
 

I 
 

 

 

Literature Review on the Correlation 

Between Indoor Air Quality (IAQ) and 

Health and Safety 

 

 

 

 

by 

 CLEAN AIR NETWORK 

 

 

 

 

 

June 2025 

  



 

II 
 

Abstract 

 

 

Indoor air quality (IAQ) is a critical public health issue in Hong Kong, though it is often 

overshadowed by concerns about outdoor air pollution. The city's unique high-density 

urban environment and humid climate significantly exacerbate health risks from a wide 

range of indoor sources, including combustion from cooking, chemical emissions from 

building materials, and biological contaminants. These risks translate into severe 

consequences for residents, including an increased risk of chronic diseases like cancer, 

impaired cognitive function, and a substantial economic burden around 32.56 billion 

HKD per year. Crucially, these impacts fall disproportionately on vulnerable groups 

such as the elderly, children, and low-income workers, particularly those in high-risk 

environments like subdivided units and schools. Underpinning this entire crisis is a 

systemic failure: a vicious cycle where policy neglect leads to a lack of research and 

data, which in turn prevents IAQ from becoming a public priority. Therefore, a 

concerted effort from both the government and the public is urgently needed to break 

this cycle and safeguard the health and well-being of all residents. 
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1. Introduction 

Air quality, as a dominant environmental exposure for humans, has a significant impact 

on health. According to the IMHE's GBD database, air pollution has become the second 

largest global health risk, only after high blood pressure [1]. As lifestyles in modern 

society change, studies from multiple countries indicate that people spend over 80% of 

their time indoors on average. Against this backdrop, indoor air quality (IAQ) is 

particularly important [2, 3]. It refers to the air quality inside and around buildings and 

structures, affecting respiratory health and being closely related to various chronic 

diseases, directly impacting life quality and work efficiency [4]. IAP is the main cause 

of IAQ deterioration, with WHO data indicating that IAP in household environments 

alone causes about 3.2 million deaths annually, including 200,000 children; considering 

public places, the actual number may be higher [5]. However, despite IAQ's importance, 

academia and government attention is noticeably lower than that for outdoor air quality 

[6], and Hong Kong is no exception. 

Fig. 1Trends in Global and Hong Kong Air Quality and Pollutants - Related Research 

As a highly urbanized, densely populated international metropolis, Hong Kong's unique 

urban environment poses greater challenges to indoor air quality. Although the Hong 

Kong government has achieved significant results in outdoor air quality management, 

such as implementing the Air Quality Health Index (AQHI) and pollutant concentration 

monitoring [7, 8]. But indoor air quality management still relies on recommended 

standards and voluntary participation plans, lacking mandatory regulatory support [9]. 

Additionally, Hong Kong lacks detailed indoor air quality data and related research, 

having only rough air quality classification information for buildings certified through 

government management plans [10], lacking an early warning mechanism for poor 

indoor air quality, and research in related fields is relatively weak. 

Considering the above background, this study aims to integrate international and local 

research findings on indoor air quality through literature review, with specific 

objectives including: 1. Fully identifying key pollution sources affecting Hong Kong's 

indoor air quality and their health impact mechanisms. 2. Identifying high-risk indoor 
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locations (such as schools, offices, malls, and high-density residences) and vulnerable 

populations (such as children, the elderly, and chronic disease patients) in Hong Kong's 

specific environment. 3. Assessing the shortcomings of existing Hong Kong indoor air 

quality management policies and gaps in the evidence chain. Through this study, it is 

hoped to enhance public awareness of the importance of indoor air quality, provide a 

scientific and systematic knowledge base for the Hong Kong government to formulate 

relevant policies, and ultimately improve the health and well-being of Hong Kong 

residents. 

 2. Sources of Poor IAQ 

2.1 Indoor air pollutants 

Indoor air pollutants (IAP) typically form complex mixtures containing inorganic gases, 

volatile organic compounds (VOCs), particulate matter (PM), aerosols, and biological 

contaminants[11]. When released into the air from indoor pollution sources, these 

compounds become the primary contributors to poor indoor air quality. The specific 

composition of IAP varies across different building environments due to differences in 

pollution source types, emission rates, and ventilation conditions. Therefore, 

identifying air pollutants and their potential sources is critical for effective indoor air 

quality management [12]. 

2.1.1 Gaseous Pollutants 

Indoor gaseous pollutants vary widely in type and originate from diverse sources. The 

most common types include carbon monoxide (CO), carbon dioxide (CO2), nitrogen 

oxides (NOx), and sulfur oxides (SOx), which are mainly produced during fossil fuel 

and biomass combustion. Another significant example is radon (Rn), a radioactive gas 

formed through the decay of uranium, radium, and other radioactive elements in the 

Earth's crust [13, 14]. 

Table. 1 Gaseous Pollutants and Indoor Sources 

Gases Source of emission 

CO[14-16] 1. Combustion or heating activities: 

Cooking appliances, heating systems, generators, and gasoline-powered 

devices 

2. Tobacco smoke 

3. Outdoor air pollution: 

Vehicle exhaust and industrial emissions 
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CO2[17] 1. Biological metabolism 

2. Combustion or heating activities: 

Cooking appliances, heating systems, generators, and gasoline-powered 

devices 

3. Tobacco smoke 

NOx[14, 15, 

18] 

1. Combustion or heating activities: 

Cooking appliances, heating systems, generators, and gasoline-powered 

devices 

2. Tobacco smoke 

3. Outdoor air pollution: 

Vehicle exhaust and industrial emissions 

SOx[14, 19, 20] 1. Combustion or heating activities: 

Cooking appliances, heating systems, generators, and gasoline-powered 

devices 

2. Tobacco smoke 

3. Outdoor air pollution: 

Vehicle exhaust and industrial emissions 

Radon[14, 15] 1. Building materials:  

Stone and concrete structures  

2. Soil gas emissions 

3. Groundwater supply systems 

2.1.2 Volatile Organic Compounds (VOCs) 

Volatile organic compounds (VOCs) are organic chemicals that evaporate at room 

temperature [21]. These compounds are released from multiple sources, such as 

building materials, furniture, household chemicals, and tobacco smoke. Generally, their 

indoor concentrations are much higher than outdoor ones [22]，which may cause acute 

or chronic adverse health effects on residents [23, 24]. 

Rösch 's research employed principal component analysis and analyzed the specific 

sources of different VOCs in indoor environments through field measurements [25]. 

Table. 2 Volatile Organic Compounds (VOCs) and Indoor Sources 

VOCs Source of emission 

Aromatic hydrocarbons, nonane Ventilation/season 

Terpenes, 2-heptanone Wood products (furniture, parquet), personal 

care and cleansing products 

Hexane, heptane, methylcyclopentane, 

cyclohexane 

Solvents, adhesive emissions, PVC 

Tri-, tetra-, penta-, hexadecane Renovation, paints/traffic emissions 

Texanol isobutyrate, benzaldehyde, 

cyclohexanone 

Solar radiation/secondary emissions 

Decan, un-, do-, tridecan Renovation, new furniture/traffic emissions 

Pentanal, hexanal, octanal, nonanal Aging of materials 
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Tetrachloromethane Background 

1-Butanol, 2-ethylhexanol Indoor climate 

Tetrahydrofuran PVC flooring 

2.1.3 Particulate Matter and Fibers 

PM refers to inhalable solid and liquid particles floating in the air [26, 27]. Indoor 

particulate matter pollution is classified into primary and secondary particulate matter 

pollution according to the source of PM. Primary PM directly comes from combustion 

and heating activities, smoking, use of daily chemicals, and other indoor activities. 

Secondary PM includes particles generated by the infiltration of polluted outdoor air, 

secondary physical dust, or chemical reactions. 

Table. 3 Particulate Matter and Fibers and Indoor Sources 

PM Source of emission 

Primary PM[28-38] Combustion or heating activities: 

Cooking appliances, heating systems, 

generators, and gasoline-powered devices 

 Tobacco smoke 

 Aging of building materials 

 Human activity 

Secondary PM[29] Outdoor air pollution 

 Transformation of primary gaseous pollutants  

Secondary dust source 

2.1.4 Biological Pollutants 

Biological pollutants are organisms in the air or their by-products, mainly composed of 

microorganisms, dust mites, pollen and dander, etc. [39, 40]. These sources often relate 

to dampness, human and animal presence, ventilation systems, and the infiltration of 

outdoor bioaerosols. 

Table. 4 Biological Pollutants and Indoor Sources 

Biological Pollutants Source of emission 

Molds and fungi[41] Damp environment 

Bacteria and viruses[42] Human beings and animals 

 Ventilation equipment: 

Air conditioner, fan, cooler, humidifier 

Dust mites and allergens[43] Clothes and bedding 

 Human beings and animals 

 Plant Pollen 

Outdoor air pollution 
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2.2 Physical factors 

Despite the indoor air pollutants, several other factors also affect indoor air quality, 

including humidity, temperature and ventilation. Some countries have incorporated it 

into the IAQ standards [44-46]. 

Indoor temperature directly affects the pollutant emission from indoor materials and 

products, as well as the diffusion process of other pollutants [47, 48]. Guo's quantitative 

formula clearly states that a 10°C increase in indoor temperature can increase the 

diffusion coefficient by approximately 6% [49]. And indoor temperature is primarily 

determined by ambient temperature, indoor heat sources, building heat conduction 

capacity, and ventilation and cooling systems [50-52]. 

