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Material particulado solido na
atmosfera

 Particulas emitidas ou formadas na atmosfera

e Particulas geradas por processos naturais e
antropogénicos

Material Particulado (MP): Particulas sodlidas e
liquidas na atmosfera
£

Aerosol : MP em suspensao e gas no ar




Propriedades fisico-quimicas e mineralogicas,
além da sua distribuicao espacial e temporal

- impacto ambiental local ou planetario

- componente de maior incerteza nos modelos
de mudancas climaticas

O estudo de MP atmosférico busca o
entendimento de interacoes entre a Terra
solida e sua hidrosfera, biosfera, atmosfera

e antroposfera.




Tipos e fontes

e Particulas primarias: emitidas diretamente na
atmosfera (e.g. poeira mineral)

* Particulas secundarias: formadas na atmosfera pela
conversao gas-particula (e.g. nitrato de amonia).
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trOpOSfera quanto na R e i e e e BE krm
estratosfera e
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MP naturais na troposfera:
erupcoes vulcanicas, bolhas na
superficie do mar, tempestades

de poeira e queimadas




MP naturais na troposfera:
erupcoes vulcanicas, bolhas na
superficie do mar, tempestades

de poeira e queimadas
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MP naturais na troposfera:
erupcoes vulcanicas, bolhas na
superficie do mar, tempestades

de poeira e queimadas

Particulas biogénicas: detritos vegetais, fragmentos
animais, polém, esporos, algas, fungos, bactérias e
virus, além de particulas organicas secundarias
formadas por compostos organicos volateis biogénicos




MP naturais na troposfera:
erupcoes vulcanicas, bolhas na
superficie do mar, tempestades

de poeira e queimadas

Particulas biogénicas: detritos vegetais, fragmentos
animais, polém, esporos, algas, fungos, bactérias e
virus, além de particulas organicas secundarias
formadas por compostos organicos volateis biogénicos

Particulas antropogénicas
resultantes de atividade
industrial, contrucao civil,
trafego, mineracao, incineracao
e combustao de combustiveis
fosseis e biomassa




MP na estratosfera: material extraterrestre e grandes erupcoes
vulcanicas. Ocorrem também particulas de acido sulfurico
(H,SO,) produzidas pela pela oxidagao sulfeto de carbonila
(COS) (oceanos) e dioxido de enxofre (SO,) (vulcdes)
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Tamanho das particulas

Diametros variam desde poucos nanometros (nm)
até dezenas de micrometros (pum)

d<2.5um (MP 2.5) - finas
d>?2.5um - grossas

Dust, pollen, moid, elc.
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m Scanning electron
microscope images
of anthropogenic (A-C) and
natural {D-1} particles.

{A) Typical aggregate of soot
articles, Strasbourg;

Ca-sulfate crystals, Strasbourg;
(€} plagioclase and spheres of
combustion-derived magnetite,
Strasbourg; (D) calcite and clays
in Saharan dust, collected in
Barcelona; (E} diatom in Saharan
dust, collected at Santa Cruz de
Tenerife (Canary Islands); (F) illite
with attached halite crystals
(small bright cubes) in Saharan
dust, collected at Santa Cruz de
Tenerife (Canary Islands);

{G) firebush pollen (Hamelia
patens); (H) spores of wheat leaf
rust {Pucdnia triticdnag):

(1} agglomerate of three
brochosomes (carbon-rich
particles produced by leaf-
hopping insects as a water-

repellent body coat), Strasbourg.
[sancEs couaTesy OF THE ELECTRON

Microscopy Group &7 THE LMveRsiTY
oF Basa (G, H) AND THE RESEARCH
GROUPS OF THE AUTHORS.

Gieré & Querol (Elements, 2010)
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d = 10-100 nm range Aitken,
formadas principalmente por

Apesar de serem as mais

coagulacao de particulas no abundantes, devido ao seus
~ tamanhos, contribuem com
range NUCIeaCGO ou pequena proporcao mo volume

COndensagéo destas ou massa total

Range Acumulacgdo: particulas

geradas diretamente por 0 processo de
emissoes primarias, pela coagulagao ¢

relativamente lento e

condesacao de vapores de baixa | seralmente previne que

particulas finas crescam

volatilidade no MP existente e mais do que ~ 1 pum

por coagulacao de particulas
menores
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MP grosso — gerado por processos mecanicos,
como abraséo e fragmentacdo. Incluem
poeira mineral de ambientes aridos, sal
marinho e particulas biogénicas e
antropogénicas (e.g. abrasao dos pneus e
freios de veiculos).

