Henrique M. J. Barbosa
Instituto de Fisica — USP

Com slides de Veronika Brand, Adalgiza
Fornaro, Luciana Rizzo, Peter Tunved, etc.



/ S T
O que é poluicao?

Estado indesejavel do ambiente natural
contaminado por substancias nocivas como
consequéncia de atividades humanas.

O que é poluicao do ar?

Estado indesejavel da atmosfera natural
contaminada por substancias nocivas como
consequéncia de atividades humanas.




OK, mas...

na atmosfera que substancias ou

tipo de substancias nocivas

estamos falando?

gases

aerossois
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~ OK, mas...

Todo gas é poluente atmosférico?

Claro que nao!! O,, N_,...

OK, mas...
Entao o CO, é um poluente?

Depende...
Vem de atividade humana?
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Ok-mas... o
Todo aerossol é poluente atmosférico?

Claro que nao!! Sal marinho, poeira,...

Ok, mas...
O que € mesmo aerossol??

O termo aerossol se refere as particulas

liguidas e/ou sélidas, em suspensdo em um
gas (Seinfeld e Pandis, 1998).
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Definicao de aerossol

Aerosol
(particles+gases)

Particulas sodlidas
ou liguidas em
suspensao em
fase gasosa

H,S0,11¢>H,S0,(2), SO,, sot, (air)
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Variam no tempo e no espaco
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Classificacao
Aerossois primarios - emitidos diretamente na

atmosfera, como particulas sélidas ou liquidas
e Exemplo: Poeira, Sal Marinho, Fuligem, Pélen, etc.

Aerossois secundarios - formados na atmosfera

através de nucleacdo e/ou condensacdao em particulas
existentes

e Exemplo: Sulfato, Organicos secundarios, etc.
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Observando Aerossois

Estamos interessados em saber:
e Concentragao
e Propriedades dpticas

e Composi¢ao quimica

Valor total ou Valor distribuido por tamanho

A

540 cm>3 or... &,




Concentracao

A concentracao numerica € representada por N

E definida como o nimero de particulas por unidade
de volume, tipicamente em #/cm3

Outras concentracoes:

e Concentracdo de area, S [um?4/cm?]

e Concentracao volumétrica, V [um3/cm3]
e Concentracdo massica, M [ug/cm?]

M pode ser calculada a partir de V e da densidade
da particula, p, g/cm?



Aerossois

Sempre presentes na atmosfera, de ~ 10 cm= em
um ambiente limpo, até 10° cm= em ambientes
poluidos

A massa na atmosfera também varia, de ~0.1 yg m-3
até 1 mg m em condicdes extremas

Tempo de vida na troposfera: dias a semanas

E polidisperso, ou seja, se apresenta com tamanhos
diversos, de ~ 1 nm até 100 um
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Fig.3 Timesseries of fine (PM, 5) and coarse mode aerosol mass concentrations at the central Amazonia
TT34 forest site from 2008 to 2012.
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Fig. 5 Time series of fine and coarse mode aerosol mass concentrations at the PVH anthropogenic
impacted site, from 2009 to 2012.
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Classificacao por tamanho

Particulas grossas
°o > 1IJm

Particulas finas
e <1um
e Moda de acumulagao (100-1000 nm)

Particulas ultrafinas
e <100 nm

 Moda de Aitken (10-100 nm)
 Moda de nucleacao (1-10 nm)
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Classificacao por tamanho

coarse particles
el

fine

particles
e

ultrafine particles
— ]

Gt
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Particle Diameter D, in nm



Distribuicao de tamanho

gaseous aequous haze mineral dust pollen, bacteria, spores
precursors nano particles soot particles smoke particles volcanic ash plant debris
(H,S0.,...) seasalt - cloud droplets

coagulation > coagulation > coagulation

-

H,50,
vOC
.'NO; .
hom./het.

gasphase-
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Tamanhos relativos

Particula com 1nm

Particula com 350 nm

Particula com 2.5 ym

Particula com 100 um

Ponta de uma agulha (0.1 mm)

Bola de ping-pong (3.5 cm)

Bola de futebol (25 cm)

Balao de ar quente (10 m)
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Os oceanos, sao 66 %
da superficie da Terra