Moisture mainly affects indoor air quality through biological pollutants and triggers a 

series of chain reactions, posing multiple threats to the indoor environment and human 

health [53]. In terms of biological pollutants, a humid environment provides excellent 

conditions for the survival and reproduction of microorganisms, which include various 

bacteria, fungi, and viruses. In addition to directly infecting humans and causing 

diseases, they also produce irritating factors such as toxins or allergens, further 

deteriorating indoor air quality [54, 55]. Besides, humid environment also attracts dust 

mites, insects, and rodents to inhabit and reproduce [53], which not only carry a large 

number of germs, but also are important sources of indoor allergens, directly 

threatening human health [56]. 

 Water leakage: Water intrudes through structural defects in buildings (roofs, 

exterior walls, pipes) or seeps in after being absorbed by porous building 

materials. 

 Air infiltration and condensation: Condensation of moisture in the air. 

 Inadequate ventilation and humidity control: Poor ventilation in high-

humidity areas (bathrooms, kitchens) or dehumidification system failures. 

Ventilation is often considered to have a strong connection with IAQ [57, 58]. Because 

the pollutant concentration in outdoor air is often lower than that in indoor air, strong 

ventilation tends to mean better indoor air quality, and vice versa. According to previous 

studies, poor ventilation is often related to terrain and building layout, surrounding 

pollution sources and obstacles, interior building design, and mechanical ventilation 

equipment [59, 60]. 
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3. Impacts of Poor IAQ 

3.1 Physiological Impacts 

3.1.1 Cardiovascular System Disease 

The cardiovascular system can be significantly influenced by exposure to poor indoor 

air quality, with a growing body of evidence linking various IAP to adverse cardiac and 

circulatory outcomes. These pollutants can instigate a range of physiological responses, 

including endothelial dysfunction, systemic inflammation, oxidative stress, and 

alterations in autonomic nervous system balance, which collectively contribute to the 

pathogenesis or exacerbation of cardiovascular diseases, ranging from chronic 

conditions like heart disease, congestive heart failure, coronary artery disease, angina, 

hypertension, and atherosclerosis, to acute and potentially life-threatening events such 

as heart attack (myocardial infarction), stroke, arrhythmia, and atrial fibrillation. 

Table. 5 Cardiovascular System Disease Caused by Indoor Air Pollutants 

Indoor air 

pollutants 

Mechanism Disease 

Gaseous[61, 62] Elevated blood pressure, 

Decreased HRV 

Heart disease 

VOCs[63-67] Elevated blood pressure, 

Elevated heart rate,  

Decreased HRV, 

Decreased HF, 

Increases in serum CRP and 8-OHdG 

levels 

Congestive heart failure 

Coronary artery disease 

Angina 

Heart attack 

Stroke 

PM[68-72] Elevated blood pressure, 

Elevated heart rate， 

Hemodynamic disorder 

Hypertension 

Atherosclerosis 

Stroke 

Myocardial Infarction 

Arrhythmia 

Heart Failure 

Atrial Fibrillation 

3.1.2 Respiratory System Disease 

The human respiratory system serves as a direct interface with the surrounding air, 

making it exceptionally vulnerable to the various pollutants present in indoor 

environments. Exposure to these contaminants can trigger a cascade of adverse 

reactions, including inflammation of the airways, oxidative stress leading to cellular 



 

7 
 

 

damage, compromised immune responses, and direct irritation or injury to lung tissues, 

culminating in a diverse range of respiratory ailments. Such as Chronic Obstructive 

Pulmonary Disease (COPD), type II respiratory failure characterized by hypercapnia, 

acute respiratory infections, asthma, and allergic rhinitis. 

Table. 6 Respiratory System Disease Caused by Indoor Air Pollutants 

Indoor air pollutants Mechanism Disease 

Gaseous[73-75] Increased ventilation 

Decreased FVC 

Decreased vital capacity 

Induce oxidative stress 

DNA damage 

COPD 

Type II respiratory failure 

(hypercapnia) 

Respiratory infection 

Asthma 

VOCs[76-78] Enhanced airway 

responsiveness 

Asthma 

PM[79-84] Impaired immune function 

Inflammation 

Induce oxidative stress 

DNA damage 

COPD 

Asthma 

Biological[85-88] Bacterial or viral infection 

Impaired immune function 

Inflammation 

Induce oxidative stress 

DNA damage 

COPD 

Respiratory infection 

Asthma 

Allergic rhinitis 

 

3.1.3 Infection Diseases 

Biological pollutants in the indoor air cover a wide range of infectious bacteria and 

viruses. Many diseases are transmitted through air droplets or aerosols containing 

viruses, bacteria or other infectious particles. Especially those places with high living 

density or insufficient ventilation often become important storage and transmission 

sites for pathogenic microorganisms. In addition to the pathogens themselves, their 

survival and spread are also significantly influenced by indoor air quality parameters 

such as humidity and ventilation conditions, which are directly related to the risk of 

residents contracting infectious diseases. 

Table. 7 Infection Diseases by Indoor Air Pollutants 

Pathogenic microorganism Disease 

Virus [89-97] Influenza 

SARS 

MERS 

Tuberculosis 

Measles 

Adenovirus disease 

Bacteria [98-102] Tuberculosis 
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Diphtheria 

Pharyngitis 

Staphylococcal infection 

Other [103, 104] Psittacosis 

Aspergillus 

Pulmonary infection 

 

3.1.4 Cancer 

Long-term exposure to poor indoor air quality is a significant contributor to various 

cancers, most notably lung cancer. Studies reveal that air pollutants like particulate 

matter (PM) and volatile organic compounds (VOCs), released from burning solid fuels 

such as coal and wood for cooking and heating, can quadruple the risk of lung cancer 

in chronically exposed individuals compared to the general population [105].  

This issue is particularly pronounced in East and South Asia, where women 

traditionally undertake most of the cooking. Due to the prevalent use of solid fuels, lung 

cancer rates among non-smoking women in these regions surpass those of their male 

counterparts [106, 107]. Beyond fuel-based pollutants, carcinogens from tobacco 

smoke and radon are also major risk factors. Furthermore, harmful substances produced 

by fuel combustion, including polycyclic aromatic hydrocarbons and PM, have been 

linked to other malignant tumors such as oral, laryngeal, nasopharyngeal, and even 

breast cancer [14, 108]. A local study found that every 10 μg/m³ increase in residential 

PM2.5 would lead to a higher risk of mortality from all cancers among the elderly, with 

a Hazard Ratio of 1.22 (95% CI: 1.11–1.34).[109] 

3.1.5 Sick Building Syndrome 

Besides directly inducing diseases, poor IAQ exposure can also cause some symptoms 

without a clear cause, related to the overall building environment [110], referred to as 

Sick Building Syndrome (SBS) [111]. These symptoms emerge once residents spend a 

certain amount of time in the building and deteriorate over time. Yet once they leave 

the building, the symptoms gradually subside and disappear [112]. 

Table. 8 Symptoms of Sick Building Syndrome 

Irritation in eyes, nose or throat Dryness  

Stinging, smarting, irritating sensation  

Hoarseness, changed voice 

Skin irritation Reddening of skin 

Stinging, smarting, itching sensation 

Dry skin 

Odor and taste complaints Changed sensitivity 

Unpleasant odor or taste 
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Neurotoxic symptoms Mental fatigue 

Reduced memory 

Lethargy, drowsiness 

Reduced power of concentration 

Headache. Dizziness 

Nausea 

Tiredness 

 

3.2 Cognitive Impacts 

Increasing evidence suggests that the quality of indoor air does not only affect 

physiological health but can also exert a significant influence on cognitive functions, 

impacting mental performance, concentration, and overall productivity. Even at 

exposure levels that may not induce overt physical illness, common indoor pollutants 

can subtly or overtly impair a range of cognitive abilities crucial for learning, work, and 

daily tasks. Which includes decreased memory recall and retention, heightened 

difficulty in concentrating and maintaining attention, prolonged reaction times, 

diminished accuracy in work or task performance, increased feelings of fatigue, 

episodes of dizziness or headache, a discernible decrease in overall cognitive level or 

capacity, and ultimately result in decreased productivity. 

Table. 9 Cognitive Impacts Caused by Indoor Air Pollutants 

Indoor air pollutants  Impacts 

Gaseous[113-119] CO 

CO₂ 

NO₂  

O₃ 

Decreased memory 

Difficulty concentrating 

Prolonged reaction time 

Decreased work accuracy 

Fatigue 

Dizziness, headache 

Decreased cognitive level  

Decreased productivity 

VOCs[115, 117, 118, 

120, 121] 

Aromatic hydrocarbons (benzene, 

toluene, xylene, ethylbenzene) 

Aldehydes (formaldehyde) Terpenes 

Alcohols 

Fatigue 

Dizziness, headache 

Decreased cognitive level  

Decreased productivity 

PM[116, 122, 123] PM2.5 

PM10 

Decreased cognitive level 

Decreased productivity 



 

10 
 

 

4. Economic Burden 

4.1 International Estimation 

The societal and economic repercussions of poor indoor air quality (IAQ) are extensive, 

translating into significant financial burdens through increased healthcare expenditures, 

productivity losses due to illness and cognitive impairment, and diminished overall 

quality of life. Numerous international studies and organizations have undertaken 

efforts to quantify these multifaceted economic impacts, employing diverse 

methodologies and focusing on various pollution and outcome scopes. 