Devido ao seu volume e massa, essa fracao é
relevante para o MP total

Particulas maiores tém
menor tempo de
residéncia na atmosfera
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Numero de particulas por unidade de
volume = nf,
Volume das particulas por unidade de
volume =n9,

Ambiente urbano, marinho e continental
Curva tracejada — estrada: n%, para

particulas finas (combustao) e grossas
(abrasdo e resuspensao)



Composicao quimica

Ambiente marinho: principalmente Cl, Na*, e
SO,% e algum Mg?*.

. . . o e . EC — Elemental carbon. This is a poorly defined term, used in
Poeira mlneral’ cinzas VUICGHICGS, poe€ira the atmospheric sciences to descpr,il:}e r)r'rla::-s.tlg.»r elemental carbon
industrial: bastante variavel (eg siIicatos, in aerosol particles. EC refers to the most refractory part of

i ] ) carbonaceous aerosol particles, the part that oxidizes above a
OXIdOS, sulfatos, CarbonatOS, |IgaS, VIdI"O) certain threshold value (established in combustion experi-

ments). It is determined by thermal or thermo-optical methods.

devido aos diferentes mecanismos de
formacao e composicao das fontes.

Particulas aerosois primarias biogénicas
(PBAP) — teor biolodgico (e.g. pdlen, esporos,
fragmentos de plantas: Carbono e elementos
secundarios (e.g. potassio, fosforo).

B s . . OM — Organic matter. This is a collective term describing thou-
Particulas carbonaticas derivadas de sands of individual organic compounds, which vary widely in

combustdo: Matéria orgénica e Carbono regard to physical and chemical properties.
elementar

Compostos inorgdnicos secunddrios: sais
(principalmente de NO;’, SO,*, and NH4")

Aerosol orgdnico secunddrio: emitidos pela
biosfera e fontes antropogénicas (e.g. VOCs).



Fluxos

MP atmosférico é predominantemente natural (98 wt% ) e nao
antropogénico (2 wt%)

Sal marinho e poeira mineral sao os maiores contribuintes para
o fluxo global de massa

Das emissoes naturais, 3 wt% sao provenientes de cinzas
vulcanicas

De acordo com estimativas, ~99 wt% do fluxo NATURAL total
consiste em particulas primarias, enquanto ~50 wt% do
fluxo ANTROPOGENICO consiste em aerossois secundarios

Para melhorar a qualidade do ar, é crucial reduzir emissoes
de gases precursores e nao apenas emissoes primarias!
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Qualidade do Ar

Os padroes de qualidade do ar estaduais foram inicialmente estabelecidos em
1976, pelo Decreto Estadual n2 8468/76, e os padroes nacionais foram
estabelecidos pelo IBAMA — Instituto Brasileiro de Meio Ambiente e aprovados
pelo CONAMA — Conselho Nacional de Meio Ambiente, por meio da Resolucao
CONAMA n2 03/90.

Em 2005, a Organizacao Mundial de Saude — OMS publicou documento com uma
revisao dos valores-guia para os poluentes atmosféricos visando a protecao da
saude da populacao, a luz dos conhecimentos cientificos adquiridos até entao.

Segundo essa publicacdo, os padroes de qualidade do ar (PQAr) variam de acordo
com a abordagem adotada para balancear riscos a saude, viabilidade técnica,
consideracdes econdmicas e varios outros fatores politicos e sociais, que, por sua
vez, dependem, entre outras coisas, do nivel de desenvolvimento e da capacidade
do Estado de gerenciar a qualidade do ar. As diretrizes recomendadas pela OMS
levam em conta esta heterogeneidade e, em particular, reconhecem que, ao
formularem politicas de qualidade do ar, os governos devem considerar
cuidadosamente suas circunstancias locais antes de adotarem os valores propostos
como padrdes nacionais. A OMS também preconiza que o processo de
estabelecimento de padrdes visa atingir as menores concentracdes possiveis no
contexto de limitacOes locais, capacidade técnica e prioridades em termos de
saude publica.



