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A Terra;

Meio ambiente / Compartimentos ambientais;
Ciclos biogeoquimicos;

Influéncia humana sobre o meio ambiente;

Compostos de importdncia ambiental.
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Espécies Quimicas
no Meio Ambiente

“Quimica do Meio Ambiente”:
Observa, mede, entende e prevé
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“The Blue Marble” — NASA Apollo 17
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http://solarsystem.nasa.gov/multimedia/gallery/vis_orb.jpg
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http://spaceplace.nasa.gov/review/switch-a-roo/sse_planet_sizes.en.jpg
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*Raio: 6.378,14 km

e \Volume: 1,0832 x 1012 km3

* Massa: 5,9737 x 10%* kg
e Densidade: 5.515 g/cm3

e Area Superficial:
5,100657 x 108 km?

* Temperaturas:
-88/58 (min/max) °C

http://solarsystem.nasa.gov/planets/profile.cfm?0bj
“The Blue Marble” — NASA Apollo 17 ect=Earth&Display=Facts&System=Metric
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http://www.ngdc.noaa.gov/mgg/topo/img/globeco?.gif

70,8% da area ocupada por agua.
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Volume = 1,386 X 10° km?3 (ou 1,386 X 108 m3)

Massa =1,4 x 10%8 ton

https://water.usgs.gov/edu/gallery/global-water-volume.html
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http://en.wikipedia.org/wiki/Earth#_note-EB1911
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http://upload.wikimedia.org/wikipedia/commons/e/ee/Earth-crust-cutaway-english.svg

Global:

* Fe

0O

e Si

* Mg
S

* Ni
*Ca

e Al

e Qutros

32,1%
30,1%
15,1%
13,9%
2,9%
1,8%
1,5%
1,4%
1,2%

Crosta:

Compound
silica

Alumina

Lime

Magnesia
Sodium oxide
Iron (1) oxide
Potassium oxide
Iron (1) oxide
Water

Titanium dioxide

Phosphorous
pentoxide

Total

http://en.wikipedia.org/wiki/Earth#_note-EB1911

F. W. Clarke's Table of Crust Oxides

Formula

Sio,
Al,O4
Cao
MgO
Na,O
FeO
K,O
Fe,0,
H,0
TiO,

P,05

Composition
59.71%
15.41%

4.90%
4.36%
3.55%
3.52%
2.80%
2.63%
1.52%
0.60%

0.22%

99.22%
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http://svs.gsfc.nasa.gov/vis/a010000/a011700/a011762/timelapse2.jpg
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Apresentador
Notas de apresentação
Fonte da Imagem: http://svs.gsfc.nasa.gov/vis/a010000/a011700/a011762/timelapse2.jpg



http://svs.gsfc.nasa.gov/vis/a010000/a011700/a011762/timelapse2.jpg

Video ”5 anos SDO” neste link: https://svs.gsfc.nasa.gov/11742

Reinaldo C. Bazito


https://svs.gsfc.nasa.gov/11742

Massa (kg)
Raio (km)
Volume (km?3)

Densidade Média
(g/cm?3)
Temperatura

Composicao
Aproximada

2 x 1030
695.700
1,41 x 1018
1,41

Centro
Fotosfera
Corona

74% H
25% He
1% Outros

1,6 x 107 K
5.772 K
5 x 10° K

6 x 102
6.378

1,08 x 1012
5,52

Média 288 K

32,1% Fe
30,1% O
15,1% Si
13,9% Mg
2,9% S

5,9% Outros

Dados da Wikipedia

333.000
109
1.300.000
0,255
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SOL

Outras
Fontes

e Irradia 1,17 x 1031 kJ/ano !!!

* Terra intercepta pequena fracdo: 54,4 x 102° kJ/ano

* Marés (atracdo gravitacional): 0,0013 x 10%° kJ/ano
e Calor geotérmico (nucleo da Terra): 0,01 x 10%° kl/ano

* Energia nuclear



e 30% refletida (albedo — 24% atmosfera e 4% superficie).

Convertido em calor e irradiado de volta para o espaco:
e 24% absorvida pela atmosfera;

e 14% absorvida pela superficie terrestre;

e 32% absorvida pelos oceanos.

