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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)
economic, and iii) health
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Scientific knowledge about atmospheric
pollutant
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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.
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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
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HEALTH EFFECTS

The air pollution can adversely affect health and was demonstrated by
acute dramatic episodes.

EXAMPLES:
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=

- 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




Scientific knowledge about atmospheric
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HEALTH EFFECTS

The air pollution can adversely affect health and was demonstrated by
acute dramatic episodes. c :

EXAMPLES:
ACUTE EFFECTS

= fean

Poza Rica, Mexico, 1950 —v{ Air Pollution

When? : November 24, 1950
Where? : Poza Rica, Mexico
Source: natural gas plant
Pollutants : accidental release of H,S  (Acido sulfhidrico)
Effect: respiratory distress and central nervous system
damage

Death: 22 human deaths




ATMOSPHERE

The atmosphere is the blanket of air that
surrounds the Earth.



Vertical Structure of the
atmosphere
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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.

e
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Layer in which we live and is 90%
of the total mass, contains almost of
the Earths’s CO,, H,O vapor,
clouds, air pollution, life-forms, and
weather.
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Vertical Structure of the
atmosphere

Average atmospheric temperature
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lonosphere, there is a plasma. High energy solar
radiation causes the atoms to ionize, separating free
electrons from cations

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.
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i )

Supporting Information

Total Ozone Mapping Spectrometer(TOMS)

UV Irradiance Estimator

i )

The UVMRP UV irradiance estimator provides values of the daily sum and daily maximum values of . . -
spectral irradiance at 300, 305, 311, 317, 325, 332 and 368 nm. Also available are the daily sum Hgdp:lsﬁliﬁ;c ultraviolet radiation
and daily maximum erythemal and Caldwell biologically weighted spectral irradiances and the UV
index. All values may be obtained for user selected locations within the continental US for any
date and time from 1997 through 2005 for clear sky conditions. The estimate is produced from the
Tropospheric UV model (TUV) using data assimilated from NASA TOMS/OMI and MODIS satellites
and MCEP MWARR surface datasets. The model calculations have been compared to the USDA UVMRP
data for quality assurance.

tEstimatiﬂn-uf ‘UV-index-using-the - TUV-modeling-in-the-Metropolitan-
Area-of-Huancayvo-during-years-2005-to-20199]

Users should select the date first. Then move the red marker to any location in the mainland
United States to get the values for that date.
The Ozone Monitoring Instrument (OMI) instrument can E|
distinguish between aerosol types, such as smoke, dust, and
sulfates, and measures cloud pressure and coverage, which J S O N D

Monlh

pr0V|deS data '[O derlve trOpOSpheI‘IC ozone Figure-5.-Monthly-and-hourly -variation-of UV -index-for-the-MAH-during - 2005 — 2{]19 -using-
the TUV -model-and -OMS-categorization




Vertical Structure of the atmosphere
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Ultraviolet solar radiation in the tropical central
Andes (12.0°S)+

Luis F. Suarez Salas, {2 ® Jose L. Flores Rojas, (2*" Augusto J. Pereira Filhc® and
Hugo A. Karam®

Ultraviolet (UV) solar irradiance measurements perfermed in the central Andes, Huancayo, Peru (12.0°5,
7535 3313 m asl) at 1 min intervals between January 2003 and Decermber 2006 were used to analyse
daily, monthly. and annual cycles of UV solar irradiance. The measurements were performed using a
GUY-511 mult-channel filter radiometer at four wavelengths: 305, 320, 340, and 380 am. UV irradiance
data under clear sky and all sky conditions were separated using a procedure based on caleulation af nor-
malized irradiance. In February, the highest hourly mean value at noon for the UV Index reached 18 8 for
clear sky conditions and 15.5 for all sky conditions, with outlier peaks close to UV = 28. In addition, the
highest mean value for the daily erythermal dose was found also in February, reaching 7.5 kJ m™= d~" with
a maxirmurm outlier value close te 101 k] m™ d~\. Comparisons between the clear sky GUV measure-
ments and TUV model estimations were evaluated with statistical quantities showing values of B2 close to
0.98. The total ozone column and trace gases were obtained from OMIL The aerosol parameters were
cbtained from MODIS. The enhancements due to clouds of spectral irradiance at 340 nm as companed to
a cloudless sky reach maxima of 20%. These results indicate that tropical central Andes has among the
highest incident ultraviolet solar radiation in the world.




ATMOSPHERIC COMPOSITION

Percent
Gas name Chemical Formula Volume (%) **ppm
Nitrogen N, 78.084 780840 About
Oxygen O, 20.95 209500 992,
Argon Ar 0.93 9300 —
*Water H,O 2.5 25000
*Carbon dioxide CO, 0.0397 399
Neon Ne 0.0018 18
Helium He 0.000524 5.24
*Methane CH, 0.000179 1.79
Krypton Kr 0.000114 1.14 1%
Hydrogen H, 0.000055 0.55 —
*Nitrous oxide N,O 0.0000325 0.325
Carbon monoxide CO 0.00001 0.1
Xenon Xe 0.000009 0.09
*Ozone O, 0.000007 0.07
Nitrous dioxide NO, 0.000002 0.02
lodine I 0.000001 0.01
Ammonia NH, trace trace -

UPeU * considered relatively variable gases GREENHOUSE
** parts per million GASES




ATMOSPHERE - Dynamics .

PROCESOS EN LA ATMOSFERA DE LAS EMISIONES
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Air Pollution

Interaction between human and their physical
surrounding

Influence — based in human activities

POLLUTION!!!!
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*Geograficos o topogréficos: latitud, orientacion, pendiente, latitud...
*Climéaticos: temperatura, humedad, viento, presion atmosférica...
*Edaficos: composicion y estructura del suelo.
*Quimicos: componentes del aire, del agua y del suelo

unidad ecoldgica por la que
fluyen materia y energia a
través de la cadena trofica

Las interacciones entre la
biocenosis y el biotopo limitan la
distribucion de las especies

SI ALGUNO DE ESTOS
FACTORES LLEGASE A
PRESENTAR FALTAS, LOS

DEMAS FACTORES SE VERAN
AFECTADOS
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Air Pollution
Environment

POLLUTION

Presence or introduction into environment of substances harmful to
humans and other living organisms.
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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.