Decreto Estadual n259113/2013

A administracao da qualidade do ar no territorio do Estado de
Sao Paulo sera efetuada através de Padroes de Qualidade
do Ar, observados os seguintes critérios:

* Metas Intermediarias — (MI) estabelecidas como valores
temporarios a serem cumpridos em etapas, visando a
melhoria gradativa da qualidade do ar no Estado de Sao
Paulo, baseada na busca pela reducao das emissdes de
fontes fixas e moveis, em linha com os principios do
desenvolvimento sustentavel;

* Padroes Finais (PF) — Padroes determinados pelo melhor
conhecimento cientifico para que a saude da populacao
seja preservada ao maximo em relacao aos danos causados
pela poluicao atmosférica.



Padroes Estaduais de Qualidade do Ar
(Decreto Estadual n2 59113 de 23/04/2013)

particulas inalaveis
(MP4,)

particulas inalaveis
finas
(MP, )

dioxido de enxofre
(SO,)

diéxido de nitrogénio (NO,)

Ozo6nio
(05)
monoxido de carbono
(CO)

fumaca* (FMC)

particulas totais em suspensao*
(PTS)

24 horas
MAA,

24 horas
MAA,

24 horas
MAA,

1 hora
MAA,

8 horas

8 horas

24 horas
MAA,

24 horas
MGA,

120
40

60
20

60
40

260
60

140

120
40

100
35

50
17

40
30

240
50

130

100
35

75
30

37
15

30
20

220
45

120

75
30

50
20

25
10

20

200
40

100

9 ppm

50
20

240
80



Padroes Estaduais de Qualidade do Ar
(Decreto Estadual n2 59113 de 23/04/2013)

particulas inalaveis 24 horas 120 100 75 50
(MP4,) MAA, 40 35 30 20
part|cu:c?;a|2alave|s 24 horas 60 50 37 25
MAA 20 17 15 10

(MP, ) !
diéxido de enxofre 24 horas 60 40 30 20
(SO,) MAA, 40 30 20 -
L. : Al 1 hora 260 240 220 200
diéxido de nitrogénio (NO,) MAA, 60 50 45 40

2 8 horas 140 130 120 100
(0,)
monoxido de carbono
(CO) 8 horas - - - 9 ppm

24 horas 120 100 75 50

*
fumaca* (FMC) MAA, 40 35 30 20
particulas totais em suspensao* 24 horas - — - 240
(PTS) MGA, - - - 80
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Estrutura do indice de qualidade do ar

N2 — Moderada 41 - 80 >50-100 >25-50 >100-130 >9-11 >200 - 240 >20-40
N3 — Ruim 81-120 >100 - 150 >50-75 >130 -160 >11-13 >240-320 >40 — 365
N4 — Muito Ruim 121 -200 >150 - 250 >75-125 >160 - 200 >13-15 >320-1130 >365 — 800
N5 — Péssima >250 >125 >200 >15 >1130 >800




Qualidade do ar e efeitos a saude

Pessoas de grupos sensiveis (criancas, idosos e pessoas com doencas
N2 — Moderada 41 - 80 respiratdrias e cardiacas) podem apresentar sintomas como tosse seca e
cansaco. A populagcao, em geral, ndo é afetada.

Toda a populacdo pode apresentar sintomas como tosse seca, cansaco,
ardor nos olhos, nariz e garganta. Pessoas de grupos sensiveis (criancas,
idosos e pessoas com doencas respiratérias e cardiacas) podem
apresentar efeitos mais sérios na saude.

N3 — Ruim 81-120

Toda a populagao pode apresentar agravamento dos sintomas como
tosse seca, cansaco, ardor nos olhos, nariz e garganta e ainda falta de ar e
N4 — Muito Ruim 121 -200 respiracao ofegante. Efeitos ainda mais graves a saude de grupos
sensiveis (criancas, idosos e pessoas com doencas respiratdrias e

cardiacas).

Toda a populacao pode apresentar sérios riscos de manifestacdes de
N5 — Péssima doencas respiratorias e cardiovasculares. Aumento de mortes
prematuras em pessoas de grupos sensiveis.




Impactos globais — clima

Apesar de permanecerem menos tempo na atmosfera do que os
gases do efeito estufa, o MP modifica o equilibrio radiativo do

sistema Terra — atmosfera, contribuindo para mudancas
climaticas.

