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Scientific knowledge about atmospheric 

pollutant
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H. H. Schrenk Ph.D (1952) A Scientist Views the Air Pollution Problem, Air Repair

THE AIR POLLUTION PROBLEM is concerned with the

undesirable effects which are produced by excessive atmospheric

pollutants. There are three basic effects: i) Nuinance, ii)

economic, and iii) health

NUINANCE 

Much dirty

Unpleasant odor

Loss of 

visibility

Eye irritation
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THE AIR POLLUTION PROBLEM is concerned with the

undesirable effects which are produced by excessive atmospheric

pollutants. There are three basic effects: i) Nuinance, ii)
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ECONOMIC

 Soiling of rugs

 Draperies

 Linens

 Clothes

 Loss of merchandise in stores

 Discoloring of paint

 Corrosion of stone

 Metals

 Injury to vegetation and livestock



Scientific knowledge about atmospheric 

pollutant

HEALTH EFFECTS

The air pollution can adversely affect health and was demonstrated by 

acute dramatic episodes. 

EXAMPLES:

The air pollution can adversely affect health and was demonstrated by 

acute dramatic episodes. 

The 1930 (1 to 5 December) Meuse Valley fog killed 60 people in Belgium owing

to a combination of industrial air pollution (by Sulphur) and climatic conditions



Scientific knowledge about atmospheric 

pollutant

HEALTH EFFECTS

The air pollution can adversely affect health and was demonstrated by 

acute dramatic episodes. 

EXAMPLES:

The 1948 (27 – 31 October) 

Donora smog killed 20 people and 

caused respiratory problems for 

7,000 of the 14,000 people living in 

Donora, Pennsylvania

Hydrogen fluoride

and sulfur dioxide

U.S. Steel´s 
Donora Zinc
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HEALTH EFFECTS

The air pollution can adversely affect health and was demonstrated by 

acute dramatic episodes. 

EXAMPLES:

(Acido sulfhídrico)



ATMOSPHERE

HEALTH EFFECTS

EXAMPLES:



Vertical Structure of the 

atmosphere

Principle

The changes in the atmosphere with

height are results of specific

physical conditions which exist on

the earth and in its atmosphere

The vertical changes in temperature

are important in constraining

weather events to the lowest 10-12

km of the atmosphere.

Layer in which we live and is 90%

of the total mass, contains almost of

the Earths´s CO2, H2O vapor,

clouds, air pollution, life-forms, and

weather.



Vertical Structure of the 

atmosphere

Ionosphere, there is a plasma. High energy solar

radiation causes the atoms to ionize, separating free

electrons from cations
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Ozone Layer

Mesosphere, matter exists as atoms. There is

sufficient energy in electromagnetic radiation from the

sun to break the chemical bonds in molecules

Stratosphere, is home to the ozone layer. Chemical 

bonds between oxygen atoms in molecular oxygen 

(O2) break an in ozone (O3) break when the 

molecules absorb ultraviolet radiation. Re-forming 

those bonds releases heat energy so the temperature 

increases with altitude in this layer.

Troposphere, is the region of the atmosphere closest 

to the Earth and is the region of all weather events.



Vertical Structure of the atmosphere

The ionosphere: abundant layer of

e-, ionized atoms and molecules that

stretches from about 48 kilometers

(30 miles) above the surface to the

edge of space at about 965 km (600

mi), overlapping into the

mesosphere and thermosphere.

This dynamic region grows and

shrinks based on solar conditions

and divides further into the sub-

regions: D, E and F; based on what

wavelength of solar radiation is

absorbed. Is a critical link in the

chain of Sun-Earth interactions. This

region is what makes radio
communications possible

NASA/Goddard

SENSO

RS



Vertical Structure of the atmosphere

NASA/Goddard

The Ozone Monitoring Instrument (OMI) instrument can

distinguish between aerosol types, such as smoke, dust, and

sulfates, and measures cloud pressure and coverage, which
provides data to derive tropospheric ozone



