

and corridor HCHO concentrations were very low. Hence, the source of HCHO emissions 

was mainly internal (Sousa et al. 2011). The low HCHO concentration in the corridor was 

due to effective natural ventilation. The windows on the east and west sides of the corridor 
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were completely open. The entrance to the outpatient department remained open during 

working hours.  

 

The collected HCHO samples were determined by the phenol reagent method in the 

laboratory by a local professionally qualified testing agency. Phenol reagent method was 

recommended in the China’s national standard - Examination methods for public places: 

Part 2. Chemical pollutants (GB/T 18204.2-2014) (NHC 2014). As mentioned above, the 

MBTH contained in the absorbent tube can react with HCHO to form piperazine (Jiang 

et al. 2013). When analyzing the HCHO concentrations, 0.4 mL of chromogenic reagent 

(10 g/L ferric ammonium sulfate solution) was added to the sampled tube. Piperazine was 

oxidized with ferric ammonium sulfate solution to form a blue-green compound (Liang, 

Lv, and Yang 2016a). Then the light absorbance at 630 nm was measured using a 

spectrophotometer. 

 

A normality assessment was performed before the data analysis, firstly in an objective 

manner using a Shapiro-Wilk test and secondly in a subjective manner by observing the 

histograms and Q-Q plot outputs in SPSS. The indoor temperature, RH, and CO2 levels 

revealed a non-normal distribution (P < 0.05). In previous studies, the HCHO and other 

pollutants were usually considered to be non-normally distributed as well (Zhang. et al. 

2020; Mendes et al. 2015). Hence, non-parametric analyses were applied to examine the 

relationship between the indoor parameters. Spearman’s correlation analyses were used 

to examine the relationship between the pollutants’ (CO2 and HCHO) concentration 

levels, and the influential factors such as temperature, RH, etc.  
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3.4. Experiments 

After establishing a comprehensive understanding of the hospital’s current IAQ, it was 

followed by two experiments conducted in the third stage. Most experiments were under 

a controlled environment with high enough pollutants to identify the removal efficiency 

of plants (Orwell et al. 2006; Sriprapat et al. 2014; Abbass, Sailor, and Gall 2017; Teiri, 

Pourzamani, and Hajizadeh 2018; Parseh et al. 2018). In interview A, the selected plants 

were identified as C. comosum and E. aureum. The actual impact of these two plants on 

IAQ and occupants in clinics had not been determined. Therefore, the research conducted 

experiment A to determine the effect of indoor plants on IAQ and occupants in clinics. 

 

As shown in Table 2-8, a study had identified that C. comosum and E. aureum could 

remove HCHO from indoor air over a long time (Xu, Wang, and Hou 2011). The results 

showed that C. comosum had a higher removal efficiency for HCHO than E. aureum. 

However, no studies had evaluated the exact efficiency of these two plants in removing 

HCHO. Therefore, experiment B was conducted to identify the removal efficiency of C. 

comosum and E. aureum as to HCHO concentration in a laboratory environment. These 

two different species of plants were placed in an environmental climate box with a certain 

concentration of pollutants. In experiment B, the indoor temperature and RH were 

constant, which excluded factors other than plants that could affect the concentration of 

HCHO. The design of experiment B is detailed in Section 3.4.3. 
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3.4.1. Plant materials 

3.4.1.1. The selection of plants 

As early as the 1980s, NASA had experimentally demonstrated the ability of C. comosum 

and E. aureum to remove HCHO (Wolverton, Mcdonald, and Watkins 1984). In Table 

2-8, Xu, Wang, and Hou (2011) indicated that C. comosum and E. aureum could both 

remove HCHO from indoor air over a long period of time. This study also identified that 

C. comosum had higher removal efficiency than E. aureum.  

 

According to the initial findings of interview A (Chapter 4), the interviewees claimed that 

C. comosum and E. aureum were common indoor ornamental plants that could reduce 

indoor HCHO concentrations. Some interviewees were worried that some green plants 

were poisonous and could threaten their health. Some interviewees suggested that plants 

would not easily survive in a clinical environment. Therefore, plants that are non-toxic, 

robust, and easy to maintain should be selected.  

 

There were three reasons for choosing C. comosum and E. aureum in the two experiments. 

Firstly, studies had identified the ability of C. comosum and E. aureum to remove HCHO 

based on laboratory environments (Wolverton, Mcdonald, and Watkins 1984; Xu, Wang, 

and Hou 2011). As the exact efficiency of HCHO removal by these two plants was 

unknown, experiment B was conducted to determine their exact removal efficiency in a 

laboratory environment. Secondly, the results of Interview A suggested that C. comosum 

and E. aureum were the best choices to place in clinics. These two species of plants are 

popular, economical and easily accessible in China. Thirdly, C. comosum and E. aureum 
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are both non-toxic, robust, and easy to maintain (Missouri Botanical Garden n.d.; Iannotti 

2020). Hence, C. comosum and E. aureum were selected for the experiments.  

 

Twelve pots of C. comosum and twelve pots of E. aureum were bought from the local 

flower market. Loamy soil was used as the pot media comprising approximately 30% 

sand, 30% garden soil, 30% humus, and 10% fertilizer. The soil was moist, loose, with 

low levels of acidity and full of microorganisms and nutrients suitable to grow potted 

plants. The plants were kept under indoor conditions for at least four weeks for 

acclimatisation and were watered whenever needed. Two pots of C. comosum and two 

pots of E. aureum were used for absorption tests in the laboratory experiments. Eight pots 

of C. comosum and eight pots of E. aureum were used for experiments in the clinics. The 

remaining plants were used as reference. 

 

3.4.1.2. Chlorophytum comosum 

The common name of C. comosum is the Spider plant. It is native to South Africa. Spider 

plants are resistant and easy to maintain, so diseases rarely occur (Missouri Botanical 

Garden n.d.). It has a very good tolerance to artificial light and is ideal for office and 

commercial places. The plant can thrive throughout the year at room temperature. In the 

winter, the room temperature is above 10 °C, so the plants can survive well. The plant 

needs water only when the soil’s surface is slightly dried (Plantopedia n.d.). Figure 3-12 

shows an example of C. comosum used in this study: 
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Figure 3-12 An example of C. comosum used in this study 

 

Figure 3-13 shows the average dimensional diagram of C. comosum: 

 

 

Figure 3-13 The average dimensional diagram of C. comosum 

 

3.4.1.3. Epipremnum aureum 

The common name of E. aureum is Golden Pothos. It can flourish in places where there 

is not much sunlight or only fluorescent lighting. It has high tolerance and can grow even 

in low humidity environments (Iannotti 2020). Figure 3-14 shows the E. aureum used in 

this study. The average leaf coverage radius of each plant is about 25 cm (Figure 3-15). 
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Figure 3-14 An example of E. aureum used in this study 

 

 

Figure 3-15 The average dimensional diagram of E. aureum  
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3.4.2. Experiment A in the clinics 

3.4.2.1. Design of experiment A 

In experiment A, these two different species of plants were placed in three clinics. Figure 

3-16 shows the arrangement of plants in the room: there were no green plants placed in 

Clinic 1 (a); two pots of C. comosum and two pots of E. aureum were placed on the 

windowsill in Clinic 2 (b); two pots of C. comosum and two pots of E. aureum were 

placed at the entrance to Clinic 3 (c); and four pots of C. comosum and four pots of E. 

aureum were scattered throughout Clinic 4 (d). Plants were not placed in Clinic 1 in order 

to contrast with other clinics. Double the number of plants were placed in Clinic 4 to 

explore the effects of plant quantity on indoor HCHO concentration. The difference in 

the placement of plants in Clinic 2 and Clinic 3 was to explore the impact of plant 

placement on the occupants. 

 

 

Figure 3-16 The arrangement of plants in the clinics 
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After the green plants had been placed, the second assessment of IAQ was conducted. 

This means that physical measurements B was used to detect changes in indoor pollutant 

concentrations. After the plants had been placed for a week, questionnaire B, which had 

the same questions as questionnaire A was conducted to collect subjective data from the 

occupants. The results of questionnaire B were used to analyse the impact of plants on 

the occupants. The questionnaire was conducted after placing the plants for a week to 

allow the occupants (especially staff) to adapt to an indoor environment with natural 

elements. 

 

3.4.2.2. Data collection and analysis 

The physical measurements B were conducted from November 18, 2019 to November 23, 

2019 in the four clinics. They still focused on indoor temperature, RH, CO2, and HCHO. 

The indoor temperatures, RH, and CO2 samples were collected from three clinics (Clinic 

1, Clinic 2, and Clinic 3) because the room sizes of these three clinics were exactly the 

same. The number of occupants per day was also basically the same. CO2 is primarily a 

by-product of human metabolism (Chamseddine et al. 2019), and its indoor concentration 

is mainly affected by the number of occupants. The number of occupants in Clinic 4 was 

far greater than the other three Clinics, and the room area was larger than the other three 

rooms. Therefore, Clinic 1, Clinic 2, and Clinic 3 were selected to collect the data to 

identify the impact of plants on indoor temperature, RH and CO2. The first data set was 

recorded at 9 am on Monday and updated every ten minutes thereafter. The last data 

update was at 5 pm on Saturday. Therefore, each clinic recorded 768 temperature, 768 

RH and 768 CO2 data values. For outdoor temperature and RH, the first data was recorded 
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at 8 am on Monday and updated every three hours thereafter from the local weather station. 

The last data update was at 5 pm on Saturday. Therefore, 44 temperature and 44 RH data 

values were recorded. 

 

The source of HCHO emissions is mainly internal (Sousa et al. 2011), and the purpose of 

experiment A was to identify the impact of plants on indoor HCHO concentrations. The 

methods of HCHO samples collection and determination were detailed in physical 

measurement A. The HCHO samples were collected from all four clinics. Sampling was 

performed three times a day during working hours at 9 am, 12 pm, and 3 pm. The time 

taken for a single sampling was 20 minutes. Therefore, a total of 72 indoor HCHO 

samples were collected. 

 

A normality assessment was performed before the data analysis. Firstly in an objective 

manner using a Shapiro-Wilk test, and secondly in a subjective manner by observing the 

histograms and Q-Q plot outputs in SPSS. The indoor temperature, RH, and CO2 levels 

revealed a non-normal distribution (P < 0.05). In previous studies, the HCHO and other 

pollutants were usually considered to be non-normally distributed as well (Zhang et al. 

2020; Mendes et al. 2015). Therefore, the median values and Mann-Whitney U test were 

used to compare the two groups of data before and after the experiment.  

 

Questionnaire B collected onsite hospital staff and visitors survey data from November 

25, 2019 to November 30, 2019. The questionnaire survey was conducted in three clinic 

rooms of the hospital, known as Clinic 2, Clinic 3 and Clinic 4. Due to there being no 

green plants placed in Clinic 1, the questionnaire survey was not conducted again. A total 
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of 68 responses were collected, including 15 hospital staff members and 53 visitors. The 

questionnaire was sent to all 16 staff members working in the three clinics. The staff 

response rate was more than 90%, which could fully reflect the staff’s perceptions of IAQ 

in the four clinics. A total of 160 questionnaires were sent to visitors in the four clinics 

on average. The visitors’ response rate was 35%.  

 

The purpose of questionnaire B was to collect subjective data to identify the impact of 

indoor plants on occupants through comparing the results with those of questionnaire A. 

A six- point Likert scale gave quantitative values to the qualitative data (Sinaian 2020). 

The data from the overall Likert scale were treated as an interval level (Harpe 2015). The 

average score of the questions was calculated and analysed, and the amount of 68 samples 

met the requirements of the analysis (Sinaian 2020).  

 

3.4.3. Experiment B in the laboratory 

3.4.3.1. OTQHX-1 Artificial Climate Chamber (ACC) 

The OTQHX-1 Artificial Climate Chamber (ACC) can achieve high-precision constant 

temperatures and humidity climate simulations in an experiment environment. The 

internal cabinet is made of mirrored stainless steel, which does not absorb HCHO. The 

door adopts a HCHO-free sealing strip. Using an ACC can therefore avoid the leakage of 

HCHO to the greatest extent. In addition, ACC is equipped with a valve interface to 

connect with the HL - 2B Constant flow sampler (as mention in Section 3.3.2.1), which 
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facilitates the collection and measurement of HCHO. Figure 3-17 shows the ACC used 

in this study:  

 

 

Figure 3-17 The ACC 

 

Table 3-12 introduces the technical performance and specifications of the ACC:  

 

Table 3-12 The technical performance and specifications of the ACC 

Interior volume 1m3 (1000L) 

Temperature control range 15 - 30 °C, ± 0.5 °C 

RH control range 30% - 75%, ± 3 % 

Air tightness 1kpa, Leakage rate ≤ 0.5%min 

Air exchange rate 0 - 1.5 m3/h, ± 0.05 % 

Air speed 0.1 - 0.3 m/s 
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3.4.3.2. The source of HCHO emissions 

Eight decorated wood-based panels of the same batch of a certain brand with the same 

size and structure were selected as the source of HCHO emissions. Six of them were used 

for the experiments and two were used as spares. In order to achieve a relatively high 

level of HCHO emissions, this study selected each panel with a surface area of 1.06 m2. 

Figure 3-18 shows the specific dimensions of the decorated wood-based panel: 

 

 

Figure 3-18 The dimensional diagram of the decorated wood-based panels 

 

Before selecting the panels, the batch was tested by the 1m3 climate chamber method. 

The results of multiple samplings showed that the emissions of HCHO reached a steady 

state in the first three days, and the difference in HCHO emissions between the samples 

was less than 0.006 mg/m3. Before the experiment, the panels were placed in a constant 

temperature and humidity chamber (the temperature was 10°C and the RH was 20%) for 

7 consecutive days for sample equalisation treatment. The constant condition of low 

temperature and low RH was chosen because temperature and RH had an influence on 

the amount of HCHO emission, and the increase of temperature and RH would promote 

the emission of HCHO (Huangfu et al. 2019). 
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3.4.3.3. Experiment design 

In order to identify the HCHO removal efficiency of C. comosum and E. aureum, 

experimental procedures were designed and carried out in three stages. The first stage 

was the “empty chamber test”. Two decorated wood-based panels as a source of pollution 

were placed in the ACC without potted plants. The purpose was to record the changes in 

the concentrations of HCHO released by the panels without plants. The second stage was 

the “C. comosum absorption test”. Two panels with two pots of C. comosum were placed 

in the ACC. The third stage was the “E. aureum absorption test”. Two panels with two 

pots of E. aureum were placed in the ACC. Figure 3-19 shows the experiment design of 

the three stages: 

 

 

Figure 3-19 The experiment design of the three stages: (a) stage one; (b) stage two; and 

(c) stage three 
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Table 3-13 shows the controlled indoor conditions in the ACC during the experiment: 

 

Table 3-13 The controlled indoor conditions in the ACC during the experiment 

Temperature 23 ± 0.5 °C 

RH 50 ± 3 % 

Air speed 0.1 m/s 

 

In order to be close to the required indoor conditions of the clinics, the indoor temperature 

of the ACC was controlled at 23°C and the RH was controlled at 50%. In order to fully 

integrate the released HCHO with the indoor air, the indoor air speed was controlled at 

0.1m/s.  

 

3.4.3.4. Data collection and analysis 

The methods of HCHO samples collection and determination were detailed in physical 

measurement A. Experiment B was conducted from November 25, 2019 to December 05, 

2019. At each stage, the first HCHO concentration test was carried out at 8 am. After that, 

measurements were taken at 12 pm and 5 pm. The experiment lasted for three days and a 

total of nine measurements were taken. Therefore, a total of 27 data values were collected 

in the three stages. The HCHO concentration change trends of the three stages are 

analysed and compared in Chapter 6. 

  



 

 128 

3.5. Interview B 

3.5.1. Design of interview B 

Finally, the fourth stage, semi-structured interview B, collected subjective data for the 

qualitative data analysis. Interview B was the last applied research tool in this study and 

implemented after all the other data had been collected. The interview considered the 

results of all the other research data as auxiliary evidence and was included within the 

scope of consideration in advance. Interview B offered a further supplement and 

extension for the questionnaire questions (Sattayakorn, Ichinose, and Sasaki 2017). 

Interview B aimed to collect further subjective data for the qualitative research to fill gaps 

in the knowledge through an inductive process (DePoy and Gitlin 2016). The results of 

interview B could then be used to validate the results of the data analysis of the 

quantitative research. The final results of this research were a combination of quantitative 

and qualitative data analysis. Interview B was mainly centred on the impacts of indoor 

green plants on occupants. The aim was to expand the results of questionnaire B and to 

gain a deeper understanding of the occupants’ views on the green plants that were placed 

in the clinics. Hence, three topics were be discussed with the participants: (1). the 

placement of indoor plants in clinics; (2) the impact of indoor plants on occupants’ mental 

health; and (3) the impact of indoor plants on IAQ. 

 

The interviews were conducted after questionnaire B. Invitation letters to participate in 

the interview were sent to two groups of people via e-mail, WeChat, and leaflets: 
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− Doctors and nurses who worked in Clinic 2, Clinic 3 and Clinic 4 received an 

invitation letter, as the group of hospital staff. 

− People who visited Clinic 2, Clinic 3 and Clinic 4 after the placing of indoor plants 

received an invitation letter, as the group of hospital visitors. 

 

3.5.2. Data collection and analysis 

Interview B was collected from December 08, 2019 to January 08, 2020. Invitation letters 

were sent to Clinic 2, Clinic 3 and Clinic 4. Due to there being no green plants placed in 

Clinic 1, the questionnaire survey was not conducted again. The letters were sent to all 

16 staff members working in the three clinics. A total of 33 responses were collected, 

including 12 hospital staff and 21 visitors. The staff response rate was more than 70%, 

which could fully reflect the staff’s perception of IAQ in the three clinics. A total of 60 

questionnaires were sent to visitors in the three clinics on average. The response rate of 

the visitors was 35%. The qualitative sample size is around 30, which is easy to manage 

and conduct in-depth analysis (Boddy 2016). 

 

As same with the interview A, the interview results were transcribed in an anonymous 

manner. NVivo 12 was used to manage the transcripts. The data collection was carried 

out concurrently with the data analysis from the transcripts using NVivo, which aimed to 

avoid missing themes and to maximise the information gained. In the data analysis, 

opinions expressed by participants were used as “quotations” to illustrate the themes. 
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3.6. Ethical considerations 

Since interviews and questionnaires were being conducted, and as the occupants were 

involved during the physical measurement process, the ethical implications needed to be 

considered. Meeting the requirements of ethical approval was undertaken prior to starting 

the research activities, and approval was given by the Ethics Committee of Coventry 

University. Two major aspects need to be justified and considered in the ethical process.  

 

On the one hand, the risks concerned with the participants need to be considered. Firstly, 

all participants were adults aged 18 and above, and their participation was entirely 

voluntary. Before the research activities started, the “Participant Information Sheet” 

(Appendix A) and “Informed Consent Form” (Appendix B) were sent to the participants 

and their permission was obtained. Secondly, during the interviews and questionnaires 

and after the completing these research activities, the recorded data was anonymised and 

made confidential. Thirdly, if the participants wanted to know any detailed information 

about the research results, they would be provided after the research was completed. 

 

On the other hand, as mentioned in the above Section 3.3.2.1, measuring devices were 

used in the study. A risk assessment of these devices was also completed with the result 

of “low risk”. Before the measurements, the measurement equipment was carefully tested 

by professional technicians from Coventry University and local professional 

organisations with testing qualifications in China to ensure that the equipment was in a 

good working condition and met the testing standards. In addition, all the research 

activities were approved by the hospital management, and the names of the hospitals and 
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the cities where they were located were anonymously processed to ensure the privacy and 

safety of both hospital staff and visitors. 

 

3.7. Summary 

In this chapter, the research methodology was confirmed as MMR, and four research 

methods of interviews, questionnaires, physical measurements and experiments were 

determined. The program of IAQ audit in hospitals had been developed, and based on 

this, the implementation of the research program was designed and detailed in four steps. 

In Chapter 4 following, this study will introduce the initial findings of semi-structured 

interview A in detail. The clinical IAQ investigations (questionnaire A and physical 

measurement A) will be introduced in Chapter 5. The experiments’ steps (experiment A 

in the clinics and experiment B in the laboratory) will be detailed in Chapter 6. Finally, 

the qualitative research (semi-structured interview B) will be detailed in Chapter 7.  
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Chapter 4 -  Interview A - initial findings 

This chapter introduces and discusses the initial findings of interview A. It firstly analyses 

the response rates of the three interviewed hospitals. Then, it discusses the findings of the 

hospitals’ IAQ evaluations, including the overall impressions of IAQ for the occupants, 

the influencing factors on IAQ satisfactions, the impact of IAQ on the occupants, and the 

methods for IAQ improvement. Thirdly, it discusses the findings from the questions about 

placing plants in clinics. Moreover, it discusses the results of the occupants’ willingness 

to participate in further research, then identifies the hospital to be further investigated. 
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4.1. Response rate 

The response rate was used as an important reference for selecting the sampling hospital 

for further research. As mentioned in Section 3.2.2.2 on data collection, a total of 56 

participants participated in the interviews: 10 participants from Hospital A, 28 

participants from Hospital B, and 18 participants from Hospital C. Table 4-1 shows the 

response rates (%) of the three hospitals: 

 

Table 4-1 The response rate (%) of the three hospitals 

Name of figures Pie chart (%) 

Total response rate of the three 

hospitals 

 

The response rate of Hospital A 

 

The response rate of Hospital B 

 

The response rate of Hospital C 
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The response rate between 

hospital staff and visitors 

 

 

The total response rate was 47%. Among them, Hospital B had the highest response rate 

at 70%, Hospital C had 45%, and Hospital A had the lowest response rate at 25%. The 

response rate was affected by the number of hospital visitors. As shown in Table 3-1 

above, Hospital A had the largest number of visitors per year, followed by Hospital C, 

and Hospital B had the least number of visitors. In Hospitals A and C, a large number of 

visitors increased the work pressure for the doctors, and thus they did not have time to 

participate in interview A. Visitors in Hospitals A and C were more anxious because of 

the crowded environment, compared to Hospital B. Therefore, the response rate for 

Hospital B was the highest among the three hospitals.  

 

Among the participants, the staff members accounted for 57% of total, which was higher 

than the visitors who accounted for 43% of the total. Based on the same number of 

invitation letters sent to staff and visitors, the response rate of the staff was higher than 

that of the visitors. The main reason for this phenomenon might be that the clinic was a 

“permanent workplace” for the medical staff, who paid more attention to the impact of 

IAQ on their health (De Giuli et al. 2013), whereas visitors paid more attention to their 

physical conditions (Sattayakorn, Ichinose, and Sasaki 2017). 
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4.2. Evaluation of IAQ in clinics 

4.2.1. The overall impression of IAQ 

In interview A, the first question was about the IAQ. The participants were asked about 

their overall impression of the current IAQ in clinics and whether they were satisfied with 

it. One doctor refused to discuss any questions related to IAQ. Five visitors expressed no 

opinion about IAQ. The other 50 participants all gave either positive or negative 

comments on IAQ. Figure 4-1 shows the overall impression of IAQ for the participants:  

 

 

Figure 4-1 The overall impression of IAQ for the participants 

 

In the three hospitals, more than 50% of the visitors presented more negative comments 

for IAQ in the clinics, especially in hospital C, where 80% of the visitors claimed to be 
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dissatisfied with the IAQ. The staff showed more satisfaction towards the IAQ-related 

factors than the visitors. In total, 55% of staff were satisfied with the IAQ. However, in 

the previous studies, the results indicated that inpatients had been more satisfied with 

thermal comfort and other indoor conditions compared to hospital staff (De Giuli et al. 