Radiative forcing (RF): quantifica como um composto ou processo
influencia o balanco energético na tropopausa (IPCC 2007).

RF > 0 = superficie global média aquece
RF < 0 = superficie global média resfria



Efeitos diretos: espalhamento e absorcao de radiacao pelo MP atmosférico, onde
particulas escuras (e.g. BC, soot) absorvem radiacdao e aquecem a atmosfera (RF >

0). Quando depositados sobre neve ou gelo, essas particulas reduzem a sua
refletancia, ou albedo.

Algumas espécies de MP como sulfatos e CO, refletem a radiag¢éo solar, atuando na

direcGo oposta do aquecimento causado pelas particulas escuras e gases do efeito
estufa.

0C - Organic carbon. The term describes the mass of carbon
contained In all organic compounds present in an aerosol
particle. OC Is typically determined by thermo-optical

Soot — A primary combustion-derived particle type with a char-
acteristic and well-defined structure consisting of graphene-like
layers, which are wrapped Into spherules with diameters of
20-50 nm. These spherules aggregate Into clusters that typi-
cally have a chain-like fractal appearance (Fic. 4a). Soot strongly
absorbs solar radiation and reemits it as heat, thus exerting a
strong positive RF.

methods, along with EC.

BC - Black carbon. This collective term Is used in the atmospheric
sciences to describe a range of carbonaceous particles that
strongly absorb shortwave solar radiation. BC is formed during
combustion of fossil fuels, biofuels, and biomass and consists
of various materials, including char particles, soot, and a
mixture of partially burned and pyrolyzed plant materials. Most
commonly, BC is determined by measuring light attenuation
(e.g. by using an aethalometer)

Efeitos indiretos: particulas aerossois higroscoépicas atuam como condensadoras de

nuvens ou gelo

Hygroscopicity — A term describing the tendency of a substance
to absorb moisture from the air (but not necessarily to the
point of dissolution)

Albedo — A measure of how strongly an object (e.g. ice) reflects
quantified as the proportion of incident solar

radiation. It is
radiation (of all wavelengths) that is reflected.



1991 Erupcao do Monte Pinatubo — camada aerosol de sulfato se formou pela
oxidagdo do SO, injetado na atmosfera, causando RF < 0 e resfriamento
substancial do hemisfério Norte no verao de 1992.

ALBERT: AR LA




Bliack carbomn
Black carbon on snow

Organic carbomn

Nitrate (direct)

Mineral dust

|
|
|
|
|
Sulfate (direct) |
|
|
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|
|

Direct effect

Cloud albedo effect

Land use (mainky
from deforestation)

Gieré & Querol (Elements, 2010) Radiative Forcing (W/mZ)



Impactos globais —
ecosistemas

O crescimento de fitoplacton requer ferro para
as enzimas que realizam a fotossintese

Sedimentos fluviais e glaciais representam o
maior fluxo de ferro para as regides
costeiras. No mar aberto, a fonte de ferro
dominante é a poeira edlica, que também
fornece outros nutrientes.

Crescimento de fitoplancton = aumento de
sequestro de CO, da atmosfera atraves de
sua conversao em biomassa.

Mudancas no fornecimento de ferro podem
modificar a emissao de gases e
consequentemente influenciar o pH e
afetar a disponibilidade do ferro.

Volcanoes

Global Iron Cycle
Estimated flux values in Tg Fe per year
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sporadic
Deposition
Aeolian Wind Combustion <1 \

_______/Deposnton

- Glacier
Deposition, 16 — Sediments

Waste, 212
Mining, 694 = c/@ \ .
Plankton RL_tha|ll<e 2155 Rl :
ecycling

- |
Grazing/Lysis, 0.9 Remmerallzatlon 3.6
ARG S ging, 3.8

Farticulate
—————— Oceanic Fe gaatmtatatat

T '
mm*‘*




O aumento da deposicao de poeira também pode ter um efeito negativo nos ecosistemas
marinhos. A diminuicao dos recifes de corais do Caribe pode ser parcialmente relacionada
ao aumento do fluxo de poeira da Africa, que aumenta a turbidez da agua. Outros fatores
também podem contribuir para essa perturbacao ambiental (fungos e bactérias).
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Impactos globais — visibilidade