Vertical Structure of the atmosphere



ATMOSPHERIC COMPOSITION

* considered relatively variable gases

** parts per million

Gas name Chemical Formula

Percent

Volume (%) **ppm

Nitrogen N2 78.084 780840

Oxygen O2 20.95 209500

Argon Ar 0.93 9300

*Water H2O 2.5 25000

*Carbon dioxide CO2 0.0397 399

Neon Ne 0.0018 18

Helium He 0.000524 5.24

*Methane CH4 0.000179 1.79

Krypton Kr 0.000114 1.14

Hydrogen H2 0.000055 0.55

*Nitrous oxide N2O 0.0000325 0.325

Carbon monoxide CO 0.00001 0.1

Xenon Xe 0.000009 0.09

*Ozone O3 0.000007 0.07

Nitrous dioxide NO2 0.000002 0.02

Iodine I 0.000001 0.01

Ammonia NH3 trace trace

GREENHOUSE 
GASES

About 

99%

1%



ATMOSPHERE - Dynamics

Inmisión



Air Pollution

Interaction between human and their physical 
surrounding

Influence – based in human activities

POLLUTION!!!!



Air Pollution
Environment

•Geográficos o topográficos: latitud, orientación, pendiente, latitud...

•Climáticos: temperatura, humedad, viento, presión atmosférica...

•Edáficos: composición y estructura del suelo.

•Químicos: componentes del aire, del agua y del suelo

unidad ecológica por la que

fluyen materia y energía a

través de la cadena trófica

Las interacciones entre la

biocenosis y el biotopo limitan la

distribución de las especies

SI ALGUNO DE ESTOS

FACTORES LLEGASE A

PRESENTAR FALTAS, LOS

DEMAS FACTORES SE VERÁN

AFECTADOS
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POLLUTION!!!!!!



Air Pollution
Environment

POLLUTION

Presence or introduction into environment of substances harmful to 

humans and other living organisms. 



Air Pollution
Environment

POLLUTION

Presence or introduction into environment of substances harmful to 

humans and other living organisms. 

Pollutants

Solids, liquids, or gases

produced in higher than

usual concentrations that

reduce the quality of our

environment



Air Pollution
Environment

ENVIRONMENTAL POLLUTION

Occurs when changes in the physical, chemical, or biological

constituents of the environment (air masses, temperature, climate, etc)

are produced.



Air Pollution
Environment

SOURCES OF EXPOSURE

 Technological advances

 Growth economic 

period 1760 to 1830 the Industrial 
Revolution



Air Pollution
Environment

SOURCES OF EXPOSURE

The majority of environmental pollutants are emitted through large-scale

human activities such as the use of industrial machinery, power-

producing stations, combustion engines, and cars.

Cars were estimated to be responsible for 

approximately 80% of today´s pollution  

(Moller et al., 1994).

Lesser extent:
OTHERS

Field cultivation techniques

Gas stations

Fuel tanks heaters

Cleaning procedures

Volcanic and soil eruptions

Forest firesNatural sources:



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution

A. Major sources - emission

 Power stations (e.g. coal)

 Refineries and Petrochemicals

 Chemical and Fertilizer industries

 Metallurgical

 Municipal incineration

 Etc.



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution

B. Indoor area sources - emission

 Domestic cleaning activities

 Dry cleaners

 Printing shops

 Petrol stations

 Etc.



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution

C. Mobile sources - emission

 Automobiles

 Cars

 Railways

 Airways

 Other type of vehicles



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution

C. Natural sources – physical disasters - emission

 Forest fire 

 Volcanic erosion

 Dust storms

 Agricultural burning

 Sea salt aerosol



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

According to the recipient of the pollution

A. Air Pollution

Presence of pollutants in the air in large quantities for 

long periods. Air pollutants are dispersed particles, 

hydrocarbons, CO, CO2, NO, NO2, SO3, etc. 

B. Water Pollution

Organic, inorganic, and biological charge at high 

levels that affect the water quality.

C. Soil Pollution
Occurs through release of chemicals or the disposal 

of wastes, such as heavy metals, hydrocarbons, and 

pesticides.



Air Pollution

CLASSIFICATION OF AIR POLLUTANT

Based on origin

A. Primary air pollutants: 

Materials than when released pose health risks in the unmodified forms

or those emitted directly from identifiable sources.