2013; Skoog, Fransson, and Jagemar 2005; Verheyen et al. 2011; Sattayakorn, Ichinose, 

and Sasaki 2017). This argument was contrary to the findings of these questions, so this 

study continued to explore the factors that affected IAQ satisfaction to find the reasons. 

 

4.2.2. The factors that influence IAQ satisfaction 

It was found that there were five factors that affected the levels of satisfaction with IAQ. 

The number of visitors was an important factor. The interviews revealed that a large 

number of visitors significantly reduced IAQ, which was particularly evident in Hospital 

A and Hospital C (Nurse 2, Hospital A; Nurse 6, Hospital C). The indoor RH was also an 

influencing factor. Two interviewees complained that the indoor air was dry (Doctor 2, 

Hospital B; Visitor 4, Hospital C), while one visitor complained that the room was too 

humid (Visitor 5, Hospital B). Therefore, it was necessary to carry out further physical 

measurements to analyse whether the RH levels met the national standards. An irritating 

smell was undoubtedly the most complained-about factor among visitors (Visitor 2, 

Hospital A; Visitor 3, Hospital B; Visitor 4, Hospital C). It seems that the work area was 

not delineated according to the functions of the clinic (Visitor 4, Hospital C). These 

irritating gases might have come from cleaning work, medical equipment, or medical 

activities, etc. In addition, indoor ventilation was also an issue that could not be ignored. 

Due to the privacy of the clinic and the need for indoor heat preservation in winter, its 
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natural ventilation efficiency may be insufficient (Doctor 3, Hospital A). The poorly 

ventilated indoor environment may also have impacted on a doctor’s work efficiency (De 

Giuli et al. 2013), which meant further research was required to measure the indoor CO2 

concentrations. The last influencing factor was visitors’ stereotypes of the hospital 

environment. Regardless of the real IAQ, some people always think that the hospital 

environment is a place where bacteria, viruses, and diseases can easily spread (Visitor 3, 

Hospital A; Visitor 5, Hospital C). Table 4-2 shows the subjective views of occupants on 

IAQ: 

 

Table 4-2 The factors influencing IAQ satisfaction: themes and representative verbatim 

comments 

A large number of visitors 

 

“Every day, many people come for medical treatment. I think the air quality is quite 

bad because of the large flow of people.” (Nurse 2, Hospital A) 

 

“The visiting people are not just the patients. Generally, each patient will be 

accompanied by 1-2 relatives or friends.” (Nurse 6, Hospital C) 

 

Indoor RH 

 

“The temperature is good, and the lighting is good, but it is a little bit dry.” (Doctor 

2, Hospital B) 

 

“The indoor air is very dry.” (Visitor 4, Hospital C) 

 

“I feel a little damp in the room, and it smells musty.” (Visitor 5, Hospital B) 
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Indoor ventilation 

 

“For privacy reasons, the door needs to be closed at all times during working hours. 

In winter, the windows are always closed due to thermal comfort needs. This will 

make me feel that the room is not breathable.” (Doctor 3, Hospital A) 

 

Irritating gas 

 

“I felt that when I walked into the hospital, the corridors and rooms were full of the 

smell of disinfectant, which made me feel uncomfortable.” (Visitor 2, Hospital A) 

 

“The smell is bad of disinfection water from medical equipment, disinfection tools, 

and the floor.” (Visitor 3, Hospital B) 

 

“Some special clinics are not isolated from normal clinics and will have a lot of 

strange smells.” (Visitor 4, Hospital C) 

 

Stereotypes of the hospital environment 

 

“I think there are many bacteria and viruses in the air in the clinic.” (Visitor 3, 

Hospital A) 

 

“I think the hospital environment is a crowded place that is easy to spread 

respiratory diseases.” (Visitor 5, Hospital C) 
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4.2.3. The influence of IAQ on occupants 

The effects of IAQ on visitors and hospital staff were different, which may be directly 

related to the length of the stay in the hospital (De Giuli et al. 2013). Table 4-3 illustrates 

the influence of IAQ on visitors and hospital staff. For the visitors, the IAQ mainly 

affected their psychological state. The interviewees complained that irritating gas made 

them feel short-tempered and upset (Visitor 2, Hospital A; Visitor 6, Hospital B). For 

patients suffering from respiratory diseases, such as asthma, poor IAQ and pungent 

odours aggravated their discomfort (Visitor 3, Hospital B). When talking about the factors 

that affect their psychological state in addition to poor IAQ, some participants pointed 

out that the monotonous environment of the clinic made them feel depressed (Visitor 5, 

Hospital B; Visitor 6, Hospital C; Visitor 3, Hospital B; Visitor 5, Hospital C). As 

mentioned before, the hospital environment is often associated with feelings of fear, 

uncertainty and anxiety (Dijkstra, Pieterse, and Pruyn 2008).  

 

Table 4-3 The influence of IAQ on visitors and hospital staff 

Specific smell of the hospital environment 

 

“I felt that when I walked into the hospital, the corridors and rooms were full of the 

smell of disinfectant, which made me feel uncomfortable.” (Visitor 2, Hospital A) 

 

“I have asthma and I wear masks when I go to the hospital, afraid of the pungent 

smell.” (Visitor 3, Hospital B) 

 

“The smell of hospital disinfectant unique made me feel very irritable.” (Visitor 6, 

Hospital B) 
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Influence on hospital staff 

 

“Poor indoor air quality will affect my mood.” (Doctor 2, Hospital B) 

 

“I sometimes feel uncomfortable.” (Doctor 3, Hospital B) 

 

“Sometimes I feel uncomfortable in my throat.” (Nurse 3, Hospital B) 

 

Monotonous indoor environment 

 

“Every time I go to the clinic, I feel very depressed. The work clothes of doctors and 

nurses are white, the walls are white, and there are no decorations in the room. This 

makes me feel stressed.” (Visitor 5, Hospital B) 

 

“I have psychological rejection of the hospital environment.” (Visitor 6, Hospital C) 

 

“Not cosy, the indoor environment should be arranged warmly, I feel very 

uncomfortable.” (Visitor 3, Hospital B)  

 

“I feel physically unwell, and I feel very depressed in this environment.” (Visitor 5, 

Hospital C) 

 

 

For hospital staff, the interviewees reported that poor IAQ could cause mood disorders 

and physical symptoms (Doctor 2, Hospital B; Doctor 3, Hospital B; Nurse 3, Hospital 

B). Some studies have subjectively assessed the effects of the IAQ on the health of the 

medical staff (De Giuli et al. 2013; Cheong and Chong 2001; Hashiguchi et al. 2008; 

Dascalaki et al. 2008). The dry symptoms were reported to be the most common (Cheong 

and Chong 2001). Therefore, the next chapter of this study investigates the reporting 

frequency of different physical symptoms in the questionnaire survey. 
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4.2.4. The methods for IAQ improvement 

Concerning the methods to improve IAQ, there were several suggestions presented by 

visitors and staff, as shown in Table 4-4. It was mainly suggested to use air purifiers, 

install fresh air systems, enhance ventilation, and increase the frequency of cleaning 

(Nurse 2, Hospital A; Visitor 2, Hospital A; Doctor 3, Hospital C; Visitor 3, Hospital B; 

Doctor 2, Hospital B). However, one staff worried that the installation of air purifiers 

would increase the hospital’s energy consumption and maintenance costs. (Nurse 3, 

Hospital C). Furthermore, one staff suggested increasing the number of clinics to share 

visitor traffic (Nurse 3, Hospital C). In addition, there was also a suggestion to change the 

interior decoration style to improve satisfaction with the indoor environment (Visitor 3, 

Hospital B).  

 

Table 4-4 The methods for IAQ improvement 

The methods for IAQ improving 

 

“I think using an air purifier can improve IAQ.” (Nurse 2, Hospital A) 

 

“The installation of a fresh air system will improve IAQ, and the windows are often 

not opened in order to keep warm in winter.” (Doctor 3, Hospital C) 

 

“Expand the scale of the hospital and add more clinics to share visitor traffic.” 

(Nurse 3, Hospital C) 

 

“Increase the frequency of cleaning, disinfection, and open windows for ventilation.” 

(Visitor 3, Hospital B) 

 

“The wall can be changed to a different colour, such as pink” (Visitor 3, Hospital B) 
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“The way to improve air quality is to mainly focus on ventilation.” (Doctor 2, 

Hospital B) 

 

“Air purifiers can be put in, but it is a big expense for the hospital. Daily 

maintenance, power consumption, and purchase of these machines.” (Nurse 3, 

Hospital C) 

 

“Although the smell of disinfection water is not good, disinfection and sterilisation 

are more important in hospitals.” (Visitor 2, Hospital A) 

 

In the previous studies, the filtration systems of central air-conditioning units had been 

confirmed to effectively remove PM and fungi, but they cannot effectively reduce the 

concentration of some gaseous pollutants (Jung et al. 2015). However, no interviewee 

had mentioned the possibility of placing green plants to improve IAQ. Hence, the 

investigator asked some specific questions about placing green plants in the clinics in 

further interviews. 
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4.3. The placement of indoor plants 

The first question about the placement of indoor plants was whether it should be 

recommended to place green plants in the clinic. Figure 4-2 summarises the results of this 

question. The total number of participants was 56. More than 50% of the respondents 

suggested placing green plants and believed that this could improve IAQ. There were 

seven respondents holding opposing views, which accounted for 13% of the total. Twelve 

interviewees thought that green plants could be placed in the clinic, but they doubted the 

effectiveness of green plants in improving IAQ. Another five participants were unwilling 

to answer. 

 

 

Figure 4-2 Do you recommend placing green plants in the clinics? 

 

Table 4-5 introduces the themes and representative verbatim comments on the answers to 

the indoor plants placing questions. There were some hospital staff who suggested that 

plants may have a positive effect on work efficiency (Doctor 1, Hospital A) and could 

relieve eye fatigue (Doctor 3, Hospital B). The visitors believed that plants could provide 
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psychological support and relieve tension along with depression (Visitor 2, Hospital B; 

Visitor 3, Hospital B; Visitor 5, Hospital C; Visitor 4, Hospital C). In addition, some 

interviewees believed that plants could reduce the indoor concentration of CO2 and 

HCHO (Visitor 3, Hospital C; Visitor 6, Hospital B; Visitor 3, Hospital C). Moreover, 

one visitor suggested that plants could increase indoor humidity (Visitor 2, Hospital A). 

In Section 2.4, the characteristics of plants were identified as follows: (1) plants can 

effectively remove gaseous pollutants such as CO2 and HCHO (Brilli et al. 2018; 

Franchini and Mannucci 2018); (2) plants can reduce psychological stress (Park and 

Mattson 2008; Yin et al. 2018); (3) plants can restore concentration and fatigue (Ikei et 

al. 2014; Yin et al. 2018; van den Bogerd et al. 2020). Hence, the impact of indoor plants 

on IAQ and occupants in clinics will be verified in subsequent experiments.  

 

Table 4-5 Indoor plants placement - themes and representative verbatim comments 

The influence of indoor plants  

 

“I always place some green plants in my home, I believe it must be good for IAQ and 

can increase indoor humidity.” (Visitor 2, Hospital A) 

 

“Putting some green plants on the desk may have a positive effect on the doctor's 

work efficiency.” (Doctor 1, Hospital A) 

 

“When discussing my physical condition with the doctor, green plants should relieve 

my nervousness (Visitor 2, Hospital B). 

 

Some plants can absorb harmful gases and improve indoor air circulation. More 

green plants will make me feel happy.” (Visitor 3, Hospital B) 
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“Green plants can relieve eye fatigue. I think it can improve a doctor’s eye fatigue?” 

(Doctor 3, Hospital B) 

 

“More green plants will provide more psychological comfort. The hospital is a 

frustrating place. Compared with improving IAQ, it may be more helpful to mental 

health.” (Visitor 5, Hospital C) 

 

“It has a good effect on the psychology of staff and visitors, but I don’t know whether 

it has an effect on air quality and how it works.” (Nurse 2, Hospital C) 

 

“Plants can absorb CO2.” (Visitor 3, Hospital C) 

 

“Green plants will make me feel better and reduce my depression.” (Visitor 4, 

Hospital C) 

 

Plant species 

 

“Usually when I move to a new house, I will place some plants, especially Golden 

Pothos, to remove formaldehyde.” (Visitor 6, Hospital B) 

 

“I think Golden Pothos and Spider Plants are effective in removing formaldehyde.” 

(Visitor 3, Hospital C) 

 

“Two kinds of plants are better to match, one kind is too monotonous, and too 

many kinds of plants will be dazzling.” (Visitor 4, Hospital B) 

 

“One or two types of plants are better, and many types of plants are difficult to 

maintain.” (Nurse 2, Hospital B) 

 

“I don't think anyone would hate green plants. You can put some small pots of 

green plants, so that it does not appear crowded in the clinic.” (Nurse 3, Hospital 

B) 
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The number of Plants 

 

“It is not advisable to place a lot of green plants in the clinic.” (Doctor 1, Hospital 

B) 

 

“Placing a lot of green plants will seem very crowded, four plants are ok.” (Nurse 

3, Hospital B) 

 

“Four to six should be fine in my clinic.” (Doctor 2, Hospital B)  

 

Location of placing 

 

“I think it's best to put it at the door, not conducive to the place where it is found, so 

that people will not feel that the room is crowded.” (Doctor 3, Hospital B) 

 

“I think it’s better to put them near the window, with plenty of light.” (Nurse 4, 

Hospital C) 

 

“Place it in a conspicuous place and you can see it as soon as you enter the door.” 

(Visitor 2, Hospital B) 

 

Problems 

 

“I heard that there are some green plants that are toxic.” (Visitor 2, Hospital A) 

 

“Placing green plants is a good method, but it is a problem for maintenance.” (Nurse 

2, Hospital A) 

 

“There is a big difference in indoor temperature between day and night in winter. 

The heating will be turned off at night. This may affect the survival of green plants.” 

(Doctor 3, Hospital B) 
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Regarding the species of indoor plants, the interviewees suggested that Golden Pothos (E. 

aureum) and Spider Plants (C. comosum) were the best choices for indoor HCHO 

adsorption (Visitor 6, Hospital B; Visitor 3, Hospital C). Furthermore, the interviewees 

suggested that it was appropriate to use one or two kinds of plants in combination, which 

was neither monotonous nor dazzling (Visitor 4, Hospital B; Nurse 2, Hospital B). 

Regarding the number of plants placed, it was generally recommended not to place too 

many green plants, which would make the otherwise not spacious room appear more 

crowded (Doctor 1, Hospital B; Nurse 3, Hospital B). A doctor suggested that four to six 

pots of plants were suitable in clinics (Doctor 2, Hospital B). There were different 

opinions about the placing locations of plants, which would be analysed and verified in 

the subsequent comparative experiments. In addition, one visitor was worried that some 

green plants were poisonous and would threaten their health (Visitor 2, Hospital A). Two 

staff members suggested that plants would not easily survive in a clinical environment 

(Nurse 2, Hospital A; Doctor 3, Hospital B). Therefore, plants should be chosen that are 

non-toxic, robust and easy to maintain in the clinics. 

 

As shown in Table 2-8, a study had identified that C. comosum and E. aureum could 

remove HCHO from indoor air over a long time (Xu, Wang, and Hou 2011). The results 

showed that C. comosum had a higher removal efficiency for HCHO than E. aureum. 

However, no studies had evaluated the exact efficiency of these two plants in removing 

HCHO. Moreover, the actual impact of these two plants on IAQ and occupants in clinics 

had not been determined. Therefore, further experiment needed to be carried out in the 

laboratory and the clinics, respectively. 
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4.4. Survey of willingness to participate in further 

research 

In the last part of the interview, the hospital staff were asked if they would participate in 

further questionnaires and experience a natural indoor environment, which aimed to 

choose the most suitable among the three hospitals for further investigation and research. 

Figure 4-3 below shows the percentage of participants willing to participate in further 

research. In Hospital A, five staff members answered the questions, of which 40% were 

willing to participate in further research, and the other 60% were not. The proportion for 

Hospital C was almost similar to that of Hospital A. In these two hospitals, the reason for 

reluctance to participate was generally because of the busy work schedules and large 

number of visitors. Nevertheless, unlike the survey results of Hospitals A and C, in 

Hospital B, nearly 90% of the respondents expressed interest in participating in further 

research. Combining the results of section 4.1, Hospital B had the highest response rate 

at 70%, which was much higher than the other two hospitals. 
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Figure 4-3 Percentage of participants willing to participate in further research  

 

Furthermore, in 2019, NHC released a statistical report on the development of China’s 

health industry (NHC 2019). The report pointed out that as of the end of 2018, the total 

number of Chinese hospitals (including those unrated) was 33,009. Among them, there 

were 2,548 tertiary hospitals, accounting for about 8% of the total number of hospitals. 

There were 9,017 secondary hospitals, accounting for about 27% of the total. The rest 

were primary hospitals and unrated hospitals. According to Boddy (2016), the choice of 

research samples should represent the population as much as possible. Combined with 

the proportion of secondary hospitals in the total number of hospitals, the interview 

response rate, and the results of the survey on the willingness to further participate in the 

research, this study considered Hospital B as the most suitable place to conduct further 

research. 
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4.5. Summary 

The main purpose of interview A was to prepare for the follow-up research. Several 

significant initial findings were achieved and can be summarised as follows: 

 

− The most suitable sample to be investigated has been determined as Hospital B. As a 

secondary hospital, it has completed medical functions and can provide 

comprehensive medical services. Compared with the other two hospitals, Hospital B 

had the highest response rate at 70%, and nearly 90% of the respondents expressed 

interest in participating in further research. 

 

− For the overall impressions of IAQ, 55% of staff in total were satisfied with the IAQ. 

More than 50% of the visitors presented more negative comments for IAQ in clinics. 

Staff showed more satisfaction towards the IAQ-related factors than visitors, which 

is contrary to the findings of previous studies (De Giuli et al. 2013; Skoog, Fransson, 

and Jagemar 2005; Verheyen et al. 2011; Sattayakorn, Ichinose, and Sasaki 2017). 

Hence, further details from the results of questionnaires will be discussed. 

 

− There were five factors influencing the IAQ satisfaction levels: the number of visitors, 

the indoor RH level, irritating smells, indoor ventilation, and visitors’ stereotypical 

perceptions of the hospital environment. Hence, it was necessary to measure the 

indoor RH level, HCHO and CO2 concentration. In the experiment section, 

consideration was given as to whether indoor plants would have a beneficial effect 

on the occupants, so as to reduce visitors’ stereotypes of the hospital environment. 
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− The occupants suggested using air purifiers, installing fresh air systems, enhancing 

ventilation, and increasing the frequency of cleaning to improve IAQ in clinics. More 

than 50% of the interviewees believed that placing indoor plants was beneficial to 

the indoor environment, including improving work efficiency, reducing eye fatigue, 

providing psychological support, reducing CO2 and HCHO concentration, and 

increasing indoor RH. 

 

− Golden Pothos and Spider Plants were suggested as the best choices to place in clinics. 

One or two kinds of plants in combination, would neither be monotonous nor 

dazzling. Four to six pots of plants were suggested as suitable in clinics. It was 

recommended to place green plants near the windows or at the entrances of the clinics. 

These suggestions were analysed and verified in subsequent comparative 

experiments. 
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Chapter 5 -  Clinical IAQ investigation 

Before conducting experiments in the clinical environments, it was necessary to conduct 

a preliminary investigation of the current status of IAQ in them. In Chapter 2, the research 

methods applied in the investigations of hospital IAQ were analysed and summarised. 

Furthermore, the program of IAQ audit in hospitals was developed (as shown in Figure 

2-2). Therefore, the IAQ assessment was conducted from two aspects: a subjective survey 

and objective measurements.  

 

The subjective survey and objective measurements were carried out simultaneously. 

Questionnaire A included four parts: general information; the evaluation of IAQ; the 

influence of IAQ on occupants; and the reporting of staff’s physical symptoms during 

working hours. Physical measurement A focused on the indoor temperature, RH level, 

CO2 and HCHO concentration. After the data collection, this chapter discusses the 

correlation of IAQ parameters. Finally, the findings of the questionnaire and physical 

measurements will be summarised. 
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5.1. Questionnaire A 

5.1.1. General information 

The number of participants: 

 

Figure 5-1 shows the number of staff members and visitors participating in the survey:  

 

 

Figure 5-1 The number of hospital staff and visitors participating in the questionnaire 

survey 

 

A total of 71 responses were collected, including 18 hospital staff members (25%) and 53 

visitors (75%). For the hospital staff participants, Clinic 4 had the largest number of 

participants, followed by Clinic 3. The number of participants in Clinic 1 and Clinic 2 

were the same. The proportion of visitors who participated in the questionnaire survey 

reflected the total number of visitors to the four clinics. Compared with the other three 

clinics, Clinic 4 had the largest number of visitors. The number of people who participated 
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in the survey was 22, accounting for about 42% of the total number of visitors. Clinic 1 

had the least number of visitor participants, accounting for 17%. 

 

Gender: 

 

Figure 5-2 shows the proportion of male and female participants:  

 

Figure 5-2 The proportion of male and female participants: (a) the total of participants; 

(b) the hospital staff participants; (c) the visitor participants 

 

Amongst all the participants, there were 43 women, accounting for 61% of the total, and 

28 men, accounting for 39%. For the staff participants, the vast majority were women, 

with 14 people, accounting for about 78% of the total. There were four male participants, 

accounting for only 22%. Amongst the visitor participants, the ratio of men to women 

was roughly the same. There were 24 males, accounting for 45%, and 29 females, 

accounting for 55%. 
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Age range: 

 

Figure 5-3 shows the age range of the participants:  

 

Figure 5-3 The age range of the participants: (a) hospital staff; (b) visitors 

 

Amongst the hospital staff, more than 90% of the participants were between 20 and 40 

years old, totalling 17 people. For the visitors, most participants were between 20 and 60 

years old. There were 24 people between the ages of 20 and 40, accounting for 45% of 

the total number of visitors, and 26 people were between the ages of 40 and 60, accounting 

for 49%. 
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Length of stay: 

 

Figure 5-4 shows the working years of the staff and staying time of the visitors:  

 

 

Figure 5-4 Length of stay in the hospital: (a) the working years of hospital staff; (b) the 

stay times of visitors 

 

Most staff had been working in the hospital for more than two years. Only two in number 

or 10% of the staff in the hospital had worked for more than one year. About 45% of the 

staff, or 8 in number, had worked in the hospital for more than six years. Another 45% of 

the staff had worked in the hospital for 2 - 4 years. For the visitors, about 10% of the 

participants spent more than two hours in the hospital. Most visitors stayed in the hospital 

for 1- 2 hours, accounting for 43% of the total visitor participants. About 17% of the 

visitors stayed in the hospital for less than 30 minutes. 

 

 



 

 157 

5.1.2. The evaluation of IAQ 

What do you think is the IAQ of the current hospital clinics? 

 

Figure 5-5 introduces the overall satisfaction of occupants with IAQ:  

 

 

Figure 5-5 The overall satisfaction of participants with IAQ 

 

Most of the staff (72%) claimed that the IAQ was satisfactory while only 11% reported 

that it was significantly satisfactory. However, about 28% of the visitors thought that the 

IAQ was slightly unsatisfactory, with 19% unsatisfactory, and 4% very unsatisfactory. 

Moreover, the average satisfaction score for all the participants was 3.92. The average 

satisfaction score for the hospital staff was 4.94 while the average score for the visitors 

was 3.57. The results showed that hospital staff were more satisfied with the current IAQ 

compared to the visitors.  
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What do you think is the ventilation of the hospital clinics? 