Da energia absorvida:
e 50% “circula” pelo ciclo hidroldgico;
* Calor de vaporizagdao H,0 (a 15°C) — 2,46 ki/g;

e Mesmo chuvas fracas envolvem uma enorme quantidade de
energial
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IPCC — 5th Assessment Report - http://www.ipcc.ch/report/ar5/wgl/
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Distancia da Terra ao Sol? .« periélio (~147 milh&es de km) — 3 de janeiro;

e Afélio (~152 milhdes de km) — 4 de julho

Eixo de “precessao"?

http://solarsystem.nasa.gov/multimedia/gallery/Solstice_Equinox-732X520.jpg
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http://en.wikipedia.org/wiki/Earth's_orbit
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Imagens obtidas pelo Satélite
Geoestacionario Meteosat-9
(usando o SEVIRI - Spinning
Enhanced Visible and
Infrared Imager), as 6:12 da
manha dos dias 21/12/2010,
20/03/2010,21/06/2010 e
20/09/2010.

http://eoimages.gsfc.nasa.gov/images/imagerecords/52000/52248/seasons_msg_2010-2011.jpg
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Meio
Ambiente
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Atmosfera {mmm) Hidrosfera

M Antrosfera '

Geosfera (=) Biosfera
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http://www.allsciencesites.com/news/gallery/science/earth_atmosphere.jpg
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http://www.allsciencesites.com/news/gallery/science/earth_atmosphere.jpg

“Envelope” gasoso que circunda a Terra, composto de uma
mistura de gases e liquidos/sélidos suspensos (aerossois)
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Constituinte

Massa Molar

Razao de Mistura

(g/mol) (mol/mol)
Nitrogénio (N,) 28,016 0,7808
Oxigénio (O,) 32,00 0,2095
Argonio (Ar) 39,94 0,0093
Vapor de agua (H,0) 18,02 0-0,04
Diéxido de Carbono (CO,) 44,01 365 x 106
Nebnio (Ne) 20,18 18 x 10
Hélio (He) 4,00 5,2x10°
Metano (CH,) 16,04 1,7 x 10°°
Criptonio (Kr) 83,7 1,1 x 106
Hidrogénio (H,) 2.02 0,50 x 106
Oz6nio (0O,) 48,00 0-12 x 10
Oxido Nitroso (N,0) 44,01 0,32 x 10

MM, =C, MM, +C, MM, +C, MM, =28,96x10 kg /mol
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Brasseur, G.P, er al., (1999) Atmospheric Chemistry and Global Change.
Oxford University Press. Page 7. Reinaldo C. Bazito



https://earthobservatory.nasa.gov/IOTD//view.php?id=5254
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Rio Amazonas (confluéncia dos Rios Negro e Solimodes)

https://earthobservatory.nasa.gov/IOTD//view.php?id=5254

Hidrosfera: toda a agua encontrada na, Geosfera/Litosfera: crosta e porcdo
sob ou sobre a superficie da Terra. ”sélida” do Manto Superior da Terra
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Delta do Rio Amarelo (China) ao longo do tempo

Fev/1989 Set/1995 Out/1999

Set/2004 Jun/2009

https://earthobservatory.nasa.gov/Features/WorldOfChange/yellow_river.php?all=y
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Fonte Volume de Porcentagem Porcentagem
Agua (Km3) da agua fresca  da agua total
Oceanos, Mares e Baias 1,338,000,000 _ 96.5
Neve de montanhas, glaciares e neve 24,064,000 68.7 1.74
permanente
Agua Subterranea 23,400,000 - 1.69
Doce 10,530,000 30.1 0.76
Salgada 12,870,000 - 0.93
Umidade do solo 16,500 0.05 0.001
Solo congelado e Permafrost 300,000 0.86 0.022
Lagos 176,400 — 0.013
Doces 91,000 0.26 0.007
Salgados 85,400 — 0.006
Atmosfera 12,900 0.04 0.001
Agua de pantanos 11,470 0.03 0.0008
Rios 2,120 0.006 0.0002
Agua bioldgica 1,120 0.003 0.0001

Fonte: Igor Shiklomanov's chapter "World fresh water resources" in Peter H. Gleick (editor), 1993, Water in Crisis: A Guide to
the World's Fresh Water Resources (Oxford University Press, New York).

