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Carbon cycle
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Phosphorus cycle
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organic decomposition
(animal waste, decaying
plants and animals)

2012 Encyclopsedia Britannica, Inc
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1952 London: smog

~ London 1952: in the second week of December| a dense fog formed in the English
: ~capital that gripped the Populatlon for six days| low temperature 0 ° C, and high

~ humidity, between 80 and400.%,-,made the air stagnant, while the absence of wind
’ ade the city a real gas chamber

Chart for 0600 UTC on 5 December 1952

there were 4,000 dead and 20,000
hospitalized for serious consequences to the

respiratory tract.
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1986 Chernobyl: explosion of the reactor

Chernobyl global radiation patterns

On the night of April 26, 1986, reactor
number 4 of the Chernobyl nuclear power
plant exploded during routine maintenance.

The disaster killed thousands of people.

It is the most serious nuclear disaster in
the history of nuclear energy.

In the atmosphere were released:

45 million Curie of 133 xenon;

7 million Curie of lodine 131;

one million Curie of cesium 134 and 137.

The release of radionuclides into the
atmosphere continued until 10 May and
then decreased.

17

What is air pollution

It is the presence in the air of substances that are not present in its natural
composition (or are at a lower concentration level) that cause damage to living
beings or things

The composition of the atmosphere
gradually changes over time both because
of natural processes and anthropic

processes

Ficture of Mount St. Helens by US Geologicd
Survey scientist Austin Post on May 18, 1980
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1. From 1945 to today the world population has gone from
2.5 to 7 billion inhabitants;

2. Following growing migratory phenomena, in the world,
the inhabitants of urban areas exceeded those of the

countryside in 2010 (in China alone in 2011);

3. In Asia, Latin America and Africa, urbanization is
accompanied by the proliferation of slums and polluting
industries (relocated there from the more industrialized
countries);

4. From 1950 to today, the global number of vehicles has
gone from around 100 million to over 1 billion (today
around 1.2 billion);

5. Most of the energy is produced from fossil fuels:

>  Global emissions of air pollutants increased consequently
(since 1950 global SO2 emissions have doubled and NOX
emissions increased 4 times)

Air quality from historical and economic a perspective
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The increase since 1950 of the total world population, the
urban population and the number of motor vehicles -
excluding motorbikes and three wheelers
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Austin, Brimblecombe, Sturges. Air Pollution Science for the 21° Century, 2002
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In general, the environmental quality in a
country is related to the average income of
the inhabitants;

The availability of drinking water and
sanitation increases with income;

Air pollution, however, initially increases with
income and then decreases (see Fig. ->);

On the basis of more recent data it is
estimated that, in most cases, the maximum
for the various pollutants is reached around a
per capita income of 8,000 USD;

Global emissions are estimated to decrease
only in the long run, while global air pollution
is expected to continue growing over the next
decades.

Sulphor dioxide (rg/m3)
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Urban concentrations of SOz and particulate matter as a function
of national per capita income
(The curves show general tendencies, there are marked deviations. In the early
1980s Kuwait had both some of the highest incomes and highest pollution levels)

Austin, Brimblecombe, Air Pollution Science for the 21° Century, 2002
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From a temporal perspective, the air pollution of a developing
area initially increases, passes through a maximum and is
then reduced again when pollution reduction systems
become effective:

pment ntrols f air quality of air quality ipphied

>

OW ovel evelonment H

Schematic presentation of a typical development of urban air pollution levels.
Depending upon the time of initiation of emission control the stabilization and subsequent improvement of the air quality may occur sooner
or later in the development. 2

Austin, Brimblecombe, Air Pollution Science for the 21° Century, 2002
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Earth atmosphere

Permanent gasses

Primitive Earth atmosphere (reducing):
Gas Chemical formula % in volume
Carbon dioxide, CO2; —
Nitrogen, Nz; Nitigen N> 78,08
Water vapor, H20; Oxigen 0, 20,95
Hydrogen, Hz (traces).
(mixture similar to that emitted by Argon Ar 0,93
volcanoes)
Neon Ne 0,0018
From the primitive atmosphere to today's .
(oxidizing): Helium He 0,0005
Hydrogen H, 0,00005
Most of the WATER VAPOR originally
emitted from inside the Earth condensed | Xenon Xe 0,000009
leaving the atmosphere and forming the
oceans;
Much of the CO: first dissolved in them and COmponents in variable concentration
then formed carbonate rocks;
NITROGEN (chemically inert, insoluble in | Gas Chemical formula % in volume
water  and non-condensable) has “ater vapour H,0 da0ad
ac lated in the ati phere b L
its most abundant component. Carbon dioxide CO, 0,0408 (2018)
OXYGEN (0:2) emitted as a product of | Methane CH, 0,000175
phutosynthesi's by plant organisms I]as Nitrogen oxide N,O 0,000031
ac lated in the ati phere b
the second component by abundance. Ozone 0; 0,000025
Particulate material - 0,000001
Chlorofluorocarbons - 0,00000001 22

J.H. Seinfeld, Chimica dell’atmosfera , Treccani, 2007
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Residence time of the compounds in the atmosphere
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Dispersion time of a chemical species in a hemisphere: 1-2 months;

Dispersion time of a chemical species in the whole atmosphere: 1-2 years;
Vertical mixing is fast in troposphere: chemical species mixed in a few days;
Vertical mixing is slow in stratosphere: several years to reach the highest levels.