Table. 10 Economic Burden Caused by Indoor Air Pollutants 

Region Pollution scopes Economic burden Outcome scopes Year 

France [124] IAQ €20 billion Total economic cost 2004 

America [125] IAQ $168 billion Total economic cost 2004 

America [126] Household damp 

and mold 

$3.5 billion Total economic cost 2007 

Indonesia [127] IAP $1.4 billion Value of the lost health  2010 

Philippines [127] IAP $86–435 million Value of the lost health  2010 

Timor-Leste [127] IAP $5–20 million Value of the lost health  2010 

California [128] IAP $45 billion Total economic cost 2005 

Developed country 

[129] 

IAQ $150,000 per 

DALYs 

Value of the lost health  2018 

4.2 Estimate the Economic Impact of poor IAQ in Hong Kong 

The Environmental Protection Department (EPD) of Hong Kong used to conduct a 

study to measure the economic burden caused by IAQ in 1995. Which showed poor 

IAQ caused economic losses of HK$12.2 billion, and 32% occupants were unsatisfied 

with their workplace’s IAQ[130]. The Hedley Environmental Index provides the latest 

data on the economic burden caused by air pollution in Hong Kong [131] , indicating 

that poor air quality resulted in a total loss of HK$41.8 billion in 2024.  

Due to a lack of IAQ monitoring data in Hong Kong, this study aims to provide a 

preliminary estimate of its economic burden. Based on Hong Kong's "Guidance Notes 

for the Management of Indoor Air Quality in Offices and Public Places", we selected 

six key air pollutants for analysis: carbon monoxide (CO), PM2.5, nitrogen dioxide 

(NO₂), ozone (O₃), formaldehyde (HCHO), and total volatile organic compounds 

(TVOCs) [132]. The IAP concentrations data and relevant disease incidence data are 

primarily sourced from local Hong Kong studies since 2000. For the calculation 

methodology, we first employed the intake-incidence-DALY (IND) and intake-DALY 

(ID) methods proposed by Logue et al. to calculate the loss of Disability-Adjusted Life 

Years (DALYs) caused by air pollution [133]. Then DALYs loss was converted into an 
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economic burden through an estimation model proposed by Louis, C. et al [134]. 

4.2.1 DALYs estimation 

We begin by estimating the healthy life years lost due to CO, PM2.5, NO₂, and O₃ 

through the IND method. The main formula is shown below: 

𝐃𝐀𝐋𝐘𝐒 =
∂DALYs

∂DI
× Incidence  (1) 

𝐈𝐧𝐜𝐢𝐝𝐞𝐧𝐜𝐞 = −{y0[exp(−𝛽∆𝐶𝑒𝑥𝑝) − 1]}𝑝  (2) 

In Formula (1), 
∂DALYs

∂DI
  represents the healthy life years lost per case of a specific 

disease caused by a particular IAP, while incidence is the annual rate of new cases 

caused by that pollutant. In Formula (2), y0 is the baseline annual incidence rate of the 

disease;βis the exposure-response coefficient;ΔCexp is the exposure concentration; 

and p is the size of the exposed population. Our calculation incorporates local Hong 

Kong data for baseline incidence, population age structure, indoor activity patterns, and 

pollutant concentrations. Meanwhile, the selections for disease types, theβcoefficient, 

and the 
∂DALYs

∂DI
 follow the study by Logue et al [133]. 

Table. 11 Criteria IAP C-R Function Outcomes and DALYs Lost per Incidence. 

IAP Disease[133] β[133] Y0 𝛛𝐃𝐀𝐋𝐘𝐬

𝛛𝐃𝐈
 

CO Hospital admissions   4 × 10–4 [135] 

 Asthma 0.033 4.44 * 10-4 [136, 137]   

 Lung disease 0.025 2.47 * 10-2 [138, 139]   

 Heart failure 0.034 2.85 * 10-3 [140, 141]   

PM2.5 Total mortality 0.058 7.5 * 10-3 [138]  1.4 (0.14, 14) [142, 143] 

 Chronic bronchitis 0.091 4.19 * 10-3 [144, 145]  1.2 (0.12, 12) [135, 146] 

 Nonfatal stroke 0.025 3.55 * 10-3[147, 148]  11.7(11.1,12.4) 

[149] 

NO2 Hospital admissions   4 × 10–4 [135] 

 Respiratory issues 0.004 2.47 * 10-2 [138, 139]   

 Congestive heart failure 0.003 2.85 * 10-3 [140, 141]  

 Ischemic heart disease 0.003 3.11 * 10-3 [140, 150] 

[140]  

 

O3 Mortality 0.001 7.5 * 10-3 [138]  1.0 (0.1, 10) [135] 

 Hospital admissions   4 × 10–4 [135] 

 Asthma 0.003 4.44 * 10-4 [136, 137] 

[136]  

 

 Lung disease 0.003 1.87 * 10-2 [138, 139]  

 Respiratory infection 0.002 8.08 * 10-3 [139, 151]   
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Table. 12 Mean Indoor Air Pollutant Concentration (μg/m3) 

 Home Office School Shopping mall Restaurant 

CO 943[152] 854.3[153] 187[152] 1031.2[154] 3750[152] 

PM2.5 39[155] 13[155] 19[156] 20.1[154] 385 (PM10) [152] 

NO2 118[152] 18.9[153] 31.98[156] 63.64[153] 718[152] 

O3 32.26[157] 46[158] 27.47[156] 120[132] 120[132] 
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Table. 13 Age-specific Indoor Activity Patterns of the Hong Kong Population 

 Hours per day (%)[152] n(‘000) [159] 

Home Office School Shopping mall Restaurant 

Adolescents (6-18) 14.18 

(59.08) 

0.52 

(2.17) 

3.15 

(13.13) 

1.5 

(6.25) 

0.77 

(3.21) 

715.6 

Adults (18-60) 13.66 

(56.92) 

3.00 

(12.5) 

0.68 

(2.83) 

1.31 

(5.46) 

0.99 

(4.12) 

4278.4 

Elder (>60) 16.71 

(69.63) 

0.79 

(3.29) 

0.08 

(0.33) 

1.87 

(7.79) 

0.72 

(3.00) 

2311.4 

 

Table. 14 Estimated DALYs Attributable to Different Indoor Environments in Hong Kong (IND) 

Category of indoor environment 𝐃𝐀𝐋𝐘𝐬𝐢 

Home 226956.77 

Office 16831.73 

School 8680.73 

Shopping mall 19275.39 

Restaurant 123197.62 

Total 394942.24 

 

The ID method is then used to estimate the health impacts of HCHO and TVOC, for 

which lack of concentration-response data. The main formula is as follows: 

𝐷𝐴𝐿𝑌𝑠𝑖 = 𝐶𝑖𝑉 [(
𝜕𝐷𝐴𝐿𝑌𝑐𝑎𝑛𝑐𝑒𝑟

𝜕𝑖𝑛𝑡𝑎𝑘𝑒
)

𝑖
𝐴𝐷𝐴𝐹 + (

𝜕𝐷𝐴𝐿𝑌𝑛𝑜𝑛𝑐𝑎𝑛𝑐𝑒𝑟

𝜕𝑖𝑛𝑡𝑎𝑘𝑒
)

𝑖
]  (3) 

In Formula (3), Ci is the indoor concentration of pollutant i, obtained from local Hong 

Kong research data. V is the annual indoor air inhalation volume per person, determined 

by the average Chinese inhalation rate, local Hong Kong age demographics, and indoor 

activity patterns. (
𝜕𝐷𝐴𝐿𝑌𝑐𝑎𝑛𝑐𝑒𝑟

𝜕𝑖𝑛𝑡𝑎𝑘𝑒
)

𝑖
 and (

𝜕𝐷𝐴𝐿𝑌𝑛𝑜𝑛𝑐𝑎𝑛𝑐𝑒𝑟

𝜕𝑖𝑛𝑡𝑎𝑘𝑒
)

𝑖
 are the respective cancer and 

non-cancer DALY factors for pollutant i, using toxicological data from Huijbregts et al 

[160]. ADAF is the Age-Dependent Adjustment Factor for carcinogenic exposure, 

based on U.S. Environmental Protection Agency (EPA) data [161]. 

Table. 15 Summary of DALY Factors and Indoor Concentrations for Selected IAPs 

IAP  
𝛛𝐃𝐀𝐋𝐘𝐜𝐚𝐧𝐜𝐞𝐫

𝛛𝐢𝐧𝐭𝐚𝐤𝐞
 [160] 

𝛛𝐃𝐀𝐋𝐘𝐧𝐨𝐧𝐜𝐚𝐧𝐜𝐞𝐫

𝛛𝐢𝐧𝐭𝐚𝐤𝐞
 [160] Ci (μg/m3) 

HCHO  7.6 * 10-1 7.6 * 10-3 112.3 [162] 

TVOC Benzene 5.8 * 10-3 3.1 * 10-3 8.1 [163] 

 Tetrachloroethylene 1.0 * 10-2 2.8 * 10-2 5.2 [163] 

 Trichloroethylene 1.2 * 10-3 NA 5.6 [163] 

 Naphthalene 1.1 * 10-2 6.1 * 10-2 10 [132] 

 benzo(a)pyrene 1.1 * 10 NA 1.2 *10-3 [132] 
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Table. 16 Demographic and Exposure Parameters for the Hong Kong Population by Age Group 

Age group Population ratio (%) V (m3/y) [164] ADAF [161] 

<2 0.9 1854.2 10 

2~17 10.6 3752.2 3 

18~44 33.3 6095.5 1 

45~59 22.9 6095.5 1 

60~79 27 5037 1 

80+ 5.5 4380 1 

Weighted average  5442.15 1.295 

 

Table. 17 Estimated DALYs Attributable to Different IAPs in Hong Kong (ID) 

IAP 𝐃𝐀𝐋𝐘𝐬𝐢 

HCHO 4428.11 

Benzene 3.42 

Tetrachloroethylene 8.47 

Trichloroethylene 0.35 

Naphthalene 29.92 

Benzo(a)pyrene 0.68 

Total 4470.93 

 

The original ID method does not account for the actual time individuals spend in 

different settings. To address this limitation, we adjusted the initial results using a 

weighting method based on population age and activity patterns. This yielded a total 

indoor time adjustment factor of 82.72% and an office-specific factor of 8.57% [152, 

159]. Applying these adjustments resulted in a final total of 3698.35 DALYs, with 

383.16 DALYs specifically attributable to office environments. 

4.2.2 DALY cost calculation 

Following the methodology of Louis, C. et al. [134], the economic burden associated 

with DALYs is primarily comprised of three components: the cost of a life year, 

productivity loss, and associated medical costs. However, due to data limitations and 

significant disparities in healthcare expenditures across different regions, the medical 

cost component for Hong Kong is excluded from our analysis, as shown in Formula (4). 