Al RSN  sont - - - UNOISE



Air Pollution
Environment

@ Springer Link
SOURCES OF EXPOSURE

Economic History of Energy and Environment pp 25-109 | Cite as
The Problem of Air Pollution During the Industrial

Revolution: A Reconsideration of the Enactment of the
Smoke Nuisance Abatement Act of 1821

Air Pollution Has Been a Problem Since
the Days of Ancient Rome

By testing ice cores in Greenland, scientists can look back at environ-

mental data from millennia past || Atmospheric Carbon Dioxide | | 355
Measured at Mauna Loa, Hawaii
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Methane gas has |mpacted our atmosphere since the Romans. (lllustration by Kim Rosen)
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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).

Field cultivation techniques

OTHERS 1 fent- Gas stations
€SSEr extent- Fyel tanks heaters

Cleaning procedures

Volcanic and soil eruptions

s Natural sources: Egrest fires
B % |upeu



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

L Sources producing pollution

A. Major sources - emission

O Power stations (e.g. coal)

U Refineries and Petrochemicals

U Chemical and Fertilizer industries
O Metallurgical

O Municipal incineration

D Et C Municipal Solid Waste Incineration plant:

OFF
OFERG,
Qe/ VY
/O
3 (-2 ) 2
N

Niies

U Dustitsuts Adlvaticts

rubber s
s t itter
2. e 1 EX
/ LAV , 2.3
3 Electrostatic Heat  DeNOx
U P BU QN combn oor (6CR)
Waste

pit
L i of the ts:
© After electro-filter © After catalyst (DeNOx) © Background air
© Before catalyst (DeNOx) O Stack © Downwind site




Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

L Sources producing pollution

B. Indoor area sources - emission

L Domestic cleaning activities
O Dry cleaners
O Printing shops
O Petrol stations
O Etc.

I @ ‘UPEU



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

L Sources producing pollution

C. Mobile sources - emission

O Automobiles

O Cars

0 Railways

O Airways

O Other type of vehicles

I @ ‘UPEU



Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

L Sources producing pollution

C. Natural sources — physical disasters - emission

O Forest fire

U Volcanic erosion

O Dust storms

O Agricultural burning

] Sea salt aerosol
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CLASSIFICATION OF AIR POLLUTANT

Sources producing pollution

Cities

/ =
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e
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Fertilizer s ™™,

Oil & Gas




Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT

L According to the recipient of the pollution

Presence of pollutants in the air in large quantities for
A. Air Pollution

long periods. Air pollutants are dispersed particles,
hydrocarbons, CO, CO,, NO, NO,, SO, etc.
igh

-

Organic, inorganic, and biological charge at h
B. Water Pollution y N

C. Soil Pollution

ticid : e gz
G pesticides. A - T



Air Pollution
CLASSIFICATION OF AIR POLLUTANT

L 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

l @ ‘UPEU




Air Pollution
Environment

CLASSIFICATION OF AIR POLLUTANT
MHL Based on origin

%\ Primary pollutants /—\
Aeroplanes carbon moncxide Mitric ocxide

Cco NO

secondary pollutants

sulphur diceide  AMMONIE  yrggan dioxide
50 3 [
z 2 sulphur trioxide
S0,

volatile organic compounds  Particulates
VOCs (PM)

Volcanoes Sulphuric acid

H,S0,

Goe

Nitric acid
HNO,

Armrmanium
NH,+

Hydrogen peroxide

ozone
n]

H0,

Particulates
(PM)




Air Pollution
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CLASSIFICATION OF AIR POLLUTANT

- —

Transport = .
Secondary poliutants: == DGpOSltlon
Sulphuric acid N

f Nitric Acid \ \\\\ N\
Ozone Ny \\\\

Impacts on forests

—~—

Emrssrons

Primary poliutants:
Sulphur dioxide
Nitrogen oxides
Ammonia

e ——————
Effects on water chemistry

Impacts-on crops.
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Air Pollution -

1. W radistion interactz with a CFC molecule

En Vironment @jripping off & Chlarine starm. 0, O, i

88

CLASSIFICATION OF AIR POLLUTANT \O
cl Clo 4, Twyo O, molecules are
s 5accd on origin - R.ge o,
Tropospheric ozone formation °: o, \
2. The Cl atom strikes an o

2, molecule resulting
it &an O, malecule and

a chioineg monaxide (200 i .
3. & free atom of O collides with CIO

malecule.
[
0, NO,
HOSPHERIC O,y LELIERR S Iee q Tropospheric Ozone
CHEMISTRY "'L — . 5
p K ; NO, + radiations (>380 nm) NO+O
i 0+0) ——— 0,
TRANSPORT Ozone from carbon monoxide

CO+20,+hv CO,1+ 04

Ozone from methane

CH,+ 40, + 2hv. HCHO + H,0 + 20,
HCHO + hv H+ HCO (A <330nm)

VOIC EMISSIONS DEP{}S'T“}” EFFEGTE r"' HCO + hv H + CO (A < 360nm)
CO+20,+thy ——————— CO,1+0;
O, HN':' Ozone from non methane hydrocarbons
RH + 40, + 2hv RCHO + H,0 + 20,
FOREST 5
CROPS é I 3
Volatile Organic : 12 ;trogen < sunlight — g{g\:le':d
Compounds (VOCs) Oxides (NOx) ozone




Air Pollution
CLASSIFICATION OF AIR POLLUTANT

L Based type of origin

A. Radioactive and nuclear pollution

Releasing radioactive and nuclear pollutants into water, air, and soil during
nuclear explosions and accidents from nuclear weapons, or handling or

P
.
. -\‘

disposal of radioactive sewage

B. Noise pollution




Air Pollution
Environment

CLIMATE AND POLLUTION

Air pollution and climate change are closely related
Climate is the other side of the same coin that reduces the quality of our Earth

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.

Y

y 4 The Greenhouse Effect

E
Some sunlight that hits

\ the earth is reflected.
Some becomes heat.

4

CO: and other gases
in the atmosphere
trap heat, keeping
the earth warm.



