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 In 2014 92 % of world population were 
living in area where air quality level was 
below the WHO standard guidelines

Air pollution causes seven million deaths a 
year

3 biilions people are at serious health risk 
due for indoor smoke 

3.8 million people die annually because of 
indoor air pollution

According to WHO



 In Britain, more than half of towns and cities where 
measurements were taken had fine particle air 
pollution above recommended limits.

 “Air pollution threatens us all, 

 but the poorest and most marginalized people bear 
the brunt

WHO statement



Outdoor and  indoor air pollution



Smoking is a big issue



“Everything has been said before, but since 
nobody listens (or forgets) we have to keep 
going back and begin all over again.”

Need for Reminder

- Andre Gide 
Nobel Laureate (1891)



Air pollution world wide

IHME
IHME 2018



PM2.5 10 μg/m3 annual mean ; 25 μg/m3 24-hour 

mean

PM10 20 μg/m3 annual mean ; 50 μg/m3 24-hour 

mean

O3100 μg/m3 8-hour mean

NO2  40 μg/m3 annual mean ; 200 μg/m3 1-hour mean

SO2  20 μg/m3 24-hour mean;  500 μg/m3 10-minute 

mean

WHO Guidelines on Air Quality 
Standards



Major Pollutants

 Particulate matter (PM10 and PM 2.5)

 Ozone (O3)

 Nitrogen dioxide (NO2) and

 Sulfur dioxide (SO2),









Measured Air Pollution level for 1 year (Feb 2014 
– Feb 2015) from 3 different locations within 
the valley.

Analyzed 11, 300 In-Patients Records of major 
hospitals in Kathmandu valley

 Tried to correlate the air pollution level with 
health effects 

Methods



Daily averages of PM 2.5 are 3 – 5 times higher 
than the national standard (40μg/m3)

 1 – 2 % rise in hospitalization of COPD patients 
with every 10μg/m3 increment in PM 2.5 

 3.7 % rise in mortality with every 10μg/m3 
increment in PM 2.5

Some key findings
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tobacco smoke, as determined by cotinine saliva levels, 

was associated with higher odds for cognitive impair-

ment (Llewellyn et al., 2009).

Possible pathways linking air pollution to neurodegen-

erative diseases are discussed in section 7 of this review.

7. Pathways/potential mechanisms 
explaining the association between air 
pollution and adverse health effects

T e previous sections summarized a large number of 

observed adverse health ef ects associated with air pol-

lution in humans. Figure 2 gives an overview on what 

organs might be af ected by air pollution. Potential 

pathways and conceivable mechanisms of how particles 

of dif erent size classes and chemical composition can 

af ect health will be discussed in this section.

7.1. Pulmonary effects
It has been shown that particles have the potential to 

cause oxidative stress in the lungs, which is an important 

part of their pathogenic mechanism (Brook et al., 2003). 

Oxidative stress can lead to inf ammation and as a con-

sequence to fever, f brosis, bronchitis etc. Moreover, it 

can entail oxidative adducts in the epithelium that have 

the capacity to contribute to carcinogenesis (Donaldson 

et al., 2005; Kunzli and Tager, 2005). Schwartz (Schwartz, 

2004) pointed out a number of studies which showed that 

increased exhaled NO was associated with several air 

pollutants in individuals without, but particularly with 

diagnosis of asthma. T ere is also evidence that pollution 

plays a role in increased lung inf ammation, especially in 

patients with asthma.

7.2. Cardiovascular effects
As shown in Sections 1 and 3, air pollution can have 

chronic (long-term) as well as acute (short-term) ef ects 

on the cardiovascular system and potential mechanisms 

might dif er. A number of newer studies have demon-

strated very rapid ef ects of air pollution on health out-

comes such as vascular dysfunction, which supports the 

idea that at least some pathways convey signals systemi-

cally within hours after exposure.

T ere are, on the other hand, also studies that sug-

gest chronic biological ef ects, such as the promotion 

of atherosclerosis. Particle-induced progression of ath-

erosclerosis is one of the main hypothesized pathways 

for chronic ef ects (Brook et al., 2010). Mills et al. (2009) 

inferred from clinical and toxicological studies that not 

only the atherosclerotic burden increases by PM expo-

sure, but also that the resultant lesions might be more 

vulnerable to plaque rupture events (Mills et al., 2009). 