For the productivity loss component, the average cost per person (Pcost) in Hong Kong 

is estimated around 422242 HKD per year [165]. 

𝑫𝑨𝑳𝒀 𝒄𝒐𝒔𝒕𝒊 = 𝐿𝑌𝑐𝑜𝑠𝑡 + 𝑃𝑐𝑜𝑠𝑡  (4) 

𝑳𝒀𝒄𝒐𝒔𝒕 =
𝑉𝑆𝐿

∑ (1 + 𝑟)−𝑡𝑇
𝑡=1

  (5) 

The cost per life year is calculated using Formula (5), which is adapted from a French 

report [166]. This formula incorporates the Value of a Statistical Life (VSL) of 15.7 

million HKD [167], a social discount rate (r) of 3.5% [168], and an average remaining 
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life expectancy (T) of 40 years for the Hong Kong population[169] [159]. 

Based on this calculation, the cost per life year in Hong Kong is 73,5188 HKD.  

4.2.3 Sick Building Syndrome Cost 

𝑺𝑩𝑺𝒄𝒐𝒔𝒕 = 𝑃𝑐𝑜𝑠𝑡 ∗ {(𝑃𝑙𝑜𝑠𝑠 ∗ 𝑃𝑂𝑃𝑆2) + (
𝑃𝑙𝑜𝑠𝑠

2
∗ (𝑃𝑂𝑃𝑆 − 𝑃𝑂𝑃𝑆2))}  (6) 

In Formula (6), Pcost is the same as previously defined. POPS and POPS₂ are the 

"Percentage of Occupants Presenting at least 1 or 2 Sick Building Syndrome (SBS) 

Symptoms from 1 to 3 days a week during the last 4 weeks," set at 55% and 17.9% 

respectively [170, 171]. Ploss is the productivity loss caused by SBS symptoms, which 

is assumed to be 3% for the POPS group and 6% for the POPS₂ group [172]. Using the 

number of employees (2,721,500) and civil servants (10,627) in Hong Kong [173, 174], 

the final estimated cost of Sick Building Syndrome is 25,229.64 million HKD. 

4.2.4 Total Economic Burden 

𝑵𝒐𝒏 − 𝒐𝒄𝒄𝒖𝒑𝒂𝒕𝒊𝒐𝒏𝒂𝒍𝒄𝒐𝒔𝒕  =  (𝐷𝐴𝐿𝑌𝐼𝑁𝐷  +  𝐷𝐴𝐿𝑌𝐼𝐷)  ∗  𝐿𝑌𝑐𝑜𝑠𝑡 (7) 

𝑶𝒄𝒄𝒖𝒑𝒂𝒕𝒊𝒐𝒏𝒂𝒍𝒄𝒐𝒔𝒕  =  (𝐷𝐴𝐿𝑌𝐼𝑁𝐷  +  𝐷𝐴𝐿𝑌𝐼𝐷) ∗  (𝐿𝑌𝑐𝑜𝑠𝑡  +  𝑃𝑐𝑜𝑠𝑡) +  𝑆𝐵𝑆𝑐𝑜𝑠𝑡 (8) 

The total economic burden was calculated by dividing costs into two categories. The 

burden from non-occupational environments is determined by directly multiplying the 

total DALYs by the cost per life year, as shown in Formula (7). For occupational 

environments, the calculation additionally included costs from lost productivity and 

Sick Building Syndrome, as shown in Formula (8).  

Finally, the estimated economic burden is 28.04 billion HKD for non-occupational 

environments and 4.52 billion HKD for occupational environments, resulting in a total 

economic loss of 32.56 billion HKD. 
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5. High-Risk Population and Built Environments in Hong Kong 

5.1 High-Risk Population 

Table. 18 High-Risk Population related Indoor Sources 

Population Group Hong Kong Indoor Sources Additional International Sources 

Elder [157, 175-187]  Cooking 

Tobacco Smoke 

Incense burning 

Heating equipment 

Outdoor air pollution 

Poor ventilation 

Decoration materials and furniture 

Household chemicals 

Damp environments 

Cleaning activities 

Building materials (Rn) 

Solid Fuel combustion (wood, candle burning) 

Air conditioning system and humidifier 

Transmission of infectious diseases 

Hygiene and healthcare products 

Children[156, 157, 175-180, 182, 187-198] Cooking Activities 

Heating 

Environmental Tobacco Smoke 

Incense Burning 

Poor Ventilation 

Air Conditioning 

Outdoor Air Pollution Infiltration 

Building Characteristics and Materials 

Household products 

Personal care products 

Office products 

The combustion of solid fuels and kerosene 

Soil and rock 

Indoor heavy metal dust 

Pesticides 

Pets 
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Household Background Emissions 

Damp environments 

Occupant activities 

Dust mites and pests 

Women [157, 176, 178-180, 187, 188, 198, 199] Cooking Activities 

Environmental Tobacco Smoke 

Incense Burning 

Poor Ventilation 

Household Background Emissions 

Damp environments 

Building Characteristics and Materials: 

Household products 

Personal care products 

Office products 

The combustion of solid fuels and kerosene 

Soil and rock 

Indoor heavy metal dust 

Pesticides 

Pets 

Occupant activities 

Dust mites and pests 

Staff and workers [158, 175, 200-207] Office Equipment 

Building Materials and Furniture 

Outdoor Air Pollution Infiltration 

Mechanical Ventilation and Air-Conditioning (MVAC) 

Systems 

Damp Environments 

E-Waste Recycling 

Commercial Kitchen 

Flame retardants 
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5.1.1 Elder 

Older adults, typically defined as individuals aged 65 and above, represent a significant 

and growing population in Hong Kong. This demographic often spends a considerable 

amount of time indoors, a trend further amplified by potential impairments in their daily 

living activities and a higher prevalence of chronic diseases. Their reduced 

physiological functions and weaker immune systems make them particularly vulnerable 

to the harmful effects of poor indoor air quality. In 2023, among Hong Kong residents 

aged 65 and over, 1,190 deaths were attributed to chronic lower respiratory diseases, 

5,950 to heart disease, and 1,523 to dementia.[208]. And indoor air pollution is a 

significant risk factor for these conditions. Furthermore, older adults who don't reside 

in elderly care homes are largely confined to their residential environments, leaving 

them completely exposed and outside the scope of the Hong Kong government's Indoor 

Air Quality Certification Scheme. 

Common indoor pollutants that pose a concern for older adults in Hong Kong include: 

 Pollutant Concentrations: Indoor PM2.5 concentrations in the homes of elderly 

residents in Hong Kong are significantly higher during winter (averaging around 

34.2 µg/m³) than in summer (averaging around 25.3 µg/m³), with over half of 

households exceeding World Health Organization standards. Nitrogen dioxide 

(NO2) levels are more stable, averaging between 40.5-43.5 µg/m³. Formaldehyde 

(HCHO) concentrations are notably higher in summer (averaging around 26.1 

µg/m³) than in winter (averaging around 15.4 µg/m³) [179]. 

 Cooking Activities: Cooking is a primary source of indoor PM2.5, PM10, VOCs 

and NO2 [175-177]. The use of gas fuels, particularly Liquefied Petroleum Gas 

(LPG), leads to higher pollutant levels; without mechanical ventilation, cooking 

with LPG can result in PM2.5 concentrations 95% higher than those from other 

stoves. Using mechanical ventilation, such as a range hood, during cooking is 

crucial for reducing these emissions [178-180]. 

 Heating: IAPs are also emitted during heating equipment operation, particularly by 

gas water heaters. [187]。 

 Tobacco Smoke: Since many local smokers are elderly, environmental tobacco 

smoke remains a widespread threat to older people in Hong Kong, especially in 

their homes [157, 175]. Even non-smoking seniors can be exposed to secondhand 

smoke at home. 

 Incense Burning: Incense burning is another activity that significantly increases 

indoor PM2.5, NO2 and VOCs concentrations [178-180]. Of all indoor activities, 

incense burning contributes the most to overall cancer risk, accounting for up to 

46%.[157] 

 Cleaning Activities: Cleaning methods such as sweeping can also slightly elevate 

indoor PM2.5 levels by resuspending dust particles [178, 179]. 

 Household chemicals: Cleaning and disinfection products, such as laundry 

detergents and mothballs, are known to release various types of VOCs [182]. 

 Damp environments: Hong Kong’s climate, particularly its unstable and humid 
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springs and hot, humid summers, can create damp indoor environments. These 

conditions may lead to health issues for the elderly, such as fungal skin problems 

[181]. 