Air Pollution
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CLIMATE AND POLLUTION

EFECTO INVERNADERO
The Efecto
Greenhouse Effect
Invernadero
Some of the infrared radwilon -"’:‘-"" " f)l.f:-

passes throuph the stmosphere,
and some s absorhed and

Some solar radiztion
wiad by the
y and the ol
Wy, atmosphbere

Salar
radiation ¢
PRRS :
through 1}
the clear |
utmaspher et

-

El efecto invernadero se produce en la atmosfera de forma natural debido a la
presencia de vapor de agua, CO, y otros gases de efecto invernadero. Este efecto
‘natural’ es de responsable de que la temperatura en la superficie de la tierra sea
30°C superior a la que corresponderia si no existiesen dichos gases




Air Pollution

Environment %&
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CLIMATE AND POLLUTION

Efecto
invernadero natural

Efecto invernadero
aumentado por los humanos

Menos calor escapa
hacia la atmosfera

Mas calor escapa

hacia la atmésfer?




- - Global warming and climate change
Al r POI I utlon Causes and effects

EnVlronment Agriculture Fossil fuel combustion Deforestation
| ]
CLIMATE AND POLLUTION Causes ‘
_____________ N Greenho_use gases | Ocean
War 0o | o i waervpor .| Lacidification

Y

1
1
1
1
- - - I
Aerosols compounds are tiny in size and | »{ Global warming and climate change
11
. . 11 1
considerably affect the climate. They are v .
y y A? Feedback Effects on the environment
. . . 1
I
able to dlSSIpate Sun“ght (the albedo | ! Snow cover —p Habitat destruction
) . | = dreduction & reduced [ I
phenomenon) by dispersing a quarter of 1| sunlight reflection ¥ E—
: Ecosystem collapse Blod_l\’ff?i”_)' 1955-
the Sun'S rays baCk tO Space and have :-- ) Atmospheric water N Arctic, Great Barrier Reef, ... species extinction
| vapor increase ) : -
cooled the global temperature over the | o e o o o it
1 _ | Permafrost melt 1
last 30 years (SChnelder1 1989) « methane release | | Glacial retreat, Freshwater loss
ice sheet melt and desertification
Disease carrier and | Coral bleaching, Sea level rise and
pest propagation | fish stock decline coastal submersion
w"
A A Y
Direct impact on Human migration - Flooding of cities
human health and conflict and farmland
3 ‘
Crop failure and
@‘ UPeU Effects farmland loss
St on humans Direct physical 4
T Zuttots ot harm to humans |
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CLIMATE AND POLLUTION
Indicators of a Warming World

Humidity
.Glaciers
Temperature Over Land Temperature Over Oceans
', Snow Cover Air Temperature Near Surface (troposphere)
’ , , Tree-lines shifting poleward and upward Sea Surface Temperature

2

Sea Level

. Sea Ice . .

Ocean Heat Content

9

Q Q ‘ Spring coming earlier
¥

Ifé & i

Species migrating poleward and upward

’ Ice Sheets
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CLIMATE AND POLLUTION

Ll . Ll
Greenhouse Gas Concentrations Rising
Five gases — carbon dioxide, methane, nitrous oxide, CFC-12 and CFC-11 — account for about
96 percent of the greenhouse gas contribution to global warming. Atmospheric concentrations
of the biggest contributor, CO5, saw their second-largest increase on record in 2016.
Concentrotions of Greenhouse Goses from 0 to 2005 330
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CLIMATE AND POLLUTION 1200 F EmiSSi(ljn Izero emislsion after Fljeaks

growth Peak
ate ;a 200 — 2%l/year growth
to peak T
— — preindustrial
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How much time :.| =
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Global average
4 F warming

Susan Salomon PNAS Fev 2009

Note the scale: Till year 3000 —™
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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;

Damato et al., 2016).

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)

Gaseous compounds are eliminated more easily by our respiratory system
(Ethical Unicorn, 2019)

l % |upeu




Air Pollutants

Atmospheric aerosol or particulate matter

Feedbacks and forcing pathways involving clouds and aerosols

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.

Aerosol Feedbacks
Cloud Feedbacks
I f Water Vapour/Lapse Rate Feedback \

Adjustments - Other state vanables
Clouds & Precip

® Moisture and Winds
e Temperature Profile
Aerosol-Cloud ® Regional Variability
Interactions

® Biosphere

Radiation /
Anthropogenic

Aerosols
Sources — >

4

Aerosol-Radiation
Interactions

Forcings, Feedbacks,
& Adjustments

Greenhouse
Gases Direct FOICing e




Air Pollutants

Atmospheric aerosol or particulate matter

PM is

aan oo oane complex
(micig;;g L <2.5Um (microns) in diameter mixture of
> (cé airb?rne
© PM1o particles
) o meaae that  differ
- n  size,
s ey ¢ origin and
chemical.

90 um (microns) in diameter
I FINE BEACH SAND

n Tutitanea Adwtics |



Air Pollutants Y

Atmospheric aerosol or particulate matter

b) Smoldering
o Phase Smoke
from AmaZ('"

a) Saharan
Dust in the US,

The large diversity
of aerosol particles

/c) Smol;e Cluster\
~from Amazfin

Scanning Electron
Microscopy (SEM)
characterization

José Vanderlei Martins photos
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Air Pollutants

Atmospheric aerosol or particulate matter
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Air Pollutants

Atmospheric aerosol or particulate matter

The composition of PM depend on several factors.

1 Geographical area (soil composition)

J Meteorological variables (Speed and direction speed)
J Bordered area or not

O Human activities

O Large- transport pollutants




Air Pollutants

Atmospheric aerosol or particulate matter

PRIMARY AEROSOLS - METALS & ELEMENTS

POTASSIUM SODIUM Calclum ALUMINIUM, SELENIUM, COBALT, ARSENIC
(biomass) (sea salt) (comem) (coal burning)

ALUMINIUM, SILICON, CALCIUM VANADIUM, NICKEL, MANGANESE, [RON ELE. & ORG, CARBON POTASSIUM, ZINC,LEAD
(soil and road dust) (oil burning) (biomass, diesel, petrol) (refuse incineration)

SECONDARY AEROSOLS -~ GAS to AEROSOL CHEMICAL CONVERSIONS

SULFATES AMMONIUM ORGANIC AEROSOL
origin - SO, emissions origin - NO, emissions origin - NH, emissions origin - VOC emissions

(diesel and coal combustion) (high temperature combustion (fertilizer usage and animal (blomass, dlesel, petrol, & gas
(eg. vehicles, heavy industry) husbandry) combustion)




Air Pollutants

Atmospheric aerosol or particulate matter -
possible emission sources
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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.

