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PM

4

Cited from : the US Environmental Protection Agency

Compartmental deposition



PM10 & 2.5

5Cited from: Environ Geochem Health. 2018:40(6):2325-2342

Ubiquitous atmospheric aerosol with 
both anthropogenic and natural sources
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The global burden of disease attributed to household air pollution(HAP) 

Cited from: Jiang XQ et al, J Thorac Dis 2016;8(1):E31-E40.
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Cited from: Jiang XQ et al, J Thorac Dis 2016;8(1):E31-E40.
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Cited from: Lancet Respir Med. 2014;2(10):823-860.
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Indoor UFP Emission Rates for Combustion and Non-Combustion Sources in Homes

Health Risks of Indoor Exposure to Particulate Matter: Workshop Summary. 
THE NATIONAL ACADEMIES PRESS. Washington DC. 2016.
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Drivers of Exposure Disparities in Indoor Environments

Health Risks of Indoor Exposure to Particulate Matter: Workshop Summary. 
THE NATIONAL ACADEMIES PRESS. Washington DC. 2016.
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Size ranges for different types of bioaerosol particles

2.5



PM10 & 2.5

• More easily bound
– Owned larger specific surface area and bigger adsorption ability

– Toxic heavy metals, acid oxides, organic pollutants and pathogenic microorganisms
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Cited from: Widziewicz K et al, Atmospheric  Environ. 2016;128:198-207 

PM2.5 PM10



Sources
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Cited from : Li Z et al., Sci Total Environ. 2017;586:610-622.

Tree Structure Diagram

crustal dust, vehicle emission (gasoline and diesel), 
steel plants (coal combustion and some industry activities)

Air exchange
chemical component of indoor PM2.5 
is associated with sources and component 
of outdoor PM2.5.



Sources
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Cited from: Han Y et al. Environ Pollution. 2015:205;307-314 Cited from: Jung CC et al. Int J Environ Res and 
Public Health. 2020:17;5906



Sources

• Smoking had a great influence on adjacent facilities 
– PM2.5 level in smoking facilities (zone) was significantly higher than it in nonsmoking 

facilities (zones) and outdoor environment
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Smoking

Cited from: Liu R et al, Indoor Air. 2014:24;339-349

Beijing, China



Sources

• Heating vs. non-heating season
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Season and construction type

Cited from: Han Y et al, Environ Pollution. 2015:205;307-314

Cited from: Zhu CS et al, Aerosol and Air Qual Res. 2012:12;1157-1165

heating non-heating



Sources
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Estimated contribution of indoor PM2.5

Cited from: Adamkiewicz, G et al, American Journal of Public Health. 2011;101(Suppl 1):S238–S245.



Sources

• Clean energy vs. Coal and biomass
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Season and construction type

Cited from: Li T et al, Sci Total Environ. 2016:548;6-12



Sources
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Season and construction type

Cited from: Jung CC et al. Int J Environ Res and Public Health. 2020:17;5906

Spring Summer

Fall Winter



Sources

• Urban vs. Rural (non-urban)
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Urban Non-urban

Cited from: Jung CC et al. Int J Environ Res and Public Health. 2020:17;5906



Sources

• Use of coal for cooking leads to higher indoor pollution and exposure level.

21Cited from: Li T et al, Sci Total Environ. 2016:548;6-12

Lanzhou, urban area in China Heating season Non-heating season

Cooking and heating



Components of Indoor PM2.5

• The main components of PM2.5
– Organic compounds

– Inorganic compounds

– Biological components 

– Carbons

22Cited from: Geng N et al, Particuology. 2013:11;99-109

Zhengzhou (Industrial area), China



Components of Indoor PM2.5
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Organic compounds

Organic 
compounds

Inorganic 
compounds 

Biological 
components 

Carbon

Saturated and 
unsaturated 
hydrocarbon

Water-soluble 
inorganic salts 

Inorganic 
elements

Bacteria, fungi, 
viruses, pollen 

and plant fibers

Elemental 
carbon (EC) and 
organic carbon 

(OC).

Volatile organic 
compounds 
(VOCs) and 

PAHs

Nitrate, 
ammonium and 

sulfate

S, Br, Cl, As, Cs, 
Cu, Pb, Zn, Al, Si, 
Ca, P, K, V, Ti, Fe 

and Mn 



24Cited from: Zhu CS et al, Aerosol and Air Quality Research, 2012;12:1157–1165.

Northwestern China (Rural area)

material balance



25Cited from: Zhu CS et al, Aerosol and Air Quality Research, 2012;12:1157–1165.