T ey base their conclusion on studies of apolipoproein-

E-knockout mice fed with a high fat diet which showed 

increases in aortic plaque area and burden when 

exposed to PM
2.5

 compared to f ltered air (Sun et al., 

2005). In addition, data from hyperlipidemic rabbit mod-

els showed more advanced coronary and aortic athero-

sclerotic plaques than control rabbits after instillation of 

ambient PM
10

 (Suwa et al., 2002). A more recent study in 

apolipoprotein E-def cient mice showed that exposure to 

UFP (particle diameter <0.18 µm) lead to larger early ath-

erosclerotic lesions in the animals than exposure to PM
2.5

 

or f ltered air (Araujo et al., 2008). Moreover, a large epi-

demiological study from Los Angeles, USA, reported that 

carotid intima-media thickness, a measure of subclinical 

atherosclerosis, increased with higher PM
2.5

 levels at the 

participants’ homes (Kunzli et al., 2005). A German study 

showed positive associations between the probability 

of having high coronary artery calcif cation scores and 

proximity to a major road in more than 4000 participants 

(Hof mann et al., 2007).

A number of mechanisms have been proposed to 

explain the adverse health ef ect of PM. Supportive evi-

dence has been found for inf ammation, cytokine and 

chemokine release, production of white blood cells, 

Figure 2. Organs of the human body that can be af ected by air pollution (from Peters et al., J Occup Environ Med. 2011 Jun;53(6 

Suppl):S8-S13).
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Human Organs affected by Air Pollution

Peters et al., J Occup Environ Med 2011 Jun; 53(6 Suppl)



 Acute Lower Respiratory Infection

 Ischemic Heart Diseases

 Stroke

 COPD

 Lung Cancer

 Urinary Bladder Cancer

Air Pollution



18

Noncommunicable Diseases

Air 
pollution



Neurodevelopmental Disorder in Children

Neurodegenerative Diseases in Adults

Air Pollution is a risk factor for 
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 Inhalation Toxicology

Abbreviations   

ACS, American Cancer Society;  

AD, Alzheimer’s disease;  

AMI, acute myocardial infarction;  

APHEA, air pollution and health ef ects—a European approach;  

APHENA, air pollution and health: a European and North 

American approach;  

BC, black carbon;  

BP, blood pressure;  

BS, black smoke;  

CD40L, CD40 Ligand;  

CNS, central nervous system;  

CO, carbon monoxide;  

COPD, chronic obstructive pulmonary disease;  

CRP, C-reactive protein;  

CVD, cardiovascular diseases;  

EC, elemental carbon;  

ECG, electrocardiogram;  

EPA, environmental protection agency;  

FVII, Factor VII;  

FEF
25–75

, forced expiratory f ow at 25–75% of vital capacity;  

FEV
1
, forced expiratory volume in 1 second;  

FMD, f ow-mediated dilatation;  

FVC, forced vital capacity;  

GIS, geographic information systems;  

HEI, Health Ef ects Institute;  

HF, high frequency domain;  

HRV, heart rate variability;  

HS, high sensitivity;  

IL-6, interleukin-6;  

IUGR, intrauterine growth retardation;  

LBW, low birth weight;  

LF, low frequency domain;  

LUR, land use regression;  

MI, myocardial infarction;  

NMMAPS, National Morbidity, Mortality and Air Pollution Study;  

NO, nitric oxide;  

NO
2
, Nitrogen dioxide;  

OC, organic carbon;  

PAH, polycyclic aromatic hydrocarbons;  

PD, Parkinson’s disease;  

PEF, peak expiratory f ow;  

PM, particulate matter;  

PM
10

, particulate matter with an aerodynamic diameter <10 μm;  

PM
2.5

, particulate matter with an aerodynamic diameter  

<2.5 μm;  

PNC, particle number concentration;  

QTc, corrected QT interval;  

RMSSD, root mean square of successive normal-to-normal 

interval dif erences;  

ROS, reactive oxygen species;  

SAA, Serum amyloid A;  

SDNN, standard deviation of all normal-to-normal intervals;  

SES, socioeconomic status;  

SGA, small for gestational age;  

sICAM, soluble inter-cellular adhesion molecule 1;  

SSV, statistical search variable;  

sVCAM-1, soluble vascular cell adhesion molecule 1;  

TF, tissue factor;  