 Building Materials and Furniture: Indoor formaldehyde (HCHO) is primarily 

released from sources like building materials, wooden furniture, and wallpaper 

adhesives, with emission rates being highly sensitive to temperature and relative 

humidity [178, 179]. 

 Poor Ventilation: Poor ventilation is a common problem in residential care homes 

and is also prevalent in private residences due to ventilation habits and crowded 

living spaces. Furthermore, opening windows for extended periods may not always 

be beneficial, as it can increase indoor PM2.5 levels by introducing outdoor 

pollutants. In contrast, using air conditioning appears to help lower indoor PM2.5 

concentrations [178, 180, 181]. 

 Outdoor Air Pollution: Outdoor air pollution is a decisive factor influencing indoor 

air quality, as indoor PM2.5 and NO2 concentrations show a strong correlation 

with outdoor levels. Homes near roads with heavy traffic have significantly higher 

indoor NO2 levels, while proximity to odor sources like rubbish collection points 

can also negatively affect the indoor environment. [178-181] 

Furthermore, several indoor air pollutant (IAP) sources identified in international 

studies have not yet been conclusively established by research in Hong Kong. These 

include emissions from building materials [185, 186], solid fuel combustion [183, 184], 

air conditioners and humidifiers [186], the airborne spread of infectious diseases[185], 

and hygiene and healthcare products [186]. For Hong Kong's elderly, several of these 

sources are particularly pressing and require local investigation. In older buildings, 

deteriorating materials and proximity to soil can lead to indoor radon contamination, 

especially for residents on lower floors. Moreover, aging air conditioning systems in 

high-density housing can accelerate the spread of biological pollutants among the 

vulnerable elderly. Finally, the frequent use of hygiene and healthcare products in 

nursing homes can generate substantial levels of VOCs and bioaerosols, adversely 

impacting resident health. 

5.1.2 Children 

Children constitute a population group with heightened susceptibility to the detrimental 

effects of poor IAQ. Their organs, particularly the lungs, are still developing, meaning 

that exposure to pollutants during these critical growth periods can lead to more severe 

and potentially long-lasting health consequences [209, 210]. Children also have higher 

breathing rates compared to adults, leading to a greater intake of pollutants per unit of 

body weight [211]. Children typically spend substantial periods indoors—at home, 

daycare, or school—elevating their cumulative exposure [195]. This situation is 

potentially intensified in Hong Kong's characteristically dense urban living conditions, 

where smaller apartment sizes and reliance on mechanical ventilation would lead to 

higher concentrations of indoor-generated pollutants and increased infiltration of 
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outdoor pollutants [212]. Notably, an estimated 16% of residents in Hong Kong's SDUs 

are under the age of 15 [213].  

Common indoor pollutants that pose a concern for children in Hong Kong include: 

Pollutant Concentrations: In Hong Kong schools, average PM10 concentrations exceed 

the Hong Kong Air Quality Objectives, with peak indoor levels surpassing 1000 µg/m³. 

Carbon dioxide (CO₂) levels in classrooms frequently exceed 1000 ppm, reaching as 

high as 5900 ppm [189]. Various gaseous pollutants, including CO, NO₂, HCHO, and 

VOCs, have also been detected in indoor environments frequented by children [176, 

189, 197]. Additionally, total bacterial counts are relatively high in air-conditioned 

classrooms, shopping malls, and restaurants, potentially increasing the risk of 

respiratory infections [189]. 

Cooking Activities: Cooking is a primary source of indoor IAPs, including PM10, 

PM2.5, and VOCs. This impact is significantly amplified by open-plan kitchens and 

poor ventilation, which allow pollutants to migrate from the kitchen to other areas like 

living rooms, where children spend more time [175-177]. 

Heating: IAPs are also emitted during heating equipment operation, particularly by gas 

water heaters. [187] 

Environmental Tobacco Smoke: Children continue to be exposed to environmental 

tobacco smoke (ETS) at home due to smoking by older family members [157, 175]. 

Incense Burning: Incense burning is a significant source of indoor PM, NO₂, and VOCs 

in residences, which are primary environments for children [178-180].  

Poor Ventilation: Insufficient ventilation is particularly prominent in Hong Kong's 

classrooms, SDUs, and general residences. High population density, combined with 

structural building defects, makes it difficult for ventilation rates to meet actual demand 

[176, 189]. 

Air Conditioning: Improper use or maintenance of air conditioning can become a source 

of indoor air pollution, leading to the accumulation of pollutants such as CO, CO₂, and 

VOCs [182, 197]. 

Outdoor Air Pollution Infiltration: In school settings, outdoor air pollution is the 

strongest predictor of indoor PM2.5, PM10, O₃, and NO₂ levels, contributing 90%, 70%, 

75%, and 50% of their respective indoor concentrations [156]. 

Damp environments: This is a common problem in Hong Kong residences that affects 

all residents and increases the probability of childhood asthma [188]. 

Building Characteristics and Materials: Building materials and renovation projects in 

schools and homes release formaldehyde and VOCs. And this problem is often more 

severe in commercial spaces like restaurants and shopping malls [175]. 

Household Background Emissions: In Hong Kong residences, studies indicate that even 

without obvious polluting activities, the indoor environment can be a source of 

continuous exposure to harmful substances. This may be related to the long-term, slow 

release from various sources like building materials, furniture, cleaning products, and 

dust accumulation [157]. 

In addition to the sources identified in local studies, international research has pointed 

to other IAP sources, such as household, personal care, and office products [195], the 

combustion of solid fuels and kerosene [194, 195], soil and rock [196], indoor heavy 
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metal dust [190], pesticides[191], pets[195], occupant activities[193], and dust mites 

and pests[192]. Many of these sources are common in Hong Kong. Although the 

concept of "Household Background Emissions" touches upon many of these, more in-

depth research is needed to deepen our understanding of specific sources. Furthermore, 

moisture in building materials and indoor environments can promote mold and fungal 

growth and should receive greater attention. 

5.1.3 Women 

Women, particularly in certain socio-cultural contexts, may have distinct exposure 

patterns due to traditional household roles involving more time spent indoors and 

greater involvement in cooking activities [214]. Furthermore, pregnant women are a 

group that is exceptionally sensitive both physiologically and in terms of environmental 

exposure. The indoor air pollutants they are exposed to during pregnancy not only affect 

their own health but can also cross the placental barrier, exerting direct or indirect 

effects on the developing fetus. Research has confirmed that maternal exposure to PM, 

NOx, PAHs, and CO during pregnancy is significantly associated with an increased risk 

of respiratory diseases in their offspring, including asthma, wheezing, pneumonia, and 

lower respiratory tract infections [214]. 

Common indoor pollutants that pose a concern for women in Hong Kong include: 

Cooking Activities: Cooking is a primary source of indoor particulate matter, especially 

with Chinese cooking methods like stir-frying and deep-frying. Moreover, high 

concentrations of Ultrafine Particles (UFPs) can persist for up to 60 minutes after 

cooking, significantly extending the exposure time for family members, particularly 

women who are often responsible for cooking [199]. 

Environmental Tobacco Smoke: Environmental Tobacco Smoke (ETS) is a major 

indoor air pollutant in Hong Kong that threatens the health of non-smoking women. 

The presence of ETS in the home is particularly critical, given the epidemiological 

finding that up to 64% of female lung cancer patients in Hong Kong are non-smokers 

[187]. 

Building Characteristics and Materials: They are common sources of VOCs in the home 

environment [175]. 

Damp environments: It is a common problem in Hong Kong residences that affects all 

residents, and women may be more exposed to damp environments in the home due to 

household activities [188]. 

Heating: Gas water heaters also existing in female household environments. [187] 

Incense Burning: Incense burning is a significant source of indoor PM, NO₂, and VOCs 

in residences, which are also primary environments for women [178-180]. 

Poor Ventilation: Poor ventilation can lead to the accumulation of various air pollutants. 

For women, this is particularly relevant to the effects of inadequate ventilation in the 

kitchen during cooking [176]. 

Household Background Emissions: Among the potential sources of "Household 

Background Emissions," women may have higher exposure to IAPs generated from 
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cleaning activities [157]. 

Other sources of exposure in the home environment mentioned in international studies 

are consistent with those for children. However, personal care and cleaning products 

are of particular concern for women. Research from the United States indicates that the 

use of various household products, including personal care items and cleaning agents, 

contributes to women's VOC exposure [215]. In daily life, an individual uses at least 

two personal care products per day, applied 11 times on average within 24 hours, for a 

total of up to 44 applications daily. Products like dish soap and stove cleaners are used 

daily. It is estimated that women may be exposed to approximately 168 different 

chemicals each day through these products [216]. 

5.1.4 Staff and workers 

Staff and workers in various occupational settings, including offices, factories, and 

commercial buildings, can be exposed to a range of indoor air pollutants for extended 

durations, leading to increased health risks. In Hong Kong, the thriving tertiary industry 

means a large share of the workforce works in offices. And studies show that local 

offices and public buildings often fail to meet IAQ standards, which can lead to "Sick 

Building Syndrome" (SBS) and significantly reduce productivity. While improvements 

in some office IAQ parameters like CO2 and formaldehyde were noted after the 

implementation of EPD Guidance Notes [217], issues such as elevated TVOC levels 

persist even in some Grade A offices [218]. 

Common indoor pollutants that pose a concern for office worker in Hong Kong include: 

Building Occupants: Office workers themselves are a primary source of indoor air 

pollution. Their metabolic processes and activities directly release CO₂ and bioaerosols 

into the indoor environment [200]. 