Areas semidaridas e
desertos, sdao 37% da
area continental

Os ecossistemas, e.g.
as florestas que
cobrem 30% da area
continental, e a vida
marinha
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=~ Table 5.3 Estimates (in Tg per year) for the year 2000 of
(a) direct particle emissions into the atmosphere and (b) in situ
production

(a) Direct emissions
Northern Southern

hemisphere  hemisphere

Carbonaceous aerosols

Organic matter (0-2 pum)“
Biomass burning 28 26
Fossil fuel 28 0.4
Biogenic (>1 um) - -

Black carbon (0-2 um) (b) In situ
Biomass burning 2.9 2.7 N°.'d'°"' Socfthem
Fossil fuel 6.5 0.1 hemisphere hemisphere
Aircraft 0.005 0.0004 Sulfates (as NH4HSO,) 145 55
Industrial dust, etc. (>1 um) A.nthro-pogenic 106 15
Biogenic 25 32
Volcanic 14 7
Nitrate (as NO3)
Anthropogenic 12.4 1.8
Natural 2.2 1.7
<1 m 90 17 Organic compounds
1-2 pm 240 50 A.nthro.pogenic 0.15 0.45
2-20 pm 1,470 282 Biogenic 8.2 7.4
Total 1,800 349 © Sizes refer to diameters. [Adapted from Intergovernmental Panel on Climate

Change, Climate Change 2001, Cambridge University Press, pp. 297 and 301, 2001.]
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Oceano

Ocupa 66% da superficie terrestre;

Participa intensamente dos ciclos biogeoquimicos, sendo fonde e
sumidouro de particulas e gases presentes na atmosfera;
Maresia (Sea Spray Aerosol) é a maior fonte global de aerossol;

ARCTIC
Europe
North UPe & Ash
America ,
ATLANTIC PACIFIC
J Agfrica
| EQUATOR
’~ Ut
] erica
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PACIFIC INDIAN |
Australia
SOUTHERN

Antarcgfqa



@ Ondas de 3 a 4m/s ja sdo suficientes
para que isso ocorra. Com 7-11m/s,

' ja sao observadas injecoes na

gravity turbuleny camada limite marinha de ‘ultra-
force diffusion . ,
large spume sea-salt particles’.

evaporation.

drag force
collisions and/or

spray production split of droplets

by tearing wind

R G

®

bubble production
by wave breaking

®

Droplet production
by bubble bursting

drift currents

gaseous

exchange
downward %\ P upward
entrainment buoyancy
_ force 'o{i}~t force
bacteriological A AN
concentration surfactants

orbital movement

®

Fig. 2. Physical processes leading to the production of marine liquid aerosols responsible for air-sea particulate
exchanges. Circled numbers refer to chronological steps indicated in Figure 1. We are mainly interested in this study by
step 3. The ultimate goal is to propose a model for the transfer function between air bubbles in seawater and liquid

aerosols in the atmosphere.
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Modelo conceitual

Gotas de filmes e de jatos que formam particulas
pequenas e grandes, respectivamente

RESCH ET AL.: MARINE LIQUID AEROSOL PRODUCTION FROM BURSTING OF AIR BUBBLES

bubble film drops jet drops

Fig. 3. Schematic representation of the production of film drops and jet drops by bubble bursting. In a time sequence
the onset of film cap breaking is detected after 150 s, film drops are detected after 300 us, and jet drops appear between 1
and 30 ms after the rupture of the bubble'cap.



RESCH ET AL.: MARINE LIQUID AEROSOL PRODUCTION FROM BURSTING OF AIR BUBBLES

{ Wind action upon the marine surface
Wind {
{ Wave generation and amplification
action }
f (:) "Tearing" and/or wave breaking
Spray formation (Z) Air bubble entrainment
in water
Production <:) Rising of air bubbles
processes ; to the marl;ne surface
(:> Bubbles bursting at
the interface

i #

\ Droplet production

|

Droplet entrainment in the atmosphere
Turbulent ‘

diffusion (:)

Droplet evaporation

Fig. 1. Various steps involved in the process of air-sea particulate exchange.
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O Oceano — Aeross6is

NP ~0,005um Nucleagdo Acumulagdo
= 0,02 - 0,1-0,2um
“Ga >l 0,03um / '
A geracao de aerossol w| M / Ugremst
P O
POr processos 7 Sl 1.
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* O espectro de aerossol S B
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grandeza i %,

Fig. 1. {a) Typical North East Atlantic maritime number distribution. (b) Typical North East Atlantic
maritime surface area distnbution