Table 3 Factor (Fa) loadings of the three extracted factors (principal component
analysis, varimax standardized rotation) for F. caperata lichen samples (enrichment

Element Factors
Fal Fa2 Fa3 Comm

Al 0.80 0.11 0.71
As 0.02 0.15 0.66
Ba 0.28 004 090
Ca 034 0.61 015 0.5
cd 0.01 -0.11 0.83
Cr 0.84 0.36 0.01 0.84
Cu 0.85 0.12 0.14 0.76
Fe 0.87 0.24 0.11 0.83
K 0.06 010 078
Mn 0.22 0.11 0.60 0.41
Ni 004 008 0.76
Pb 0.76 029 025 0.73
Rb -0.02 0.77 0.06 0.59
Sbh 0.86 0.16 0.24 0.81
v 0.87 0.01 0.10 0.77
Zn| 0.92 0.20 0.10 0.91
Eigenvalue 7.79 2.36 1.62

% of total variance 047 0.14 0.13

% of cumulative variance 047 0.61 0.74

ﬁ- dust emission o h i A
7l 6




Dim2 (24.7%)

California

Cluster plot
Mississippi
North Carolina

2- rolina
1- nbama
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% Flbrida

Texas
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e olorado

0

Air Pollutants

Atmospheric aerosol or particulate matter -
possible emission sources

West Virginia

Vermont

+
South Dakota

Nébraska +
lo

N Wigconsin
Minnesota

Dim1 (62%)

cluster

HCA
Hierarchical cluster
analysis
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Air Pollutants

Atmospheric aerosol or particulate matter -

possible emission sources
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Air Pollutants

Atmospheric aerosol or particulate matter -
possible emission sources

[ total period WM cold

N warm
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Secondary formation
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PMF
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2 4w
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Source apportionment of PM
O Concentration pollutants
O Uncertainties

[ Traffic + industrial

% of Species
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N
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B Secondary formation T Mineral + soil and road resuspended dust ® Nitrate © Traffic + industrial ® Biomass Burning + NaCl salt/sea-salt /%
NH4 NO3




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)

Monitoring
v J Some areas
Qualified . .
Staff d short time periods
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Biomonitoring

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).

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



Biomonitoring

Bio-organisms (Bioindicators or Biomonitors) are used to

define the biosphere characteristics (Cuny, 2012).

o Provide information on the quality/health/degree of the
Bioindicators environment.

A good bioindicator will indicate the presence of the pollutant.

32

Changes in the environment

Biological
Chemical Bioindicators
-Behavioral j>
- Physiological




Biomonitoring

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

biosphere characteristics.

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

- #?

O Polluted areas can be identified

Biomonitors

O Applying appropriate statistical tools, information can be

obtained possible pollution sources.

l @ ‘UPEU
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Biomonitoring Methods

BIOMONITORS l/

R X

——— TR
SR Dk

Biomonitoring ]

Passive

Samples collected

Sample analysis

_____________ > Active

Samples
collected/cultivated

Transplanting

Period exposure

Samples collected

Sample analysis




Biomonitoring

\/

¢ Characteristics:

J Accumulate pollutants without being Killed

O wide geographical distribution

] Perennial,

(] Resistant extreme conditions

] sedentary, scarce mobility, easy to collect
and identify and

d Representative of area

J 7~ upev




Biomonitoring

BIOMONITORS |

Lichen

Perennial

Distribution

resistant

Bioaccumulator

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

Tillandsi

AN N NN

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

En toda la provinda son 475 mil

Hua ~auren Iéc ﬁl\?‘&”l - nt\-’g
delc s

Los trabajClRetie. o™ -
Interame i
realizaen . " :
emergent:

quelacon

rae grand

contamin

" LA CIUDAD INCONTRASTABLE
. SUMERGIDA EN LA CONTAMINACION




Biomonitoring

Objectives

* To use Flavoparmelia caperata lichen as a biomonitor to

evaluate the pollution levels of different sites located in
the MAH;

** Provide quantitative iInformation concerning the
concentration of some trace elements;

*» Determine its possible sources of pollution

l @ ‘UPEU
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Study area
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Biomonitoring
Study area

ALEX RUBEN H. DE LA CRUZ et al. BIOMONITORING OF AIR POLLUTION USING Tillandsia

i 4 2 N
L : ! _
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§ )
2-
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Figure 1. Biomonitoring exposure sites in the Metropolitan area of Huancayo, Peru. The Map was prepared with Arc
GIS 10.0 software.
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Methodology

_"MOSS BAGS" METHOD

\ad E
2. Cleaning, 3. Weighing
washing with and packaging

distilled water and  "moss bags”
drying mosses

1. Collectina mosses in Cicarija

—ETEEP o Y — 5. Collecting
Period ‘.’f’m‘?f' ure: A 4. Setting "moss "moss bags" after
13.06.2012, to 11.08.2012. bags" at selected 60 days and send .

locations for analysis.
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Active Biomonitoring

-
3

G

Clean area

Non -contaminated Samples collected

MOFER,
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Pre-treatment

Manually cleaned, weighted to

normalize y
% uPeu
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Pre-treatment

Manually cleaned, dry
grounded, and carried to

M FERy,
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Chemical Analysis

Weighted (3X), add acids, decomposition (digestion).