Episodios de poluicao, erupcoes vulcanicas, queimadas e tempestades

de poeira

U.S. Dust Bowl, 1930
London’s Great Smog, 1950

Dust storm in Sydney, 2009

Eyjafjallajokull
eruption, 2010

Sao Paulo, 2019 — Smoke from
Amazon Rain Forest



Impactos globais — visibilidade
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Impactos globais — visibilidade

Episodios de poluicao, erupcoes vulcanicas, queimadas e tempestades

de poeira

U.S. Dust Bowl, 1930
London’s Great Smog, 1950

Dust storm in Sydney, 2009

Eyjafjallajokull
eruption, 2010

Sao Paulo, 2019 — Smoke from
Amazon Rain Forest



Tempestades na Asia oriental (Kosa
events, Hwangsa) transportam Poeira do Saara é observada regularmente nas
grandes quantidades de poeira llhas Canarias e na Europa
da fonte (Taklamakan e deserto
Gobi, Chinese Loess Plateau)
através da Coreia e Japao até
locais distantes como a

Groelandia

ol e

4
4




Principais fontes
SA0 as regioes
aridas e semi-
aridas do planeta
— Saara, Oriente
Médio e Asia
Oriental

Composicao
geral: quartzo,
feldspato, micas,
argilominerais,
oxidos e
evaporitos.

Poeira mineral

m Quantitative XRD results for seven <38 pm sieved dust
samples from the Middle East. Dust samples are often
chemically similar (see Fic. 4 Tor) but mineralogically different
(Engelbrecht et al. 2009b). The Djibouti sample (African Rift Valley)
contains substantial mafic silicate minerals and iron-titanium oxides;
the United Arab Emirates and Al Asad samples contain abundant
calcite and dolomite, respectively. Kuwaiti samples are rich in silt-
sized quartz. Mineralogical differences in regional soils are reflected
in the airborne dust transported aloft.

Engelbrecht & Derbyshire, 2010



Fontes, caminhos e fluxos

A caracterizacao do MP fornece informacdes valiosas sobre a fonte e o caminho
percorrido pelas particulas.

As concentracdes dos elementos tracadores variam com o tamanho da particula 2
analise conjunta aumenta a acuracia da determinacao da fonte

A composicao do MP é dominada por oxidos de Si, Al, Fe e Ca, e por carbonatoss e suas
proporcdes sao as mesmas da crosta superior, mas variam entre os continentes.

Do ponto de vista mineralogico e composicao
guimica, a poeira do gelo Antartico é atribuida
a fontes da América do Sul, mas também
apresenta contribuicao da Australia

Alguns depdsitos de loess (poeira mineral
edlica) na Argentina sao pobres em quartzo e
ricos em plagioclasio, fragmentos de vidro e
outros materiais piroclasticos, devido aos
vulcdes Andinos.
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m Global distribution of dust sources (after Prospero

et al. 2002). The number of days exceeding tﬁs
absorbing aerosol index (Al) is shown in shades of yellow and
brown. Distributions were computed using a threshold Al of 1.0
in the dust belts and 0.7 elsewhere. Note that the seasons are six
months apart in the Morthern and Southerm Hemispheres. Arrows

indicate the general direction of dust storms (no significant storms
in autumn), and major impacted areas over the ocean are shown in

paler shades of blue. Engelbrecht & Derbyshire, 2010
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Satellite image of a dust storm, generated by north- Kuiseb river
westerly shamal winds, extending from the horn of
Africa to India. Visible dust sheets blow from the Arabian Peninsula,
as well as from Iran and Pakistan (top right). Dust streamers extend
across the waters of the Red Sea (left), Persian Gulf (centre) and

2 EF s
250 km
Arabian Sea. Satewume immace courtesy oF NASA

Dune field
June 8, 2004

m Satellite image of dust plumes streaming westward off
the coast of Angola and Namibia. Green hues along
the coastline indicate the presence of phytoplankton in surface
waters. Mote that, due to the coarse nature of sand grains, no dust

is coming off the dune field along the southern coastline. Sateiume
Engelbrecht & Derbyshire, 2010
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PM,, mass %

Carbonate
Chioride
Ammanium
MNitrate
Suiphate
Fe,04
MgO

Cal

KO

AlD

S5i0,

Salts

Ca-S (sulphatas)