Porcentagens arredondadas, por isso ndao somam 100%

https://water.usgs.gov/edu/earthwherewater.html
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Fonte Volume de Porcentagem Porcentagem
Agua (Km3) da agua fresca  da agua total

Oceanos, Mares e Baias 1,338,000,000 _ 96.5
Neve de montanhas, glaciares e neve 24,064,000 68.7 1.74
permanente
Agua Subterranea 23,400,000 .

Doce 10,530,000 30.1 0.76

Salgada 12,870,000 - 0.93
Umidade do solo 16,500 0.05 0.001
Solo congelado e Permafrost 300,000 0.86 0.022
Lagos 176,400 -

Doces 91,000 0.26 0.007

Salgados 85,400 — 0.006
Atmosfera 12,900 0.04 0.001
Agua de pantanos 11,470 0.03 0.0008
Rios 2,120 0.006 0.0002
Agua bioldgica 1,120 0.003 0.0001

Fonte: Igor Shiklomanov's chapter "World fresh water resources" in Peter H. Gleick (editor), 1993, Water in Crisis: A Guide to
the World's Fresh Water Resources (Oxford University Press, New York).

Agua salgada 97,5%
Agua doce 2,5%

https://water.usgs.gov/edu/earthwherewater.html
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Where is Earth’s Water?

Surface/other Atmosphere Living things
Freshwater 2.5% freshwater 1-2% 3.0% 0.26%

Rivers
0.49%

Swamps,
marshes
2.6%

Soil
maoisture
3.8%

Total global Freshwater Surface water and
water other freshwater

Source: lgor Shiklomanov's chapter "Waorld fresh water resources” in Peter H. Gleick (editor),
1993, Water in Crisis: A Guide to the World's Fresh Water Resources.
MNOTE: Numbers are rounded, so percent summations may not add to 100.

(porcentagens arredondadas, por isso ndo somam 100%)

https://water.usgs.gov/edu/earthwherewater.html
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~50% da
energia solar

absorvida

pela Terra

https://disc.gsfc.nasa.gov/images/water_cycle_nasa_earth.jpg
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~50% da energia solar
absorvida pela Terra

Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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https://earthobservatory.nasa.gov/Features/CarbonCycle/
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https://earthobservatory.nasa.gov/Features/CarbonCycle/
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Fluxo e estoques de carbono na Terra

Ha dois “ciclos do carbono”:

e Ciclo Rapido — troca "rapida” entre atmosfera, oceanos, camada
superior do solo e

e Ciclo Lento — conversao em carbonatos (rochas), eventos geoldgicos

(movimento de placas tectonicas, erupcdes vulcanicas, etc) — escala
de milhares a milhdes de anos
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The Global Carbon Cycle: A Test of Our Knowledge of Earth as a
System

BY P. FALKOWSKI, R. J. SCHOLES, E. BOYLE, J. CANADELL, D.
CANFIELD, J. ELSER, N. GRUBER, K. HIBBARD, P. HOGBERG, S.
LINDER, F. T. MACKENZIE, B. MOORE Ill, T. PEDERSEN, Y.
ROSENTHAL, S. SEITZINGER, V. SMETACEK, W. STEFFEN
SCIENCE13 OCT 2000 : 291-296

http://science.sciencemag.org/content/290/5490/291
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Amarelo = fluxos naturais
Vermelho = Contribui¢cGes humanas
Branco = Carbono estocado

Fluxos = GTon C/Ano https://earthobservatory.nasa.gov/Features/CarbonCycle/
Estoques = GTon
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https://earthobservatory.nasa.gov/Features/CarbonCycle/

CO, + H,0

hv
%

{CH,0} + 0,(g)

Eficiéncia ao redor de 3 a 6%

Renewable biological systems for alternative sustainable energy
production (FAO Agricultural Services Bulletin - 128)
http://www.fao.org/docrep/w7241e/w7241e05.htm#1.2.1

photosynthetic efficiency
Reinaldo C. Bazito



Respiracao: Aerdbica

{CH,0} + O,(g) —» CO, + H,0

Sugars 1

Glycolysis
Yo Pyruvate CO,
v H,O  ATP
Acetyl CoA T T
NADH — ¢ 1 )

Krebs
citric acid
cycle

NAD*«~|  Oxidative
FADH,~. phosphorylation

<y ATP
ADP
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https://earthobservatory.nasa.gov/Features/CarbonCycle/images/co2_flux_npp_aug
ust_december_2010.jpg
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https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2 data mlo.png
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https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2_data_mlo.png