 

Figure 5-6 introduces the satisfaction of the participants with indoor ventilation: 

 

 

Figure 5-6 The satisfaction of participants with indoor ventilation 

 

About 50% of the staff were satisfied with the indoor ventilation with 6% finding it very 

satisfactory. There were about 11% of the staff who thought that the indoor ventilation 

was slightly unsatisfactory. However, about 30% of the visitors thought the indoor 

ventilation was slightly unsatisfactory, with 21% unsatisfactory, and 2% very 

unsatisfactory. The average satisfaction score for all the participants was 4.06. The 

average score for staff members was 4.5 and visitors was 3.57, which showed that hospital 

staff were more satisfied with the indoor ventilation compared to the visitors. 
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What do you think is the temperature of the hospital clinics? 

 

Figure 5-7 introduces the responses of the participants to satisfaction with indoor 

temperature:  

 

 

Figure 5-7 The satisfaction of participants with indoor temperature 

 

About 72% of the staff were satisfied with indoor temperature, with 22% slightly 

satisfactory. There were about 42% of visitors who thought that the indoor temperature 

was slightly satisfactory, with 19% satisfactory. There were only 13% of visitors who 

thought that the indoor temperature was slightly unsatisfactory, with 13% unsatisfactory. 

The average satisfaction score for all the participants was 4.25, which showed the indoor 

temperature was between slightly satisfactory and satisfactory. The average score for 

hospital staff satisfaction was 4.83 while the average score for visitors was 4.06, which 

showed that the hospital staff were more satisfied with the indoor temperature compared 

to the visitors. 
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What do you think is the air humidity in the hospital clinics? 

 

Figure 5-8 introduces the responses of the participants to satisfaction with indoor air 

humidity: 

 

 

Figure 5-8 The satisfaction of participants with indoor air humidity 

 

About 44% of staff were satisfied with the indoor air humidity, with 17% slightly 

satisfactory. However, about 28% of staff were slightly unsatisfied with indoor air 

humidity. There were about 45% of visitors who thought the indoor air humidity was 

slightly satisfactory, with 17% satisfactory. Nevertheless, there were about 17% of 

visitors who thought that the indoor air humidity was slightly unsatisfactory, with 13% 

unsatisfactory. The average satisfaction score showed the indoor air humidity was slightly 

satisfactory. The average satisfaction score for all the participants was 4.01. The average 

score for hospital staff was 4.39, while the average score for visitors was 3.89. Hence, the 
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results showed that the hospital staff were more satisfied with the indoor air humidity 

compared to the visitors. 

 

5.1.3. The influence of IAQ 

Do you think that the air quality of the hospital clinics has any influence on your 

mood? 

 

Figure 5-9 portrays the responses of the participants to the influence of IAQ on the 

occupants’ psychological health: 

 

 

Figure 5-9 The influence of IAQ on occupants’ psychological health 

 

There were 17% of staff who thought that IAQ had a very beneficial influence on 

psychological health and 33% reported that IAQ had a beneficial influence. However, 17% 

of staff claimed that IAQ had a slightly adverse effect on health. There were 40% of 
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visitors who thought the IAQ had a slightly adverse effect on health, while 2% thought 

the impact was very negative. The average score for all the participants was 3.75. The 

average score for the staff was 4.5 and 3.75 for the visitors. The average satisfaction score 

shows that the influence of IAQ on psychological health was between slightly obstructive 

and slightly conducive. Hence, the results show that the hospital staff were more satisfied 

with the IAQ compared to the visitors.  

 

Do you think that the air quality of the hospital clinics has any impact on work 

efficiency? 

 

Figure 5-10 introduces the influence of IAQ on staff’s work efficiency:  

 

 

Figure 5-10 The influence of IAQ on staff’s work efficiency 

 

The average score for the hospital staff was 4.33. Most of the staff claimed that the IAQ 

had a beneficial influence on work efficiency. There were about 16% of staff who thought 
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that IAQ had very beneficial influence on work efficiency, 28% thought it had a beneficial 

influence while 28% thought the influence was slightly beneficial. However, there were 

about 28% of staff members who claimed that the IAQ had a slightly adverse effect on 

work efficiency. The average satisfaction score showed the influence of IAQ work 

efficiency was slightly conducive. 

 

5.1.4. Reports of physical symptoms  

More than 50% of staff reported physical symptoms during work. 22% of staff reported 

only one symptom while almost 30% reported more than one symptom. 44% of staff 

claimed no symptoms at work. Figure 5-11 shows the number of reports of physical 

symptoms: 

 

 

Figure 5-11 The number of reports of physical symptoms 
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The reports of physical symptoms included dry skin, dry throat, dry eyes, lethargy, nose 

irritation, and chest tightness. The reporting of dry symptoms were the most common 

(Cheong and Chong 2001). 33% of staff members reported a dry throat, 28% reported dry 

eyes, and 11% reported dry skin. Other physical symptoms occurring during working 

were lethargy (17%), nose irritation (15%), and chest tightness (11%). Figure 5-12 shows 

the reporting rates of physical symptoms during working hours: 

 

 

Figure 5-12 Reporting rates of physical symptoms during working hours 
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5.2. Physical measurement A 

5.2.1. Temperature  

Using whisker plots for the data analysis, it was found that there were abnormal values in 

each set of data. After investigating all the outliers, it was found that the abnormal values 

were closely related to the previous and subsequent data and were not an unexpected 

emergence of erroneous data. In Section 2.2.4, according to the design code of hospitals 

in China, it is recommended that the most suitable indoor temperature range for heating 

in winter is 18 - 24 °C. Figure 5-13 shows the indoor temperature of the four clinics: 

 

 

Figure 5-13 The indoor temperature of the four clinics  

 

The grey shaded part indicates the recommended indoor temperature range. The four 

clinics demonstrated a high standard of compliance from this perspective of physical 

measurement. However, for a certain period, the indoor temperatures of Clinic 1, Clinic 
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2 and Clinic 4 was overheated. The lowest temperature recorded was 15.90 °C in Clinic 

1, which exceeded the recommended minimum acceptable temperature. In this case, 

further analysis of the temperature change trend was required. Figure 5-14 shows the 

temperature change trend in the four clinics: 

 

 

Figure 5-14 The indoor temperature change trend in the four clinics from Monday to 

Saturday 

 

The working time was from 7:30 am to 5 pm in the clinics. From 5 pm to 7:30 am of the 

next morning, the clinics were unoccupied. Indoor temperatures were significantly higher 

during the working period than during the non-working period. The lowest temperature 

was reached at 7:30 am during the working period. The temperature gradually increased 

thereafter, reaching its highest point between 12 pm and 2 pm. The temperature in Clinic 

2 was mostly within standard limits during the working period. The other three clinics 

were above the standard temperature most of the time. The reason for this result should 
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be due to indoor activities and outdoor temperature changes. Figure 5-15 shows the 

outdoor temperature change trend from Monday to Saturday: 

 

 

Figure 5-15 The outdoor temperature change trend from Monday to Saturday 

 

The outdoor temperature data record came from the local weather station. The highest 

temperature (22 °C) was recorded at 2 pm on Tuesday, and the lowest temperature (2 °C) 

was recorded at 2 am on Thursday. The outdoor temperature change trend was basically 

the same as the indoor trend. The temperature peaked between 12 pm and 2 pm in the day, 

then gradually decreased. The temperature began to rise at about 7 am the next morning.  

 

However, there several peaks occurred in Figure 5-14, especially in Clinic 1 and Clinic 

4. In Clinic 4, the peak indoor temperature always occurred at around 8 am, and the peak 

of Clinic 1 always occurred at around 2 pm. By comparing the indoor (Figure 5-14) and 

outdoor (Figure 5-15) temperature trends, it can be seen that the peak indoor temperature 
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was much higher than the peak outdoor temperature. In addition to the influence of the 

outdoor temperature, the main cause of indoor overheating was human activities. In Clinic 

4, the staff usually turned on the electric heater to a higher setting when they started work 

in the morning, so that the room could be warmed quickly. Therefore, the indoor 

temperature generally reached its peak quickly around 8 am. In Clinic 1, since the electric 

heater had been kept on as the outdoor temperature was rising, a higher peak indoor 

temperature was caused. In addition, there was an abnormal drop, and the lowest 

temperature was recorded (15.9 °C) at around 9 am on Saturday in Clinic 1. At this time, 

the external temperature was about 10 °C. As the staff opened the window for ventilation 

and the cold air from outside entered the room, the indoor temperature fluctuated greatly 

and decreased rapidly. 

 

In a hospital, the satisfaction of its occupants with thermal comfort is particularly 

important (Hwang et al. 2007), as thermal comfort is associated with the health and 

productivity of staff (Sattayakorn, Ichinose, and Sasaki 2017). A comfortable thermal 

environment can also assist in stabilising a patient’s mood (Alotaibi et al. 2020). However, 

overheating can cause a dry environment (Liu et al. 2018), which may affect the overall 

humidity perceptions of the occupants (Derks et al. 2018). Therefore, it was necessary to 

further analyse the RH level in the four clinics. 
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5.2.2. RH 

Using whisker plots for the data analysis, it was found that there were abnormal values in 

a set of data in Clinic 4. After investigating all the outliers, it was found that the abnormal 

values were closely related to the previous and subsequent data and were not an 

unexpected emergence of erroneous data. In Section 2.2.4, according to the design code 

for hospitals in China, it is recommended that the suitable indoor RH range in winter is 

30% - 60%. Figure 5-16 shows the indoor RH level of the four clinics:  

 

 

Figure 5-16 The indoor RH level of the four clinics 

 

The grey shaded part indicates the recommended indoor temperature range. The four 

clinics all recorded low RH levels, especially in Clinic 1 and Clinic 3. Hence, further 

analysis of the temperature change trend was required. Figure 5-17 shows the indoor RH 

change trend in the four clinics from Monday to Saturday: 
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Figure 5-17 The RH level change trend in the four clinics from Monday to Saturday 

 

Indoor RH is mainly affected by indoor temperature and outdoor RH (Nguyen, Schwartz, 

and Dockery 2014). Indoor temperature is inversely proportional to RH, as shown in 

Figure 5-17, and the change trend of indoor RH was opposite to that of the indoor 

temperature. The indoor RH level gradually decreased from 7.30 am, reaching its lowest 

point between 12 pm and 3 pm and its highest level at 5 pm. Figure 5-18 shows the 

outdoor RH level change trend from Monday to Saturday: 
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Figure 5-18 The outdoor RH level change trend from Monday to Saturday 

 

The changing trend of outdoor RH was basically the same as that of indoor RH. During 

working hours, the indoor RH was lower than the outdoor, which was caused by the 

higher indoor temperature. According to Wolkoff and Kjærgaard (2007), indoor RH is 

lower than 20% in winter in some Chinese cities with central heating systems. Therefore, 

due to the central heating systems and the use of electric heaters, the four clinics all 

recorded low RH. The lowest level recorded in Clinic 1 was 9.8%. 

 

The low indoor RH would adversely affect indoor thermal comfort satisfaction (Derks et 

al. 2018). In questionnaire A, 20% of participants thought that the indoor air humidity 

was slightly unsatisfactory, with 10% unsatisfactory (Figure 5-8). Furthermore, low RH 

environments lead to health problems among staff, especially dryness symptoms (Cheong 

and Chong 2001). In questionnaire A, 33% of staff members reported a dry throat, 28% 

dry eyes, and 11% dry skin during working hours (Figure 5-12). Therefore, Hashiguchi 
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et al. (2008) suggested that introducing humidifiers into a hospital during winter was an 

effective way to improve low RH environments and relieve the discomfort of the staff. In 

addition, since indoor temperature is also a factor that affects RH (Nguyen, Schwartz, and 

Dockery 2014), and the clinics were overheated during the working period, it is necessary 

to control the indoor temperature within an appropriate range (18 - 24 °C in winter). 

 

5.2.3. CO2  

Using whisker plots for the data analysis, it was found that there were abnormal values in 

each set of data. After investigating all the outliers, it was found that the abnormal values 

were closely related to previous and subsequent data. These outliers were not unexpected 

emergence of erroneous data. According to Section 0, the concentration of CO2 should 

not exceed 1000 ppm in residential and public buildings. Figure 5-19 presents the indoor 

CO2 concentration in the four clinics: 

 

Figure 5-19 The indoor CO2 concentration in the four clinics 
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The grey line marks the exposure limit of indoor CO2 concentration at 1000 ppm. The 

CO2 concentrations in Clinic 1 and Clinic 3 were below the threshold of 

1000 ppm. However, there was a certain proportion of time where the CO2 concentration 

was above 1000 ppm in both Clinic 2 and Clinic 4. Unexpectedly in Clinic 4, the highest 

CO2 concentration was more than 2000 ppm. Figure 5-20 displays the change trend of the 

indoor CO2 concentration in the four clinics from Monday to Saturday: 

 

 

Figure 5-20 The indoor CO2 concentration change trend in the four clinics from 

Monday to Saturday 

 

The indoor CO2 concentration was significantly higher during working hours than non-

working hours. The indoor CO2 concentration gradually increased from 7.30 am, reaching 

its peak at 10 am and 5 pm, with its lowest level at 7:30 am. During most of the working 

period, the indoor concentration of CO2 was higher than 1000 ppm in Clinic 4. The reason 

for the high concentration of CO2 in Clinic 4 was the number of occupants. During the 
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working period, there were three to four staff working in Clinic 4, while the other three 

clinics generally had two staff. Moreover, the number of visitors to Clinic 4 in a day was 

also far more than that of the other three clinics. CO2 is primarily a by-product of human 

metabolism (Chamseddine et al. 2019), so the CO2 concentration was always higher in 

Clinic 4 during working periods. In addition, due to winter insulation demands, the 

windows were mostly closed. Natural ventilation was the only means of ventilation in 

Clinic 4. Insufficient ventilation also caused the high CO2 concentration. As shown in 

Figure 5-20, during working hours, around 2 pm usually had the lowest value of indoor 

carbon CO2 concentration. This was because the indoor temperature reached its peak 

during this time period, and the staff generally opened the windows for ventilation. 

Therefore, enhancing natural ventilation is still an effective way to reduce indoor CO2 

concentration. As mentioned before, a high concentration of CO2 will increase the 

incidence of health symptoms, such as chest tightness and mucosal irritations, and reduce 

the work efficiency of hospital staff (Satish et al. 2012). Hence, in addition to natural 

ventilation, the installation of mechanical supply and exhaust ventilation systems should 

be considered to effectively reduce the indoor CO2 concentration (Simanic et al. 2019).  
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5.2.4. HCHO  

In order to portray the HCHO concentration in the different clinics, a box plot of the 

HCHO concentration levels in the four clinics is drawn in Figure 5-21: 

 

 

Figure 5-21 The indoor HCHO concentration of the four clinics 

 

In Section 2.2.2, it was generally recommended that the HCHO short-term exposure limit 

should be 0.10 mg/m3 in residential and public buildings (Water Treatment Services 

2021). The concentration of HCHO in the four clinics did not exceed this limit during 

working hours. In Clinic 2, the lowest concentration level was recorded to be 0.001 mg/m3. 

The highest level recorded in Clinic 3 was 0.062 mg/m3. A median value of HCHO 

concentration at 0.028 mg/m3 in Clinic 1 was the lowest. Most of the time, the 

concentration in Clinic 4 was higher than the other three clinics. Clinic 4 is an acupuncture 

clinic. Medical activities (acupuncture) and cleaning activities were more frequent than 

the other three clinics. As previously mentioned, HCHO is widely used in cleaning 
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activities and medical activities as a disinfectant (Sousa et al. 2011). Dascalaki et al. (2008) 

pointed out that frequent use of disinfecting agents would cause increased HCHO levels. 

 

The perception of odour may cause some people to report subjective sensory irritation, 

while individuals may perceive HCHO at concentrations below 0.1 mg/m3 (WHO 2010). 

Due to the wide range of HCHO uses in a hospital environment (Sousa et al. 2011), both 

cleaning and medical activities may cause an increase in the instantaneous concentration 

of HCHO (PHE 2017). Furthermore, the source of HCHO emissions is mainly internal 

(Sousa et al. 2011). Therefore, it was necessary to explore ways to reduce the 

concentration of HCHO. Although the indoor concentrations of the four clinics did not 

exceed the standard, considerable concentrations of HCHO were still detected. Further 

experiments were then carried out in the four clinics to explore whether plants could 

reduce the concentration of HCHO. 
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5.2.5. Relationship between the levels of indoor parameters 

Figure 5-22 presents a scatter diagram of the relationship between RH levels and HCHO 

concentration: 

 

 

Figure 5-22 Relationship between the indoor RH level and HCHO concentration 

 

The HCHO concentrations gradually increased as the RH levels increased. A Spearman’s 

correlation was run to determine the relationship between indoor HCHO and RH and 

there was a positive correlation between RH level and HCHO concentration, which was 

statistically significant (correlation coefficient: 0.358, p < 0.01). There was no significant 

correlation between indoor temperature and HCHO concentration. 

 

Many studies have confirmed HCHO to be positively correlated with indoor temperature 

and RH (Huangfu et al. 2019). However, the temperature effects on HCHO emissions 

were conducted with identical RH in traditional experimental studies. The correlations of 
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the individual effects of temperature or RH can only be applied to conditions with an 

identical RH or temperature, which is quite different from that of actual buildings (Liang, 

Lv, and Yang 2016b). In a survey of residential HCHO concentrations, Zhang et al. (2020) 

indicated that Spearman’s correlation analyses showed that HCHO concentration had no 

significant correlation with temperature or RH. In actual buildings, indoor temperature 

and RH are generally affected by outdoor environmental conditions and occupants’ 

behaviours, and the range of changes is relatively large. In this research, due to the use of 

electric heaters and opening windows for ventilation, the temperature in the clinics varied 

greatly during working hours. Hence, Spearman’s correlation analyses showed that there 

was no significant correlation between HCHO concentration and temperature in clinics. 

 

Figure 5-23 presents a scatter diagram of the relationship between the concentration of 

CO2 and HCHO: 

 

 

Figure 5-23 Relationship between the CO2 and HCHO concentration 
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A Spearman’s correlation was run to determine the relationship between indoor HCHO 

and CO2, and there was a positive correlation between HCHO and CO2 concentration, 

which was statistically significant (correlation coefficient: 0.276, p < 0.05). As shown in 

Figure 5-23 above, the HCHO concentrations gradually increased as the CO2 

concentrations increased. In researched multi-facilities, HCHO concentrations were 

higher with CO2 levels ≥ 750 ppm than CO2 levels  < 750 ppm (Hwang, Roh, and Park 

2018). According to Fromme et al. (2019), indoor CO2 concentration is an indicator of 

indoor ventilation levels. A high CO2 concentration indicates low indoor ventilation 

efficiency. The source of HCHO emissions is mainly internal (Sousa et al. 2011), 

including cleaning activities and medical activities (Dascalaki et al. 2008; PHE 2017). 

Hence, the HCHO concentration was usually high when the indoor ventilation efficiency 

was low. 
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5.3. Summary 

− In the subjective assessment of IAQ, the hospital staff were more satisfied with IAQ 

compared to visitors, which was reflected in overall satisfaction levels with IAQ, 

indoor temperature, indoor humidity, and ventilation. These results were the same as 

in interview A, but contrary to the results of the literature review. In the previous 

studies, the subjective surveys of hospital IAQ had indicated that the inpatients were 

more satisfied with the IAQ than the hospital staff (De Giuli et al. 2013; Skoog, 

Fransson, and Jagemar 2005; Verheyen et al. 2011; Sattayakorn, Ichinose, and Sasaki 

2017). In contrast, the results in this research indicated that the visitors had higher 

requirements for their clinical environments. 

 

− The subjective assessment indicated that the reporting of dry symptoms was the most 

common, including 33% dry throat, 28% dry eyes, and 11% dry skin. In the literature 

review, it was found that hospital staff frequently reported the occurrence of dryness 

symptoms (Cheong and Chong 2001), which were related to the low indoor RH 

(Hashiguchi et al. 2008). The objective assessment showed that all four clinics 

recorded low RH levels during most of the working hours, especially in Clinic 1 and 

Clinic 3. The lowest level recorded in Clinic 1 was 9.8%. Indoor overheating was the 

main factor that caused extremely low RH (Nguyen, Schwartz, and Dockery 2014). 

It is therefore necessary to control the indoor temperature within an appropriate range 

(18 - 24 °C in winter). In addition, introducing humidifiers into a hospital during 

winter is an effective way to improve low RH environments and relieve the 

discomfort of the staff in winter (Hashiguchi et al. 2008). 
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− There was a certain percentage of time in which the CO2 concentration was above 

1000 ppm in Clinic 2 and Clinic 4, especially in Clinic 4, where the highest CO2 

concentration was more than 2000 ppm. A high concentration of CO2 will increase 

the incidence of health symptoms, and reduce the work efficiency of hospital staff 

(Satish et al. 2012). Enhancing natural ventilation is an effective way to reduce indoor 

CO2 concentration. In addition, the installation of mechanical supply and exhaust 

ventilation systems should be considered to effectively reduce the indoor CO2 

concentration (Simanic et al. 2019).  

 

− The HCHO concentration was lower than the limited level in all four clinics. The 

perception of odour may cause some people to report subjective sensory irritation, 

while individuals may perceive HCHO at concentrations below 0.1 mg/m3 (WHO 

2010). In questionnaire A, 15% of staff reported nose irritation. Although the indoor 

concentration of the four clinics did not exceed the standard, considerable 

concentrations of HCHO were still detected. The source of HCHO emissions is 

mainly internal (Sousa et al. 2011). Hence, further experiments were carried out in 

the four clinics to explore whether plants could reduce the concentrations of HCHO. 

 

− Spearman’s correlation analysed that there was a significant correlation between RH 

levels and HCHO concentrations, as the HCHO concentration gradually increased as 

the RH level increased. There was no significant correlation between temperature 

level and HCHO concentration. Although HCHO has been confirmed to be positively 

correlated with both indoor temperature and RH (Huangfu et al. 2019), this is not 

necessarily the case in actual buildings (Liang, Lv, and Yang 2016b). In this study, 
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indoor temperature and RH were generally affected by outdoor environmental 

conditions and occupants’ behaviours, and the range of changes was relatively large. 

Due to the use of electric heaters and natural ventilation, the temperature in the clinics 

varied greatly during working hours. Hence, Spearman’s correlation analyses showed 

that there was no significant correlation between HCHO concentration and 

temperature in clinics.  

 

− There was a significant correlation between CO2 and HCHO concentrations. In 

researched multi-facilities, the HCHO concentrations were higher with CO2 levels 

≥ 750 ppm than CO2 levels  < 750 ppm (Hwang, Roh, and Park 2018). However, it 

was not the high CO2 concentration that caused the high HCHO concentration. The 

source of HCHO emissions is internal (Sousa et al. 2011), including cleaning 

activities and medical activities (Dascalaki et al. 2008 and PHE 2017). Hence, the 

HCHO concentration was usually high when the indoor ventilation efficiency was 

low. Indoor CO2 concentration is an indicator of indoor ventilation (Fromme et al. 

2019) as a high CO2 concentration indicates a low indoor ventilation efficiency. 