Source apportionment

Northwestern China (Rural area)



Components of Indoor PM2.5

• Concentration and component size

• Human age 

• Exposure time length

26

Concentration related factors

Cited from: Samoli E et al, Envirio Health Perspect. 2016;551:66-72.
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10 μ g/m3 increase in PM2.5 on the event day for mortality
(Tokyo, Japan)

Cited from: Yorifuji T et al, Sci Total Envrion, 2016;551:66-72.

Infants Elderly ≥65



29Cited from: Yorifuji T et al, Sci Total Envrion, 2016;551:66-72.

PM2.5 with concentration lower 
than national limit 
still damaged health

Tokyo, Japan
mortality 

among infants
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31Cited from: Smith KR et al, Annu Rev Public Health. 2014;35:185–206.



Respiratory infection
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about 70% 
increase

[HAP] Increase the risk of childhood ALRI by 78% (pooled OR: 1.78 [95% CI 1.45-2.18])

Cited from: Bulletin of the WHO. 2008;86:390–398.
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[HAP] A meta-analysis of 8 studies (Pooled OR for ALRI: 3.53 [95% CI 1.93-6.43)]

Cited from: Thorax. 2011;66:232e239.



• HAP-induced epithelial inflammation might change the integrity of the 
epithelial barrier and increase the risk of bacterial invasion. 

34
Indoor Air. 2013;23:4–13. AJRCCM. 1999;160:1443–49.

HAP breaks the defense : Epithelial barrier



35Cited from: Curr Opin Pulm Med. 2016;22:150–157.



COPD
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A slower annual decline 
in FEV1 in biomass 
smoke-associated COPD 
as compared with 
tobacco smoke-
associated COPD [23 
vs.42 ml]

Cited from: Am J Respir Crit Care Med. 2014;190:996–1002.

Biomass vs. smoking-associated COPD



COPD

37Cited from: Eur Respir J. 2014; 43:725–734.

Cited from: Am J Respir Crit Care Med.2006; 
173:393–397.

Biomass vs. smoking-associated COPD



COPD

38

Cited from: Eur Respir J. 2014; 43:725–734.

Cited from: Int J Tuberc Lung Dis. 2008; 
12:972–977.

“Less emphysema but more air trapping”

“More fibrosis in the lung parenchyma 
and in the walls of the bronchioles”

Biomass vs. smoking-associated COPD
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Characteristics Biomass smoke-related COPD Tobacco smoke-related COPD

Sex Women (58%) Men (91%)

Mean age in years 76 71

Predominant COPD phenotypes Chronic bronchitis Emphysema

COPD-asthma overlap Chronic bronchitis

Small airways disease

Rate of annual FEV1 decline 23ml/year 42ml/year

Self-reported QOL Worse Better

Mortality Equal

Predominant T-helper cell 
inflammatory profile

Th2 Th17



Asthma

• Not much evidence exists that the risk 
of asthma or exacerbations of pre-
existing asthma is associated with 
exposure to HAP. 

• A systematic review and meta-
analysis : ORs for asthma
– OR 0.50 (95% CI 0.12–1.98) in children 

– OR 1.34 (95% CI 0.93–1.93) in women
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Thorax. 2011; 66:232–239. 



• No consensus in academia about specific pathogenic mechanism of PM2.5 
to respiratory system and CVD. 

• Widely accepted;
– Inflammatory reaction

– Oxidative stress

– Genetic toxicity

– Mutagenicity and carcinogenicity.

41



42Cited from: Bateman SS, et al. Eur Respir J 2008; 31: 179–196
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Cited from: Gonzalez-Flecha B et al. Molecular Aspects of Medicine. 2004;25:169–182

Active free radicals in PM2.5 
Reactive oxygen species (ROS) and active nitrogen from stimulated MAC and epithelial cells 
-> activated the target cell oxidation pathway, eventually causing inflammation and other effects



44Cited from: IARC. Monogr Eval Carcinog Risks Hum. 2010; 95:1–430. 

[Incomplete combustion]
Polycyclic aromatic hydrocarbons with inhalable 
particles, volatile organic  compounds, and some metals

Particles deposited at crucial target cells or tissues of the 
lung might initiate a number of  biological processes

“sustained inflammation, cell injury, cell proliferation, 
depletion of antioxidants or impairment of other 
defense mechanisms, production of reactive oxygen 
species, and gene mutation.”
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Source Control

• Reducing dust emission from land and buildings

• Vehicles emission must be controlled

• Industrial emission must be cut down

46

Ambient air pollutants

Br Med J. 2013; 346: e8446.
Occup Environ Med. 2012;69: 354–360.
J Expo Sci Environ Epidemiol. 2017; 27: 64–71.