Office Equipment: During operation, office equipment such as printers, photocopiers, 

and fax machines release various VOCs due to the heating of ink or toner [201]. 

Building Materials and Furniture: The materials used in office construction, renovation, 

and furnishings are long-term emission sources of chemical pollutants, particularly 

formaldehyde and VOCs [175]. 

Outdoor Air Pollution Infiltration: Outdoor air pollution is another significant factor 

affecting indoor air quality, especially in commercial premises with poor building 

sealing or specific ventilation designs [202]. Street-level shops, in particular, are 

susceptible to traffic-related pollutants like Respirable Suspended Particulates (RSP), 

CO and NO₂ [202]. 

Mechanical Ventilation and Air-Conditioning (MVAC) Systems: Poorly maintained 

HVAC systems are ideal breeding grounds for microorganisms. Moist areas, such as 

condensation drip pans in air-conditioning ducts, are prone to the growth of bacteria 

like Legionella and various types of mold, which can then be distributed throughout the 

indoor space via the ventilation system [203]. 

Damp Environments: The high humidity of Hong Kong's summers provides an 

excellent environment for bacterial proliferation, leading to very high levels of airborne 
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bacteria in offices [158]. 

Special Occupational Exposures: 

E-Waste Recycling Workshops: The physical processing of electronic waste, 

particularly dismantling and desoldering, is a major source of heavy metal pollutants, 

including cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), mercury 

(Hg), and zinc (Zn) [219]. These operations release metals contained in electronic 

components into the air as suspended particulates and dust, which then settle on 

surfaces and floors, creating multiple exposure pathways through inhalation, dermal 

contact, and ingestion. Furthermore, chemical additives within the electronic products 

are also a significant source of pollution, exposing workers to notably higher levels of 

bisphenol analogues (BPs) [204]. 

Commercial Kitchens: In the commercial kitchens of Hong Kong, especially in Chinese 

restaurants, gas combustion is a primary source of indoor air pollution, directly 

impacting the respiratory health of kitchen staff [205]. 

Furthermore, international research has highlighted flame retardants, which are 

common in modern office products and leach out over time. In the office environment, 

major sources include polyurethane foam in furniture (chairs, partitions), casings of 

electronic equipment (computers, printers), and carpet padding [206]. These chemicals 

migrate from the products into indoor dust, making dust a primary reservoir and 

pathway for exposure. 

5.2 Built Environments 

5.2.1 School 

The "Guidelines on Indoor Air Quality Management for Schools" issued by the Hong 

Kong government explicitly outlines potential sources of indoor air pollution [220]. 

Pollutant Sources Infiltrating from Outdoors: 

 Exhaust from Surrounding Environments: Schools adjacent to major transportation 

routes are affected by traffic exhaust. If located near industrial zones, they may 

face pollution from industrial emissions. 

 Particulates from the Natural Environment: Pollen and dust from playgrounds or 

surrounding green belts, as well as mold spores from old building exteriors or damp 

corners, can easily be blown indoors by the wind. 

 Odors from Adjacent Facilities: Trash cans or garbage collection stations on or near 

campus are primary sources of unpleasant odors. 

Various Pollutant Sources Originating from within the Campus: 

Mechanical Ventilation and Air Conditioners (MVAC): As the primary ventilation 

equipment in spaces where students conduct their daily activities, MVAC systems can 

circulate mold, dust, and debris accumulated within them if not properly cleaned and 

maintained, affecting all students and staff. 

Specific Pollutant Sources from Teaching Activities:  

 Science Laboratory Supplies: During chemistry or biology experiments, the 
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volatilization of chemical reagents and gases produced from heating reactions are 

pollutant sources unique to laboratory areas. 

 Vocational and Art Supplies: Pigments, spray paints, solvents, and glues used in art 

rooms, as well as various materials used in craft classes, release specific chemical 

substances during use. 

 Dry-Erase Markers and Similar Pens: Whiteboard markers, used frequently by 

teachers in class, continuously release organic solvents and are one of the most 

direct and common sources of pollution inside the classroom. 

Building Materials and Furniture: In new school buildings, newly renovated classrooms, 

or with newly purchased desks and chairs, materials such as paint, caulk, adhesives, 

and varnishes will persistently release harmful substances like formaldehyde in their 

initial stages. Damp environments on campus (such as changing rooms and restrooms) 

are breeding grounds for mold. 

Pollution from Daily Operations and Maintenance:  

 Office and Cleaning Equipment: Printers and copiers in staff rooms, as well as 

high-power cleaning equipment used by janitorial staff, produce ozone and fine 

particles during operation. 

 Cleaning Materials and Air Fresheners: Cleaners and air fresheners used to 

maintain hygiene and freshness on campus (especially in restrooms and canteens) 

are a significant source of chemical pollutants. 

 Emissions from Rubbish: Trash cans in classrooms, canteens, and public areas are 

major sites for garbage odors and bacterial growth, especially after lunchtime. 

 Pesticides: Regular or ad-hoc spraying for pest control on campus can leave 

chemical residues. 

 Personal Care Products: Hand soaps used by students or perfumes and hairsprays 

used by teachers can also release various VOCs. 

The guidelines may have overlooked certain IAP sources. Some primary and secondary 

schools in Hong Kong have already implemented tablet-based teaching, and research 

suggests that the cumulative VOC emissions from high-density personal electronic 

devices should not be ignored [221]. Students and teachers are themselves sources of 

pollution; this includes CO₂ from respiration, shed skin flakes, and particle 

resuspension caused by movement, all of which contribute to air contamination [222]. 

Furthermore, classrooms located on the ground floor may be affected by radon gas 

emanating from the soil and rock beneath [223]. 

5.2.2 Elderly home 

The "Guidelines on Indoor Air Quality Management for Residential Care Homes for 

the Elderly" issued by the Hong Kong government explicitly outlines potential sources 

of indoor air pollution [224]. 

Outdoor pollutants can enter the care home through doors, windows, and ventilation 

systems, affecting the baseline quality of indoor air: 

 Influence of Surrounding Environments: Many residential care homes in Hong 
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Kong are located near roads, making them susceptible to traffic exhaust from 

adjacent roadways and potential industrial emissions. 

 Natural Environmental Factors: Pollen, outdoor dust, and mold spores are common 

triggers for seasonal allergies and respiratory discomfort. 

 Odors from Adjacent Facilities: This includes, for example, unpleasant odors 

emanating from nearby garbage collection points. 

The internal operations and facilities of the care home also generate sources of pollution: 

Mechanical Ventilation and Air-Conditioning (MVAC) Systems: If filters and ducts are 

not cleaned properly, they can become a source and distribution channel for mold, dust, 

and debris, continuously circulating pollutants into the living spaces of residents. 

Building Materials and Furniture:  

 During partial renovations, repairs, or when new furniture is introduced, materials 

like paint, caulk, adhesives, and varnishes release volatile organic compounds 

(VOCs). 

 When the care home environment is damp (e.g., in bathrooms, laundry rooms, or 

from wall leaks), building materials and furniture are more prone to mold growth, 

significantly impacting air quality. 

Pollution from Daily Operations and Care Activities:  

 Cleaning Materials and Air Fresheners: The frequent use of detergents, 

disinfectants, and air fresheners to maintain hygiene and a pleasant smell is a 

significant source of chemical pollutants. 

 Personal Care Products: Soaps, body powders, and other products used for or by 

residents can lead to an accumulation of chemical substances in both personal and 

common areas. 

 Office and Cleaning Equipment: Printers and copiers in offices, as well as specific 

equipment used during cleaning, can release fine particles and exhaust gases during 

operation. 

 Emissions from Rubbish: Daily waste generated within the home—including 

nursing care waste, kitchen scraps, and general refuse—can produce foul odors and 

breed bacteria if not disposed of in a timely manner. 

 Pesticides: Spraying to control pests like mosquitoes, insects, and rodents can leave 

residual chemicals suspended in the air. 

 However, the guidelines may have overlooked some potential indoor IAP sources 

relevant to elderly homes in Hong Kong. These include bioaerosols generated from 

human breathing, talking, and coughing, which can carry viruses and bacteria [225]. 

Cleaning activities, such as sweeping and making beds, can resuspend large 

quantities of particulate matter, skin flakes, and microorganisms [226]. 

Furthermore, many residential care homes in Hong Kong are located on lower 

floors, making elderly residents more susceptible to radon gas emanating from the 

underlying soil and rock [223]. 
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5.2.3 Office  

The IAQ guidelines for offices and public places introduced by the Hong Kong 

government propose the following indoor IAP sources [132]: 

Building Materials and Furniture: This includes formaldehyde released from pressed 

wood products like plywood and particleboard; volatile organic compounds (VOCs) 

from paints, adhesives, carpets, and various synthetic materials; asbestos-containing 

materials that may be present in older buildings; and radon gas released from granite 

and concrete in building materials, as well as from the soil and rock surrounding the 

building. 

Office Equipment: This includes devices such as photocopiers, laser printers, and fax 

machines, the operation of which releases ozone, VOCs, and dust. 

Biological Activities: This primarily refers to carbon dioxide (CO₂) from occupants' 

respiration, human body odors and shed skin flakes, and viruses carried by individuals. 

It also includes bacteria, mold, and dust mites that thrive in damp office environments. 

External Sources: Pollutants entering the indoor environment through gaps in doors and 

windows or via fresh air intake systems, such as vehicular exhaust, industrial emissions, 

pollen, dust, and cooking fumes. 

Maintenance, Cleaning, and Pest Control: Chemical products like cleaning agents and 

pesticides are sources of VOCs. Furthermore, pests and their by-products (such as 

insect fragments) are also considered a source of particulate matter. 