 

− The impact of green plants on clinical IAQ was consequently explored in further 

research, including the influence of plants on indoor RH and the report rate of dry 

symptoms, and the removal efficiency of green plants to reduce indoor CO2 and 

HCHO concentration. 
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Chapter 6 -  Experiments in clinics and the 

laboratory 

The experiment design was introduced in Section 3.4. Based on the literature review and 

the initial findings of interview A, two species of indoor green plants were determined: 

C. comosum and E. aureum. The first experiment was in a clinical environment, which 

aimed to identify the impact of indoor plants on IAQ and occupants. The second 

experiment was based in a controlled environment in a laboratory. The experiment aimed 

to identify the removal efficiency of these two kinds of plants as to HCHO concentration.  
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6.1. Experiment A in the clinics 

6.1.1. IAQ parameters evaluation  

6.1.1.1. Temperature  

A preliminary analysis of the three sets of data was performed using a whisker plot. There 

were abnormal values in the records of Clinic 1 and Clinic 3. After investigating all the 

outliers, it was found that the abnormal values were closely related to the previous and 

subsequent data and were not an unexpected emergence of erroneous data. Figure 6-1 

shows the indoor temperature in the three clinics: 

 

 

Figure 6-1 The indoor temperature in the three clinics 

 

Compared to Clinic 1 where no plants were placed, the temperatures in Clinics 2 and 3 

were within the range required by the standard (18 - 24 °C) for most of the time. For 
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approximately 50% of the time, Clinic 1 was at a low indoor temperature. Overheating 

also occurred during certain periods in Clinic 1. In this case, further analysis of the 

temperature change trend was needed. Figure 6-2 shows the temperature change trend in 

the three clinics:  

 

 

Figure 6-2 The indoor temperature change trend in the three clinics from Monday to 

Saturday 

 

During working hours, the indoor temperatures of Clinic 2 and Clinic 3 were kept within 

standard limits. Clinic 1 was always over the standard temperature during working 

periods. A comparison with physical measurement A (as shown in Figure 5-14) found a 

similar change trend. Figure 6-3 shows the outdoor temperature change trend from 

Monday to Saturday: 
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Figure 6-3 The outdoor temperature change trend from Monday to Saturday 

 

The outdoor temperature data record came from the local weather station. The highest 

temperature (17 °C) was recorded at 2 pm on Friday, and the lowest temperature (-3 °C) 

was recorded from 2 am to 5 am on Tuesday. The temperature peaked between 12 pm 

and 2 pm in the day, and then gradually decreased. The temperature began to rise at about 

7 am the next morning. The indoor temperature change trend was basically the same as 

the outdoor trend. 

 

There were several peaks that occurred in Clinic 1 (Figure 6-2). The first peak (32 °C) 

was recorded at 12 pm on Monday, after which the temperature dropped rapidly, and the 

temperature rose rapidly at around 3 pm to reach the second peak (31°C). The reason for 

the overheating of the indoor temperature was that the electric heater was always switched 

on and was not turned off despite the increase in the outdoor temperature. The extreme 
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temperature drop was caused by the staff opening windows for ventilation in a short 

period of time. Short-term peaks occurred on Tuesday, Wednesday, and Friday, all due 

to the use of electric heaters by the staff. Hence, the main factors affecting indoor 

temperature were outdoor temperature and the occupants’ behaviour (including the use 

of electric heaters and opening and closing windows). 

 

6.1.1.2. RH  

A preliminary analysis of the three sets of data was performed using whisker plots, as 

shown in Figure 6-4. The lowest and the highest RH levels were recorded in Clinic 1, 

which were 3.2% and 69.2%, respectively. The RH levels of the three clinics were not 

much different, and the median value of Clinic 1 was 29.45%, Clinic 2 was 27.65% and 

Clinic 3 was 23.85%.  

 

Figure 6-4 The indoor RH level of the three clinics 
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The indoor RH change trend in the three clinics from Monday to Saturday is shown in 

Figure 6-5. In general, the RH levels of the three clinics showed the same trend of change. 

Compared with Figure 6-2, the change trend of indoor RH was opposite to that of the 

indoor temperature.  

 

 

Figure 6-5 The RH level change trend in the three clinics from Monday to Saturday 

 

Figure 6-6 shows the outdoor RH level change trend from Monday to Saturday. The 

changing trend of outdoor RH was basically the same as that of indoor RH. Due to the 

central heating systems and electric heaters both being used, the three clinics all recorded 

low RH between Monday to Wednesday (Wolkoff and Kjærgaard 2007). The indoor RH 

level gradually increased from Thursday to Saturday, mainly due to the high outdoor RH 

level.  
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Figure 6-6 The outdoor RH level change trend from Monday to Saturday 

 

Brilli et al. (2018) suggested that indoor plants can considerably improve IAQ through 

light-dependent photosynthesis and by increasing indoor RH. Hence, Figure 6-7 

compares the median values of indoor RH levels in the three clinics before and after the 

experiment: 
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Figure 6-7 The median RH level in the three clinics before and after the experiment 

 

The median RH levels in Clinic 1 before and after the experiment were 26.05% and 

29.45%, which was an increase. Using the Mann-Whitney U test, there was a significant 

difference (p < 0.001). However, no plants were placed in Clinic 1. Plants were placed in 

Clinic 2 and Clinic 3, but the median RH levels both decreased. There was a significant 

difference in Clinic 3 (p < 0.001), but the difference was not significant in Clinic 2. Hence, 

indoor RH is mainly affected by indoor temperature and outdoor RH (Nguyen, Schwartz, 

and Dockery 2014), while the plants did not significantly increase the indoor RH levels 

in the actual clinic environment.  
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6.1.1.3. CO2  

Using whisker plots for the data analysis, it was found that there were abnormal values in 

each set of data. After investigating all the outliers, it was found that the abnormal values 

were closely related to the previous and subsequent data and were not an unexpected 

emergence of erroneous data. Figure 6-8 shows the indoor CO2 concentration of the three 

clinics: 

 

 

Figure 6-8 The indoor CO2 concentration of the three clinics 

 

In the three clinics, there were records of CO2 concentrations exceeding the threshold of 

1000 ppm in certain periods. The lowest concentration (417ppm) was recorded in Clinic 

2, and the highest concentration (1330 ppm) was recorded in Clinic 3. Figure 6-9 displays 

the change trend of the indoor CO2 concentration in the three clinics from Monday to 

Saturday: 
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Figure 6-9 The indoor CO2 concentration change trend in the three clinics from Monday 

to Saturday 

 

The change trend of indoor CO2 concentration was roughly the same as the results of 

physical measurement A (Figure 5-20). The indoor concentration was significantly higher 

during working hours than during non-working hours, due to CO2 primarily being a by-

product of human metabolism (Chamseddine et al. 2019). The number of staff and visitors 

were almost same in the three clinics, so there was not much difference between them. 

Furthermore, as shown in Figure 6-8 above, the median indoor CO2 concentrations in the 

three clinics were 504 ppm, 499 ppm, and 545 ppm. Figure 6-10 compares the median 

indoor CO2 concentration in the three clinics before and after the experiment: 
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Figure 6-10 The median CO2 concentration before and after the experiment 

 

The median CO2 concentrations in Clinic 1 before and after the experiment were 505 ppm 

and 504 ppm, which was almost the same. Using the Mann-Whitney U test, there was no 

significant difference. In Clinic 2, the median concentrations before and after the 

experiment were 536 ppm and 499 ppm, which was a decrease. There was a significant 

difference (p<0.001). In Clinic 3, the median concentrations before and after the 

experiment were 525 ppm and 545 ppm, which was an increase. There was a significant 

difference (p<0.001).  

 

The number of plants placed in Clinic 2 and Clinic 3 was the same. In Clinic 2, the median 

level of CO2 was significantly reduced after the plants were placed, but the median level 

in Clinic 3 was increased. The main reason for this phenomenon might be the number of 

occupants. In the two measurements, there was almost no difference in the number of 

visitors to Clinic 2. However, in Clinic 3, the number of visitors increased slightly during 

physical measurement B. As discussed in the results of physical measurement A, due to 
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CO2 primarily being a by-product of human metabolism (Chamseddine et al. 2019), the 

occupants were the main source of indoor CO2. In addition, the reduction in the frequency 

of opening windows for ventilation was also one of the reasons for the increase in CO2 

concentration. As shown in Figure 6-9, although plants were placed in Clinic 2 and Clinic 

3, the CO2 concentration exceeded 1000 ppm during certain periods, and the high 

concentration in a short period of time was caused by an increase in visitors.  

 

6.1.1.4. HCHO  

In order to confirm the HCHO concentrations in the different clinics, box plots were 

drawn of the HCHO concentration levels for the four clinics (Figure 6-11). The 

concentrations of HCHO in the four clinics did not exceed the limit during working hours. 

The lowest concentration level was recorded (0.001 mg/m3). The highest level recorded 

in Clinic 2 was 0.066 mg/m3. The median value of HCHO concentration (0.018 mg/m3) 

in Clinic 3 was the lowest. The concentration in Clinic 4 was higher than the other three 

clinics. As mentioned in Section 5.2.4, the high frequent medical and cleaning activities 

had resulted in higher levels of HCHO than the other three clinics (Dascalaki et al. 2008; 

Sousa et al. 2011) 
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Figure 6-11 The indoor HCHO concentration of the four clinics 

 

Figure 6-12 shows the comparison of HCHO concentration before and after the 

experiment:  

 

 

Figure 6-12 The comparison of HCHO concentration before and after the experiment  

 

Compared with the results of physical measurement A, during physical measurement B, 

the HCHO concentration of clinic 1 (without plants) hardly changed, and the median 
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concentration only dropped by 0.006 mg/m3. In the three clinics where plants were placed, 

the median concentration had dropped significantly. Since eight pots of plants were 

placed in Clinic 4, it showed the greatest decrease in median concentration, which 

decreased by 0.0242 mg/m3. Clinic 2 and Clinic 3 respectively placed four pots of plants 

and decreased by 0.014 mg/m3 and 0.013 mg/m3. Hence, it can be considered that the 

plants had a positive effect on the reduction of indoor HCHO concentration. However, 

the Mann-Whitney U test was used to compare the two groups of data before and after 

the experiment in the four clinics, and the results showed that there was no significant 

difference in all the clinics.  

 

There were several reasons for the difference being statistically insignificant. First of all, 

the actual clinical environments were different from the laboratory environment, and their 

temperature and RH levels were not constant (Liang, Lv, and Yang 2016b). Changes in 

temperature and RH would affect the HCHO concentration (Huangfu et al. 2019). 

Secondly, in a residential environment, the source of HCHO is mainly from decorative 

materials (Huang et al. 2017). In a hospital environment, both cleaning and medical 

activities would affect the concentration of HCHO, causing an instantaneous increase in 

HCHO concentration (Sousa et al. 2011). Thirdly, the frequency of opening and closing 

windows by medical staff also affects the change in indoor HCHO concentration. Finally, 

the background concentration of HCHO was low in the clinics. 
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6.1.2. The findings of questionnaire B 

6.1.2.1. General information 

The number of participants: 

 

The questionnaire survey was conducted in three clinic rooms of the hospital, namely 

Clinic 2, Clinic 3 and Clinic 4. Due to there being no green plants placed in Clinic 1, the 

questionnaire survey was not conducted again. Figure 6-13 shows the number of hospital 

staff and visitors participating in the second questionnaire survey:  

 

 

Figure 6-13 The number of hospital staff and visitors participating in the second 

questionnaire survey 

 

A total of 68 responses were collected, including 15 hospital staff members (22%) and 53 

visitors (78%). The number of visitors participating in the survey was the same as in the 
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first survey. Clinic 4 had the largest number of visitors. The number of people who 

participated in the survey was 24, accounting for about 45% of the total number of visitors. 

There were 14 visitor participants in Clinic 2 and 15 in Clinic 3. 

 

Gender: 

 

Figure 6-14 below shows the proportion of male and female participants:  

 

 

Figure 6-14 The proportion of male and female participants: (a) the total of participants; 

(b) the hospital staff participants; (c) the visitor participants 

 

There were 28 men among all the participants, accounting for 41% of the total. There 

were 40 women, accounting for 59% of the total. Among the hospital staff participants, 

the vast majority were women, with 12 people accounting for 80% of the total. There 

were 3 male participants, accounting for 20%. Among the hospital visitors, the ratio of 

men to women was roughly the same. There were 25 male participants, accounting for 

47%, and 28 female participants, accounting for 53%. The male to female ratio of 

participants (staff and visitors) was almost the same between questionnaire B and 

questionnaire A (Figure 5-2). 
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Age range: 

 

Figure 6-15 shows the age range of the participants:  

 

 

Figure 6-15 The age range of the participants: (a) hospital staff; (b) visitors 

 

Among the hospital staff, all the participants were between 20 and 40 years old. Among 

the visitor participants, there were 25 people aged 20 - 40, accounting for 47%. There 

were 24 people aged 40 - 60, accounting for 45%. The proportions of participants (staff 

and visitors) in the different age ranges were almost the same between questionnaire B 

and questionnaire A (Figure 5-3). 
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Length of stay: 

 

Figure 6-16 below shows the working years of the hospital staff and the stay times of the 

visitors: 

 

 

Figure 6-16 Length of stay in the hospital: (a) the working years of hospital staff; (b) 

stay times of visitors 

 

Most staff members had been working in the hospital for more than two years. Only 13% 

of staff, or two people, had worked in the hospital for more than one year. 33% of staff, 

or five people, had worked in the hospital for more than six years. 47% of staff had 

worked in the hospital for 2 - 4 years. For the visitors, 17% of the participants had spent 

more than two hours in the hospital. 18 visitors stayed in the hospital for 1 - 2 hours, 

accounting for 34%. 17% of visitors stayed in the hospital for less than 30 minutes. The 

proportions of staff participants in the different ranges of working years and visitor 

participants in the different stay ranges were almost the same between questionnaire B 

and questionnaire A (Figure 5-4). 
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6.1.2.2. The evaluation of IAQ 

What do you think is the IAQ of the current hospital clinics? 

 

Figure 6-17 introduces the overall satisfaction of occupants with IAQ:  

 

 

Figure 6-17 The overall satisfaction of participants with IAQ 

 

The majority of staff (67%) claimed that the IAQ was satisfactory, and 27% of staff 

reported that it was significantly satisfactory. Only 11% of visitors thought that the IAQ 

was slightly unsatisfactory, 2% unsatisfactory and 2% very unsatisfactory. The average 

satisfaction score for all the participants was 4.49 (3.92 in questionnaire A). The average 

score for hospital staff satisfaction was 5.2, and the average score for visitors was 4.28. 

Compared with the results of questionnaire A (staff: 4.94, visitors: 3.57), the average 

satisfaction score for hospital staff and visitors had both increased. 
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What do you think is the ventilation of the hospital clinics? 

 

Figure 6-18 introduces the satisfaction of the participants with indoor ventilation:  

 

 

Figure 6-18 The satisfaction of participants with indoor ventilation 

 

53% of staff were satisfied with the indoor ventilation, and 7% found it very satisfactory. 

7% of staff thought the indoor ventilation was slightly unsatisfactory. However, 21% of 

visitors thought the indoor ventilation was slightly unsatisfactory and 6% found it 

unsatisfactory. The average satisfaction score showed the indoor ventilation was slightly 

satisfactory. The average satisfaction score for all the participants was 4.12. The average 

score for hospital staff satisfaction was 4.4, and the average score for visitors was 3.98. 

The average satisfaction score for the participants was similar to the results of 

questionnaire A (4.06). 
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What do you think is the temperature of the hospital clinics? 

 

Figure 6-19 introduces the satisfaction of the participants with indoor temperature: 

 

 

Figure 6-19 The satisfaction of participants with indoor temperature 

 

60% of staff were satisfied with the indoor temperature, and 33% found it slightly 

satisfactory. 42% of visitors thought the indoor temperature was slightly satisfactory, and 

34% found it satisfactory. 21% of visitors thought the indoor temperature was slightly 

unsatisfactory, and 2% found it unsatisfactory. The average satisfaction score showed the 

indoor temperature was between slightly satisfactory and satisfactory. The average 

satisfaction score for all the participants was 4.26. The average score for hospital staff 

satisfaction was 4.73, and the average score for visitors was 4.13. The average satisfaction 

score of the participants was similar to the results of questionnaire A (4.25). 
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What do you think is the air humidity in the hospital clinics? 

 

Figure 6-20 introduces the satisfaction of the participants with indoor air humidity:  

 

 

Figure 6-20 The satisfaction of participants with indoor air humidity 

 

20% of staff were satisfied with the indoor air humidity, 27% found it slightly satisfactory, 

and 27% found it very satisfactory. However, 27% of staff were slightly unsatisfied with 

the indoor air humidity. 40% of visitors thought the indoor temperature was slightly 

satisfactory, and 36% found it satisfactory. Nevertheless, 19% of visitors thought the 

indoor temperature was slightly unsatisfactory, and 4% found it unsatisfactory. The 

average satisfaction score showed the indoor air humidity was slightly satisfactory. The 

average satisfaction score for all the participants was 4.21. The average score for hospital 

staff satisfaction was 4.47, and the average score for visitors was 4.13. The average 

satisfaction score for the participants was similar to the results of questionnaire A (4.01). 
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6.1.2.3. The influence of IAQ 

Do you think that the air quality of the hospital clinics has any influence on your 

mood? 

 

Figure 6-21 introduces the influence of IAQ on occupants’ psychological health: 

 

 

Figure 6-21 The influence of IAQ on occupants’ psychological health 

 

33% of staff though that IAQ had a very beneficial influence on psychological health and 

33% of staff reported that IAQ had a beneficial influence. 15% of visitors thought the 

IAQ had a slight adverse effect on health, and 2% thought the impact was negative. The 

average score for all the participants was 4.49 (3.75 in questionnaire A). The average 

score for the staff participants was 5, and the average score for the visitors was 4.34. 

Compared with the results of questionnaire A (staff: 4.5, visitors: 3.75), the average 

satisfaction scores for hospital staff and visitors had both increased. 
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Do you think that the air quality of the hospital clinics has any impact on work 

efficiency? 

 

Figure 6-22 introduces the influence of IAQ on staff’s work efficiency:  

 

 

Figure 6-22 The influence of IAQ on staff’s work efficiency 

 

20% of staff though that IAQ had a very beneficial influence on work efficiency, 47% of 

staff reported that IAQ had a beneficial influence, and 33% though the influence was 

slightly beneficial. The average satisfaction score showed the influence of IAQ on work 

efficiency was conducive. The average score for staff participants was 4.87. All hospital 

staff claimed that the IAQ had a beneficial influence on work efficiency. Compared with 

the results of questionnaire A (4.33), the average satisfaction score of the hospital staff 

had increased. Therefore, it can be considered that the placement of green plants has a 

positive impact on the work efficiency of staff (Raanaas et al. 2011).  
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6.1.2.4. Physical symptoms reported 

40% of staff claimed that no physical symptoms occurred at work. 40% of staff reported 

that one symptom occurred, and almost 21% of staff reported that more than one symptom 

occurred during working times. Figure 6-23 shows the number of reported symptoms: 

 

 

Figure 6-23 Number of physical symptoms reported during working hours 

 

Compared with the results of questionnaire A (Figure 5-11), there was almost no change 

in the proportion of staff who claimed no symptoms occurred at work. The proportion of 

participants reporting three or more symptoms also remained almost unchanged. The 

proportion of participants reporting one symptom increased from 22% to 40%. However, 

the proportion of participants reporting two symptoms dropped from 22% to only 7%. 

Figure 6-24 shows the reporting rates of physical symptoms during working hours:  
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Figure 6-24 Reporting rates of physical symptoms during working hours 

 

Dry symptoms were still most commonly reported (Cheong and Chong 2001). 27% of 

staff reported a dry throat, 27% of staff reported dry eyes, and 20% of staff reported dry 

skin. In questionnaire A, the reporting of dry symptoms was as follows: dry throat (33%), 

dry eyes (28%), and dry skin (11%). Therefore, in general, the staff’s dryness symptoms 

were not relieved after the plants were put in. Although the report rate of a dry throat had 

decreased, the report rate of dry skin had increased significantly. Except for the dryness 

symptoms, the reporting rate of other symptoms had decreased. The reporting of lethargy 

decreased from 17% to 13%, nose irritation decreased from 15% to 7% and chest tightness 

decreased from 11% to 7%. Hence, after placing the plants, the report rate of physical 

symptoms had decreased except for the dryness symptoms. The reason the dryness 

symptoms did not change was because of the low indoor RH (Hashiguchi et al. 2008).   
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6.2. Experiment B in the laboratory 

6.2.1. Stage one 

In the first phase of experiment B, two panels were placed in the chamber at 7 am on the 

first day. Within the first 20 minutes, the ACC had quickly reached the required constant 

temperature (23 ± 0.5°C) and constant humidity (50 ± 3%) state. The first HCHO 

concentration test was carried out at 8 am. After that, measurements were taken at 12 pm 

and 5 pm. The experiment lasted for three days and a total of nine measurements were 

taken. The lighting in the chamber was turned off at 5 pm. Figure 6-25 shows the trend 

change in the concentration of HCHO released: 

 

 

Figure 6-25 Trend change in the concentration of HCHO released 
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Formaldehyde-based polymeric resins (such as urea-formaldehyde and phenol-

formaldehyde) are usually used in the manufacturing of wood-based panels (Böhm, 

Salem, and Srba 2012). The HCHO in the wood-based panel consisted of two parts (Liang, 

Lv, and Yang 2016b): One was the residual HCHO concentration from the manufacturing 

process, which was considered to be constant. Another part was the yielded HCHO 

concentration from the hydrolysis reactions of the resins, which depends on the humidity 

of the wood-based panel. During the first 10 hours, the part of the material surface that 

was directly exposed to the air began to release HCHO, whilst the indoor HCHO 

concentration increased slowly. However, in the next 15 hours, due to the high RH, the 

reversible hydrolytic degradation of the polymeric resins released extra HCHO 

(Sidheswaran et al. 2013). Hence, between the 10th hour and the 25th hour, the 

concentration of HCHO increased rapidly. In previous studies, measurements from the 

data in the environment chamber had shown that the HCHO emissions of wood-based 

panels would start to decline after reaching a peak in a short period of time (Liang, Lv, 

and Yang 2016b). In this study, the release of HCHO reached a peak at the 25th hour and 

then gradually decreased. The HCHO concentration began to stabilise from the 34th hour 

onwards. The HCHO emissions stabilised between 0.027 - 0.026 mg/m3 until the end of 

the last measurement at the 58th hour. Böhm, Salem, and Srba (2012) indicated that the 

wood-based panels showed a significant decrease after two weeks of measuring. 
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6.2.2. Stage two 

In the second stage, two panels and two pots of C. comosum were simultaneously placed 

in the chamber at 7 am on the first day. The measurements were carried out at the same 

time nodes as in stage one. Compared to stage one without plants, the placed C. comosum 

significantly decreased the concentration of HCHO in the chamber. Figure 6-26 shows 

the comparison of HCHO concentration between stage one and stage two: 

 

Figure 6-26 Comparison of HCHO concentration between stage one and stage two 

 

The indoor concentration did not decrease within the first 5 hours of placing the plants. 

Between the 5th hour and the 10th hour, the indoor HCHO level began to decrease 

compared with stage one, but the effect was not obvious. This may be due to the low 

indoor HCHO concentration. According to Teiri, Pourzamani, and Hajizadeh (2018), the 

removal efficiency of plants increased with an increase in the inlet concentration of 

HCHO. Hence, starting from the 10th hour, the efficiency of plants to remove HCHO 
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significantly improved. From the 29th hour, the efficiency declined. By the 34th hour, the 

efficiency of plants to remove HCHO began to stabilise gradually. Table 6-1 analyses the 

concentration of HCHO removed by plants during each period and at each hour:  

 

Table 6-1 The removal of HCHO concentration (mg/m3) in stage two 

Date Time Hours 
Removal 

concentration 

Removal concentration 

per hour 

Day 

1 

8 am 1 0 0 

12 pm 5 0 0 

5 pm 10 0.001 0.0002 

Day 

2 

8 am 25 0.022 0.001 

12 pm 29 0.015 0.004 

5 pm 34 0.013 0.003 

Day 

3 

8 am 49 0.012 0.0008 

12 pm 53 0.011 0.003 

5 pm 58 0.012 0.003 

 

Due to the very low indoor HCHO concentration (0.015mg/m3), the HCHO removal 

efficiency was zero in the first 5 hours (Orwell et al. 2006). Between the 5th and 10th hours, 

the plants started to work, and the HCHO removal rate was 0.0002 mg/m3 per hour. 