Ca-Mg (dolomite)
| Ca-rich{calcite)

Fe-rich {oxides)

Si-Al-Mg {clay)
| Ca-MNa-Al-5i (plagioclase)
K-Al-5I (K feldspar/mical
Si rich (quartz)

m Chemical and electron microscope analyses for Middle

East PM g dust sample. (Top) Concentrations (in mass
%) of oxides, sulphate (in gypsum), chloride (in salt), nitrate,
ammonium, and carbonates. (Bottom) Elemental compositions
obtained by single-particle electron microscopy. Clay (S5i—-Al-Mg)
minerals, generally occurring as coatings on other silicates, form
the largest fraction of particles when analvzed by this method

{Engelbrecht et al. 2009a).
Engelbrecht & Derbyshire, 2010



Rain and Dust: Magnetic

Records of Climate and Pollution

The alternating light-
coloured loess layers and
reddish brown palaeosols,

revealed in the walls of
erosional gullies, provide
a stunning visual record

2 ; of past changes in the strength of the

1811-5209,/09/0005-0229%2.50 DOI: 10.2113 /gselements.5.4.229 Fakh A et



Registros magneéticos do clima do passado

Registros do clima nos
sedimentos: regides muito
antigas ou geleiras.

Um dos maiores registros
climaticos nos sedimentos é o
Platd de Loess Chinés —
extenso e espesso (~350 m)
depodsito de sedimentos
carregados pelo vento por
pelo menos 2 Ma.

E o registro climatico do Periodo
Quaternario mais detalhado
do planeta!

D The East Asian monsoon systems

International boundary
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The East Asian monsoon systems

Composicao extremamente homogenea:
quartzo (~35%), filosilicatos (~25%),
plagioclaso (10-15%), calcita (~*10-15%), K-
feldspato (~“5%), dolomita e amphibolio (<
5%), com teor minimo de hematita e goethita
e tracos de magnetita e maghemita.




Durante os estagios glaciais, quando as monsoes de

inverno eram intensas e frias, ventos com
poeiras secas assopravam do interior da Asia
para o pacifico. A taxa de deposicao de loess era
maior e o loess depositado previamente era
rapidamente soterrado por mais loess.

Durante os estagios interglaciais, quando as

monsdes de verao eram fortes e quentes, o air
umido assoprava do Pacifico para a China. A
superficies do terreno se tornava mais vegetada
e o loess era intemperizado por uma camada de
solo superficial (paleosolo).
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The East Asian monsoon systems

As alternancias glacial/interglacial entre o
loess palido e o paleosolo marrom
avermelhado forma esse belo e fascinante
registro dos sistemas de monsoes de
inverno e verao durante o periodo
Quaternario.



As sequéncias verticais de
‘ loess/palaeosolos|do Plato
de Loess carregam um
registro magneético
detalhado do tempo e
mudancas climaticas.

LITHOLOGY) POLARITY

0.0

oTpureIef

1.0

a7 o afy

[
PABID

2.0

LUOCHUAN

LG SUSCEPTIBILITY
[S1=unitsy

-2

Veg-239

S0 vs. POR
%0
a.0 =18

i

NUMBER OF DATA POINTS: 382

NUMBER OF SAMPLES: 406
3 -POINT FILTER

Lithology Key

Loess .

Incipient Soil

02

Palacosaol

| B3 " Left to right: loess/palaeosol stratigraphy at Luochuan

&l (central Plateau) (51-513 = palaeosol 1 to palaeosol 13);
palaeomagnetic stratigraphy and dating (black = period of normal
polarity; white = reverse polarity); magnetic susceptibility; deep-sea
oxygen isotope record (O, = oxygen isotope stage, odd numbers =
interglacials). From HeLLer anD Liu (1986)



Registro de seis eventos de
reversao geomagnética durante

pelo menos 2.5 My.

Paleosolos contém mais minerais
magneéticos (magnetita—
maghemita) na fracao ultrafina
(d<0.05 um). O Loess menos
intemperizado contém
concentracoes muito menores
desses minerais magnéticos.

Susceptibilidade magnética }naior
nos paleosolos do que no Loess.
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As variacoes da susceptibilidade podem
ser comparadas com as variacdes do
isotopo de oxigenio do assoalho
oceanico.