Major Reservoirs and Natural Fluxes of Carbon

475
" Atmosphere 780
Decomposmon ~58 (Annual increase 3.2)
Respiration—59 f l Photosynthesis—120 2.2 6.3 ~92 l T -90
Vegetation 550 La}?d use Surface ocean
. change
(Annual increase 0.7) - Dissolved inorganic 700
Dissolved organic 25
+ 60 (Annual increase ~0.4)
Primary production ~48 Respiration and
55-58 Litter 300 42 decomposition —37 33
| Surface biota 3 |
‘ 2-5 ‘ Detritus ~1 |
Intermediate and deep ocean
SOl] 1200 Dissolved inorganic 36,300
by (Annual increase ~0.1) s Dissolved organic 975
(Annual increase—1.4)
‘ 0.01
Sediment
Fossil fuels 15
Land coal, oil, gas -, Ocean Peta (10 )
5,000-10,000

Figure 1 The contemporary global carbon cycle. Units are Pg C or Pg C yr .

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Table 1 Stocks

and flows of carbon.

Carbon stocks (PgC)
Atmosphere
Land
Vegetation
Soil
Ocean
Surface
Deep
Fossil fuel reserves

Annual flows (Pg C yr ")
Atmosphere-oceans
Atmosphere-land

780
2,000
500
1,500
39,000
700
38,000
10,000

90
120

. " —1
Net annual exchanges (Pg C yr )

Fossil fuels

Land-use change
Atmospheric increase
Oceanic uptake

Other terrestrial uptake

W M

W o

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8



Table 2  Area, carbon in living biomass, and net primary productivity of major terrestrial biomes.

Biome Area Global carbon stocks Carbon stocks NPP
(107 ha) (Pg C) (Mg Cha ) (PgCyr Y
WBGU MRS WGBU MRS IGBP WBGU MRS IGPB  Ajtay MRS
Plants  Soil  Total Plants Soil Total Plants Soil Plants Soil
Tropical forests 17.6 17.5 212 216 428 340 214 553 120 123 194 122 137 219
Temperate forests 104 59 100 139 153 5796 134 147 65 8.1
Boreal forests 37 1.37 88 471 55 57 338 64 344 42 247 32 26
Tropical savannas 276 66 264 79 247 29 117 29 90 177 14.9
and grasslands
Temperate grasslands 1.25 1.78 9 295 304 23 176 199 7 236 13 99 53 70
and shrublands
Deserts and semi-deserts  4.55 2.77 8 191 199 10 159 169 2 42 a 57 1.4 35
Tundra 095 0.56 6 121 127 2 115 117 6 127 4 206 1.0 0.5
Croplands 1.60  1.35 3 128 131 4 165 169 2 80 3 122 6.8 4.1
Wetlands 0.35 15 225 240 43 643 4.3
Total 15.12 1493 466 2,011 2477 654 1,567 2,221 59.9 62.6

Source: Prentice ef al. (2001).

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Table 3 The distribution of 1,000 CO> molecules in
the atmosphere —ocean.

Atmosphere 15
Ocean 985
CO», 5
HCO; 875
CO3 105
Total 1,000

Source: Sarmiento (1993).

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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http://www-nature.ez67.periodicos.capes.gov.br/scitable/content/ne0000/ne0000/ne0000/ne0000/15673541/f1_bernhard.jpg
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http://www-nature.ez67.periodicos.capes.gov.br/scitable/content/ne0000/ne0000/ne0000/ne0000/15673541/f1_bernhard.jpg
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Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Fixacao de Nitrogénio:

No+8H"+8€ = 2 NH3+ H>

http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
Reinaldo C. Bazito



Nitrificagcdo (oxidagéo aerdbia da aménia por bactérias gerando nitrito e nitrato)

1) NH3 + O2 + 2 @ =3 NH>0H + H0 Enzima amOnia mono-oxigenase

2) NH,OH + H)O =—> NO>"+5H* +4 e- Enzima hidroxilamina oxidoredutase

Bactérias dos géneros Nitrosomonas, Nitrosospira, e Nitrosococcus

NO,™ + 30y =——> NO3-

Bactérias dos géneros Nitrospira, Nitrobacter, Nitrococcus, and Nitrospina

http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Anamox (oxidag¢do anaerobia da amoénia)
“perda” de nitrogénio em ambientes aquadticos