Starting from the 29th hour, the HCHO removal efficiency had gradually stabilised, and 

the removal rate range was between 0.003 to 0.004 mg/m3 per hour in the daytime. The 

indoor light was turned off at 5 pm and turned on at 8 am the next day. The removal rate 

range was between 0.0008 to 0.001 mg/m3 per hour during the night. The ability of plants 

to remove HCHO during the day was higher than at night (Xu, Wang, and Hou 2011). 
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6.2.3. Stage three 

In the third stage, two panels and two pots of E. aureum were placed in the chamber at 7 

am on the first day. The measurements were carried out at the same time nodes as in stage 

one. Compared with stage one without plants, the placed E. aureum also significantly 

decreased the concentration of HCHO in the chamber. Figure 6-27 shows the comparison 

of HCHO concentration between stage one and stage three: 

 

 

Figure 6-27 Comparison of HCHO concentration between stage one and stage three 

 

The indoor concentration did not decrease within the first 10 hours of placing the plants. 

This phenomenon was consistent with the results of the second stage. It was also caused 

by the low indoor HCHO concentration. Between the 10th and the 25th hours, the indoor 

HCHO concentration began to decrease significantly compared with stage one, which 

indicates that the plants had effectively removed indoor HCHO. The change trend of 
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HCHO concentration in the third stage was similar to that of the second stage. The 

removal efficiency of HCHO needed further detailed analysis. Table 6-2 analyses the 

concentration of HCHO removed by plants in each time period and at each hour: 

 

Table 6-2 The removal of HCHO concentration (mg/m3) in stage three 

Date Time Hours 
Removal of 

concentration 

Removal of 

concentration per hour 

Day 1 

8 am 1 0 0 

12 pm 5 0 0 

5 pm 10 0 0 

Day 2 

8 am 25 0.01 0.0007 

12 pm 29 0.01 0.003 

5 pm 34 0.005 0.001 

Day 3 

8 am 49 0.016 0.001 

12 pm 53 0.012 0.003 

5 pm 58 0.01 0.002 

 

Similarly, the removal efficiency of HCHO was zero in the first ten hours, due to the very 

low indoor HCHO concentration. Between the 10th and the 25th hours, the plants started 

to work, and the HCHO removal rate was 0.0007 mg/m3 per hour. The removal rate range 

was between 0.001 to 0.003 mg/m3 per hour in the daytime. The removal rate range was 

between 0.0007 to 0.001 mg/m3 per hour in the night. Similar to the results of the second 

stage, the light environment removal efficiency was higher than the dark environment 

(Teiri, Pourzamani, and Hajizadeh 2018). In addition, the same result as the previous 

study was observed in this experiment, in that the HCHO removal efficiency of C. 

comosum was higher than E. aureum (Xu, Wang, and Hou 2011), especially in the 

daytime.   
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6.3. Summary 

There are some important findings that need to be summarised:  

 

− Although plants can improve IAQ and increase indoor RH through light-dependent 

photosynthesis (Brilli et al. 2018), the plants did not have a significant effect on 

indoor RH levels in the actual clinic environment. Indoor RH is mainly affected by 

indoor temperature and outdoor RH (Nguyen, Schwartz, and Dockery 2014). Hence, 

it was suggested that humidifiers should be introduced into clinics during winter 

(Hashiguchi et al. 2008). In addition, avoiding overheating during working periods 

also helps to improve the RH in clinics. 

 

− In Clinic 2, the median CO2 concentration was significantly reduced after placing 

plants, but the CO2 was increased in Clinic 3. The occupants were the main source of 

indoor CO2 (Chamseddine et al. 2019), and the number of visitors significantly 

affected the indoor CO2 concentration in the clinical environment. The efficiency of 

plants cannot meet the high concentration of indoor CO2 within a certain period 

caused by an increase in the number of visitors. Hence, the most effective way to 

reduce CO2 concentration was to open the windows for ventilation. In winter, due to 

the need to conserve indoor heating and avoid outdoor air pollution, the installation 

of mechanical supply and exhaust ventilation systems should be considered (Simanic 

et al. 2019).  
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− The median concentration had dropped in the three clinics where plants had been 

placed. Clinic 4 with eight pots of plants (double the number of Clinics 2 and 3) had 

the largest decrease in concentration by 0.0242 mg/m3. However, the difference was 

not statistically significant. There were several reasons. Firstly, the temperature and 

RH levels were not constant in the actual clinical environment (Liang, Lv, and Yang 

2016b), which affected the HCHO concentration (Huangfu et al. 2019). Secondly, 

the cleaning and medical activities would also cause an instantaneous increase in the 

HCHO concentration (Sousa et al. 2011). Thirdly, the frequency of medical staff 

opening and closing windows would affect the HCHO concentration. Finally, the 

background concentration of HCHO was low in the clinics.  

 

− Through comparing the results of questionnaire A and questionnaire B, the occupants 

were more satisfied with the overall IAQ after the plants had been placed in the 

clinics. The average satisfaction score regarding the impact of the IAQ on mental 

health increased. The average satisfaction score of hospital staff regarding the 

impacts of IAQ on work efficiency also increased. However, regarding the 

satisfaction of indoor temperature, air humidity, and ventilation, the average 

satisfaction scores for the participants were similar between the results of 

questionnaire A and questionnaire B. In addition, dry symptoms were still most 

commonly reported (Cheong and Chong 2001). However, the reporting rates of other 

symptoms had decreased, including lethargy, nose irritation, and chest tightness. The 

frequent reports of dryness symptoms were caused by the low indoor RH (Hashiguchi 

et al. 2008). 
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− From the experiment in the laboratory, it was determined that C. comosum and E. 

aureum could effectively remove indoor HCHO. The removal rate ranges of C. 

comosum were between 0.003 and 0.004 mg/m3 per hour in the daytime and between 

0.0008 and 0.001 mg/m3 per hour in the night. The removal rate ranges of E. aureum 

were between 0.001 to 0.003 mg/m3 per hour in the daytime and between 0.0007 to 

0.001 mg/m3 per hour in the night. The plant removal efficiency was higher in the 

daytime than at night (Teiri, Pourzamani, and Hajizadeh 2018). The removal 

efficiency of C. comosum was higher than E. aureum (Xu, Wang, and Hou 2011), 

especially in the daytime.  
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Chapter 7 -  Conclusive assessment through 

interview B 

Firstly, this chapter introduces the findings of interview B. Interview B was the last 

research method used in this study, which aimed to expand the results of the questionnaire 

and gain a deeper understanding of the occupants’ views on the green plants placed in the 

clinics. Secondly, the results of interview B are combined to comprehensively analyse 

and discuss the impact of plants on occupants and on IAQ. Finally, on the basis of the 

above discussion, this chapter compares the advantages and disadvantages of different 

IAQ improvement methods: air cleaning technologies based on fan-driven, and natural 

and sustainable approaches for placing indoor green plants. 

  



 

 219 

7.1. The findings from interview B 

7.1.1. The number of participants 

The interviews were conducted in the three clinics where the plants were placed: Clinic 

2, Clinic 3, and Clinic 4. A total of 33 responses were collected, including 12 hospital 

staff (36%) and 21 visitors (64%). There were 15 participants in Clinic 4, 9 participants 

in Clinic 2, and 9 participants in Clinic 3. Figure 7-1 shows the number of hospital staff 

and visitors participating in the interview: 

 

 

Figure 7-1 The number of hospital staff and visitors participating in interview B 
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7.1.2. Feedback from the interviewees 

Table 7-1 records feedback from the interviewees about the influence of indoor plants in 

the three clinics: 

 

Table 7-1 Feedback from the interviewees in the three clinics 

Clinic 2 

 

“The visitor was pleasantly surprised when he entered the room. The green plants 

next to the window were very eye-catching, and the visitor said that the green plants 

in the room made him feel happy.” (Doctor 1, Clinic 2) 

 

“I think green plants can relieve my tired feelings. When I take a break after work, 

seeing the green plants by the window will relieve my tired feelings.” (Doctor 2, 

Clinic 2) 

 

“I feel that the air quality has improved, and the pungent smell seems to have 

improved.” (Nurse 1, Clinic 2) 

 

“When facing a doctor, I feel pressured. The decoration style of the hospital also 

makes me feel pressured. I think the green plants by the window alleviate this 

feeling.” (Visitor 1, Clinic 2) 

 

“In the newly renovated house, some plants will be placed to purify the air, but there 

is actually no difference or subtle difference in human perception, but it should have 

a practical effect.” (Visitor 2, Clinic 2) 
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Clinic 3 

 

“After placing green plants, I think the indoor air quality has improved.” (Doctor 2, 

Clinic 3) 

 

“I feel that the plants are better placed in a more conspicuous location, better on the 

windowsill than on the ground at the entrance. Because you don’t always look at the 

location of the door.” (Doctor 2, Clinic 3) 

 

“I don’t think there is any particularly good effect. Just placing four pots of plants 

next to the door, which may not have much impact on the indoor environment, 

doctors and patients.” (Nurse 1, Clinic 3) 

 

“I didn’t notice the green plants at the door.” (Visitor 1, Clinic 3) 

 

Clinic 4 

 

“Green plants represent vigour and vitality. I think this is a very good symbol of 

vitality. For patients, it has a good meaning.” (Doctor 1, Clinic 4) 

 

“After putting in the green plants, I don’t feel much about whether work efficiency 

has improved, but psychologically, I feel that the IAQ has improved.” (Doctor 2, 

Clinic 4) 

 

“I feel comfortable, and I don’t feel any impact on the air quality. However, it is 

known that the green plant can absorb formaldehyde, so if you place a green plant, 

you will psychologically feel that the air quality is better.” (Doctor 3, Clinic 4) 

 

“Because I often use computers at work, sometimes I look at mobile phones and I 

need to communicate with patients. Looking at the green plants more will make my 

mood happy and relieve eyestrain.” (Doctor 4, Clinic 4) 
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“White actually has a calming effect. However, when patients come to the hospital, 

they feel uncomfortable and nervous, and usually feel scared because of the 

monotonous white colour of the hospital. With the embellishment of green plants, this 

situation may be alleviated.” (Nurse 1, Clinic 4) 

 

“I think that in general, the quality of air in hospitals is relatively high. Because of 

frequent disinfection, placing green plants is a psychological comfort to patients.” 

(Visitor 1, Clinic 4) 

 

“The indoor environment looks good, and the plants have a vigorous and upward 

feeling. Before, the hospital gave me a depressed feeling, but now it makes me feel 

comfortable.” (Visitor 2, Clinic 4) 

 

“For the efficiency of improving air quality, I think air purifiers are more useful than 

indoor plants.” (Visitor 3, Clinic 4) 

 

 

The results of interview B were summarised in three aspects. The first was the comparison 

of the placement of plants in Clinic 2 and Clinic 3. One staff pointed out that the green 

plants were more conspicuous in Clinic 2 (Doctor 1, Clinic 2). One hospital staff in Clinic 

3 suggested that it would be better to place the plants in a more prominent location 

(Doctor 2, Clinic 3). A visitor stated that the plants at the door were easily overlooked 

(Visitor 1, Clinic 3). 

 

The second was the influence of plants on visitors and staff. For the visitors, the green 

plants on the windowsill were very eye-catching, making them feel both happy and 

surprised (Doctor 1, Clinic 2). The monotonous decoration style of the hospital had been 
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changed with the embellishment of green plants, and the depressed moods of some of the 

visitors were relieved (Visitor 1, Clinic 2; Visitor 2, Clinic 4; Nurse 1, Clinic 4). 

Furthermore, the green plants symbolised vigour and vitality, which represented 

confidence and hope for restoring health (Doctor 1, Clinic 4). For the hospital staff, the 

indoor plants improved the work environment to feel more comfortable (Doctor 3, Clinic 

4). In addition, two staff participants pointed out that green plants relieved fatigue caused 

by work (Doctor 2, Clinic 2; Doctor 4, Clinic 4). 

 

Finally, there was the impact of plants on the occupants’ perceptions of IAQ. There was 

some controversy among the interviewees regarding the influence of plants on IAQ. Some 

interviewees tended to believe that the green plants had improved IAQ. For example, a 

participant pointed out that the plants reduced the pungent smell in the room (Nurse 1, 

Clinic 2). A participant believed that plants had a practical effect on improving IAQ, 

although the subtle differences might not be perceived (Visitor 2, Clinic 2). This indicates 

a belief that indoor plants can psychologically make people feel that the IAQ has 

improved (Doctor 2, Clinic 4; Doctor 3, Clinic 4). Others believed that indoor plants were 

not effective in improving IAQ and that using an air purifier could more effectively 

improve IAQ than placing green plants (Nurse 1, Clinic 3; Visitor 3, Clinic 4). 

 

As mentioned above, the aim of interview B was to further supplement and extend the 

questionnaire (Sattayakorn, Ichinose, and Sasaki 2017), and to collect subjective data for 

the qualitative research to fill gaps in the knowledge through an inductive process (DePoy 

and Gitlin 2016). Therefore, the following section is based on the results of interview B 
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above, to conduct a comprehensive discussion in conjunction with the questionnaire 

surveys, the physical measurements, and the experimental results. 
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7.2. Comprehensive discussion of the research 

findings 

7.2.1. The placement of plants in clinics 

In interview A, the interviewees held two different views on the placement of plants. 

Some interviewees suggested that indoor plants should be placed on the windowsills. The 

reason was that the position was more visible, and visitors would be able to see the plants 

as soon as they opened the door. Other interviewees suggested that the indoor plants 

should be placed at the entrance. The reason was that the plants would be less visible, so 

the room would not appear crowded. In interview B, through a comparison between Clinic 

2 (on the windowsill) and Clinic 3 (at the entrance), the green plants were more 

conspicuous in Clinic 2. A hospital staff in Clinic 2 pointed that the visitors felt happier 

when they entered the door and saw green plants (Doctor 1, Clinic 2). In Clinic 3, however, 

the green plants were easily overlooked for visitors (Visitor 1, Clinic 3). De Giuli et al. 

(2013) indicated visitors had a shorter stay in hospitals, and they were more concerned 

about their health than indoor conditions. A member of the hospital staff in Clinic 3 

suggested that it would be better to place the plants in a more prominent location (Doctor 

2, Clinic 3). Dijkstra, Pieterse, and Pruyn (2008) pointed out that plants can increase the 

attractiveness of a ward, thereby reducing pressure on the patients. Therefore, placing 

plants more conspicuously would help increase their positive impact on the occupants. 
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7.2.2. The influence of plants on occupants 

What is the effect of indoor green plants on occupants? 

 

In this research, two questions needed to be answered. The first question was about the 

impact of indoor green plants on occupant. In the results of this research, the impact of 

green plants on occupants in clinics involves three aspects. Firstly, that green plants can 

provide psychological support to occupants, especially visitors. Secondly, that green 

plants can have positive effects on the work efficiency of hospital staff. Thirdly, that 

plants can reduce the reporting rates of symptoms by some staff members during working 

hours.  

 

7.2.2.1. Plants can relieve the stress of visitors to the clinic  

According to Dijkstra, Pieterse, and Pruyn (2008), a hospital environment is often 

associated with feelings of fear, uncertainty and anxiety. Based on SRT, exposure to 

natural elements could activate the parasympathetic nervous system and promote 

psychophysiological stress recovery (Ulrich et al. 1991). After plants were placed in the 

clinics, the visitors’ average score for the influence of IAQ on psychological health was 

significantly increased in questionnaire B. Further conclusions can be drawn through 

interview B. Firstly, the green plants symbolised vigour and vitality, which represented 

confidence and hope for restoring health (Doctor 1, Clinic 4). Furthermore, with the 

embellishment of green plants, the monotonous decoration style of the hospital was 

changed, and the depressed mood of visitors was relieved (Visitor 1, Clinic 2; Visitor 2, 
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Clinic 4; Nurse 1, Clinic 4). There are two reasons for this positive effect: (1). The 

presence of plants increased the perceived attractiveness of the clinics, which could 

relieve some visitors’ tension, and provide a relatively relaxing and pleasant indoor 

environment (Dijkstra, Pieterse, and Pruyn 2008). (2). Natural elements can reduce 

physiological stress through reducing heart rate, skin conductance levels, and blood 

pressure (Yin et al. 2020). Hence, placing green plants in a clinic can help relieve the 

stress of the visitors. 

 

7.2.2.2. The positive effects of plants on hospital staff  

The positive impact of plants on hospital staff was reflected in two aspects: work 

efficiency and the reporting rate of physical symptoms. SRT presented that natural 

elements can replenish people’s cognitive abilities to reduce mental fatigue and improve 

concentration (Markevych et al. 2017; Yin et al. 2020). After plants were placed in the 

clinics, the staff members’ average scores for the influence of IAQ on work efficiency 

were significantly increased in questionnaire B. Furthermore, reporting rates of symptoms 

had decreased, including lethargy, nose irritation, and chest tightness. Further conclusions 

can be drawn through interview B, in that some staff participants pointed out that green 

plants relieved fatigue caused by work and reduced the pungent smell in the room (Doctor 

2, Clinic 2; Doctor 4, Clinic 4; Nurse 1, Clinic 2). As stated above, these participants 

believed that the indoor plants had psychologically made them feel that the IAQ had 

improved, while at the same time creating a more comfortable working environment. 

According to Raanaas et al. (2011), natural elements can affect cognitive performance in 

an office working environment. Ikei et al. (2014) stated the more common perceptions of 
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people who are exposed to natural elements are “comfort”, “relaxation” and “natural”. 

Therefore, it can be concluded that the green plants in the clinic had a positive impact on 

the work efficiency of the staff, and to a certain extent alleviated physical symptom during 

working hours. 

 

7.2.3. The influence of plants on IAQ 

Can indoor green plants effectively reduce indoor air pollutants? 

 

The second question is whether indoor green plants can effectively reduce indoor air 

pollutants. In the initial findings of interview A, some interviewees believed that the 

indoor plants may increase RH level and reduce CO2 and HCHO concentration (Visitor 

2, Hospital A; Visitor 3, Hospital B; Visitor 3, Hospital C; Visitor 6, Hospital B; Visitor 

3, Hospital C). For indoor RH, Brilli et al. (2018) pointed out that plants could increase 

indoor RH through light-dependent photosynthesis. In this process, water vapour can 

transpire from the leaves through microscopic leaf pores (namely stomata) to increase air 

humidity (Gawronski et al. 2017). 

 

Through comparing two physical measurements after the plants were placed, the median 

RH levels decreased in both Clinic 2 and Clinic 3. However, the participants’ average 

satisfaction scores for indoor humidity were almost the same in the two questionnaires. 

In addition, there was still a high reporting rate of dry throat, dry eyes, and dry skin in 

questionnaire B. As mentioned above, the low RH environment was the main reason of 

the high reporting of dryness symptoms (Cheong and Chong 2001). Hence, the results of 
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the comprehensive objective measurement results and subjective qualitative analysis 

showed that the plants did not improve the indoor RH levels in an actual clinic 

environment.  

 

Again, as previously mentioned, indoor RH is mainly affected by indoor temperature and 

outdoor RH (Nguyen, Schwartz, and Dockery 2014). The use of central heating systems 

and electric heaters were causing overheating in the clinics. At the same time, the outdoor 

RH is usually low during the daytime in winter in northern China. These two reasons 

together led to a low indoor RH environment (Wolkoff and Kjærgaard 2007). Therefore, 

two methods are suggested to increase indoor RH: (1). The indoor temperature should be 

controlled within an appropriate range (18 - 24 °C) in winter. (2). Humidifiers can be used 

in clinics to improve low RH environments and relieve the discomfort of the staff 

(Hashiguchi et al. 2008).  

 

According to Torpy, Irga, and Burchett (2014), indoor ornamental plants can be applied 

for the removal of indoor CO2, as plants can simultaneously absorb CO2 and release O2 

through photosynthetic metabolism during the day (Cetin and Sevik 2016). After the 

plants were placed, the median level of CO2 was significantly reduced in Clinic 2, but the 

median level in Clinic 3 was increased. An increase in visitors could have caused the 

higher indoor CO2 concentration (exceeded 1000 ppm) over a short period of time. 

Therefore, plants can reduce indoor CO2, but the removal efficiency of plants cannot cope 

with rapidly increasing CO2 concentrations caused by an increase in the number of 

visitors in the short-term. In addition, the participants’ average satisfaction scores for 

indoor ventilation were almost same in the two questionnaires. This showed that the 
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perceived IAQ had not improved due to placing the plants. Considering indoor heating 

and outdoor air pollution in winter, it is recommended that mechanical supply and exhaust 

ventilation systems be installed in clinics (Simanic et al. 2019). 

 

For indoor HCHO concentration, the median concentration dropped in the three clinics 

after the plants were placed. However, comparison between the two measurements 

showed a statistically insignificant difference. In the laboratory experiment, it was 

determined that C. comosum and E. aureum could effectively remove indoor HCHO, and 

that C. comosum was more effective than E. aureum (Xu, Wang, and Hou 2011). The 

following factors are considered as reasons for the differences not being significant: (1). 

The change range of temperature and RH levels were wide in the actual clinical 

environment (Liang, Lv, and Yang 2016b), which affected the indoor HCHO 

concentration (Huangfu et al. 2019); (2). The cleaning and medical activities caused an 

instantaneous increase in the HCHO concentration (Sousa et al. 2011); (3). The frequency 

of medical staff opening windows had affected the HCHO concentration; (4). The 

background concentration of HCHO was low in the clinics. 

 

Based on the above analysis, it can be concluded that plants can improve the IAQ in the 

clinics in a natural and sustainable way (Brilli et al. 2018), such as reducing indoor CO2 

and HCHO concentrations. However, the influence of plants on indoor RH is almost 

negligible. It is also worth noting that the removal efficiency of plants is slow and 

continuous. Because of the complex influencing factors in an actual clinic environment, 

the difference is not statistically significant. In addition, one participant in interview B 

suggested that using an air purifier would be more effective in improving IAQ than 
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placing green plants (Visitor 3, Clinic 4). In the next section, the different IAQ 

improvement methods are compared. 
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7.3. A comparation of IAQ improvement methods 

Based on the comprehensive analysis of the above two sections, it was determined that 

plants could continuously improve IAQ in clinics and had a positive impact on the mental 

and physical health of occupants. However, in interview B, there was some controversy 

about the influence of plants on IAQ in that an interviewee stated that using air 

purification technology would be more effective than plants (Visitor 3, Clinic 4). Hence, 

this section introduces some common fan-driven air cleaning technologies and analyses 

their advantages and disadvantages in detail. Table 7-2 summarises the advantages and 

disadvantages of different IAQ improvement methods: 
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Table 7-2 The advantages and disadvantages of different IAQ improvement methods 

Technology description Advantages Disadvantages 

Photocatalytic oxidation technology: 

Photocatalytic oxidation is usually 

founded on the application of 

semiconductor catalysts and 

ultraviolet light, which can convert 

challenging compounds into less 

harmful products (Mamaghani, 

Haghighat, and Lee 2017). 

− It can work effectively at room temperature 

(Zhong and Haghighat 2015); 

− It can directly transform indoor air pollutants 

into mineralisation products (Li and Ma 

2021); 

− It can degrade almost all contaminants, such 

as aromatics, alkanes, olefins, halogenated 

hydrocarbons, aldehyde, airborne microbes, 

etc. (Zhang et al. 2011). 