SMOPERG,
H/4OF
Ao~ Jr
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Chemical Analysis
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Chemical Analysis

Quantification
trace
elements
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RESULTADOS

RESULTS 65 elements measured by ICP-

%] v Resultados plantas_ICP-MS_5x [Modo de compatibilidad] - Excel c3) - (=) X
Archivo Inicio Insertar Disefio de pagina Férmulas Datos Revisar Vista Q ;Qué desea hacer? Iniciar sesion 9,_ Compartir
O A= _ (] m (X —] ZA t - A
) . 2 = == 9. = = N 4 em  @x utosuma
r Calibri 1" A A == % ¢ Ajustar texto General - [:‘J [_—j e i Y
) Ba - o 'y _" =2 EB — E] Rellenar ~ z
Pegar = K S -|EH- D A === €= ECombinarycentrar - B2, 05 000 %8 08 Forn'\ato Dar formato Estilos de  Insertar Eliminar Formato o § Orfjenary Bus;ary
v condicional * como tabla~ celda~ v v v < borrar filtrar~  seleccionar ~
Portapapeles 1 Fuente u Alineacién [ Namero M Estilos Celdas Modificar A
B2 v f Li v
A B C | D | E | F | G | H I | J | K L | M | N | o P | Q | R | S | T[~
1 Unidade: mg kg-1
2 Elemento: Li ) Be B Na Mg Al Si Si-1 Si-1 P S K Ca Sc Ti Ti-1 \' Cr M
3 Massa: 7 9 11 23 24 27 28 29 30 31 34 39 44 45 47 49 51 53 5¢
4 | Codigo:
5 |SRM1515-15x  0.043 0.009 119 68.2 1882 64.9 8.39 0 0 1627 1629 S 11019 0.032 2.26 0.76 0.16 1.96 48,
6 SRM1515-25x  0.042 0.006 10.7 57.4 1961 72.3 8.61 0 0 1653 1658 S 10987 0.038 3.05 1.25 0.15 1.20 51|
7 |SRM1515-35x  0.047 0.009 9.03 65.8 1847 83.7 8.82 0 0 1564 1642 S 10166 0.039 2.22 0.60 0.14 153 44,
8 | SRM 1573 5x 0.15 0.007 13.5 117 7346 177 6.99 0 0 2190 7317 S 33045 0.079 5.04 3.08 0.40 2.19 22
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8 C:/Users/U5/OneDrive/2016-Il/ Thesegraduate/Rtreatment - R5tudio
File Edit Code View Plots Session Build Debug Profile Tools Help

- - = I8 | Addins - & Rtreatment — Thesegraduate ~

@7 Untitled1* » (] PCAFactoMinerR % | @] dusterobjandvariablesR @] ANOVAR % ] Barplotwit 33 ==["|  Environment History =
] [sourceonSave | & A« ]| - “#Run | A% #soure +| = | <P | #importDataset v | & List ~ | (&
1 pcaeF <- read.table("pcaer.csv”, header = TRUE, sep = ",", dec=".") A ) Global Environment -
2
3 #PACKAGE psych with VARIMAX [__}ata . . "
4 ###http://renatabrandt. github.10/EBC2015/PCA. htm] ©7og.ir 63 obs. of 16 variables |
g Tibrary(psych) ) pcaEF 63 obs. of 17 variables a
7 log.ir <- log(pcaer[,2:17]) # skewness transformation values
8 #to treat the skweness of the dataset or Box an Cox transforation Qg List of 9
9 dr.names <- pcacF[,1] o , , ir.names Factor w/ 10 levels "aH","c","Ch",..: 555555544 4. v
10 # Apply PCA - scale.=TRUE is highly advisable, but default is FALSE
11
Files Plots Pad Help  Viewer
12 ## to determine previously the number of principal components " — ’ , E_E_l
13 fa.parallel(log.ir, fa="pc", show.legend = T, & zoom | HEpert - @] % Publish ~ | (&
14 main = "Screen plot with parallel analysis")
15 ### answer or result obtained
16 #Parallel analysis suggests that the number P i
7 #of factors = NA and the number of components = 3 _ 0 Screen plot with parallel analysis
18 =
19 Tibrary(GParotation) # iF the number of components is vi 2 o
20 > | g —%—  PC Actual Data
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0 4
rr———— , . e e PC Resampled Data
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£ w4
> a
z )
> Tibrary(psych) P *
N . RS B A
warning message: g e
package ‘psych’ was built under R version 3.3.3 T “\x'_‘_“‘“-—h ----- ———_
> log.ir <- log(pcaer[,2:17]) # skewness transformation = x“‘*xnx,_hx_ e
o0 s qr.names <- pcagF[,1] 5 o 4 Al — X — o= — X — %
?% > fa.parallel(log.ir, fa="pc", show.legend = T, D I I
02+ main = "Screen plot with parallel analysis") o 5 10
Parallel analysis suggests that the number of factors = NA and the number of
7., COMpPONENTs = 3
3 > Tibrary(GParotation) # iF the number of components is Component Number
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Table 2. Comparison of mean values (= standard deviation) with ug g! dry weight (DW) and results of the analysis of variance (ANOVA) of the

Biomonitoring
Methodology

trace elements measured in F. caperata lichen at monitoring sites and control site from the metropolitan area of Huancayo, Junin, Peru.