NH4" + NOy~ =3 N> + 2 H,0

Bactérias do filo Planctomycetes

http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Desnitrificagdo (nitrato é convertido em nitrogénio gasoso, passando
por intermedidrios) — processo anaerdbio

1) NO3~ === NO3~ == NO + NoO =—> N>

2)2NO3"+10e +12H* —> N2 +6H0

Bactérias dos géneros Bacillus, Paracoccus, and Pseudomonas
Necessitam de C organico também!

http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
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Amonificacdo (nitrogénio orgénico é convertido em aménia)

http://www-nature.ez67.periodicos.capes.gov.br/scitable/knowledge/library/the-nitrogen-cycle-processes-players-and-human-15644632
Reinaldo C. Bazito



7

g\

)€

Figure 1.6. The nitrogen cycle.

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Table 2 N amounts

Tera (1012)
/

: : ~1
in global reservoirs (TgN yr ).

Reservoirs

Amount Percentage
of total

Atmosphere, N>
Sedimentary rocks

Ocean
N>
NO;

Soil organics
[Land biota
Marine biota

3,950,000,000 79.5
999,600,000 20.1
20,000,000 0.4
570,000 0.0
190,000 0.0
10,000 0.0

500 0.0

Source: Mackenzie (1998) except ocean, N, from Schlesigner (1997).

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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Reactive nitrogen

/

/Biological nitrogen fixation

Holland, H. D.; Turekian, K. K., Treatise on geochemistry. 1st ed.; Elsevier/Pergamon: Amsterdam ; Boston, 2004; Vol. 8
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hitrogen
fram the air
400 - 450°C
3 nitrogen and hydrogen 200 atm
1:3 by volume T ™ jron catalyst
unreacted
hydrogen éﬁﬁﬁd ¥
from natural gas ————
|— and ammonia tums
1 to liguic!
Fritz Haber Carl Bosch qu

'

liquid ammonia

Marg) + 3Hzyg) — 2MNHzg  AH = - 92 kJ mal-!

-

http://www.chemguide.co.uk/physical/equilibria/haber.html

https://www.britannica.com/biography/Fritz-Haber https://www.britannica.com/biography/Carl-Bosch
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NO, (NO e NO, — maiores contribuicdes) e N,O (menor contribui¢ao)

Formagao de NO, em processos de combustao:
1) N, do ar (NO, térmico e NO, “imediato” - prompt NO, )

2) Compostos com N presentes no combustivel (NO, de combustivel)



NO, térmico (mecanismo de Zeld’ovich):

N,+O—-> NO+N
N+O,>NO+0O
N+OH—->NO+H

NO, prompt (mecanismo de Fenimore):

CH+N, > HCN+N
HCN + O - NCO +H
NCO+H - NH+CO
NH+H->N+H,

Reinaldo C. Bazito



NO, de combustivel

oH NH4
HOCN + HNCO +H.
+H ;
+OH \

+0

FH\
CH «+ Hzl

Fic. 11. Reaction path diagram illustrating the major steps in prompt NO formation and conversion of
fuel nitrogen (FN) to NO. The bold lines represent the most important reaction paths.

http://www-sciencedirect-com.ez67.periodicos.capes.gov.br/science/article/pii/0360128589900178
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NO, de combustivel

fuel N

O. H. OH O. H. OH

HCN

(tast) {fast)

http://authors.library.caltech.edu/25069/5/AirPollution88-Ch3.pdf

NO

(. H. OH
{tast)

NH,

NH,, NO
(slow)

NH,

!

(slow)
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https://upload.wikimedia.org/wikipedia/commons/9/91/Phosphorus_Cycle_copy.jpg
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https://upload.wikimedia.org/wikipedia/commons/9/91/Phosphorus_Cycle_copy.jpg
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Soluble inorganic phosphate)
as HPO,?, H,PO,", and
polyphosphates

v
] Pi‘@C‘lpll‘C{flOH

Assimilation by Fertilizer runoff, waste-
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Figure 1 A generalized geochemical cycle for sulfur of the early 1970s. Note the large emissions of hydrogen
sulfide from the land and oceans and that volcanic sulfur emissions are neglected (units: Tg (s)a ).
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http://www.nickelinthemachine.com/wordpress/wp-
content/uploads/smog-e.jpg

e 1952: Grande Smog de Londres
e 1956: Clean Air Act (UK)
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http://ozonewatch.gsfc.nasa.gov/Scripts/big_image.php?date=2006-09-24&hem=S
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Recorde:
24/09/2006