O’Dowd, C.D. et al., 1995, Marine aerosol, sea-salt, and the
marine sulphur cycle: a short review



~ O Oceano — Aerossois

* Os principais aerossois sao:
* NaCl (PM; 5 40)
* DMS, que oxidado na atmosfera se torna Sulfato

* Muitos outros sais inorganicos (com Br, Cl, etc.) e
espécies organicas produzidas por seres vivos:
— Ecossistemas planctdnicos na superficie do oceano

formam particulas de aerossois primarios e precursores
gas0s0s;



Aerossdis Marinhos

o b O ° Cloud droplet {‘, e crystal
- DMS and Organic-rich primary 3
' other VOCs manne aercsols I \CCN? /NP?
/ \ 4 4 Secondary annry
ATMOSPHERE 7 ? @ organic
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3o \ /
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* 2 * \ film drops
Bubble bursting

Urooks 50D, Thornton DCOY 20318,
L)
5 Anow. Rev. Mar, S 101283313

DOM: Dissolved Organic Matter
INP: Ice Nuclei Particle



O Oceano — Distribuicao Geografica
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Primary Marine Organic Aerosols Sea salt mass accumulation mode
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« POM: Influéncia da velocidade do vento e da atividade
biologica;
e Sea Salt: influéncia do impacto do vento no oceano;



Aerossois Marinhos=Interagao co

— atmosfera

-

From ocean to clouds, the
paradigm of chemistry:

sirucure i Compostion

is fundamentally governed by

Direct & R properties of the chemical
o interaction with LA S 8 components:
3 solar radiation & &° -
° Y £ g E «  Surface tension
= 2 & ® &8 +  Reactivity
§ \QQ 5 % »  Water uptake (hygroscopicity)
® OR= * Interfacial molecular orientation
E s o o » Dielectric constant
'i- o 2 O; H;S0, .2 0 ° o . pKa
i o =0 2 09« 4 « pH
3 Pl;r;‘a\ry Ry O o SSA aging » Ol g o «  Kinetic dissolution
[+ RIS PRGN 6 * Heterogeneous freezing
° ° HNO; OH' O » Optical absorption/reflectance
o Secondary * Vapor pressure
Gas-phase
e SSA emission through (Aged) SSA
bubble bursting

Changes in primary SSA composmon driven by
blology-controlled ocean chemistry

Acc. Chem. Res., 2017, 50 (3), pp 599-604 DOI: 10.1021/acs.accounts.6b00603
Cochran et al., Sea Spray Aerosol: The Chemical Link between the Oceans, Atmosphere, and Climate




More cloud
condensation
nuclei

Increased Earth albedo
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DMS
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:
more sunlight reflected
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Enhanced:

droplet number
liquid water content
cloud area

Charlson, Lovelock, Andreae, Warren

CLAW hypothesis
Negative feedback loop

Enhanced
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=~ Table 5.3 Estimates (in Tg per year) for the year 2000 of
(a) direct particle emissions into the atmosphere and (b) in situ
production

(a) Direct emissions

Northern Southern
hemisphere  hemisphere
Carbonaceous aerosols
Organic matter (0-2 pum)“
Biomass burning 28 26
Fossil fuel 28 0.4
Biogenic (>1 um) - -
Black carbon (0-2 um)
Biomass burning 2.9 2.7
Fossil fuel 6.5 0.1
Aircraft 0.005 0.0004
Industrial dust, etc. (=1 um)
Sea salt
<1 pm 23 31
1-16 pm 1,420 1,870
Total 1,440 1,900

(b) In situ
Northern Southern
hemisphere  hemisphere

Sulfates (as NH4HSO,) 145 55

Anthropogenic 106 15

Biogenic 25 32

Volcanic 14 7
Nitrate (as NO3)

Anthropogenic 12.4 1.8

Natural 2.2 1.7
Organic compounds

Anthropogenic 0.15 0.45

Biogenic 8.2 7.4

© Sizes refer to diameters. [Adapted from Intergovernmental Panel on Climate
Change, Climate Change 2001, Cambridge University Press, pp. 297 and 301, 2001.]






This true-color image of northwestern China’s Taklimakan
Desert from Suomi NPP shows a dust cloud over a light

background. The Taklimakan is among the handful of well-
known dust-producing regions around the globe.
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Compilacdao de medidas da
distribuicao de tamanhos em
volume (A) e numero (B) para
emissoes de poeira.