Element ul uz PU3 R PUs P P2 U PU4 Pz ANOVA
N=5 N=T N=5 N=6 N=6 N=T N=6 N=6 N=6 N=8 N=6 p-value?
Al (%) §442002f J06120.02b 06620022 03592002¢ | 05220.02¢] 0612002b 0612002b 0582002c 052:002e 03542002d 0.3820.02¢ e
As 37044 40=0354d 38=06d 47505 ¢ 42064 F2=05b 4706 c 42054 42044 6207 a 3204 b A
Ba 2653 g 79+2 a T1£3 b 462 e 38221 T8£2a 623 ¢ 472 e 30=3 5253 d 5153 d e
Ca (%) 07=005d J141=0.0de 1422006e 1.11£006f ) 1.00=006c] 1310052 134=007b 092=004c 093=003c¢ 120=005a 1.04=003d e
cd A3=004e J034=004d 0351=004d 043=005c § 034=0054d) 0360062 046=005b 0453=003c 049=0Mb 038=004a 043x003¢ A
Cr 38=04¢g 96=04b 94=10b 72503 d 58:03¢ 10£0.5 a TOH05¢ 67504 e 63510 T71=044d T105d e
Cu 50041 06=03a 00=06b 74054 49071 03=035a £3=03¢ 57503 49=04¢ 20071 TO=x10¢ E
Fe (%) 20=002f J036=002a 035=001b 029=002c § 0253=002ef 05350022 031=002c 024=002e 026=002d 030=002c 0230024 A
K (%) 4720030 J036x002d 0354=002d 0432002e § 0600022 0600032 04900d4b 047=001b 051£003c 032£002c 045=001¢ e
Mn 603 e 8534 2144 02 b g1£34d 1034 a 826D 08+3¢c 86=44d 26=2d 83=3d e
M 24054 3704 a 37H05a 33205a 28=02b 3705a 37502a 32505 ¢ 28=02hb 32802 ¢ 35802 ¢ A
Pb 8712 2653 b 26%3 b 2383 ¢ 872 e 194 4d 2553 b 233 ¢ 17£3 d 324 a 2253 ¢ e
Eb 0+ ¢ 13£2 a 1242 a 9+l c 13£3a 14£3 a 10£2 ¢ 0+ ¢ 0+ ¢ 1353 b 10£2 ¢ e
Sh QO91=006e J181=016a 1670172 130=0.15b § 0.82=009d) 2.05=018a 1310404 1.10=012b 1020134 191=017a 1350=015¢ A
V 37:05¢ 2.1=06b 06x04da 53203d 3502 € 83=03b 7007 ¢ 52+02d 43804 50=03d 53=035d e
Zn 504 g 141+5a 1366 a T8x5d 614 £ 1408 a 1154 b 69+ e 663 e 1106 b 06=d ¢ i

2 Values on each horizontal line followed by the same letter do not differ significantly (p=0.05), N=number of individual lichen samples collected in each site.
* Significant at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at 0.001 probability level.
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Enrichment Factor

CE, — CEcs

100
CE g X

EFg (%) =

EF > 100 Significant Enrichment (twice the contro
50 < EF < 100 moderately enriched
EF < 50 normal conditions
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Table 3 Factor (Fa) loadings of the three extracted factors (principal component
analysis, varimax standardized rotation) for F. caperata lichen samples (enrichment
factor) and the respective communalities (comm). Loadings greater than 0.70 (shown in
bold) are considered to be significant.

157 Ward's method Element Factors
3 Group | Group Il Group Il Fal Fal Fa3 Comm
51.0 --------------------------------------------------------- EF lichens
@ Al 0.80 011 023 071
a] _
; As 0.02 0.15 0.66
@051 | Ba 028 004 090
g - Ca 0.34 0.61 -0.15 0.51
5 T F L cd 001 011 0.83
0.0 FT Cr 0.84 0.36 0.01 0.84
C 9w T XY 89 5 0> @8 c @8 3 Qa03zg5 Cu 0.55 0.12 0.14 0.76
<0 " g0 u"aNOONL Fe 087| 024 011 083
K 0.06 0.87 -0.10 0.78
Mn 0.22 0.11 0.60 0.41
Figure 3.3 Results of the hierarchical cluster analysis (dendrogram) of the trace Ni 0.87 -0.04  0.08 0.76
element concentrations measured in F. caperata. Pb 0.76] 029 025 073
Rb -0.02 ﬁ.??l 0.06 0.59
Sh 0.86 0.16 0.24 0.81
v 0.87 0.01 0.10 0.77
Zn| 0.92 0.20 0.10 0.91
Eigenvalue 7.79 236 1.62
% of total variance 0.47 0.14 0.13

% of cumulative variance 047 0.61 0.74

2
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Atmospheric Metal Biomonitoring Along a Highway Near Atlantic
Rainforest Environmental Protection Areas in Southeastern Brazil

Karmel Beringui' - Alex Rubén Huaméan De La Cruz'? . Luiz Francisco Pires Guimaraes Maia® - Adriana Gioda'
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Abstract

Vehicles are quite possibly the main sources of particulate matter, and their emissions can cause damage to surrounding
ecosystems. Traditional atmospheric monitoring, however, is expensive. Therefore, airborne biomonitoring is an alternative
method that allows for air quality assessment. In this study, we evaluated air quality at a federal highway (BR-040) close to
Atlantic Rainforest remnants by quantifying metals in biomonitor tissues by ICP-MS. Tillandsia usneoides and Tillandsia
stricta plants were relocated to the investigation zone and collected after five months of exposure. Metal concentration
profiles were evaluated using statistical analyses, namely exposure-to-reference (ER) ratios and enrichment factors (EF).
Results indicate that V. Cr, Fe, Cu, Zn and Sn enrichment were observed in all study sites. The EF for Cr, Mn, Pb, Ni, Co,
Cu, Zn, Cd, and 5n ranged from high to very high, indicating anthropogenic sources. Both species were effective atmospheric
biomonitors, proving to be an important tool, mainly in areas where conventional monitoring 1s not possible.

Keywords Air pollution - Bioaccumulation - Tillandsia - Trace elements
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from Lurigancho-Chosica Using the genus Tillandsia latifolia and T.
purpurea as Biomonitor

Alex Rubén Huaman De La Cruz' - Hérica Yauri Molina' - Xiomara Rosa Vilca Monrroy' - Karmel Beringui' -
Andres Camargo Caysahuana® - Julio Angeles Suazo® - Nancy Curasi Rafael' - Adriana Gioda? -
Ide Gelmore Unchupaico Payano®

Received: 7 September 2020 / Accepted: 5 February 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract

In the present study, an urban and industrial area were evaluated through a biomonitoring study employing the Tillandsia
purpurea and T. latifolia species as a biomonitor. Plants were collected from a non-contaminated area and transplanted and
exposed for three months into study areas to determine metal accumulation. Sixteen elements (Al, As, Ba, Ca, Cd, Co, Cr,
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Air quality biomonitoring of trace elements in
the metropolitan area of Huancayo, Peru using
transplanted Tillandsia capillaris as a biomonitor

ALEX RUBEN H. DE LA CRUZ, RODOLFO FRANKLIN 0. AYUQUE, RONY WILLIAM H.
DE LA CRUZ, JAVIER L. LOPEZ-GONZALES & ADRIANA GIODA