Nos estagios glaciais passados, o gelo
no continente retinha grandes
quantidades de '°0, deixando os
oceanos ricos em 120.

Forte correlacao entre loess/palaeosol
x MS x 8180 = acoplamento das
monsaoes asiaticas com os ciclos de
glaciacao e deglaciacao da Terra.
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Comparacao com solos
modernos:

Magnetita/maghemita ultrafina
sao formadas em solos bem
drenados de pH neutro.
Solos acidos ou
permanentemente molhados
esses minerais ngcao sao
formados ou sao
transformados em minerais
nao magnéticos.

Solos modernos no Plato de
Loess Chinés, e outros no
planeta, apresentam boa
correlacao entre a
guantidade de minerais
magnéticos formados e a
precipitacao annual.
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Relationship between pedogenic (soil-formed) magnetic
susceptibility and annual rainfall for modern loessic soils
and modern (last 30-year averages) rainfall. Statistical examination of
the relationships between the soil magnetic properties and major
climate variables (temperature, rainfall, etc.) identifies annual rainfall
as the most significant factor (R? = 0.88). The relationship between
soil magnetism and rainfall can thus be expressed as the equation
shown in the figure. From Maner 7 AL, 2002
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climate variables (temperature, rainfall, etc.) identifies annual rainfall
as the most significant factor (R? = 0.88). The relationship between
soil magnetism and rainfall can thus be expressed as the equation
shown in the figure. From Maner 7 AL, 2002




Aplicacao do magnetismo na poluicao

Fe-bearing particles in
partlculate matter

Which minerals?

How many?

How small?



Magnetite pollution nanoparticles in the human brain
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Magnetite pollution nanoparticles in the human brain
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Accumulation mode — A particle-size range between 100 nm
and 1 pym (upper value also listed as 2 pm or 2.5 pm in the
literature)

Aerosol — A dispersion of small (diameter of less than ~30 pm)
solid or liquid particles suspended in a gas

Aitken mode — Particle-size range between 10 nm and 100 nm

Albedo — A measure of how strongly an object (e.g. ice) reflects
radiation. It is quantified as the proportion of incident solar
radiation (of all wavelengths) that is reflected.

BC - Black carbon. This collective term is used in the atmospheric
sciences to describe a range of carbonaceous particles that
strongly absorb shortwave solar radiation. BC is formed during
combustion of fossil fuels, biofuels, and biomass and consists
of various materials, including char particles, soot, and a
mixture of partially burned and pyrolyzed plant materials. Most
commonly, BC is determined by measuring light attenuation
(e.g. by using an aethalometer)

Bulk (ensemble) methods — Methods used for bulk characteriza-
tion of PM. These methods include: inductively coupled plasma
mass spectrometry and optical emission spectrometry (ICP-MS
and ICP-OES), aerosol mass spectrometry (AMS), X-ray fluo-
rescence (XRF), particle-induced X-ray emission (PIXE) spec-
troscopy, ion chromatography (IC), thermo-optical methods
for determining OC and EC contents, X-ray diffraction (XRD),
and aethalometry (a method that determines the light attenu-
ation by aerosol particles)

Cascade impactor — A device for simultaneous sampling of
multiple size fractions through a series of stacked substrates,
each of which collects a different particle-size range

CCN — Cloud condensation nuclei

Coarse particles — Particles with diameters of >2.5 pm. The limit
of 2.5 ym was defined on a regulatory rather than scientific
basis (see text). It does not coincide with the volume-distribu-
tion minimum that separates particles formed by different
processes (see Fic. 5).

Cryosphere - A collective term describing the areas of the Earth’s
surface where water is present as ice. The cryosphere thus
comprises ice sheets, glaciers, sea ice, lake ice, river ice, snow
cover, and frozen ground (including permafrost).

Deliquescence — A process by which a solid absorbs moisture
from the air until it dissolves in the absorbed water and forms
a solution

Dry deposition — A term describing the overall physical process
through which gases and particles are transferred directly to
the surface of the Earth



GLOSSARY

EC — Elemental carbon. This is a poorly defined term, used in
the atmospheric sciences to describe mostly elemental carbon
in aerosol particles. EC refers to the most refractory part of
carbonaceous aerosol particles, the part that oxidizes above a
certain threshold value (established in combustion experi-
ments). It is determined by thermal or thermo-optical methods.