Defects in HVAC (MVAC) Systems: Damp areas within the system can foster the 

growth of mold and bacteria, while unclean ventilation ducts can spread dust and 

microbial contaminants. 

Indoor Plants: Indoor plants (especially strongly scented flowering plants) can cause 

allergies and distress to sensitive individuals, triggering asthma or hay fever symptoms. 

Their pollen is also a source of particulate matter. 

Some potential pollutant sources may not have been mentioned in the guidelines. First 

are air purifiers and humidifiers. Some staff and office managers may choose to 

purchase air purifiers to improve office air quality. However, certain air purifiers with 

ozone generators can have negative effects, as ozone is largely ineffective below safe 

concentration levels and can harm the respiratory system either directly or through 

secondary reactions with other chemicals [227]. Due to the intensive use of air 

conditioning in Hong Kong offices, some staff members might purchase small 

humidifiers, which can lead to the generation of harmful aerosols (particulate matter, 

bacteria, and mold) [228]. Food heating activities in pantries, such as using microwaves 

and coffee machines, also produce particulates and VOCs [229]. 

5.2.4 Subdivided Units (SDUs) 

Subdivided units (SDUs) represent one of the most acute IAQ challenges in Hong Kong. 

These are typically small flats partitioned into several tiny, self-contained units, often 

with a floor area of merely 9.3 m2 and frequently lacking a properly partitioned kitchen 
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and window [176]. Approximately 210,000 people, or 2.9% of Hong Kong's population, 

reside in such units. These conditions pose severe health risks, including respiratory 

diseases, allergies, and potentially cancer, particularly for children who are 

disproportionately represented in SDUs. There is a clear lack of comprehensive IAQ 

data, government-led studies and more rigorous regulatory measures. 

IAQ monitoring in Hong Kong SDUs has revealed alarming pollutant levels [176, 197]. 

Among them, PM10 was measured at 22 µg/m³ and VOCs at 794 µg/m³, exceeding 

Hong Kong's IAQ objectives by 1.10 and 3.89 times, respectively. During open-kitchen 

cooking, peak concentrations of PM10 and PM2.5 can exceed standards at 1000 µg/m³ 

and 500 µg/m³, respectively. Furthermore, during air conditioner use, CO₂, CO, and 

VOCs increased by 86%, 312%, and 22%, respectively.。 

Research has also identified the following IAP sources in SDUs: 

Inadequate Ventilation: The installation of additional partition walls severely inhibits 

air circulation. Some units have no windows, or their windows open into narrow gaps 

between buildings, leading to restricted ventilation. In some extremely crowded units, 

accumulated clothing and clutter also obstruct airflow.  

Cooking Activities: As most SDUs lack separate kitchens, residents cook directly in 

their living spaces. This leads to the diffusion of cooking fumes (rich in PM10 and 

PM2.5) throughout the entire unit.  

Air Conditioning Use: When using air conditioning, doors and windows are kept closed, 

leading to a rapid accumulation of CO₂ from human respiration and VOCs continuously 

released from various sources. When an air conditioner is turned on for the first time in 

the hot season, dust (PM) and adsorbed CO and VOC molecules that have collected on 

the filter and evaporator are blown into the room, causing a sudden spike in the 

concentrations of these pollutants. Research speculates that CO molecules may be 

adsorbed onto the air conditioner's metal evaporator due to electrostatic forces.  

Other Indoor Sources:  

• Volatile Organic Compounds (VOCs): Primarily from building materials, paint, 

furniture, household items, and clothes being dried indoors (laundry detergents 

can release various VOCs). 

• Moth-proofing Products: Some residents use mothballs, which release VOCs 

such as naphthalene and 1,2-dichlorobenzene, leading to elevated VOC 

concentrations. 

• Damp Environments: Inadequate ventilation and small toilets in SDUs often 

lead to high air humidity, with average relative humidity commonly exceeding 

80%, especially in the summer. 

5.2.5 Hospital and medical institutions 

The indoor air quality in hospitals is unique due to frequent cleaning, disinfection, and 

healthcare activities, particularly the inherent contradictions in maintaining a hygienic 

environment. On the one hand, hospitals must carry out strict and frequent disinfection 

to control pathogens and prevent healthcare-associated infections [230]. This is a 
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necessary measure to protect the health of patients and healthcare workers. However, 

on the other hand, the chemical agents used for disinfection are themselves sources of 

VOCs (volatile organic compounds) and may generate harmful disinfection by-

products (DBPs) during the disinfection process [231]. This ultimately leads to patients 

and staff inhaling these chemicals. As a unique setting where IAP characteristics differ 

significantly from other environments, and where patient populations are generally 

more physically vulnerable and sensitive to poor air quality, hospitals require dedicated 

indoor air guidelines from the government, accompanied by regular air quality 

monitoring and regulatory action. Furthermore, there is a severe lack of local research 

in this area in Hong Kong, necessitating government-led studies or increased 

investment in relevant scientific research to provide support for policymaking. 

Hospital indoor air pollutants primarily originate from microorganisms and chemical 

substances [232]. 

Sources of Microbial Pollutants: 

• Tuberculosis (TB) Bacteria: Droplets containing TB bacteria are generated 

when patients with active tuberculosis cough, sneeze, or speak. 

• Legionella Bacteria: A common source in hospitals is the water aerosol 

discharged from cooling towers, which is then drawn into the indoor 

environment through outdoor air intakes. Other potential sources include 

evaporative condensers, drinking water systems, and hot water systems. 

• Staphylococcus aureus: This bacterium is present on the skin and in the nose, 

blood, and urine of infected patients. Microbial aerosols can be generated during 

certain surgical procedures. 

• Aspergillus Spores: Hospital renovations or nearby construction projects are 

major sources of aerosolized Aspergillus spores. Additionally, fungal spores 

from soil, plants, animals, and dust can adhere to the clothing of healthcare staff 

or visitors. 

Chemical and Other Pollutants: 

• Waste Anesthetic Gases: One source of nitrous oxide is the waste gas 

generated during anesthesia. 

• Latex Gloves: Latex allergens can originate from gloves used by healthcare 

personnel. 

• Construction and Renovation: Construction and renovation work generates 

dust and chemical substances. 

• Materials and Equipment: Cleaning products, building materials, furniture, 

and medical equipment can all release chemical pollutants. 

Furthermore, international research has also identified aerosolized medications [233], 

chemical solvents from laboratories [234], and radioactive isotopes released from drugs 

and procedures in nuclear medicine [235] as sources of IAPs in hospitals. 
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6. Discussion 

6.1 Sources of Poor Indoor Air Quality 

The sources of poor indoor air quality (IAQ) are more complex than those of outdoor 

air pollution. Pollutants originate not only from indoor environments and activities but 

are also significantly influenced by outdoor air. Indoor air pollutants can be broadly 

divided into four categories: gaseous pollutants, volatile organic compounds (VOCs), 

particulate matter and fibers, and biological contaminants. 

6.1.1 Combustion and Heating Activities  

A primary source is combustion, which generates various gaseous pollutants and 

particulate matter. While solid fuels like coal and wood are no longer common in Hong 

Kong, the widespread use of gas stoves and the nature of Chinese cooking still place a 

heavy burden on indoor air in homes and restaurants. Gas-powered water heaters and 

space heaters also contribute to this problem. While it is difficult to change these 

fundamental activities, we can encourage residents to improve ventilation during 

cooking and heating to mitigate the impact. 

Furthermore, activities like burning incense and smoking, though less common, still 

have a significant impact, particularly among middle-aged and older populations. These 

activities release not only gaseous pollutants and particulates but also high levels of 

VOCs, posing serious health risks. The Hong Kong government has successfully 

implemented smoking bans in public places, but smoking within private homes remains 

unregulated. Continued education and public awareness campaigns are needed to 

encourage voluntary smoking cessation. Tackling incense burning is more complex. As 

a practice tied to cultural and religious beliefs, and with its health risks less widely 

understood than those of smoking, changing public behavior in the short term is a 

significant challenge. 

Outdoor sources also play an indirect role. In Hong Kong, the close proximity of road 

networks to buildings, combined with a vehicle fleet still dominated by gasoline and 

diesel cars, allows exhaust fumes to affect occupants, especially in lower-level 

buildings. The city's electricity generation also relies heavily on fossil fuels. Controlling 

these external sources depends on government initiatives in energy transition and air 

quality management, where considerable progress has been made in recent years. 

6.1.2 Building Materials, Furnishings, and Chemical Products  

A second major source is building and renovation materials, furniture, and everyday 

chemical products like personal care items, cleaners, and pesticides. These all release 

various VOCs. To address this, two strategies are effective: source control and enhanced 
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ventilation. Consumers can choose low-toxicity, environmentally friendly products. For 

newly renovated spaces or new furniture, it's crucial to allow for a period of natural 

ventilation before use. Similarly, consciously increasing air exchange with the outdoors 

before and after using chemical products is important. 

6.1.3 Biological Contaminants  

The third primary source is biological activity. This includes humans, indoor plants and 

animals, and pests, along with their metabolic byproducts. These sources can generate 

mold, fungi, bacteria, viruses, dust mites, and allergens that compromise indoor air. 

Regular cleaning is essential. It is also important to ensure good ventilation during 

cleaning to prevent the secondary pollution of dislodged particles. 