J.H. Seinfeld, Chimica dell’atmosfera , Treccani, 2007
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Residence time of the compounds in the atmosphere

The PERMANENCE TIME (or life time) of a substance in the atmosphere represents the average time during
which a molecule of this species remains in it before being eliminated

By applying the conservation principle to substances present in the atmosphere, in stationary conditions, it is
obtained that the residence time T can be expressed as:

Q: total mass; 729:
R: speed of species removal; R
P: speed of introduction from a source.

v Q0

MIXING TIME: time necessary for the concentration of a compound to be uniform in a certain
volume.

A particular volume can present a good mixing with respect to some species and bad
with respect to others, depending on their residence time.

The mixing of the stratosphere is considered bad with respect to all atmospheric
components present in traces and can be considered well mixed only with respect to
species that have a residence time of over 50 years.

25
J.H. Seinfeld, Chimica dell’atmosfera , Treccani, 2007
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Planetary Boundary
Layer

The atmospheric boundary layer can be defined as the part of the atmosphere subject to the
effects of the surface.

The time scale of the atmospheric response to a surface forcing date (heat transfer,
evaporation, friction effect, etc.) is approximately one hour.

This time scale is much greater above the PBL, in the so-called free atmosphere (Free
Atmosphere FA; free with respect to the influence of the Earth's surface).

For example, the evolution of the temperature in the PBL is regulated by the diurnal cycle,
contrary to that of the FA (in first approximation).
This evolution is connected to the variation of the vertical turbulent heat flow:

e DURING THE DAY, the surface is heated by solar radiation and turbulent heat flows are
generated in the PBL;

* DURING THE NIGHT, the surface cools down, releasing heat upwards, creating a stable layer
close to the ground.

26

8. Sportisse, Fundamentals in air pollution, 2010
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Planetary Boundary Layer (PBL)

EQUATOR
TROPO PAUSE

TROPOSPHERE

20,000 ft

Y,oUNDARY [
Wl ER
6"*’ gy

e

— o — - —

SEA LEVEL
27

27

Aecrosol — abiologic particles

dimensions vary on 5
orders of magnitude (from

€PM2s5

abp_ut 0.002 to 100 HUMAN HAIR Corg:::gg:grm;%?:nic
millionths of a meter, um). oM <2.5um (microns) n Giameter

diversity of form and
composition

variability of time elapsed
from the moment of
release to deposition.

the particles are
transformed both
immediately after the
emission and during their e
"life" in suspension, with g coutesy ot e 5. €A
profound modifications of

the original physical and

chemical structure.

© PM1o
Dust, pollen, mold, etc.
<10pum (microns) in diameter
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Aecrosol — abiologic particles

Penetration level of the different particle sizes in the human respiratory
system

Da 7 micron in su
Cavita orale - nasale

inhalable —3»

4,7 - 7 micron
Laringe

3,3 - 4,7 micron
Trachea e Bronchi
primari

- thoracic »

2,1 - 3,3 micron
Bronchi secondari

breathable —3p

1,1-2,1 micron
Bronchi terminali

0,65 - 1,1 micron
Alveoli
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Long-distance transport of particulate matter of
natural origin

50°N| T -
' 4.05 637
FeO
Ly { Mgo 0.76 3,08
i Mg0 0.76 3.08
c?t&,\J?"w ca0 231 8,60
/ Na:0 139 114
ol 4 o 2.81 263
TiO2 0.82 1.04
: P20s 0.20 024
v : ."3_ B 4‘\ MnO 0.09
200 S0
20w 0° 20° 40°E
co: 5.26
Saharan dust event: in Italy tens of episodes per H0 375
year (specially from zone 1 or 2) Average composition of natural particles (%)
150 150
A Local pollution B Sahara intrusion
—— PM10 ---.--.PM2.5 —— PM10 -------PM2.5

ug/m3
pg/m3

0 0
10/01/00 15/01/00 20/01/00 25/01/00 30/01/00 04/02/00 01/03/00 06/03/00 11/03/00 16/03/00
days days
Main components of natural particles from Sahara are: CALCITE, DOLOMITE, IRON OXIDES, QUARTZ and CLAY MINERALS 30
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