Calculado usando o
limite de 220 DU

http://ozonewatch.gsfc.nasa.gov/Scripts/big_image.php?date=2006-09-24&hem=S
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1 Unidade Dobson = espessura que o ozbnio iria ocupar se fosse comprimido
uma densidade uniforme, T= 273,15K e P=1 atm, em unidades de 103 cm.

1 Dobson = 446,2 umol/m? = 21,4 mg/m? de ozbnio.

O valor médio tipico é ao redor de 300 DU

IUPAC: S. E. Schwartz; P. Warneck (1995). "Units for use in atmospheric chemistry". Pure Appl. Chem. 67, p.1377-1406 (1995)
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http://www2.sunysuffolk.edu/mandias/global_warming/images/
ozone_atmosphere.gif

http://www.windows2universe.org/earth/images/profile.jpg
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Ciclo Natural: O,+hv—0+0
O0+0,— 0
O;,+hv — 0,+0

Destruicao: ClO"+CIO"+ M — CIOOCI + M
CIOOCI + hv — CI' + CIOO:
CIOO"+M —-ClI'+0,+M

2 X (Cl'+ 0, — ClO" + 0,)

resultado: 20;— 30,
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HCI + CIONO, | CIO, hv
Cl

NO, — -~
OH + clo o,
Oy

http://www.sciencemag.org/content/292/5514/61/F1.expansion.html

Espécies inativas de Cloro
(“Reservatorios”):

CIONO, e HCl

Espécies ativas de Cloro

ClO" e CI

Solving the PSC Mystery
Science 6 April 2001:
vol. 292 no. 5514 61-63
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http://ozonewatch.gsfc.nasa.gov/facts/images/polar_stratospheric_cloud.jpg
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Vortex Polar

“Ativacao” do Cloro:
Conversao de espécies de cloro inativas
em ativas

Reacdo em Fase heterogénea nas
Nuvens Polares Estratosféricas

HCl + CIONO, - HNO; + Cl,
CIONO, + H,0 = HNO, + HOCI
HCl + HOCI - H,0 + Cl,

N,O. + HCI - HNO; + CIONO,

N,O; + H,0 = 2 HNO,

Cl, + hv = Cl +Cl
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SUL

http://ozonewatch.gsfc.nasa.gov/facts/images/2011-08-22_LSH.png

Norte

http://ozonewatch.gsfc.nasa.gov/facts/images/2011-02-22_LNH.png
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http://magazine.ucla.edu/exclusives/air-pollution_cholesterol2.jpg
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Na auséncia de VOCs: Na presenca de VOCs:

NO + O; = NO, + 0O, HO, + NO - OH + NO,

NO, + v} < 420 nm) - NO + O(*P) RO; + NO - RO + NO,.

OCP) + O, + M) = O3( + M) NO, + hv(/ < 420 nm) = NO + O(*P)

OF°P) + O,( + M) = O, + M)

M.E. Jenkin, K.C. Clemitshaw | Atmospheric Environment 34 (2000) 2499-2527
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M.E. Jenkin, K.C. Clemitshaw | Atmospheric Environment 34 (2000) 2499-2527
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http://sistemasinter.cetesb.sp.gov.br/Ar/php/ar_dados_horarios_resultado.php
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https://earthobservatory.nasa.gov/IOTD/view.php?id=82300
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http://www.worldculturepictorial.com/images/content_2/kilimanjaro-icecap-1993-vs-2000.jpg
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Source: climate.nasa.gov

This graph illustrates the change in global surface temperature relative to 1951-1980
average temperatures. Eighteen of the 19 warmest years all have occurred since 2001,
with the exception of 1998. The year 2016 ranks as the warmest on record. (Source:
NASA/GISS). This research is broadly consistent with similar constructions prepared by
the Climatic Research Unit and the National Oceanic and Atmospheric Administration.
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Orgdo da ONU eavaliacdes regulares das bases cientificas da mudanga
climdtica, seus impactos e riscos futuros e opgoes para adaptacdo e
mitiga¢cdoncarregado de “”