B. Secondary air pollutants: 

Primary pollutants interact with one other, sunlight, or natural gases to

produce new, harmful compound



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Based on origin
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CLASSIFICATION OF AIR POLLUTANT



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

Based on origin –

Tropospheric ozone formation



Air Pollution

CLASSIFICATION OF AIR POLLUTANT

A. Radioactive and nuclear pollution 

B. Noise pollution 

Releasing radioactive and nuclear pollutants into water, air, and soil during

nuclear explosions and accidents from nuclear weapons, or handling or

disposal of radioactive sewage

Produced by machines, vehicles, traffic noises, and musical installations 

that are harmful to our hearing.

Based type of origin



Air Pollution
Environment

CLIMATE AND POLLUTION

Air pollution and climate change are closely related

Pollutants as black carbon, methane, tropospheric ozone, and aerosols affect

the amount of incoming sunlight, making the Earth temperature increased

(Global warming), resulting in the melting of ice, icebergs, and glaciers.

Climate is the other side of the same coin that reduces the quality of our Earth



Air Pollution
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CLIMATE AND POLLUTION
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Air Pollution
Environment

CLIMATE AND POLLUTION

Aerosols compounds are tiny in size and

considerably affect the climate. They are

able to dissipate sunlight (the albedo

phenomenon) by dispersing a quarter of

the sun's rays back to space and have

cooled the global temperature over the

last 30 years (Schneider, 1989)
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Air Pollution
Environment

CLIMATE AND POLLUTION

Susan Salomon PNAS Fev 2009

Note the scale: Till year 3000 →



Air Pollutants

Pollutants have differences in physical and chemical properties explaining the

discrepancy in their capacity for producing toxic effects (Manisalidis et al.,

2020)

Aerosols compounds have a greater toxicity than gaseous compounds

due their tiny size (solid or liquid) in the atmosphere and because they have

a greater penetration capacity (Colbeck et al., 2009; Incecik et al., 2014;

Dámato et al., 2016).

Gaseous compounds are eliminated more easily by our respiratory system

(Ethical Unicorn, 2019)

These particles (aerosols) are able to damage lungs and can even enter

bloodstream, leading to the premature deaths of millions of people yearly

(Ethical Unicorn, 2019)



Air Pollutants

Atmospheric aerosol or particulate matter

Forcing mechanisms are represented by black arrows; forcing agents are boxes with 
grey shadows, rapid forcing adjustments (also called rapid responses) are shown with 
brown arrows and feedbacks are other-coloured arrows.

Feedbacks and forcing pathways involving clouds and aerosols 



Air Pollutants

Atmospheric aerosol or particulate matter

PM is a
complex
mixture of
airborne
particles
that differ
in size,
origin and
chemical.



Air Pollutants

Atmospheric aerosol or particulate matter

José Vanderlei Martins photos



Air Pollutants

Atmospheric aerosol or particulate matter
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Atmospheric aerosol or particulate matter



Air Pollutants

Atmospheric aerosol or particulate matter

The composition of PM depend on several factors.

 Geographical area (soil composition)
 Meteorological variables (Speed and direction speed)
 Bordered area or not
 Human activities
 Large- transport pollutants



Air Pollutants

Atmospheric aerosol or particulate matter



Air Pollutants

Atmospheric aerosol or particulate matter –
possible emission sources

PCA 
Principal component 

analysis

Dimensionality-reduction method 
Transforming a large set of variables into a smaller one 
that still contains most of the information in the large 
set.



Air Pollutants

Atmospheric aerosol or particulate matter –
possible emission sources

HCA 
Hierarchical cluster 

analysis



Air Pollutants
Atmospheric aerosol or particulate matter –

possible emission sources

PMF 
Positive Matrix 

Factorization Model

Source apportionment of PM

 Concentration pollutants

 Uncertainties



Air Pollutants
Atmospheric aerosol or particulate matter –
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PMF 
Positive Matrix 
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Source apportionment of PM

 Concentration pollutants

 Uncertainties



Air Pollutants

PMF 
Positive Matrix 

Factorization Model



Biomonitoring

Biomonitoring is regarded as a means to assess trace element

concentrations in aerosols and deposition (Wolterbeek, 2002)

This implies that the monitor should concentrate the elements of

interest and quantitatively reflect its elemental ambient conditions

(Wolterbeek, 2002)