Abstract: The air quality and distnibution of trace elements in a metropelitan area of
the Peruvian Andes were evaluated using transplanted epiphytic Tillandsia capillans as
biomonitors. Biomonitors were collected fram the non-contaminated area and exposed
to five sites with different types of contamination for three months in 2017, After exposure,
the cantent of twenty-one elements were determinad by ICP-MS analysis, Datasets were
evaluated by one-way ANOVA, exposed-to-baseline (EB), hierarchical cluster analysis
(HCA) and principal component analysis (PCA). Results showed significant differences
amaong sampling sites for several elements. According to EF ratios for Ba, Cr, Cu, Ph,
5h, and Zn EE ratios value greater than 1.7% were found around urban areas, indicating
anthropagenic influence, which can be attributed to vehicular sources. The highest values

of &s and Cd were found in areas of agricultural practices, therefore their presence could
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Biomonitoring of Toxic Elements in Plants Collected Near Leather Tanning Industry

Alex R. H. De La Cruz,” Lorreine D, S, C. Ferreira,” Vinicius P. Andrade® and
Adriana Gioda™"

“Departamento de Quimica, Pontificia Universidade Catolica do Rio de Janeiro,
Rua Margués de Sdo Vicente, 225, 22451-900 Gdvea, Rio de Janeiro-RJ, Brazil

The present work aimed the study of atmospheric deposition of toxic elements near to a
tannery industry by collecting black material deposited on leaf surfaces of cinnamon trees
(Cinnamomum zevlanicum). Elements such as As, Ba, Cr, Cu, Fe, Ni, Pb, Sh, V, and Zn were
analyzed by inductively coupled plasma mass spectrometry (ICP-MS). For comparison purpose,
black particles deposited on the leal surface of lemon trees (Citrus lemon) collected away from
the tannery industry were also analyzed. Results showed that the amount of toxic elements found
in the black particles collected near tannery area was significantly higher than the amount of
those measured in the comparison site. Enrichment factors (EF) of As and Cr were markedly
impacted by anthropogenic emissions, whereas the other elements were moderately/slightly
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Trace element biomonitoring in the Peruvian andes metropolitan )
region using Flavoparmelia caperata lichen e

Alex Rubén Huamdn De La Cruz *°, Jusber Kevin Huaman De La Cruz ,
Daniel Alvarez Tolentino “, Adriana Gioda ™

* Pontifical Catholic University of Rio de Janeire { PUC-Rio ), Department of Chemistry, Rio de Janeiro, Brazil

U Watiomal University of Centre af Peru (UNCP), Feculty of Chemical Engineering, Av, Mariscal Ramon Castilla Km. 5, No 3809, FI Tamba, Huancaye, Pery
© Warional Usiversity of Centre of Peru (UNCP), Faculty of Nursing, Av. Mariscal Ramdn Castilla Km, 5. No 3809, Bl Tombe, Huancaye, Peru

4 Alas Pervanas Uriversity (UAP), Focwlty of Environmental Engineering. Av. Coronel Parma s/n Paradero 5, Pilcomayo, Huaneayo, Peru

HIGHLIGHTS

# Lichens, used as biomonitors of air pollution in a Peruvian mountain city, were analyzed by spectroscopic fechnigues.
# Sixteen trace elements measured were treated by means of chemometric tools.

« Urban and peri-urban areas are similarly affected by atmospheric deposition.

« Influence of vehicular traffic emissions were observed in the biomanitors,
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Health effects of Metals in Particulate Matter
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Standard level of criteria air pollutants and their sources with health impact
based on the United States Environmental Protection Agency

Air pollutants® Major source of emission Averaging time Standard level Health impact target organs
Particle pollutants
PM, . Motor engines, industrial activities, smokes 24 h 35 pg/m? Respiratory and cardiovascular diseases,
PM 24 h 150 pg/m? CNS and reproductive dysfunctions, cancer
LY
Ground-level ozone Vehicular exhaust, industrial activities 1h 0.12 mg/m* Respiratory and cardiovascular
dysfunctions, eye irritation
Carbon monoxide Motor engines, burning coal, oil and wood, 1h 35 mg/m*® CNS and cardiovascular damages
industrial activities, smokes
Sulfur dioxide Fuel combustion, burning coal 1h 75 pg/m? Respiratory and CNS involvement, eye
irritation
Nitrogen dioxide Fuel-burning, vehicular exhaust 1h 100 pg/m*  Damage to liver, lung, spleen, and blood
Lead Lead smelting, industrial activities, leaded 3 months 0.15 pg/m* CNS and hematologic dysfunctions, eye
petrol average irritation
Polycyclic aromatic Fuel combustion, wood res, motor engines 1 year 1 ng/m? Respiratory and CNS involvement, cancer
hydrocarbons*

*Air quality standards according to the European L.Iniun;‘FM” is stand for PM of 2.5 p orless. PM,, is stand for PM of 10 p or more. PM = Particulate matter, CNS = Central nervous
system

B % |upeu




Air Pollutants
Effects of pollution on health

Ochsner J. 2018 Spring; 15(1): 4. PMCID: PMCE447209
Published online Spring 20195. doi: 10.31486/to].15.0011 PMID: 30983893

Growing Evidence for the Impact of Air Pollution on Depression
Naursen A Ali, BSc! and Adeel Khoja, MBBS, MSc?

= Author information » Copyright and License information  Disclaimer
This article has been cited by other articles in PMC.

TO THE EDITOR Go to: [¥)
The World Health Organization (WHO) estimates that 9 of every 10 people worldwide inhale polluted air,

and exposure to polluted air 1s accountable for 7 million deaths a.ﬂ.n.l.lallj,-‘.l Studies have associated the
adverse effects of air pollution with respiratory, cardiovascular, and neurovascular diseases Z Air pollutants
can also cause serious neurocognitive effects—ranging from behavioral vanations to neurodegenerative
disorders—that ultimately can have devastating effects on mental health 2F WHO has taken the initiative
to include mental health in the domain of noncommunicable diseases (NCDs). as mental health is a strong

risk factor for NCDs.2

Environmental Research

e ,I ; L i Volume 193, February 2021, 110601

Particulate matter pollution and risk of
outpatient visits for psychological diseases in
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Association between ambient air
pollution and pregnancy rate in women
who underwent IVF

S.A. Choe'?, Y.B. Jun®’, W.S. Lee'?, T.K. Yoon"?*, and 5.Y. Kim**
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STUDY QUESTION: Are the concentrations of five criteria air pollutants associated with probabilities of biochemical pregnancy loss and

intrauterine pregnandcy in women!