Measurements by Gillette and colleagues used
optical microscopy, and were taken in Nebraska
and Texas. Conversely, measurements by Fratini
et al., 2007, Sow et al., 2009, and Shao et al.
(20m) used optical particle counters. These
measurements were made in China, Niger, and
Australia, respectively. All measurements were

normalized following the procedure described
in Kok (2011b).

Mahowald et al., Aeolian
Research, 15, 2014



Poeira do solo

Areas semiaridas e desertos, sao 37% da area
continental.

Grande parte da emissao ocorre em locais com solos
secos, pouca vegetacdo e ventos fortes.

E a principal fonte de ferro e fosforo na atmosfera que
afetam, por exemplo, o ecossistema marinho.

Particulas ndao coagulam e ndo pouco recebem
condensagdo de vapores organicos (i.e. a distribuicao
de tamanho na emissdo é importante).

A distribuicao de tamanho evolui por deposicao seca e
umida.
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et al., Aeolian

Research, 15, 2014

_ Poeiradosolo

Dust emission requires:
a) Strong wind
b) Dry soil
c) Sparse vegetation
d) Saltating particles

o
oty » o
Dust absorbs and
scatters both
shortwave and
longwave radiation
(aerosol direct effect)

Dust alters cloud
properties by acting
as nuclei for cloud
droplets and ice
crystals

Dust can alter the
Earth’s albedo by
stimulating algae
growth or depositing
on snowl/ice

Dust impacts the
biogeochemical cycles
of the ocean and land
by transporting and
depositing nutrients
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Size fraction > 10 um
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Dust deposition (mg/m2*yr)

Deposition flux and size class of present-day dust observational estimates from Albani et al.
(submitted). The color scale represent the varying order of magnitude of dust deposition, while the
circles radius is proportional to the relative content of coarse (i.e. >10 pm diameter) particles.
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=~ Table 5.3 Estimates (in Tg per year) for the year 2000 of
(a) direct particle emissions into the atmosphere and (b) in situ

production

(a) Direct emissions

\

Northern Southern
hemisphere  hemisphere
Carbonaceous aerosols
Organic matter (0-2 um)“
Biomass burning 28

Biomass burning
Fossil fuel
Aircraft
Industrial dust, etc. (=1 um)

Sea salt
<1 pm
1-16 pm
Total
Mineral (soil) dust
<1 pm
1-2 pm
2-20 pm
Total

2.9
6.5
0.005

23
1,420
1,440

90
240
1,470
1,800

2.7
0.1
0.0004

KR
1,870
1,900

17
50
282
349

(b) In situ
Northern Southern
hemisphere = hemisphere
Sulfates (as NH4HSO,) 145 55

A
=t8ldsidelniain .

Biogenic

Nitrate (as NO3)
Anthropogenic 12.4 1.8
Natural 2.2 1.7

Organic compounds
i 0.15 0.45

nthropogenic
Biogenic 5. .4
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Biogenicos
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1. Emissao Biogénica
= primary biological aerosol particles: particulas
biolégicas como fungos, pdlen, detritos da
vegetacdo, etc. dominante na fracdo grossa
(MARTIN et al., 2010);

= Aerossois secundadrios:

Provenientes de bVOC (POSCHL et al., 2010).



Aerossois naturais da Amazonia na
o moda grossa

* Particulas primarias produzidas a partir do
metabolismo da vegetacao (pdlen, esporos de fungo);
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Terpenoids: globally a very important source of
secondary acrosols

Sabinene a-Pinene Isoprene

a-Phellandrene 7 i Myrcene

>_C‘>7 p-Pinene > \_> \
>_(T:Tefinene 7§> >fiﬁv }ni:e\

- Camphene
Limonene

Terpinolene

Figure 1. Molecular structures of the volatile hydrocarbons isoprene (Cs). some monoter-
penes (C1g) and the semivolatile sesquiterpene f-Caryophyllene (Cis).

Kesselmeier and Staudt, 1999.



Terpene chemistry: a-pihene
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Kanakidou et al., 2005

Very complex chemistry!

Most well studied for a-
pinene and B-pinene

For most compounds,
secondary oxidation steps are
largely unknow

o-pinene most commonly
abundant monoterpene

The ozone reaction believed
to dominate SOA production