TSP

PM10

PM2.5

Monitoring
 Some areas
 short time periods



Biomonitoring

Is an appropriate tool for assessing the levels of atmospheric pollution, having

several advantages compared with the use of direct measurements of

contaminants (e.g., airborne particulate matter; atmospheric deposition,

precipitation) (Smodis and Parr, 1999)

 Related primarily to the permanent and common occurrence of chosen organisms 

in the field,

 Ease sampling, 

 Trace element accumulation

 Provide a measure of integrated exposure over an extended period of time

 Biomonitoring remote areas without use expensive technical equipment

 Accumulate contaminants over the exposure time and concentrated them, 

facilitating analytical measurements

 Largescale biomonitoring studies

Includes four concepts: biomarkers, bioindication, biointegration and

bioaccumulation, which are articulated according to the levels of biological

organization, what links up bio-surveillance (Hatje, 2015).



Biomonitoring

Bio-organisms (Bioindicators or Biomonitors) are used to

define the biosphere characteristics (Cuny, 2012).

Bioindicators
Provide information on the quality/health/degree of the

environment.

A good bioindicator will indicate the presence of the pollutant.

Changes in the environment

Biological

Chemical

Behavioral

Physiological

Bioindicators



Biomonitoring

Bio-organisms (Bioindicators or Biomonitors) are used to define the

biosphere characteristics.

Biomonitors

Are organisms that accumulate contaminants in their tissues and

can be used to yield a relative measure of the total amount of

contaminants in the environment integrated over a period of

time.

 Polluted areas can be identified

 Applying appropriate statistical tools, information can be

obtained possible pollution sources.



Biomonitoring

Biomonitoring Methods

Biomonitoring

Lichens Tillandsia 

Passive Active

Mosses

Sample analysis Transplanting

Period exposure

Samples collected 

Samples collected

Sample analysis 

Samples 

collected/cultivated 
Bags

BIOMONITORS
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Biomonitoring

BIOMONITORS

TillandsiaLichen
Perennial

Distribution

resistant

Bioaccumulator

They do not cuticle or stoma, thus 
the different contaminants are 
absorbed over the entire surface of 
the organism. 

Bromeliaceae family , its stems and 
leaves  are covered by thricomes that 
absorb water and nutrients directly 
from the atmosphere 



Biomonitoring
Trace element biomonitoring in the Peruvian Andes 

metropolitan region using Flavoparmelia caperata lichen



Biomonitoring

Objectives

 To use Flavoparmelia caperata lichen as a biomonitor to
evaluate the pollution levels of different sites located in
the MAH;

 Provide quantitative information concerning the
concentration of some trace elements;

 Determine its possible sources of pollution



Biomonitoring

Rural area

Urban
areas

U1

U2

Peri-urban areas

PU1

PU7

PU6

PU5

PU4

PU3

PU2

Study area



Biomonitoring

Study area
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Biomonitoring

Methodology



Biomonitoring

Methodology – statistical analysis



Biomonitoring

Methodology 



Biomonitoring

Methodology 

𝑬𝑭𝑬 (%) =
𝑪𝑬𝑨 − 𝑪𝑬𝑪𝑺

𝑪𝑬𝑪𝑺
𝒙 𝟏𝟎𝟎

EF > 100 Significant Enrichment (twice the control site) 
50 < EF < 100 moderately enriched
EF < 50 normal conditions

Enrichment Factor



Biomonitoring

Methodology 
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Effects of pollution on health

Health effects of Metals in Particulate Matter
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Effects of pollution on health

Effect of heavy metal ions to human health
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Effects of pollution on health

Effect of heavy metal ions to human health



Air Pollutants

Effects of pollution on health

Standard level of criteria air pollutants and their sources with health impact

based on the United States Environmental Protection Agency
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Air Pollutants

Effects of pollution on health

Living in a polluted area 

as a pre-teen and 

teenager may have long-

lasting, detrimental effects 

on a person’s ability to 

reason and problem solve, 

a new study suggests

http://healthpolicy.ucla.edu/publications/search/pages/detail.aspx?PubID=1707


Air Pollutants

Effects of pollution on health
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Manisalidis et al., 2020
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Manisalidis et al., 2020



Manisalidis et al., 2020

Energy production Transportation Agriculture Biofuels?



IPCC SR1.5, 2018