SUMMARY AMSWER: Increaced concentrations of ambient particulate matter (PH)g). nitrogen dioxide {MO3), carbon monoside (CO)

during controlled owvarian stimulation (CO5) and after embryo transfer were associated with a decreased probability of intrauterine

Pregnandcy.

WHAT 15 KNOWN ALREADY: Exposure to high ambient air pollution was suggested to be associated with low fertility and high earfy

7 pregnancy boss in women.

Qy@ STUDY DESIGM, SIZE, DURATIOM: Using a retrospective cohort study design, we analysed 6621 cycles of 4581 patients who under-

3 7z went one or more fresh IYVF cydes at a fertility centre from January 2006 to December 2014, and lived in Seoul at the time of IVF treatment.

PARTICIPANTS/MATERIALS, SETTING, METHODS: To estimate patients’ individual exposure to air pollution, we' computed

Thn Tt At averages of hourly concentrations of five air pollutants including PMg, MO, CO, sulphur dicxide (5043) and ozone (O:)-measured at 40 regu-
latory monitoring sites in Seoul for each of the four exposure periods: period | (start of COS to cocyte retrieval), period 2 (oocyte retrieval
to embryo transfer). period 3 (embryo transfer to WCG test), and period 4 (start of CO5 to hCG test). Harard ratios (HRs) from the time-
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Reproduction in a polluted world: implications for wildlife

Lucinda C Aulsebrook’, Michael G Bertram'~, Jake M Martin', Anne E Aulsebrook?,
Tomas Brodin?, Jonathan P Evans?, Matthew D Hall', Moira K O’Bryan', Andrew ] Pask?,
Charles R Tyler® and Bob B M Wong'

'School of Biological Sciences, Monash University, Victoria, Australia, *Department of Wildlife, Fish, and
Environmental Studies, Swedish University of Agricultural Sciences, Umed, Sweden, *School of BioSciences, The
University of Melbourne, Victoria, Australia, *School of Biological Sciences, The University of Western Australia,
Perth, Australia and °Biosciences, College of Life and Environmental Sciences, University of Exeter, Exeter, UK

Correspondence should be addressed to L C Aulsebrook; Email: lucinda.aulsebrook@monash.edu

Abstract

Environmental pollution is an increasing problem for wildlife globally. Animals are confronted with many dififerent forms of pollution,
including chemicals, light, noise, and heat, and these can disrupt critical biological processes such as reproduction. Impacts on
reproductive processes can dramatically reduce the number and quality of offspring produced by exposed individuals, and this can
have further repercussions on the ecology and evolution of afiected populations. Here, we illustrate how environmental pollutants
can affect various components of reproduction in wildlife, including direct impacts on reproductive physiology and development,
consequences for gamete quality and function, as well as efiects on sexual communication, sexual selection, and parental care. We
follow with a discussion of the broader ecological and evolutionary consequences of these effects on reproduction and suggest future
directions that may enable us to better understand and address the effects of environmental pollution.
Reproduction (2020) 160 R13-R23
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Air pollution linked to “huge®
reduction in intelligence

s Air pollution can have a “huge” negative effect on cognitive
@ ‘ UPeU intelligence - especially amongst older men - according to a
study released this past August
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Teen Exposure to Air Pollution Could Reduce 1Q Levels
Long Term

By Claudia Boyd-Barrett » Jan 31, 2018

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

A new study suggests air poliution may have adverse effects on the brain structure or brain
\e/ | VI VWV
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How will air quality effects
on human health, crops
and ecosystems change in
the future?
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Future air quality will be driven by changes in air
pollutant emissions, but also changes in climate.
Here, we review the recent literature on future air
quality scenarios and projected changes in effects on
human health, crops and ecosystems. While there
is overlap in the scenarios and models used for
future projections of air quality and climate effects on
human health and crops, similar efforts have not been
widely conducted for ecosystems. Few studies have
conducted joint assessments across more than one
sector. Improvements in future air quality effects on
human health are seen in emission reduction scenarios
that are more ambitious than current legislation.
Larger impacts result from changing particulate
matter (PM) abundances than ozone burdens. Future
global health burdens are dominated by changes
in the Asian region. Expected future reductions in
ozone outside of Asia will allow for increased crop
production. Reductions in PM, although associated
with much higher uncertainty, could offset some
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Table 1

Penetrability according to particle size.

Particle size  Penetration degree in human respiratory system

=11 wm Passage into nostrils and upper respiratory tract
7-11 pm Passage mito nasal cavity
4.7-7 um Passage into larynx

334 7um  Passage into trachea-bronchial area
21-33um  Secondary bronchial area passage
1.1-2.1 um  Terminal bronchial area passage
0.65-1.1 um DBronchioles penetrability
043065 um Alveolar penetrabality

Manisalidis et
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Table 2

Tvpes and si1zes of particulate Matter (PM).

Type PM diameter [pum]
Particulate contaminants  Smog 0.01-1

Soot 0.01-0.8

Tobacco smoke 0.01-1

Fly ash 1-100

Cement Dust g-100
Biological Contaminants Bacteria and bacterial spores 0.7-10

Viruses 0.01-1

Fungi and molds 2-12

Allergens (dogs, cats, pollen, household dust) 0.1-100

Types of Dust Atmospheric dust 0.01-1
Heavy dust 100-1000
Sefttling dust 1-100

Gazses Different gaseous contaminants 0.0001-0.01

Manisalidis et



Solutions

More efficient use of energy

Greater use of low-carbon and no-carbon energy
* Many of these technologies exist today
* Nearly a quadrupling of zero- and low-carbon energy supply
from renewable energy by 2050

Improved carbon sinks

» Reduced deforestation and improved forest management
and planting of new forests

* Bio-energy with carbon capture and storage

Lifestyle and behavioural changes

Agriculture

Transportation Biofuels?
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