Indoor Sources

• Control smoking
– Smoking zones and non-smoking zones

• Control solid fuels usage
– Ventilation of kitchen 

– Traditional solid fuels -> clean fuels

– Cooking habits (patterns)

• Arrange indoor activities reasonably
– Clean house regularly, select decoration reasonably, try not to keep pets, burn incenses 

less and increase indoor greening

47

Sources control

Br Med J. 2013; 346: e8446.
Occup Environ Med. 2012;69: 354–360.
J Expo Sci Environ Epidemiol. 2017; 27: 64–71.



Ventilation

• Air conditioning with air purifiers 
– The main control method in PM2.5 transmission process

• High efficiency particulate air filter (HEPA) 
– The filtration efficiency of HEPA for particles with a diameter of 0.3 μm is up to 99.9%, 

indoor PM2.5 can be substantially removed (Price et al., 2005).

48

Control for transmission

Br Med J. 2013; 346: e8446.
Occup Environ Med. 2012;69: 354–360.
J Expo Sci Environ Epidemiol. 2017; 27: 64–71.

“Commercials”



Future perspectives

• Global efforts to reduce HAP

49

the US Environmental Protection Agency’s 
Partnership for Clean Indoor Air (PCIA) 
with hundreds of motivated NGOs + 
international organizations 

-> Design innovative and regionally specific 
solutions

In 2010, the US Government + the UN 
Foundation, created a public–private 
partnership that incorporated the PCIA 
into the Global Alliance for Clean 
Cookstoves, 

-> enhancing development and 
implementation of clean cooking 
solutions for millions of households

-> to reduce the effect of deforestation 
and climate change, and to empower 
women

The UN launched the Initiative for 
Sustainable Energy for All in 2011 

-> provide clean cooking energy for 
people at the bottom of the 
world’s energy ladder 

-> through the advancement of 
cleaner technologies, such as LPG 
by the year 2030



“Thank you for your attention.”
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Pb, Al, Cu, and transition metals etc. would cause inflammation and pulmonary fibrosis and pulmonary diseases.

Number of alveolar macrophages (AM) recovered by lung 
lavage after instilling EHC dust or metal solutions (Zn, Cu > 
control, P<.05 at days 3, 7; Zn > Cu, P<.05).

Number of polymorphonuclear leukocytes (PMN) recovered 
by lung lavage after instilling EHC dust or metal solutions (Zn, 
Cu > control, P<.05 at days 3, 7; Zn > Cu, P<.05).

Cited from: Prieditis H et al. Experimental Lung Research. 2002;28:563-576.



Future perspectives

• Interventions 

– Wood burning is an important source of HAP in high-income countries, particularly in rural 
communities.
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Fuel switching
Typified by aggressive policies and 
incentives 

-> Promote a shift in heating fuels from 
biomass to cleaner energy sources such 
as natural gas and electricity

Address elevated PM concentrations in 
communities with a high frequency of wood 
burning 

-> Replace conventional wood stoves with 
improved technology stoves

Plug-in air filter devices are efficacious 
household-level strategy 

-> Improving indoor air quality in homes 
using wood stoves

Br Med J. 2013; 346: e8446.
Occup Environ Med. 2012;69: 354–360.
J Expo Sci Environ Epidemiol. 2017; 27: 64–71.



57Cited from: Yorifuji T et al, Sci Total Envrion, 2016;551:66-72.

Tokyo, Japan

Lag model up to 5 days 
(same day and up to 4 days earlier)

10 μ g/m3 increase in PM2.5 on the event day

mortality 
among infants



• The Standard of the Measurement and Evaluation for Efficiency of Building 
Ventilation(JGJ/T309-2013), issued on July 2nd, 2013, came into effect on 
February 1st, 2014.
– the daily average concentration of indoor PM2.5 should be <75 μg/m3.

• The latest Ventilation for Acceptable Indoor Air Quality (ANSI/ASHRAE62.1-
201), issued by the United States, was put into effect on August 21, 2015
– Provides for indoor PM2.5 with a concentration <15 μg/m3

• The Residential Indoor Air Quality Guideline issued by Canada in 2012 defined 
PM2.5 as a monitoring object
– but it didn't provided specific PM2.5 limit

• In Indoor Air Quality Guidelines-Implementation Outline of Domestic Fuel, 
WHO pointed out that the PM2.5 limit for burning domestic fuel
– with ventilation and without ventilation was 230 μg/m3 and 800 μg/m3
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Indoor PM2.5 control
-Standards of indoor PM2.5