− It can generate harmful by-products, 

such as HCHO, acetone, and 

acetaldehyde (Zhang et al. 2011); 

− Most experiments are conducted under 

high concentrations of pollutants in 

laboratory environments, and more 

research is still needed for applications 

in the actual environment (Li and Ma 

2021). 

Ozone-oxidation: 

As an oxidant, ozone can react with 

some indoor pollutants, especially 

VOCs, and is often used as a 

cleaning agent in some air purifiers 

(Kwong et al. 2008). 

− The application of ozone can reduce some 

targeted odours, and also can improve the 

ability of some catalytic oxidation reactions to 

remove VOCs (Zhang et al. 2011); 

− Combining ozone with a suitable adsorbent to 

treat indoor pollutants can improve the overall 

conversion efficiency at room temperature 

− Ozone is a harmful pollutant, and easily 

reacts with other air pollutant producing 

harmful pollutants (such as carbonyls, 

carboxylic acids, and secondary organic 

aerosols) (Weschler 2000). 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/mineralization
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while maintaining low ozone residues 

(Kwong et al. 2008). 

Plasma air cleaning technology: 

Through using methods like corona 

discharge with alternating current, 

direct current and dielectric barrier 

discharge, it can generate plasma to 

purify air (Zhang et al. 2011). 

− Combined with catalytic technology, it can 

effectively remove VOCs (Van Durme et al. 

2007; Ge et al. 2015). 

− The use of plasma may produce harmful 

by-products, such as O3, meanwhile, it 

needs high voltage and has high energy 

consumption (Van Durme et al. 2007). 

Sorption air cleaning techniques: 

Due to the adsorption capacity of 

porous materials for specific 

compounds, they are widely used in 

the recovery of VOCs, such as 

activated carbon adsorption (Yang et 

al. 2019). 

− Sorption technology has a good removal 

effect on VOCs (Yang et al. 2019). 

− After running for a period of time, the 

adsorption material needs to be replaced 

(Jareteg et al. 2021); 

− After the material is saturated with 

adsorption, it will become a new source 

of pollution and release gaseous 

pollutants (Yang et al. 2019). 

Filtration: 

Filters are often used at outdoor air 

intakes to remove PM (Zhang et al. 

2011). 

− Filtration systems can effectively remove PM 

and fungi (Jung et al. 2015).  

− The filters may become sources of 

particulate pollutants (Zhang et al. 

2011). 
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− The filters cannot effectively remove 

gaseous pollutants (Jung et al. 2015; 

Zhang et al. 2011). 

Ultraviolet germicidal irradiation 

(UVGI): 

UVGI can use short-wave ultraviolet 

(UV) to inactivate viruses, bacteria, 

and fungi (Luo and Zhong 2021). 

− It can inactivate viruses, bacteria and fungi, 

making them unable to replicate and spread 

(Lau, Bahnfleth, and Freihaut 2009). 

− There is limited understanding of its 

inactivation energy and energy 

consumption evaluation in practice (Luo 

and Zhong 2021). 

Indoor plants: 

A combination of C. comosum and 

E. aureum plants were placed in 

clinics. 

− Plants can relieve the stress of clinic visitors 

− Plants have a positive impact on the work 

efficiency of the staff and can alleviate the 

physical symptoms of staff during working. 

− Plants can reduce the indoor CO2 and HCHO 

concentration. 

− In the actual environment, due to many 

factors such as human activities, their 

removal efficiency is not significant. 
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Table 7-2 above introduces the common fan-driven air cleaning technologies (including 

photocatalytic oxidation, Ozone-oxidation, plasma, sorption, filtration and UVGI) and 

natural methods for placing indoor plants, and summarises their advantages and 

disadvantages. It is worth noting that the pollutant removal efficiency of most air cleaning 

technologies is usually determined in controlled laboratory environments, and they may 

not be able to act as effectively in practice (Zhang et al. 2011). Similarly, most of the 

experimental analyses of plants’ removal efficiency of indoor pollutants were based on 

controlled environments with sufficiently high pollutants in the air (Aydogan and 

Montoya 2011; Xu, Wang, and Hou 2011; Jin et al. 2013; Teiri, Pourzamani, and 

Hajizadeh 2018). In this study, it was determined that plants can effectively remove 

HCHO concentrations in a laboratory environment. Nevertheless, because IAQ is affected 

by many factors, especially the behaviour of occupants, the efficiency is not significant 

in practice in clinical environments. 

 

In addition, as summarised in the disadvantages in the table above, many air cleaning 

technologies will produce harmful by-products. It has also been speculated that indoor 

plants may pose a risk of releasing bioaerosols, but in the current research work, no 

evidence has been found to support this hypothesis (Pettit, Irga, and Torpy 2018). 

Compared with air cleaning technologies, indoor plants can provide psychological 

support to occupants in a clinical environment (Dijkstra, Pieterse, and Pruyn 2008; Yin 

et al. 2018). This research identified that green plants can relieve visitors’ tension, offer 

a more comfortable working environment for staff, and relieve fatigue for some hospital 

staff members. Although the positive impact of indoor plants on the mental health of 

occupants has been studied here, similar information is not available for other air 
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purification technologies. Furthermore, some technologies require high energy 

consumption such as Plasma (Van Durme et al. 2007), and UVGI (Zhang et al. 2011). 

Sorption air cleaning techniques also need adsorption materials to be replaced (Jareteg et 

al. 2021) and their filters to be cleaned over time, otherwise they may become sources of 

particulate pollutants (Zhang et al. 2011). However, there is currently no definite standard 

for how often it is necessary to replace the adsorbent materials and clean the filters. In 

contrast, plants have low maintenance costs and do not require energy consumption. 

Hence, plants are a natural and sustainable way to improve IAQ (Brilli et al. 2018). 
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7.4. Summary 

The results of interview B provide subjective supplements to the influence of plants on 

IAQ and occupants. After interview B, the results of each research step were combined 

to conduct a conclusive assessment. There are some significant findings that need to be 

summarised: 

 

− For visitors to clinics, placing green plants can provide a relatively relaxing and 

pleasant indoor environment and relieve stress. Plants have a positive impact on the 

work efficiency of the staff in the clinics and can alleviate their physical symptoms 

during working hours. Placing plants in a more conspicuous place (such as on a 

windowsill) will help increase the positive impact of plants on the occupants. 

 

− Plants cannot effectively improve indoor RH. However, plants can reduce indoor 

CO2 and HCHO concentrations in clinics. It is also worth noting that the removal 

efficiency of plants is slow and continuous. The difference is not statistically 

significant due to the complex influencing factors in the actual clinic environment, 

especially human activities. 

 

− By comparing the advantages and disadvantages of different air purification 

technologies and placing indoor plants, the following conclusions can be drawn: (1). 

The pollutant removal efficiency of most air cleaning technologies is usually 

determined in controlled laboratory environments. Due to IAQ being affected by 

many factors, especially the behaviour of occupants, the effect is not significant in 
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practice; (2). Many air cleaning technologies will produce harmful by-products. 

Although plants have been considered to be at risk of releasing bioaerosols, no 

evidence has been found to support this hypothesis (Pettit, Irga, and Torpy 2018); (3). 

Plants can provide psychological support to occupants in clinical environments 

(Dijkstra, Pieterse, and Pruyn 2008; Yin et al. 2018), which is not available evidence 

for other air cleaning technologies; (4). Plants are a natural and sustainable way to 

improve IAQ (Brilli et al. 2018), and their maintenance cost is very low. However 

other technologies such as Plasma and UVGI may need higher energy consumption 

(Van Durme et al. 2007; Zhang et al. 2011). Sorption and filtration air cleaning 

techniques moreover require higher maintenance costs (Jareteg et al. 2021). 

 

− Although plants can be a natural and sustainable way to improve IAQ (Brilli et al. 

2018), their removal efficiency is continuous and slow. Hence, it is necessary to 

combine them with air cleaning technology to improve IAQ. As mentioned before, 

introducing humidifiers can improve low RH environments and relieve discomfort 

for the staff (Hashiguchi et al. 2008). Installing mechanical supply and exhaust 

ventilation systems can effectively improve indoor ventilation (Simanic et al. 2019). 

In further research, it will be necessary to consider the comprehensive application of 

various indoor air purification technologies in clinics to provide a healthier and more 

comfortable indoor environment. 
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Chapter 8 -  Conclusion and recommendations 

8.1. Summary of research contributions  

In this section, the main research results and the contributions to current knowledge are 

summarised as follows: 

 

− Chapter 2 developed the program of IAQ audit in hospitals through a comprehensive 

review of the methods used in hospital IAQ investigations (Figure 2-2). Using 

interviews to collect the initial data and having performed the walkthrough, the 

subjective survey, and the objective measurements, the results were integrated, and 

an analysis was presented along with the recommendations. The IAQ audit procedure 

is very comprehensive. It can be used to comprehensively analyse IAQ to help find 

a solution for a hospital’s IAQ management. 

 

− Through the subjective surveys, it was found that hospital staff and visitors had 

different requirements for their clinical environments. Medical staff consider clinics 

to be their workplaces, whereas the hospital environment is often associated with 

feelings of fear, uncertainty and anxiety for visitors (Dijkstra, Pieterse, and Pruyn 

2008). It was determined that plants can provide a relatively relaxing and pleasant 

indoor environment and relieve the stress of visitors to clinics. Plants also have a 

positive impact on the work efficiency of staff in the clinics and can alleviate their 

physical symptoms whilst working. Through the objective assessment, it can be 

concluded that plants can slowly and continuously reduce both HCHO and CO2 
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concentration in clinics. However, the influence of plants on indoor RH was found 

to be almost negligible. 

 

− Through the laboratory-based experiments, this study determined the efficiency of 

plants to remove HCHO, namely C. comosum and E. aureum. Under the conditions 

of constant temperature and RH and a background concentration of HCHO (0.015 - 

0.05 mg/m3), the removal rate ranges of C. comosum were 0.003 - 0.004 mg/m3 per 

hour during the daytime and 0.0008 - 0.001 mg/m3 per hour at night. The removal 

rate ranges of E. aureum were 0.001 - 0.003 mg/m3 per hour during the daytime and 

between 0.0007 to 0.001 mg/m3 per hour at night. The efficiency was higher in the 

daytime than at night (Teiri, Pourzamani, and Hajizadeh 2018). The efficiency of C. 

comosum moreover was higher than E. aureum (Xu, Wang, and Hou 2011). 

 

− Although the ability of plants to remove HCHO was determined in a laboratory 

environment, the method of simply placing green plants in clinics cannot effectively 

and directly improve IAQ. Overheating problems also occurred in the clinics in 

winter. It is therefore recommended to use electric heaters reasonably and to control 

the room temperature at an appropriate range (18 - 24 °C) to avoid low RH caused 

by overheating. It is further recommended to use a humidifier in the clinics to 

increase RH and relieve the dryness symptoms of staff members (Hashiguchi et al. 

2008).  

 

− In the Architectural and Design Code for General Hospitals (GB 51039–2014) 

(MOHURD 2014), it is suggested that natural ventilation should be adopted in 
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outpatients departments (clinics). However, due to outdoor pollution in winter and 

the need to conserve indoor heating, the doors and windows were closed for most of 

the time. A high CO2 concentration was also recorded in the clinics. Hence, this study 

suggests installing mechanical supply and exhaust ventilation systems (Simanic et al. 

2019). It should also be noted that in winter, haze weather frequently occurs, and the 

main pollutant is PM. Filters are therefore suggested to be used at outdoor air intakes 

to remove PM (Zhang et al. 2011). 

 

− By comparing different IAQ improvement methods, it was found that the efficiency 

of most air cleaning technologies had been determined in laboratory environments, 

which may not be as efficient in practice (Li and Ma 2021; Luo and Zhong 2021). 

Furthermore, these technologies also produce harmful by-products (Weschler 2000; 

Van Durme et al. 2007; Zhang et al. 2011). In addition, technologies such as plasma 

and UVGI will cause a high energy consumption (Van Durme et al. 2007; Zhang et 

al. 2011). Sorption and filtration will also require higher maintenance costs (Jareteg 

et al. 2021). In contrast, plants are a natural and sustainable way to improve IAQ 

(Brilli et al. 2018). Finally, the positive psychological and physical health effects of 

plants on occupants are not available for other cleaning technologies (Dijkstra, 

Pieterse, and Pruyn 2008; Yin et al. 2018). 

 

− Based on the positive effects of plants on occupants and on IAQ found in this study, 

the subjective opinions of occupants (that is, their needs respecting their indoor 

environments) should be considered when designing the indoor environments of 

clinics in the future. Future designs should make full use of the advantages of plants 
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to provide visitors with a more relaxed environment for medical treatment and a more 

comfortable working environment for staff. In addition, due to the complex 

environments of hospitals and the high requirements for IAQ, it will be necessary to 

monitor indoor temperature, RH, CO2, and HCHO in real time to provide a healthier 

indoor environment. 
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8.2. Limitations of the research 

There are two major research limitations that need to be pointed out: 

 

− In order to ensure the accuracy of the measured HCHO concentration, this study 

adopted the HL - 2B Constant Flow Sampler to collect the HCHO samples, which is 

a professional HCHO sampling instrument that meets the national standard. However, 

although this method can guarantee sample accuracy, it takes a long time to collect 

and analyse a single sample. It is therefore impossible to record data automatically 

every ten minutes, as in recording the concentration of CO2. Due to the equipment’s 

limitations, it is currently impossible to collect a large amount of data to accurately 

analyse the changing levels of HCHO at different times of the day. 

 

− This research focused on the effects of plants on the gaseous pollutants HCHO and 

CO2. However, there are many other indoor pollutants that threaten human health, 

such as VOCs, PM and biological pollutants. Plants may also have an impact on these 

indoor pollutants.  
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8.3. Recommendations for further research 

Based on the summary of both the research findings and research limitations, there are 

several suggestions for future research: 

 

− In order to effectively manage IAQ in clinics to reduce health risks, future research 

should develop more accurate equipment to record the concentrations of different 

indoor pollutants in real time, such as indoor HCHO concentrations. 

 

− The effect of plants on IAQ remains to be developed, and it will be worthwhile to 

comprehensively evaluate the removal efficiency of plants on other indoor pollutants, 

such as VOCs and PM. In addition, although indoor plants may pose a risk of 

releasing bioaerosols, no evidence to support this hypothesis has been found in the 

current research work (Pettit, Irga, and Torpy 2018). Hence, in future research, it will 

be necessary to evaluate the impact of plants on indoor biological pollution. 

 

− This study determined that plants are not only beneficial to the mental health of 

occupants but can also continuously reduce indoor HCHO and CO2 concentration. 

UVGI can inactivate viruses, bacteria, and fungi (Luo and Zhong 2021). Sorption 

technology also has a good removal effect on VOCs (Yang et al. 2019) and filtration 

systems can effectively remove PM (Jung et al. 2015). Combining indoor plants with 

other air purification technologies (UVGI, sorption and filtration) and making 

comprehensive use of their respective advantages will be a major trend in future 

research. 



 

 246 

Reference 

Abbass, O.A., Sailor, D.J., and Gall, E.T. (2017) ‘Effectiveness of Indoor Plants for 

Passive Removal of Indoor Ozone’. Building and Environment [online] 119, 62–

70. available from <http://dx.doi.org/10.1016/j.buildenv.2017.04.007> 

Acharya, B. (2010) ‘Questionniare Design’. Periodica Polytechnica Electrical 

Engineering 33 (3), 101–116 

Alotaibi, B.S., Lo, S., Southwood, E., and Coley, D. (2020) ‘Evaluating the Suitability 

of Standard Thermal Comfort Approaches for Hospital Patients in Air-Conditioned 

Environments in Hot Climates’. Building and Environment 169, 106561 

Anderson, H.R. (2009) ‘Air Pollution and Mortality: A History’. Atmospheric 

Environment 43 (1), 142–152 

Asif, A., Zeeshan, M., Hashmi, I., Zahid, U., and Bhatti, M.F. (2018) ‘Microbial 

Quality Assessment of Indoor Air in a Large Hospital Building during Winter and 

Spring Seasons’. Building and Environment [online] 135, 68–73. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132318301392> [16 

August 2019] 

Awosika, S.A., Olajubu, F.A., and Amusa, N.A. (2012) ‘Microbiological Assessment of 

Indoor Air of a Teaching Hospital in Nigeria’. Asian Pacific Journal of Tropical 

Biomedicine 2 (6), 465–468 

Aydogan, A. and Montoya, L.D. (2011) ‘Formaldehyde Removal by Common Indoor 

Plant Species and Various Growing Media’. Atmospheric Environment 45 (16), 

2675–2682 



 

 247 

Azimi, F., Naddafi, K., Nabizadeh, R., Hassanvand, M.S., Alimohammadi, M., Afhami, 

S., and Musavi, S.N. (2013) ‘Fungal Air Quality in Hospital Rooms: A Case Study 

in Tehran, Iran’. Journal of Environmental Health Science and Engineering 11 (1), 

2–5 

Balaras, C.A., Dascalaki, E., and Gaglia, A. (2007) ‘HVAC and Indoor Thermal 

Conditions in Hospital Operating Rooms’. Energy and Buildings [online] 39 (4), 

454–470. available from 

<https://www.sciencedirect.com/science/article/pii/S0378778806002209> [24 

August 2019] 

Baurès, E., Blanchard, O., Mercier, F., Surget, E., le Cann, P., Rivier, A., Gangneux, J.-

P., and Florentin, A. (2018) ‘Indoor Air Quality in Two French Hospitals: 

Measurement of Chemical and Microbiological Contaminants’. Science of The 

Total Environment [online] 642, 168–179. available from 

<https://www.sciencedirect.com/science/article/pii/S0048969718321156> [28 

August 2019] 

van den Berg, A.E., Wesselius, J.E., Maas, J., and Tanja-Dijkstra, K. (2017) ‘Green 

Walls for a Restorative Classroom Environment: A Controlled Evaluation Study’. 

Environment and Behavior [online] 49 (7), 791–813. available from 

<https://journals.sagepub.com/doi/full/10.1177/0013916516667976> [2 June 2021] 

Boddy, C.R. (2016) ‘Sample Size for Qualitative Research’. Qualitative Market 

Research 19 (4), 426–432 

van den Bogerd, N., Dijkstra, S.C., Tanja-Dijkstra, K., de Boer, M.R., Seidell, J.C., 

Koole, S.L., and Maas, J. (2020) ‘Greening the Classroom: Three Field 

Experiments on the Effects of Indoor Nature on Students’ Attention, Well-Being, 



 

 248 

and Perceived Environmental Quality’. Building and Environment [online] 171, 

106675. available from 

<http://www.sciencedirect.com/science/article/pii/S0360132320300330> 

Böhm, M., Salem, M.Z.M., and Srba, J. (2012) ‘Formaldehyde Emission Monitoring 

from a Variety of Solid Wood, Plywood, Blockboard and Flooring Products 

Manufactured for Building and Furnishing Materials’. Journal of Hazardous 

Materials [online] 221–222, 68–79. available from 

<http://dx.doi.org/10.1016/j.jhazmat.2012.04.013> 

Brilli, F., Fares, S., Ghirardo, A., de Visser, P., Calatayud, V., Muñoz, A., Annesi-

Maesano, I., Sebastiani, F., Alivernini, A., Varriale, V., and Menghini, F. (2018) 

‘Plants for Sustainable Improvement of Indoor Air Quality’. Trends in Plant 

Science [online] 23 (6), 507–512. available from 

<https://www.sciencedirect.com/science/article/pii/S1360138518300463> [18 

March 2020] 

Cabo Verde, S., Almeida, S.M., Matos, J., Guerreiro, D., Meneses, M., Faria, T., 

Botelho, D., and Santos, M. (2015) ‘Microbiological Assessment of Indoor Air 

Quality at Different Hospital Sites’. Research in Microbiology [online] 166 (7), 

557–563. available from 

<https://www.sciencedirect.com/science/article/pii/S092325081500056X> [28 

August 2019] 

Cao, S., Zhao, Wenji, Guan, H., Hu, D., Mo, Y., Zhao, Wenhui, and Li, S. (2018) 

‘Comparison of Remotely Sensed PM2.5 Concentrations between Developed and 

Developing Countries: Results from the US, Europe, China, and India’. Journal of 

Cleaner Production [online] 182, 672–681. available from 



 

 249 

<https://www.sciencedirect.com/science/article/pii/S0959652618304086> [2 April 

2020] 

Cetin, M. and Sevik, H. (2016) ‘Measuring the Impact of Selected Plants on Indoor 

CO2 Concentrations’. Polish Journal of Environmental Studies 25 (3), 973–979 

Chamseddine, A., Alameddine, I., Hatzopoulou, M., and El-Fadel, M. (2019) ‘Seasonal 

Variation of Air Quality in Hospitals with Indoor–Outdoor Correlations’. Building 

and Environment [online] 148 (June 2018), 689–700. available from 

<https://doi.org/10.1016/j.buildenv.2018.11.034> 

Cheng, L., Li, B., Cheng, Q., Baldwin, A.N., and Shang, Y. (2017) ‘Investigations of 

Indoor Air Quality of Large Department Store Buildings in China Based on Field 

Measurements’. Building and Environment [online] 118, 128–143. available from 

<https://www.sciencedirect.com/science/article/abs/pii/S0360132317301294> [2 

September 2019] 

Cheong, K.. and Chong, K.. (2001) ‘Development and Application of an Indoor Air 

Quality Audit to an Air-Conditioned Building in Singapore’. Building and 

Environment [online] 36 (2), 181–188. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132399000645> [13 

August 2019] 

Chiang, K.L., Lee, J.Y., Chang, Y.M., Kuo, F.C., and Huang, C.Y. (2021) ‘The Effect 

of Weather, Air Pollution and Seasonality on the Number of Patient Visits for 

Epileptic Seizures: A Population-Based Time-Series Study’. Epilepsy and 

Behavior 115, 107487 

Creswell, J.W. and Clark, V.L.P. (2018) Designing and Conducting Mixed Methods 

Research. Third Edit. SAGE Publications, Inc. 



 

 250 

Creswell, J.W. and Creswell, J.D. (2017) Research Design Qualitative, Quantitative, 

and Mixed Methods Approaches [online] Fifth edit. SAGE Publications Ltd. 

available from <file:///C:/Users/User/Downloads/fvm939e.pdf> 

Dai, X., Liu, J., Yin, Y., Song, X., and Jia, S. (2018) ‘Modeling and Controlling Indoor 

Formaldehyde Concentrations in Apartments: On-Site Investigation in All Climate 

Zones of China’. Building and Environment 127, 98–106 

Dascalaki, E.G., Gaglia, A.G., Balaras, C.A., and Lagoudi, A. (2009) ‘Indoor 

Environmental Quality in Hellenic Hospital Operating Rooms’. Energy and 

Buildings [online] 41 (5), 551–560. available from 

<https://www.sciencedirect.com/science/article/pii/S0378778808002661> [15 

August 2019] 

Dascalaki, E.G., Lagoudi, A., Balaras, C.A., and Gaglia, A.G. (2008) ‘Air Quality in 

Hospital Operating Rooms’. Building and Environment [online] 43 (11), 1945–

1952. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132307002375> [24 

August 2019] 

Dendaas, N. (2011) ‘Environmental Congruence and Work-Related Stress in Acute 

Care Hospital Medical/Surgical Units: A Descriptive, Correlational Study.’ Herd 5 

(1), 23–42 

Department for Environment Food and Rural Affairs (2012) THE FUTURE OF THE 

CLEAN AIR ACT. 