Criado em 1988 pela World Meteorological Organization (WMO) e pelo
United Nations Environment Programme (UNEP);

195 membros;
Milhares de artigos avaliados;

“Assessment Reports — AR”
— AR1-1990;
— AR2-1995;
— AR3-2001;
— AR4-2007;
— AR5 -2014;
— AR6-2021/2022.
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IPCC — 5t Assesment Report — 2014
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million square kKm

1980 1985 1950 1995 2000 2005 2010 2015 2020
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Source: climate.nasa.gov

Arctic sea ice reaches its minimum each September. September Arctic sea ice is
now declining at a rate of 12.8 percent per decade, relative to the 1981 to 2010
average. The graph above shows the average monthly Arctic sea ice extent each
September since 1979, derived from satellite observations. The 2012 extent is the
lowest in the satellite record.
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Data from NASA's GRACE satellites show that the land ice sheets in both
Antarctica (left chart) and Greenland (right) have been losing mass since 2002.
Both ice sheets have seen an acceleration of ice mass loss since 2009.
(Source: GRACE satellite data)

Please note that the most recent data are from June 2017, when the GRACE
mission concluded science operations. Users can expect new data from
GRACE's successor mission, GRACE Follow-On, in the summer of 2019.
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IPCC — 5t Assesment Report — 2014
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IPCC — 5t Assesment Report — 2014

Reinaldo C. Bazito



IPCC — 5t Assesment Report — 2014
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https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2 data mlo.png
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https://www.esrl.noaa.gov/gmd/webdata/ccgg/trends/co2_data_mlo.png
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Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Spiro & Stigliani, Chemistry of the Environment, 2nd ed., 2002.
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Contributions to observed surface temperature change over the period 1951-2010
I | I | I I | | I I | | I I I | | I I

OBSERVED WARMING

Greenhouse gases

I : Other anthropogenic forcings

Combined anthropogenic forcings

I——l Natural forcings
I——l Natural internal variability

0.5 0.0 0.5 1.0
(°C)
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IPCC — 5t Assesment Report — 2014
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Spiro & Stigliani, Chemistry of the
Environment, 2nd ed., 2002.
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http://s2.glbimg.com/EOCMk5SVBx_NyXZInakHvDzhymg=/620x465/s.glbimg.com/jo/g1/f/original /2014/07/03/cdg20140703046.jpg
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Spiro & Stigliani, Chemistry of the
Environment, 2nd ed., 2002.
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Spiro & Stigliani, Chemistry of the
Environment, 2nd ed., 2002.
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Perde-se ao redor de 60% da agua
.. ~ . i . g Spiro & Stigliani, Chemistry of the
de irrigacdo antes de atingir a planta Environment, 2nd ed., 2002,
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Espécies quimicas
de
interesse ambiental
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A poluigdo interior, por David Ewing Duncan

“Na verdade, sou um escritor empenhado em uma jornada de
autodescoberta quimica. No outono passado, fui submetido a exames
para detectar 320 substdncias quimicas que poderia ter ingerido
juntamente com alimentos e bebidas, com o ar que respiro e através de
produtos que entram em contato com a minha pele. Eles incluem
substdncias quimicas a que posso ter sido exposto décadas atrds, como o
DDT e as bifenilas policloradas (PCBs, polychlorinated biphenyls);
poluentes, como chumbo, mercurio e dioxinas; pesticidas mais recentes;
ingredientes de plastico; e os compostos quase milagrosos que nos
espreitam a vida moderna, como xampus cheirosos, panelas
antiaderentes e tecidos resistentes a agua e ao fogo.”

National Geographic
Edicdo 79/ Outubro de 2006
http://viajeaqui.abril.com.br/materias/a-poluicao-interior
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A poluigdo interior,
David Ewing Duncan
National Geographic

Edicdo 79/ Outubro de 2006, p. 106
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derivados do benzeno

SO Sd oo
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X perileno
/
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combustéo incompleta de compostos orgéanicos (automdveis, cigarro, churrasco, torrada, etc.)
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Glifosato (“Round Up”)
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http://cartamaior.com.br/?/Editoria/Meio-Ambiente/Monsanto-25-doencas-que-podem-ser-causadas-pelo-agrotoxico-
glifosato/3/32891
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6) Cancer cerebral: em um estudo comparativo entre criangas sadias e criangas
com cancer cerebral, os pesquisadores detectaram que, se um dos pais estivera
exposto ao Roundup dois anos antes do nascimento da crianga, as possibilidades
de ela desenvolver cancer no cérebro dobravam.