6.1.4 Amplifying Factors: Urban Density and Climate  

Finally, while not direct sources themselves, Hong Kong's high-density urban 

environment and humid climate significantly amplify the harm from existing indoor 

sources. High-density living translates to more indoor activity per unit of area, 

accelerating the rate at which pollutants are generated. In Hong Kong's subdivided units 

(SDUs), for instance, residents often perform all daily activities—cooking, washing, 

sleeping—within a space of about 10 square meters. Furthermore, the small living 

quarters and minimal space between buildings lead to poor ventilation. This traps 

pollutants indoors, allowing them to accumulate and cause long-term harm. 

6.2 The Impacts of Poor Indoor Air Quality 

Exposure to poor IAQ can trigger a range of health issues, from minor sensory irritation 

to life-threatening diseases. 

Health Consequences: 

• Cardiovascular and Respiratory Diseases: Abundant evidence shows that 

pollutants like particulate matter (PM), VOCs, and gaseous pollutants can cause 

or worsen conditions such as heart disease, stroke, chronic obstructive 

pulmonary disease (COPD), and asthma by triggering systemic inflammation, 

oxidative stress, and autonomic nervous system dysfunction. In Hong Kong, 

respiratory and circulatory diseases rank fourth and fifth for hospital admissions, 

placing a significant strain on the healthcare system [236]. Poor air quality is 

likely a major contributor to this burden. 

• Cancer Risk: Long-term exposure to poor IAQ is a significant cancer risk 

factor. PM, VOCs, and polycyclic aromatic hydrocarbons (PAHs) from 

combustion are known to cause lung, oral, laryngeal, nasopharyngeal, and even 

breast cancer. Cancer is currently Hong Kong's largest disease burden, 

accounting for 15.3% of all hospital discharges and deaths in 2023, with lung 
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and breast cancer being the most common [236, 237]. This underscores the 

severe disease burden imposed by poor IAQ. 

• Infectious Disease Transmission: Poor air quality, especially in poorly 

ventilated and humid conditions, creates a favorable environment for airborne 

pathogens like influenza, tuberculosis, and SARS to spread. This risk is 

particularly pronounced in Hong Kong, given its experience with COVID-19 

and SARS and its high-density population. Local studies have found that 

common air-conditioned environments in the city have relatively high total 

bacterial counts, increasing the risk of respiratory infections. This should be a 

key concern for schools, nursing homes, and offices. 

• Sick Building Syndrome (SBS): SBS refers to a collection of symptoms like 

headaches, fatigue, and irritation of the eyes, nose, or throat that are linked to 

time spent in a specific building but have no clear cause. Studies in Hong Kong's 

office environments have already shown high levels of employee dissatisfaction 

with IAQ. Some buildings fail to meet official IAQ standards, and the 

conditions in most remain unknown. This suggests SBS may be a widespread 

problem affecting the health and well-being of Hong Kong's workforce, 

potentially impacting an economy dominated by finance and trade. 

Cognitive Impacts: 

Research clearly indicates that common indoor pollutants like CO₂, VOCs, and PM can 

impair cognitive function, leading to memory loss, difficulty concentrating, slower 

reaction times, and reduced productivity. 

This is particularly alarming when connected to real-world data from Hong Kong. For 

example, CO₂ levels in the city's classrooms frequently exceed the recommended limit 

of 1000 ppm and can reach as high as 5900 ppm [162]. Even in Grade A office buildings, 

total volatile organic compound (TVOC) levels are often elevated [193]. These findings 

suggest that Hong Kong's students and office workers may be studying and working in 

environments that compromise their cognitive abilities, representing a significant 

potential loss for both individuals and the city's economy. 

Economic Impacts: 

Poor Indoor Air Quality (IAQ) not only impairs public health and cognitive 

performance but also carries significant economic consequences for Hong Kong. 

Globally, studies in the U.S. and France have shown that the economic damage from 

indoor air pollution exceeds 1% of their GDP [124, 125]. A similar finding was 

observed in Hong Kong in the late 1990s, with an estimated annual economic loss of 

HK$12.2 billion, equivalent to 1.1% of its GDP at the time [130]. According to our 

estimation, poor IAQ causes an economic loss of 32.56 billion HKD. It also exceeds 1% 

of the 2024 GDP even before considering medical costs, highlighting the significant 

impact of poor IAQ on the city's development. 

Data and Research Gaps: 

However, current estimate of Hong Kong's IAQ economic burden is heavily reliant on 

foreign data and numerous assumptions, which undermines its credibility and policy 

influence. There are significant data gaps, including: 

 Exposure Assessment: A lack of long-term monitoring data for key pollutants 
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across Hong Kong’s typical indoor environments (homes, schools, offices). 

 Health Risk Quantification: A shortage of local epidemiological studies to 

establish dose-response relationships or relative risks between IAQ and various 

health outcomes. 

 Economic Valuation: A lack of locally derived VSL figures, detailed data on direct 

medical costs for IAQ-related diseases, and quantified data on productivity losses 

from SBS and other related conditions. 

6.3 High-Risk Populations and Environments 

The negative effects of poor IAQ in Hong Kong are not distributed evenly; they 

disproportionately affect specific groups. 

6.3.1 Vulnerable Populations 

• The Elderly, Children, and Women: These groups are more vulnerable due to 

physiological reasons and social roles. The elderly and children have weaker 

immune systems and often spend more time in potentially polluted 

environments like nursing homes and schools. Despite government guidelines 

for these locations, studies show their air quality is often suboptimal, likely due 

to higher occupancy density or ventilation limits. In homes, small living spaces 

and closely packed buildings can restrict airflow, a problem worsened in elderly 

households that may have more clutter. Due to traditional gender roles, women 

are often primarily responsible for cooking and cleaning, leading to higher 

exposure to cooking fumes and cleaning chemicals. 

• Workers: Certain occupations face extremely high exposure risks. This 

includes workers in commercial kitchens and e-waste recycling facilities. 

Additionally, cleaners and dockworkers are among those likely exposed to poor 

IAQ long-term. These roles are often filled by low-income workers who have 

less power to advocate for better working conditions, linking the IAQ issue to 

socioeconomic status. 

6.3.2 High-Risk Buildings and Environments  

Existing guidelines are insufficient for many high-risk environments. Even for schools, 

nursing homes, and offices where guidelines exist, the recommendations are often 

incomplete and need updating. 

Many other high-risk locations lack government guidance entirely. The most critical 

among these are subdivided units (SDUs), a product of Hong Kong's unique social 

landscape. SDUs are a concentration of IAQ risk factors: extremely poor ventilation, 

open kitchens, high occupant density, and the continuous release of harmful substances 

from cheap construction materials. These risks converge upon a low-income, 
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vulnerable population with few alternatives, creating one of Hong Kong's most severe 

IAQ challenges. Hospitals are another overlooked environment, facing the inherent 

conflict of needing to control both airborne pathogens and chemical pollution, yet 

lacking dedicated local research and guidance. 

6.4 Challenges in Hong Kong's IAQ Management 

The challenges in managing Indoor Air Quality (IAQ) in Hong Kong stem from 

interconnected deficiencies at both the policy and research levels. 

Policy:  

The Hong Kong government currently gives low priority to IAQ. Compared to outdoor 

air quality, there is a significant gap in policy planning and data monitoring for indoor 

air. This is mainly due to a lack of sufficient research to confirm the importance of IAQ. 

Furthermore, the government's primary management approach for IAQ relies on a 

voluntary program—"Indoor Air Quality Certification Scheme for Offices and Public 

Places." It is designed for commercial buildings, hard to protect vulnerable groups like 

the elderly and children in high-risk non-commercial areas. This represents a critical 

gap as our estimates show significantly higher health and economic costs from poor 

IAQ in non-office environments. Additionally, the scheme has long intervals between 

inspections and relies on passive testing rather than active spot-checks, which may lead 

to discrepancies between a building's certified results and its actual air quality.. 

Research:  

There is a limited amount of research on indoor air quality in Hong Kong, and the lack 

of scientific evidence makes it difficult to capture governmental attention and advocate 

for policy change. There is an urgent need for systematic research to identify local IAQ 

sources, define the affected populations, and quantify the adverse outcomes. 

Furthermore, scientific guidance is required to raise public awareness and to develop 

effective methods for improving indoor air quality. 

Ultimately, we need to take action to break the vicious cycle between "low government 

priority" and "a lack of research and data". This is the core objective of the current 

project by our organization, the Clean Air Network. 

7. Conclusion 

Indoor air quality (IAQ) in Hong Kong is a severely underestimated issue with major 

public health, economic, and social equity implications. This problem is driven by a 

range of indoor pollutants from sources like combustion and chemical emissions, 

including harmful gases (CO, CO₂, NOx), volatile organic compounds (VOCs), and 

particulate matter (PM). Exposure to these contaminants directly increases residents' 

risks of cardiovascular disease, cancer, and infectious illnesses, while also causing Sick 

Building Syndrome and reducing productivity, which in turn causes economic burden 

around 32.56 billion HKD per year. Crucially, this health burden is not distributed 
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evenly. Vulnerable populations like the elderly and children, along with those in high-

risk environments like subdivided units (SDUs) and schools, bear a disproportionate 

share of the harm. Despite this clear inequality, Hong Kong's current policy framework, 

which relies on voluntary certification, fails to protect the populations and places that 

need it most. This challenge is rooted in a vicious cycle where government inaction and 

a gap in local scientific data reinforce each other, hindering effective governance. 

Therefore, to break this cycle, we strongly urge the government to establish an IAQ 

management system built on mandatory regulations and supported by evidence-based 

research. Such a step is not just a public health necessity; it is a fundamental 

requirement for achieving social equity and ensuring the city's sustainable development.  
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