DePoy, E. and Gitlin, L.N. (2016) ‘Mixed Method Designs’. Introduction to Research 

[online] 173–179. available from 



 

 251 

<https://www.sciencedirect.com/science/article/pii/B9780323261715000124#s002

5> [23 April 2020] 

Derks, M.T.H., Mishra, A.K., Loomans, M.G.L.C., and Kort, H.S.M. (2018) 

‘Understanding Thermal Comfort Perception of Nurses in a Hospital Ward Work 

Environment’. Building and Environment [online] 140, 119–127. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132318303068> [15 

August 2019] 

Derks, M. T.H., Mishra, A.K., Loomans, M.G.L.C., and Kort, H.S.M. (2018) 

‘Understanding Thermal Comfort Perception of Nurses in a Hospital Ward Work 

Environment’. Building and Environment [online] 140 (May), 119–127. available 

from <https://doi.org/10.1016/j.buildenv.2018.05.039> 

Dijkstra, K., Pieterse, M.E., and Pruyn, A. (2008) ‘Stress-Reducing Effects of Indoor 

Plants in the Built Healthcare Environment: The Mediating Role of Perceived 

Attractiveness’. Preventive Medicine [online] 47 (3), 279–283. available from 

<http://www.sciencedirect.com/science/article/pii/S0091743508000042> 

Van Durme, J., Dewulf, J., Sysmans, W., Leys, C., and Van Langenhove, H. (2007) 

‘Efficient Toluene Abatement in Indoor Air by a Plasma Catalytic Hybrid System’. 

Applied Catalysis B: Environmental 74 (1–2), 161–169 

Ekhaise, F.O., Isitor, E.E., Idehen, O., and Emoghene, A.O. (2011) ‘Airborne 

Microflora in an Hospital Environment of University of Benin Teaching Hospital 

(UBTH), Benin City, Nigeria’. Global Journal of Pure and Applied Sciences 17 

(3), 249-253–253 



 

 252 

El-Sharkawy, M. and Noweir, M.H. (2014) ‘Indoor Air Quality Levels in a University 

Hospital in the Eastern Province of Saudi Arabia’. Journal of Family and 

Community Medicine 21 (1), 39 

Environmental Protection Agency (2021) Indoor Air Pollution and Health [online] 

available from <https://www.epa.gov/indoor-air-quality-iaq/introduction-indoor-

air-quality#health> [11 March 2021] 

Environmental Protection Agency (2020) History of Air Pollution | Air Research | US 

EPA [online] available from <https://www.epa.gov/air-research/history-air-

pollution> [31 March 2021] 

Environmental Protection Agency (2019) Facts About Formaldehyde [online] available 

from <https://www.epa.gov/formaldehyde/facts-about-formaldehyde#whatare> [13 

November 2019] 

Environmental Protection Agency (2018) Particulate Matter (PM) Pollution [online] 

available from <https://www.epa.gov/pm-pollution/particulate-matter-pm-

basics#PM> [21 July 2019] 

Environmental Protection Agency (2017) Volatile Organic Compounds’ Impact on 

Indoor Air Quality [online] available from <https://www.epa.gov/indoor-air-

quality-iaq/volatile-organic-compounds-impact-indoor-air-quality> [21 July 2019] 

Fan, M., He, G., and Zhou, M. (2020) ‘The Winter Choke: Coal-Fired Heating, Air 

Pollution, and Mortality in China’. Journal of Health Economics 71, 102316 

Fan, Y., Ding, X., Hang, J., and Ge, J. (2020) ‘Characteristics of Urban Air Pollution in 

Different Regions of China between 2015 and 2019’. Building and Environment 

180, 107048 



 

 253 

Fetters, M.D., Curry, L.A., and Creswell, J.W. (2013) ‘Achieving Integration in Mixed 

Methods Designs - Principles and Practices’. Health Services Research [online] 48 

(6 PART2), 2134–2156. available from </pmc/articles/PMC4097839/> [17 June 

2021] 

Franchini, M. and Mannucci, P.M. (2018) ‘Mitigation of Air Pollution by Greenness: A 

Narrative Review’. European Journal of Internal Medicine [online] 55, 1–5. 

available from 

<http://www.sciencedirect.com/science/article/pii/S0953620518302711> 

Fromme, H., Debiak, M., Sagunski, H., Röhl, C., Kraft, M., and Kolossa-Gehring, M. 

(2019) ‘The German Approach to Regulate Indoor Air Contaminants’. 

International Journal of Hygiene and Environmental Health [online] 222 (3), 347–

354. available from <https://doi.org/10.1016/j.ijheh.2018.12.012> 

Gawronski, S.W., Gawronska, H., Lomnicki, S., Sæbo, A., and Vangronsveld, J. (2017) 

‘Plants in Air Phytoremediation’. Advances in Botanical Research 83, 319–346 

Ge, H., Hu, D., Li, X., Tian, Y., Chen, Z., and Zhu, Y. (2015) ‘Removal of Low-

Concentration Benzene in Indoor Air with Plasma-MnO2 Catalysis System’. 

Journal of Electrostatics 76, 216–221 

De Giuli, V., Zecchin, R., Salmaso, L., Corain, L., and De Carli, M. (2013) ‘Measured 

and Perceived Indoor Environmental Quality: Padua Hospital Case Study’. 

Building and Environment [online] 59, 211–226. available from 

<http://dx.doi.org/10.1016/j.buildenv.2012.08.021> 

González-Martín, J., Kraakman, N.J.R., Pérez, C., Lebrero, R., and Muñoz, R. (2021) 

‘A State–of–the-Art Review on Indoor Air Pollution and Strategies for Indoor Air 

Pollution Control’. in Chemosphere. vol. 262. Elsevier Ltd, 128376 



 

 254 

Guo, H., Lee, S.C., Chan, L.Y., and Li, W.M. (2004) ‘Risk Assessment of Exposure to 

Volatile Organic Compounds in Different Indoor Environments’. Environmental 

Research 94 (1), 57–66 

Harpe, S.E. (2015) ‘How to Analyze Likert and Other Rating Scale Data’. in Currents 

in Pharmacy Teaching and Learning. vol. 7 (6). Elsevier Inc., 836–850 

Hartig, T. and Kahn, P.H. (2016) ‘Living in Cities, Naturally’. in Science [online] vol. 

352 (6288). American Association for the Advancement of Science, 938–940. 

available from <http://www1.inecol.edu.mx/> [1 June 2021] 

Hashiguchi, N., Hirakawa, M., Tochihara, Y., Kaji, Y., and Karaki, C. (2008) ‘Effects 

of Setting up of Humidifiers on Thermal Conditions and Subjective Responses of 

Patients and Staff in a Hospital during Winter’. Applied Ergonomics [online] 39 

(2), 158–165. available from 

<https://www.sciencedirect.com/science/article/pii/S0003687007000592> [15 

August 2019] 

Health and Safety Executive (2020) EH40 / 2005 Workplace Exposure Limits Limits for 

Use with the Control of Substances (Fourth Edition 2020) [online] vol. 2002. 

available from <https://www.hse.gov.uk/pubns/books/eh40.htm> 

Helmis, C.G., Tzoutzas, J., Flocas, H.A., Halios, C.H., Stathopoulou, O.I., 

Assimakopoulos, V.D., Panis, V., Apostolatou, M., Sgouros, G., and Adam, E. 

(2007) ‘Indoor Air Quality in a Dentistry Clinic’. Science of The Total 

Environment [online] 377 (2–3), 349–365. available from 

<https://www.sciencedirect.com/science/article/pii/S0048969707001659> [26 

August 2019] 



 

 255 

Huang, S., Wei, W., Weschler, L.B., Salthammer, T., Kan, H., Bu, Z., and Zhang, Y. 

(2017) ‘Indoor Formaldehyde Concentrations in Urban China: Preliminary Study 

of Some Important Influencing Factors’. Science of The Total Environment 590–

591, 394–405 

Huangfu, Y., Lima, N.M., O’Keeffe, P.T., Kirk, W.M., Lamb, B.K., Pressley, S.N., Lin, 

B., Cook, D.J., Walden, V.P., and Jobson, B.T. (2019) ‘Diel Variation of 

Formaldehyde Levels and Other VOCs in Homes Driven by Temperature 

Dependent Infiltration and Emission Rates’. Building and Environment 159 (May) 

Hwang, R.-L., Lin, T.-P., Cheng, M.-J., and Chien, J.-H. (2007) ‘Patient Thermal 

Comfort Requirement for Hospital Environments in Taiwan’. Building and 

Environment [online] 42 (8), 2980–2987. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132306002083> [14 

August 2019] 

Hwang, S.H., Roh, J., and Park, W.M. (2018) ‘Evaluation of PM10, CO2, Airborne 

Bacteria, TVOCs, and Formaldehyde in Facilities for Susceptible Populations in 

South Korea’. Environmental Pollution [online] 242, 700–708. available from 

<https://www.sciencedirect.com/science/article/pii/S0269749118314386> [28 

August 2019] 

Iannotti, M. (2020) Pothos Plant Profile [online] available from 

<https://www.thespruce.com/pothos-an-easy-to-grow-houseplant-1403154> [8 

August 2020] 

Ikei, H., Komatsu, M., Song, C., Himoro, E., and Miyazaki, Y. (2014) ‘The 

Physiological and Psychological Relaxing Effects of Viewing Rose Flowers in 



 

 256 

Office Workers’. Journal of Physiological Anthropology [online] 33 (1), 1–5. 

available from <http://www.jphysiolanthropol.com/content/33/1/6> [2 June 2021] 

Ivankova, N. V., Creswell, J.W., and Stick, S.L. (2006) ‘Using Mixed-Methods 

Sequential Explanatory Design: From Theory to Practice’. Field Methods [online] 

18 (1), 3–20. available from 

<https://journals.sagepub.com/doi/abs/10.1177/1525822x05282260> [17 June 

2021] 

Jareteg, A., Maggiolo, D., Thunman, H., Sasic, S., and Ström, H. (2021) ‘Investigation 

of Steam Regeneration Strategies for Industrial-Scale Temperature-Swing 

Adsorption of Benzene on Activated Carbon’. Chemical Engineering and 

Processing - Process Intensification 167, 108546 

Jeremy, M. and Paul, G. (2005) A Handbook of Research Methods for Clinical and 

Health Psychology. Oxford University Press 

Ji, X., Yao, Y., and Long, X. (2018) ‘What Causes PM2.5 Pollution? Cross-Economy 

Empirical Analysis from Socioeconomic Perspective’. Energy Policy [online] 119, 

458–472. available from 

<https://www.sciencedirect.com/science/article/pii/S0301421518302568> [2 April 

2020] 

Jiang, C., Li, S., Zhang, P., and Wang, J. (2013) ‘Pollution Level and Seasonal 

Variations of Carbonyl Compounds, Aromatic Hydrocarbons and TVOC in a 

Furniture Mall in Beijing, China’. Building and Environment [online] 69 (July 

2010), 227–232. available from 

<http://dx.doi.org/10.1016/j.buildenv.2013.08.013> 



 

 257 

Jiang, M., Kim, E., and Woo, Y. (2020) ‘The Relationship between Economic Growth 

and Air Pollution—a Regional Comparison between China and South Korea’. 

International Journal of Environmental Research and Public Health 17 (8), 11–14 

Jiang, P., Chen, X., Li, Q., Mo, H., and Li, L. (2020) ‘High-Resolution Emission 

Inventory of Gaseous and Particulate Pollutants in Shandong Province, Eastern 

China’. Journal of Cleaner Production 259, 120806 

Jin, C., Zhou, X., Zhao, H., Liu, X., and Feng, K. (2013) ‘Comparison of Removal of 

Formaldehyde Capacity Between Hedera Helix and Melissa Officinalis’. Asian 

Journal of Chemistry 25 (7), 3823–3826 

Jung, C.-C., Wu, P.-C., Tseng, C.-H., and Su, H.-J. (2015) ‘Indoor Air Quality Varies 

with Ventilation Types and Working Areas in Hospitals’. Building and 

Environment [online] 85, 190–195. available from 

<https://www.sciencedirect.com/science/article/pii/S0360132314003989> [28 

August 2019] 

Jung, C.-R., Nishihama, Y., Nakayama, S.F., Tamura, K., Isobe, T., Michikawa, T., 

Iwai-Shimada, M., Kobayashi, Y., Sekiyama, M., Taniguchi, Y., and Yamazaki, S. 

(2021) ‘Indoor Air Quality of 5,000 Households and Its Determinants. Part B: 

Volatile Organic Compounds and Inorganic Gaseous Pollutants in the Japan 

Environment and Children’s Study’. Environmental Research [online] 111135. 

available from <https://linkinghub.elsevier.com/retrieve/pii/S0013935121004291> 

[16 April 2021] 

Kaplan, S. (1995) ‘The Restorative Benefits of Nature: Toward an Integrative 

Framework’. Journal of Environmental Psychology 15 (3), 169–182 



 

 258 

Klanova, K. and Hollerova, J. (2003) ‘Indoor and Built Environment Environment : 

Screening for Micro-Organisms and Particulate Matter’. Indoor and Built 

Environment 12, 61 

Kwong, C.W., Chao, C.Y.H., Hui, K.S., and Wan, M.P. (2008) ‘Removal of VOCs 

from Indoor Environment by Ozonation over Different Porous Materials’. 

Atmospheric Environment 42 (10), 2300–2311 

Lau, J., Bahnfleth, W., and Freihaut, J. (2009) ‘Estimating the Effects of Ambient 

Conditions on the Performance of UVGI Air Cleaners’. Building and Environment 

44 (7), 1362–1370 

Leung, M. and Chan, A.H.S. (2006) ‘Control and Management of Hospital Indoor Air 

Quality’. Medical Science Monitor 12 (3), 17–23 

Li, C., Liu, M., Hu, Y., Zhou, R., Huang, N., Wu, W., and Liu, C. (2020) ‘Spatial 

Distribution Characteristics of Gaseous Pollutants and Particulate Matter inside a 

City in the Heating Season of Northeast China’. Sustainable Cities and Society 61, 

102302 

Li, F., Feitelson, E., and Li, Y. (2020) ‘Is China at the Tipping Point? Reconsidering 

Environment-Economy Nexus’. Journal of Cleaner Production 276, 123156 

Li, L., Du, T., and Hu, Y. (2020) ‘The Effect of Different Classification of Hospitals on 

Medical Expenditure from Perspective of Classification of Hospitals Framework: 

Evidence from China’. Cost Effectiveness and Resource Allocation [online] 18 (1). 

available from </pmc/articles/PMC7493371/> [18 June 2021] 

Li, Y., Miao, Y., Che, H., and Liu, S. (2021) ‘On the Heavy Aerosol Pollution and Its 

Meteorological Dependence in Shandong Province, China’. Atmospheric Research 

256, 105572 



 

 259 

Li, Y.W. and Ma, W.L. (2021) ‘Photocatalytic Oxidation Technology for Indoor Air 

Pollutants Elimination: A Review’. Chemosphere 280, 130667 

Liang, W., Lv, M., and Yang, X. (2016a) ‘The Effect of Humidity on Formaldehyde 

Emission Parameters of a Medium-Density Fiberboard: Experimental Observations 

and Correlations’. Building and Environment [online] 101, 110–115. available 

from <http://dx.doi.org/10.1016/j.buildenv.2016.03.008> 

Liang, W., Lv, M., and Yang, X. (2016b) ‘The Combined Effects of Temperature and 

Humidity on Initial Emittable Formaldehyde Concentration of a Medium-Density 

Fiberboard’. Building and Environment [online] 98, 80–88. available from 

<http://dx.doi.org/10.1016/j.buildenv.2015.12.024> 

Liao, L., Du, M., and Chen, Z. (2021) ‘Air Pollution, Health Care Use and Medical 

Costs: Evidence from China’. Energy Economics 95, 105132 

Lim, Y.-W., Kim, H.-H., Yang, J.-Y., Kim, K.-J., Lee, J.-Y., and Shin, D.-C. (2009) 

Improvement of Indoor Air Quality by Houseplants in New-Built Apartment 

Buildings [online] vol. 78. available from <www.jstage.jst.go.jp/browse/jjshs1> 

[19 May 2021] 

Liu, K., Xue, M., Peng, M., and Wang, C. (2020) ‘Impact of Spatial Structure of Urban 

Agglomeration on Carbon Emissions: An Analysis of the Shandong Peninsula, 

China’. Technological Forecasting and Social Change 161, 120313 

Liu, Y., Wang, Z., Zhang, Z., Hong, J., and Lin, B. (2018) ‘Investigation on the Indoor 

Environment Quality of Health Care Facilities in China’. Building and 

Environment [online] 141 (February), 273–287. available from 

<https://doi.org/10.1016/j.buildenv.2018.05.054> 



 

 260 

Lu, P., Zhang, Y., Lin, J., Xia, G., Zhang, W., Knibbs, L.D., Morgan, G.G., Jalaludin, 

B., Marks, G., Abramson, M., Li, S., and Guo, Y. (2020) ‘Multi-City Study on Air 

Pollution and Hospital Outpatient Visits for Asthma in China’. Environmental 

Pollution 257, 113638 

Lu, X., Zhang, S., Xing, J., Wang, Y., Chen, W., Ding, D., Wu, Y., Wang, S., Duan, L., 

and Hao, J. (2020) ‘Progress of Air Pollution Control in China and Its Challenges 

and Opportunities in the Ecological Civilization Era’. in Engineering. vol. 6 (12). 

Elsevier Ltd, 1423–1431 

Luo, H. and Zhong, L. (2021) ‘Ultraviolet Germicidal Irradiation (UVGI) for in-Duct 

Airborne Bioaerosol Disinfection: Review and Analysis of Design Factors’. 

Building and Environment 197, 107852 

Magnusson, E., and Marecek, J. (2015) Doing Interview-Based Qualitative Research: A 

Learner’s Guide. Cambridge University Press. 

Majd, E., McCormack, M., Davis, M., Curriero, F., Berman, J., Connolly, F., Leaf, P., 

Rule, A., Green, T., Clemons-Erby, D., Gummerson, C., and Koehler, K. (2019) 

‘Indoor Air Quality in Inner-City Schools and Its Associations with Building 

Characteristics and Environmental Factors’. Environmental Research [online] 170 

(November 2018), 83–91. available from 

<https://doi.org/10.1016/j.envres.2018.12.012> 

Mamaghani, A.H., Haghighat, F., and Lee, C.-S. (2017) ‘Photocatalytic Oxidation 

Technology for Indoor Environment Air Purification: The State-of-the-Art’. 

Applied Catalysis B: Environmental [online] 203, 247–269. available from 

<http://www.sciencedirect.com/science/article/pii/S0926337316308001> 



 

 261 

Markevych, I., Schoierer, J., Hartig, T., Chudnovsky, A., Hystad, P., Dzhambov, A.M., 

de Vries, S., Triguero-Mas, M., Brauer, M., Nieuwenhuijsen, M.J., Lupp, G., 

Richardson, E.A., Astell-Burt, T., Dimitrova, D., Feng, X., Sadeh, M., Standl, M., 

Heinrich, J., and Fuertes, E. (2017) ‘Exploring Pathways Linking Greenspace to 

Health: Theoretical and Methodological Guidance’. in Environmental Research. 

vol. 158. Academic Press Inc., 301–317 

Marshall, B., Cardon, P., Poddar, A., and Fontenot, R. (2013) ‘Does Sample Size Matter 

in Qualitative Research?: A Review of Qualitative Interviews in Is Research’. 

Journal of Computer Information Systems [online] 54 (1), 11–22. available from 

<https://www.tandfonline.com/doi/abs/10.1080/08874417.2013.11645667> [21 

June 2021] 

Mendes, A., Bonassi, S., Aguiar, L., Pereira, C., Neves, P., Silva, S., Mendes, D., 

Guimarães, L., Moroni, R., and Teixeira, J.P. (2015) ‘Indoor Air Quality and 

Thermal Comfort in Elderly Care Centers’. Urban Climate [online] 14, 486–501. 

available from 

<https://www.sciencedirect.com/science/article/pii/S2212095514000522> [28 

August 2019] 

Missouri Botanical Garden (n.d.) Chlorophytum Comosum [online] available from 

<https://www.missouribotanicalgarden.org/PlantFinder/PlantFinderDetails.aspx?ke

mpercode=b547> [8 August 2020] 

Ministry of Housing and Urban-Rural Development of the People’s Republic of China 

(2014) Architectural and Design Code for General Hospital (GB 51039–2014). 

Ministry of Housing and Urban-Rural Development of the People’s Republic of 

China 



 

 262 

Ministry of Housing and Urban-Rural Development of the People’s Republic of China 

(2012) Design Code for Heating and Air Conditioning in Civil Buildings. Ministry 

of Housing and Urban-Rural Development of the People’s Republic of China 

National Cancer Institution (2011) Formaldehyde and Cancer Risk - National Cancer 

Institute [online] available from <https://www.cancer.gov/about-cancer/causes-

prevention/risk/substances/formaldehyde/formaldehyde-fact-sheet#r1> [28 April 

2021] 

National Institute of Environmental Health Sciences (2021) Air Pollution and Your 

Health [online] available from 

<https://www.niehs.nih.gov/health/topics/agents/air-pollution/index.cfm> [13 

April 2021] 

Nguyen, J.L., Schwartz, J., and Dockery, D.W. (2014) ‘The Relationship between 

Indoor and Outdoor Temperature, Apparent Temperature, Relative Humidity, and 

Absolute Humidity’. Indoor Air 24 (1), 103–112 

Nation Health Commission (2019) Statistical Bulletin of Health Development in 2018 

[online] available from 

<http://www.nhc.gov.cn/guihuaxxs/s10748/201905/9b8d52727cf346049de8acce25

ffcbd0.shtml> 

Nation Health Commission (2014) Examination Methods for Public Places―Part 2: 

Chemical Pollutants. Nation Health Commission 

Nation Health Commission (2002) Indoor Air Quality Standard. Nation Health 

Commission 

Onwuegbuzie, A.J., Bustamante, R.M., and Nelson, J.A. (2010) ‘Mixed Research as a 

Tool for Developing Quantitative Instruments’. Journal of Mixed Methods 



 

 263 

Research [online] 4 (1), 56–78. available from 

<https://journals.sagepub.com/doi/abs/10.1177/1558689809355805> [17 June 

2021] 

Orwell, R.L., Wood, R.A., Burchett, M.D., Tarran, J., and Torpy, F. (2006) ‘The Potted-

Plant Microcosm Substantially Reduces Indoor Air VOC Pollution: II. Laboratory 

Study’. Water, Air, and Soil Pollution 177 (1–4), 59–80 

Park, S.-H. and Mattson, R.H. (2008) Effects of Flowering and Foliage Plants in 

Hospital Rooms on Patients Recovering from Abdominal Surgery in: 

HortTechnology Volume 18 Issue 4 (2008) [online] available from 

<https://journals.ashs.org/horttech/view/journals/horttech/18/4/article-

p563.xml?utm_source=FB> [2 June 2021] 

Parseh, I., Teiri, H., Hajizadeh, Y., and Ebrahimpour, K. (2018) ‘Phytoremediation of 

Benzene Vapors from Indoor Air by Schefflera Arboricola and Spathiphyllum 

Wallisii Plants’. Atmospheric Pollution Research [online] 9 (6), 1083–1087. 

available from <https://doi.org/10.1016/j.apr.2018.04.005> 

Pastuszka, J.S., Marchwiñska-Wyrwa, E., and Wlazlo, A. (2005) Bacterial Aerosol in 

Silesian Hospitals : Preliminary Results. 14 (6) 

Pettit, T., Irga, P.J., and Torpy, F.R. (2018) ‘Towards Practical Indoor Air 

Phytoremediation: A Review’. Chemosphere [online] 208, 960–974. available 

from <http://www.sciencedirect.com/science/article/pii/S0045653518311238> 

Plano Clark, V.L. (2019) ‘Meaningful Integration within Mixed Methods Studies: 

Identifying Why, What, When, and How’. in Contemporary Educational 

Psychology. vol. 57. Academic Press Inc., 106–111 



 

 264 

Plantopedia (n.d.) Spider Plant, Chlorophytum Comosum – How to Grow and Care 

[online] available from <https://www.plantopedia.com/chlorophytum-comosum/> 

[8 August 2020] 

Public Health England (2019) Indoor Air Quality Guidelines for Selected Volatile 

Organic Compounds (VOCs) in the UK [online] available from 

<www.facebook.com/PublicHealthEngland> [8 May 2021] 

Public Health England (2017) Formaldehyde: General Information - GOV.UK [online] 

available from <https://www.gov.uk/government/publications/formaldehyde-

properties-incident-management-and-toxicology/formaldehyde-general-

information> [28 April 2021] 

Raanaas, R.K., Evensen, K.H., Rich, D., Sjøstrøm, G., and Patil, G. (2011) ‘Benefits of 

Indoor Plants on Attention Capacity in an Office Setting’. Journal of 

Environmental Psychology 31 (1), 99–105 

Rattray, J. and Jones, M.C. (2007) ‘Essential Elements of Questionnaire Design and 

Development’. in Journal of Clinical Nursing [online] vol. 16 (2). John Wiley & 

Sons, Ltd, 234–243. available from 

<https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2702.2006.01573.x> [2 

July 2021] 

Raza, S.H., Shylaja, G., and Gopal, B. V. (1995) ‘Different Abilities of Certain 

Succulent Plants in Removing CO2 from the Indoor Environment of a Hospital’. 