18) Doenga de Lou Gehrig: a deficiéncia de sulfato no cérebro foi associada a
Esclerose Lateral Amiotrdfica. O glifosato altera a transmissao de sulfato do
aparelho digestivo ao figado, e poderia levar a uma deficiéncia de sulfato em
todos os tecidos, incluindo o cérebro.

19) Esclerose multipla: encontrou-se uma correlacdo entre uma incidéncia
aumentada de inflamacao de intestino e a Esclerose Multipla. O glifosato poderia
ser um fator causal. A hipotese é que a inflamacao intestinal induzida pelo
glifosato faz com que bactérias do aparelho digestivo se infiltrem no sistema
circulatério, ativando uma reacao imune e, como consequéncia, uma desordem
autoimune, resultando na destruicao da bainha de mielina.

http://cartamaior.com.br/?/Editoria/Meio-Ambiente/Monsanto-25-doencas-que-podem-ser-causadas-pelo-agrotoxico-
glifosato/3/32891
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Pyriproxyfen

Microcefalia é causada por:

i ?
Pyrl',DrO;(yfen' http://epoca.globo.com/tempo/filtro/noticia/2016/02/governo-do-rs-
VfIJC’na-' suspende-larvicida-pyriproxyfen-depois-de-estudo-que-associa-
Virus Zika? produto-microcefalia.html

Reinaldo C. Bazito



O que ocorre com 0S
compostos
no meio ambiente?
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Composto organico

/ \
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1) Permanecer intacto no local atual

2) Ser levado para outros locais/compartimentos por processos de
particao/transporte:

a) Para outras fases (ar, agua, solo) por volatilizacao, dissolucao,
adsorcao, ou precipitacao;

b) Na mesma fase, por gravidade, difusao ou adveccao;

c) Em seres vivos, por bioacumulacao.

3) Transformar-se em outras espécies quimicas por processos quimicos
ou biolégicos naturais:

a) “Intemperismo” — série de processos quimicos ndo bioldgicos
(redox, acido-base, hidratacao, hidrolise, complexacao,
fotolise, etc);

b) Biodegradacdo — processos bioldgicos
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Environmental Organic Chemistry, Schwarzenbach, Gschwend, Imboden, 22 ed., Wiley, Hoboken, NJ, EUA, 2003
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Ciclos Biogeoquimicos:

e Bernhard, A. (2010) The Nitrogen Cycle: Processes, Players, and
Human Impact. Nature Education Knowledge 3(10), 25.

 Flagan, Richard C. and Seinfeld, John H. (1988) Fundamentals of air
pollution engineering, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey. ISBN 0-13-332537-7
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Ozonio:

 World Meteorological Organization (WMO), Scientific Assessment of Ozone
Depletion: 2014, World Meteorological Organization, Global Ozone Research
and Monitoring Project - Report No. 55, 416 pp., Geneva, Switzerland, 2014.

e “Solving the PSC Mystery”, Margaret A. Tolbert and Owen B. Toon, Science
2001: 292 (5514), 61-63. [DOI:10.1126/science.1060083].

e “Heterogeneous chlorine activation on stratospheric aerosols and clouds in
the Arctic polar vortex”. T. Wegner, J.-U. Grool3, M. von Hobe, F. Stroh, O.
Suminska-Ebersoldt, C. M. Volk, E. Hosen, V. Mitev, G. Shur, and R. Muller.
Atmos. Chem. Phys. 2012: 12 p.11095-11106. [d0i:10.5194/acp-12-11095-
2012].



Mudancas Climaticas:

e IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 1535 pp. (http://www.ipcc.ch/report/ar5/wgi/)

e |PCC, 2014: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O.
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1132 pp.
(http://www.ipcc.ch/report/ar5/wg2/)

e |PCC, 2014: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O.
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 688.
(http://www.ipcc.ch/report/ar5/wg2/)

e |PCC, 2014: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group Ill to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y.
Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J.
Savolainen, S. Schléomer, C. von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA. (http://www.ipcc.ch/report/ar5/wg3/).
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