Fine particles — Particles with diameters of <2.5 pm (PM3s).
The limit of 2.5 pm was defined on a regulatory rather than
scientific basis (see text). It does not coincide with the volume-
distribution minimum that separates particles formed by
different processes (see Fic. 5).

Fine volcanic ash — Volcanic ash particles with diameters of <63
um

HULIS — Humic-like substances. These chemical compounds are
similar to the humic and fulvic acids in soils, but form primarily
during biomass burning and also during secondary chemical
reactions in the atmosphere (i.e. particle ageing).

Hydrometeor— An atmospheric particle formed by condensation
of water vapor or freezing of water

Hygroscopicity — A term describing the tendency of a substance
to absorb moisture from the air (but not necessarily to the
point of dissolution)

Impactor — A device for separating PM according to size so that
the size mode of interest accumulates on a sampling substrate

IN — Ice-forming nuclei

Mixing state - A term describing whether aerosol particles occur
as single or multiple phases. Single-phase particles are known
as externally mixed, whereas multiple-phase particles are called
internally mixed.

Nucleation mode — A particle-size range with diameters of <10
nm

0C — Organic carbon. The term describes the mass of carbon
contained in all organic compounds present in an aerosol
particle. OC is typically determined by thermo-optical
methods, along with EC.

OM - Organic matter. This is a collective term describing thou-
sands of individual organic compounds, which vary widely in
regard to physical and chemical properties.



PAH - Polycyclic aromatic hydrocarbon. PAHs are aromatic
compounds (e.g. anthracene, benzo[alpyrene, naphthalene),
some of which are carcinogenic and mutagenic. They are
produced during combustion of fossil fuels and biomass
burning.

PAN - Peroxyacetyl nitrates. These substances form photochemi-
cally from nitrogen dioxide (NO;) and hydrocarbons emitted
into the atmosphere by combustion processes. They are respi-
ratory and eye irritants.

PBAP - Primary biogenic aerosol particles (e.g. plant debris,
animal fragments, pollen, spores, algae, fungi, bacteria, and
viruses)

PCB - Polychlorinated biphenyl. PCBs are toxic organic
compounds with 1-10 chlorine atoms attached to biphenyl,
an aromatic hydrocarbon.

PM (PM1o, PMz 5, PMg 1) — Particulate matter (with diameters
of <10 um, <2.5 ym, and <0.1 um, respectively)

POA — Primary organic aerosol particles. These are particles
emitted directly into the atmosphere

RF — Radiative forcing. A term describing how a compound or
process influences the balance of incoming and outgoing
energy at the tropopause. A positive RF leads to global mean
surface warming, whereas a negative RF produces global mean
surface cooling.

Single-particle methods — Methods used to characterize indi-
vidual aerosol particles. These methods include: scanning
electron microscopy (SEM) combined with energy-dispersive
X-ray (EDX) spectroscopy, electron probe microanalysis
(EPMA), transmission electron microscopy (TEM) combined
with selected-area electron diffraction (SAED), particle-induced
X-ray emission (u-PIXE) spectroscopy, confocal laser-scanning
microscopy (CLSM), optical microscopy combined with auto-
mated image analysis, synchrotron-based X-ray microscopy
(e.g. NEXAFS, u-XRF), aerosol time-of-flight mass spectrometry
(ATOFMS).

5$0A - Secondary organic aerosol particles. Particles formed in
the atmosphere from volatile organic compounds (VOCs).

Soot — A primary combustion-derived particle type with a char-
acteristic and well-defined structure consisting of graphene-like
layers, which are wrapped into spherules with diameters of
20-50 nm. These spherules aggregate into clusters that typi-
cally have a chain-like fractal appearance (Fic. 44). Soot strongly
absorbs solar radiation and reemits it as heat, thus exerting a
strong positive RF.

Ultrafine particles — Particles with diameters of <0.1 um (PMg.1)

VOC — Volatile organic compound. These organic substances
have relatively high vapor pressures and are of both natural
(e.g. terpene) and anthropogenic (e.g. formaldehyde, acetone)
origin.

Wet deposition — A term describing the overall physical process
through which rain removes materials from the atmosphere.
Wet deposition can be further subdivided into “rain-out”

(in-cloud scavenging) and “wash-out” (below-cloud
scavenging).
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