Environment International 21 (4), 465–469 

Rosário Filho, N.A., Urrutia-Pereira, M., D’Amato, G., Cecchi, L., Ansotegui, I.J., 

Galán, C., Pomés, A., Murrieta-Aguttes, M., Caraballo, L., Rouadi, P., Chong-



 

 265 

Neto, H.J., and Peden, D.B. (2021) ‘Air Pollution and Indoor Settings’. in World 

Allergy Organization Journal. vol. 14 (1). Elsevier Inc., 100499 

Sandelowski, M. (1995) ‘Sample Size in Qualitative Research.’ Research in Nursing & 

Health [online] 18 (2), 179–183. available from 

<https://onlinelibrary.wiley.com/doi/full/10.1002/nur.4770180211> [21 June 2021] 

Satish, U., Mendell, M.J., Shekhar, K., Hotchi, T., Sullivan, D., Streufert, S., and Fisk, 

W.J. (2012) ‘Is CO2 an Indoor Pollutant? Direct Effects of Low-to-Moderate CO2 

Concentrations on Human Decision-Making Performance’. Environmental Health 

Perspectives 120 (12), 1671–1677 

Sattayakorn, S., Ichinose, M., and Sasaki, R. (2017) ‘Clarifying Thermal Comfort of 

Healthcare Occupants in Tropical Region: A Case of Indoor Environment in Thai 

Hospitals’. Energy and Buildings [online] 149, 45–57. available from 

<http://dx.doi.org/10.1016/j.enbuild.2017.05.025> 

Sautour, M., Sixt, N., Dalle, F., L’Ollivier, C., Fourquenet, V., Calinon, C., Paul, K., 

Valvin, S., Maurel, A., Aho, S., Couillault, G., Cachia, C., Vagner, O., Cuisenier, 

B., Caillot, D., and Bonnin, A. (2009) ‘Profiles and Seasonal Distribution of 

Airborne Fungi in Indoor and Outdoor Environments at a French Hospital’. 

Science of the Total Environment [online] 407 (12), 3766–3771. available from 

<http://dx.doi.org/10.1016/j.scitotenv.2009.02.024> 

Shen, G., Ainiwaer, S., Zhu, Y., Zheng, S., Hou, W., Shen, H., Chen, Y., Wang, X., 

Cheng, H., and Tao, S. (2020) ‘Quantifying Source Contributions for Indoor CO2 

and Gas Pollutants Based on the Highly Resolved Sensor Data’. Environmental 

Pollution 267, 115493 



 

 266 

Sidheswaran, M., Chen, W., Chang, A., Miller, R., Cohn, S., Sullivan, D., Fisk, W.J., 

Kumagai, K., and Destaillats, H. (2013) ‘Formaldehyde Emissions from 

Ventilation Filters Under Different Relative Humidity Conditions’. Environmental 

Science and Technology [online] 47 (10), 5336–5343. available from 

<https://pubs.acs.org/doi/abs/10.1021/es400290p> [11 August 2021] 

Simanic, B., Nordquist, B., Bagge, H., and Johansson, D. (2019) ‘Indoor Air 

Temperatures, CO2 Concentrations and Ventilation Rates: Long-Term 

Measurements in Newly Built Low-Energy Schools in Sweden’. Journal of 

Building Engineering [online] 25 (March), 100827. available from 

<https://doi.org/10.1016/j.jobe.2019.100827> 

Sinaian, P. (2020) What Is a Likert Scale? Definition, Examples, and Usage [online] 

available from <https://www.surveylegend.com/likert-scales/likert-type-scale-

responses-examples-with-examples/> [3 July 2021] 

Siniscalco, M.T. and Auriat, N. (2005) ‘Questionnaire Design: Module 8’. Quantitative 

Research Methods in Educational Planning 22–35 

Skoog, J., Fransson, N., and Jagemar, L. (2005) ‘Thermal Environment in Swedish 

Hospitals: Summer and Winter Measurements’. Energy and Buildings [online] 37 

(8), 872–877. available from 

<https://www.sciencedirect.com/science/article/pii/S0378778804003470> [14 

August 2019] 

Soreanu, G. (2016) ‘Biotechnologies for Improving Indoor Air Quality’. in Start-Up 

Creation: The Smart Eco-Efficient Built Environment. Elsevier Inc., 301–328 



 

 267 

Soreanu, G., Dixon, M., and Darlington, A. (2013) ‘Botanical Biofiltration of Indoor 

Gaseous Pollutants - A Mini-Review’. in Chemical Engineering Journal. vol. 229. 

Elsevier, 585–594 

Sousa, F.W., Caracas, I.B., Nascimento, R.F., and Cavalcante, R.M. (2011) ‘Exposure 

and Cancer Risk Assessment for Formaldehyde and Acetaldehyde in the Hospitals, 

Fortaleza-Brazil’. Building and Environment 46 (11), 2115–2120 

Sriprapat, W., Suksabye, P., Areephak, S., Klantup, P., Waraha, A., Sawattan, A., and 

Thiravetyan, P. (2014) ‘Uptake of Toluene and Ethylbenzene by Plants: Removal 

of Volatile Indoor Air Contaminants’. Ecotoxicology and Environmental Safety 

[online] 102, 147–151. available from 

<https://www.sciencedirect.com/science/article/pii/S0147651314000360> [12 

April 2020] 

Stamatelopoulou, A., Asimakopoulos, D.N., and Maggos, T. (2019) ‘Effects of PM, 

TVOCs and Comfort Parameters on Indoor Air Quality of Residences with Young 

Children’. Building and Environment [online] 150 (December 2018), 233–244. 

available from <https://doi.org/10.1016/j.buildenv.2018.12.065> 

Taherdoost, H. (2019) ‘What Is the Best Response Scale for Survey and Questionnaire 

Design; Review of Different Lengths of Rating Scale / Attitude Scale / Likert 

Scale’. International Journal of Academic Research in Management (IJARM) 8 

(1), 1–10 

Tao, H., Fan, Y., Li, X., Zhang, Z., and Hou, W. (2015) ‘Investigation of Formaldehyde 

and TVOC in Underground Malls in Xi’an, China: Concentrations, Sources, and 

Affecting Factors’. Building and Environment 85, 85–93 



 

 268 

Tashakkori, A. and Teddlie, C. (2010) SAGE Handbook of Mixed Methods in Social & 

Behavioral Research. SECOND EDI. SAGE Publications 

Teiri, H., Pourzamani, H., and Hajizadeh, Y. (2018) ‘Phytoremediation of VOCs from 

Indoor Air by Ornamental Potted Plants: A Pilot Study Using a Palm Species under 

the Controlled Environment’. Chemosphere [online] 197, 375–381. available from 

<https://doi.org/10.1016/j.chemosphere.2018.01.078> 

Torpy, F.R., Irga, P.J., and Burchett, M.D. (2014) ‘Profiling Indoor Plants for the 

Amelioration of High CO2 Concentrations’. Urban Forestry & Urban Greening 

[online] 13 (2), 227–233. available from 

<http://www.sciencedirect.com/science/article/pii/S1618866713001325> 

Ulrich, R.S., Simons, R.F., Losito, B.D., Fiorito, E., Miles, M.A., and Zelson, M. (1991) 

‘Stress Recovery during Exposure to Natural and Urban Environments’. Journal of 

Environmental Psychology 11 (3), 201–230 

Vallero, D.A. (2019) ‘Introduction’. in Air Pollution Calculations. Elsevier, 1–27 

Vasileiou, K., Barnett, J., Thorpe, S., and Young, T. (2018) ‘Characterising and 

Justifying Sample Size Sufficiency in Interview-Based Studies: Systematic 

Analysis of Qualitative Health Research over a 15-Year Period’. BMC Medical 

Research Methodology [online] 18 (1), 1–18. available from 

<https://link.springer.com/articles/10.1186/s12874-018-0594-7> [21 June 2021] 

Verheyen, J., Theys, N., Allonsius, L., and Descamps, F. (2011) ‘Thermal Comfort of 

Patients: Objective and Subjective Measurements in Patient Rooms of a Belgian 

Healthcare Facility’. Building and Environment [online] 46 (5), 1195–1204. 

available from 



 

 269 

<https://www.sciencedirect.com/science/article/pii/S0360132310003665> [15 

August 2019] 

Viegi, G., Baldacci, S., Maio, S., and Simoni, M. (2019) ‘Indoor Air Pollution in 

Industrialized Countries’. in Reference Module in Biomedical Sciences. Elsevier 

Wan, G.H., Chung, F.F., and Tang, C.S. (2011) ‘Long-Term Surveillance of Air Quality 

in Medical Center Operating Rooms’. American Journal of Infection Control 

[online] 39 (4), 302–308. available from 

<http://dx.doi.org/10.1016/j.ajic.2010.07.006> 

Wang, C., Zhu, G., Zhang, L., and Chen, K. (2020) ‘Particulate Matter Pollution and 

Hospital Outpatient Visits for Endocrine, Digestive, Urological, and 

Dermatological Diseases in Nanjing, China’. Environmental Pollution 261, 114205 

Wang, P. (2021) ‘China’s Air Pollution Policies: Progress and Challenges’. in Current 

Opinion in Environmental Science and Health. vol. 19. Elsevier B.V., 100227 

Wang, X., Bi, X., Sheng, G., and Fu, J. (2006) ‘Hospital Indoor PM10/PM2.5 and 

Associated Trace Elements in Guangzhou, China’. Science of The Total 

Environment [online] 366 (1), 124–135. available from 

<https://www.sciencedirect.com/science/article/pii/S0048969705006169> [7 April 

2020] 

Water Treatment Services (2021) Formaldehyde and Indoor Air Quality | Water 

Treatment Services [online] available from 

<https://watertreatmentservices.co.uk/environment/formaldehyde-indoor-air-

quality/> [30 April 2021] 

Wengraf, T. (2001) Qualitative Research Interviewing: Biographic Narrative and Semi-

Structured Methods. London: SAGE Publications 



 

 270 

Weschler, C.J. (2000) ‘Ozone in Indoor Environments: Concentration and Chemistry’. 

Indoor Air 10 (4), 269–288 

World Health Organisation (2010) WHO Guidelines for Indoor Air Quality: Selected 

Pollutants. The Regional Office for Europe of the World Health Organisation 

World Health Organisation (2018) 90 per Cent of the Planet Is Breathing in Polluted 

Air – World Health Organization [online] available from 

<https://news.un.org/en/story/2018/05/1008732> [11 November 2018] 

Wolkoff, P. (2018) ‘Indoor Air Humidity, Air Quality, and Health – An Overview’. 

International Journal of Hygiene and Environmental Health [online] 221 (3), 376–

390. available from 

<https://www.sciencedirect.com/science/article/pii/S1438463917306946> [16 

August 2019] 

Wolkoff, P. and Kjærgaard, S.K. (2007) ‘The Dichotomy of Relative Humidity on 

Indoor Air Quality’. Environment International 33 (6), 850–857 

Wolverton, B.C., Mcdonald, R.C., and Watkins, E.A. (1984) ‘Foliage Plants for 

Removing Indoor Air Pollutants from Energy-Efficient Homes’. Economic Botany 

Wood, R.A., Burchett, M.D., Alquezar, R., Orwell, R.L., Tarran, J., and Torpy, F. 

(2006) ‘The Potted-Plant Microcosm Substantially Reduces Indoor Air VOC 

Pollution: I. Office Field-Study’. Water, Air, and Soil Pollution 175 (1–4), 163–

180 

Xu, Z., Wang, L., and Hou, H. (2011) ‘Formaldehyde Removal by Potted Plant-Soil 

Systems’. Journal of Hazardous Materials 192 (1), 314–318 



 

 271 

Yang, C., Miao, G., Pi, Y., Xia, Q., Wu, J., Li, Z., and Xiao, J. (2019) ‘Abatement of 

Various Types of VOCs by Adsorption/Catalytic Oxidation: A Review’. Chemical 

Engineering Journal 370, 1128–1153 

Yang, J., Zhao, Y., Cao, J., and Nielsen, C.P. (2021) ‘Co-Benefits of Carbon and 

Pollution Control Policies on Air Quality and Health till 2030 in China’. 

Environment International 152, 106482 

Yao, Y., He, C., Li, Shiyin, Ma, W., Li, Shu, Yu, Q., Mi, N., Yu, J., Wang, W., Yin, L., 

and Zhang, Y. (2019) ‘Properties of Particulate Matter and Gaseous Pollutants in 

Shandong, China: Daily Fluctuation, Influencing Factors, and Spatiotemporal 

Distribution’. Science of the Total Environment 660, 384–394 

Yin, J., Yuan, J., Arfaei, N., Catalano, P.J., Allen, J.G., and Spengler, J.D. (2020) 

‘Effects of Biophilic Indoor Environment on Stress and Anxiety Recovery: A 

between-Subjects Experiment in Virtual Reality’. Environment International 136, 

105427 

Yin, J., Zhu, S., MacNaughton, P., Allen, J.G., and Spengler, J.D. (2018) ‘Physiological 

and Cognitive Performance of Exposure to Biophilic Indoor Environment’. 

Building and Environment [online] 132, 255–262. available from 

<http://www.sciencedirect.com/science/article/pii/S0360132318300064> 

Yu, L., Chen, S., Jia, J., Ding, R., and Wang, S. (2016) ‘A Maternity Hospital in 

Shenyang Indoor Environment Performance Influence Factor Analysis’. Procedia 

Engineering 146, 190–195 

Zhang, H., Hong, S., and Feng, H. (2017) ‘The Characteristics of the Patient’s 

Requirement for the Ward Thermal Environment’. Procedia Engineering [online] 

205, 288–295. available from 



 

 272 

<https://www.sciencedirect.com/science/article/pii/S1877705817345277> [14 

August 2019] 

Zhang, W., Deng, Z., Evans, R., Xiang, F., Ye, Q., and Zeng, R. (2018) ‘Social Media 

Landscape of the Tertiary Referral Hospitals in China: Observational Descriptive 

Study’. Journal of Medical Internet Research 20 (8) 

Zhang, X., Li, X., Wang, Zhichao, Deng, G., and Wang, Zhiyong (2020) ‘Exposure 

Level and Influential Factors of HCHO, BTX and TVOC from the Interior 

Redecoration of Residences’. Building and Environment [online] 168, 106494. 

available from 

<http://www.sciencedirect.com/science/article/pii/S0360132319307061> 

Zhang, Y., Mo, J., Li, Y., Sundell, J., Wargocki, P., Zhang, J., Little, J.C., Corsi, R., 

Deng, Q., Leung, M.H.K., Fang, L., Chen, W., Li, J., and Sun, Y. (2011) ‘Can 

Commonly-Used Fan-Driven Air Cleaning Technologies Improve Indoor Air 

Quality? A Literature Review’. Atmospheric Environment [online] 45 (26), 4329–

4343. available from 

<http://www.sciencedirect.com/science/article/pii/S1352231011005346> 

Zhang, Y., Wu, Z., Gou, K., Wang, R., and Wang, J. (2021) ‘The Impact of Air 

Pollution on Outpatient Visits of Children with Asthma in Xi’an, China’. 

Wilderness and Environmental Medicine 32 (1), 47–54 

Zhang, Z.F., Zhang, Xue, Zhang, Xian ming, Liu, L.Y., Li, Y.F., and Sun, W. (2020) 

‘Indoor Occurrence and Health Risk of Formaldehyde, Toluene, Xylene and Total 

Volatile Organic Compounds Derived from an Extensive Monitoring Campaign in 

Harbin, a Megacity of China’. Chemosphere 250, 126324 



 

 273 

Zhong, L. and Haghighat, F. (2015) ‘Photocatalytic Air Cleaners and Materials 

Technologies – Abilities and Limitations’. Building and Environment [online] 91, 

191–203. available from 

<http://www.sciencedirect.com/science/article/pii/S0360132315000487> 

Zhou, Q., Lyu, Z., Qian, H., Song, J., and Möbs, V.C. (2015) ‘Field-Measurement of 

CO2 Level in General Hospital Wards in Nanjing’. Procedia Engineering [online] 

121, 52–58. available from 

<https://www.sciencedirect.com/science/article/pii/S1877705815027460> [28 

August 2019] 

Zhou, Y.-M., Fan, Y.-N., Yao, C.-Y., Xu, C., Liu, X.-L., Li, X., Xie, W.-J., Chen, Z., 

Jia, X.-Y., Xia, T.-T., Li, Y.-F., Ji, A.-L., and Cai, T.-J. (2021) ‘Association 

between Short-Term Ambient Air Pollution and Outpatient Visits of Anxiety: A 

Hospital-Based Study in Northwestern China’. Environmental Research 197, 

111071 

Zhou, Y., Zi, T., Lang, J., Huang, D., Wei, P., Chen, D., and Cheng, S. (2020) ‘Impact 

of Rural Residential Coal Combustion on Air Pollution in Shandong, China’. 

Chemosphere 260, 127517 

Zou, P.X.W., Xu, X., Sanjayan, J., and Wang, J. (2018) ‘A Mixed Methods Design for 

Building Occupants’ Energy Behavior Research’. Energy and Buildings [online] 

166, 239–249. available from 

<https://www.sciencedirect.com/science/article/abs/pii/S0378778817331730> [23 

April 2020] 



 

 274 

Appendix A - Informed Consent Form 

 



 

 275 

Appendix B - Participant Information Sheet  

 

 

Participant Information Sheet 

PARTICIPANT INFORMATION SHEET 

 

Project tittle: Natural and sustainable approaches to improve indoor air quality in 

hospital’s clinics in China 

 
 

You are being invited to take part in research on natural and sustainable approaches to improve indoor air 

quality in hospital’s clinics in China. Hao Mu, PhD student at Coventry University is leading this research. 

Before you decide to take part, it is important you understand why the research is being conducted and what 

it will involve. Please take time to read the following information carefully. 
 

What is the purpose of the study? 

 

The aim of this study is to investigate and identify the relations and interactions between indoor green plants, 

human’s behaviour, and IAQ in clinics, and based on experimental validation to explore the suggestion 

guideline of IAQ and improve the control and management methods in hospital’s clinics in China. 

 

In order to achieve the aim of this research successfully, it needs to complete the following five objectives:   

 

1) Investigating and identifying the existing circumstances of air quality, occupant’s satisfactions, and 

the requirement of IAQ criteria in hospitals in China; 

2) Assessing the practical ability of indoor green plants to improve IAQ; 

3) Analysing relations and interactions between indoor green plants, human’s behaviour, and IAQ; 

4) Through experimental validation in clinics to explore a suggestion guideline for improving IAQ in 

hospitals; and 

5) Developing a design framework to improve the control and management methods of IAQ.  

 
 

Why have I been chosen to take part? 

 

You are invited to participate in this study because you have a certain understanding of the current situation 

of hospital indoor environmental quality and have environmental awareness. 

 

What are the benefits of taking part? 

 

By sharing your experiences with us, you will be helping Hao Mu and Coventry University to better 
understand the indoor air quality in hospitals. 

 
Are there any risks associated with taking part? 

 

This study has been reviewed and approved through Coventry University’s formal research ethics procedure. 

There are no significant risks associated with participation.  

 

Do I have to take part? 

 

No – it is entirely up to you. If you do decide to take part, please keep this Information Sheet and complete 

the Informed Consent Form to show that you understand your rights in relation to the research, and that you 

are happy to participate. Please note down your participant number (which is on the Consent Form) and 

provide this to the lead researcher if you seek to withdraw from the study at a later date. You are free to 

withdraw your information from the project data set at any time until the data are destroyed on 01/08/2020.  

You should note that your data may be used in the production of formal research outputs (e.g. journal 

articles, conference papers, theses and reports) prior to this date and so you are advised to contact the 
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university at the earliest opportunity should you wish to withdraw from the study.   To withdraw, please 

contact the lead researcher (contact details are provided below).  Please also contact the Research Support 

Office, email researchproservices.fbl@coventry.ac.uk; telephone +44(0)2477658461 so that your request 

can be dealt with promptly in the event of the lead researcher’s absence.  You do not need to give a reason. 

A decision to withdraw, or not to take part, will not affect you in any way. 

 

What will happen if I decide to take part? 

 

You will be asked a number of questions regarding the indoor air quality in hospital's clinics in China. The 

interview will take place in a safe environment at a time that is convenient to you. 

 

Data Protection and Confidentiality 

Your data will be processed in accordance with the General Data Protection Regulation 2016 (GDPR) and 

the Data Protection Act 2018.  All information collected about you will be kept strictly confidential. Unless 

they are fully anonymised in our records, your data will be referred to by a unique participant number rather 

than by name. All electronic data will be stored on a password-protected computer file in Coventry 

university OneDrive. Your consent information will be kept separately from your responses in order to 

minimise risk in the event of a data breach. The lead researcher will take responsibility for data destruction 

and all collected data will be destroyed on or before 01/08/2020. 

 

Data Protection Rights 

Coventry University is a Data Controller for the information you provide.  You have the right to access 

information held about you. Your right of access can be exercised in accordance with the General Data 

Protection Regulation and the Data Protection Act 2018. You also have other rights including rights of 

correction, erasure, objection, and data portability.  For more details, including the right to lodge a complaint 

with the Information Commissioner’s Office, please visit www.ico.org.uk.  Questions, comments and 

requests about your personal data can also be sent to the University Data Protection Officer - 

enquiry.ipu@coventry.ac.uk 
    

What will happen with the results of this study? 

The results of this study may be summarised in published articles, reports and presentations.   Quotes or key 

findings will always be made anonymous in any formal outputs unless we have your prior and explicit 

written permission to attribute them to you by name. 
 

 

Making a Complaint 

If you are unhappy with any aspect of this research, please first contact the lead researcher, Hao Mu, 

muh@uni.covnetry.ac.uk. If you still have concerns and wish to make a formal complaint, please write to 

aa6328@coventry.ac.uk. 
 

Hao Mu 

PhD Research Student  

Coventry University  

Coventry CV1 5FB  

Email: muh@uni.covnetry.ac.uk 
 

In your letter please provide information about the research project, specify the name of the researcher and 

detail the nature of your complaint. 
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