TNF α, tumor necrosis factor α;  

TSP, total suspended particles;  

UFP, ultraf ne particles, particles <100 nm;  

vWF, Von Willebrand factor;  

WHO, World Health Organisation; 

Figure 1. Stages in life of special susceptibility toward air pollution.

are the “Air Pollution and Health Ef ects—a European 

Approach” (APHEA and APHEA2) projects (Analitis 

et al., 2006; Katsouyanni et al., 1995; Katsouyanni et al., 

1996; Katsouyanni et al., 1997; Katsouyanni et al., 2001), 

which showed small but signif cant associations for 

all-cause, cardiovascular and respiratory deaths with 

PM
10

 and also black smoke (BS) (Samoli et al., 2005). 

More recently, the APHENA (Air Pollution and Health: 

a European and North American Approach) sought to 

provide an understanding of the degree of consistency 

among f ndings of multi-city time-series studies on the 

ef ect of air pollution and mortality by analyzing data 

from APHEA, NMMAPS and 12 Canadian cities in a 

combined approach. T e results were relatively robust 

to the underlying analysis approach and quite similar 

to the initial independent analyses. PM
10

 ef ects on 
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 6.4 Million Premature Deaths in 2015

2.8 Millions (Household AP)

4.2 Millions (Ambient AP)

 7 Million Deaths – Tobacco

 1.2 Million – AIDS

 1.1. Million – TB

 0.7 Million – Malaria

- Lancet (Jan 2017)

Air Pollution Kills People



 19 % of all Cardiovascular Deaths

 20 % of Ischemic Heart Diseases Deaths

 21% Stroke Deaths

 23% of Lung Cancer Deaths

 88% of these deaths occurred in Low and Middle Income Countries

Lancet, January 2017

In 2015 Air Pollution caused:



 Approx 43 per cent of deaths from COPD, 

 29 per cent from lung cancer, 

 25 per cent from stroke and 

 24 per cent from heart disease are caused by air 
pollution.

Latest WHO release

Air pollution causes: 



 High Medical Expenditures ($21 Billions 2015)

 Lost Economic Productivity (patients + family) 
due to : Disease related disability and Premature Deaths

 Projected Deaths in 2060 AD (due to Ambient Air Pollution) : 
6 – 9 Millions / Year if not controlled aggressively

 Impact on the environment

 Impact on the Economy of the nation: Tourism



Health and Economic Impacts of AP





1. Every citizen shall have the right to live in a 
clean and healthy environment

2. Those affected by the environmental pollution 
or erosion shall have the right to get 
compensation from the polluters as per the law. 

Constitution of Nepal (2015) :
Right to Clean Environment 

(Article 30)



 In Societies where RULE OF LAW and civic sense of 
responsibility are yet to mature, intent alone is 
NOT sufficient.

 While scientific evidence is critical for policy 
formulation, public pressure is equally important 
for the implementation of the policies

 Professionals must engage with politicians to 
formulate policies and with Media to raise public 
awareness. 

Intent - Action Gap







Knowing is not enough, we must apply

Willing is not enough, we must do

- Goethe

Words of Wisdom



 For Industry: clean technologies that reduce industrial smokestack 
emissions; improved management of urban and agricultural waste, including 
capture of methane gas emitted from waste sites as an alternative to 
incineration (for use as biogas);

 For Transport: shifting to clean modes of power generation; prioritizing 
rapid urban transit, walking and cycling networks in cities as well as rail 
interurban freight and passenger travel; shifting to cleaner heavy duty diesel 
vehicles and low-emissions vehicles and fuels, including fuels with reduced 
sulfur content;

 For Urban Planning: improving the energy efficiency of buildings and 
making cities more compact, and thus energy efficient;

 For Power Generation: increased use of low-emissions fuels and 
renewable combustion-free power sources (like solar, wind or hydropower); 
co-generation of heat and power; and distributed energy generation (e.g. 
mini-grids and rooftop solar power generation);

 For Municipal and Agricultural Waste Management: strategies for waste 
reduction, waste separation, recycling and reuse or waste reprocessing; as 
well as improved methods of biological waste management such as 
anaerobic waste digestion to produce biogas, are feasible, low cost 
alternatives to the open incineration of solid waste. Where incineration is 
unavoidable, then combustion technologies with strict emission controls are 
critical. (WHO)

Policies to control Air Pollution




