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Aerossóis Carbonáceos
● Partículas contendo carbono em sua composição 

- exceto carbonatos.
● Efeitos diretos e indiretos no clima
● Qualidade do ar e impactos na saúde humana

Tradicionalmente dividido em:

● Carbono Orgânico (OC)
○ Centenas de compostos diferentes contendo carbono 

combinado com outros elementos como H, O, N, P, Cl, 
etc.

○ Primário ou Secundário

● Carbono Elementar (EC) ou Black Carbon (BC) 
○ material refratário
○ light-absorbing properties
○ Aerossol Primário 





● Produção contínua de carbono radioativo 
(14C) na alta atmosfera, pela interação 
de nêutrons cósmicos com átomos de 
nitrogênio 

●  O 14C é oxidado a 14CO2 e entra no 
ciclo global do carbono

● Plantas assimilam 14C durante a 
fotossíntese e animais comem plantas

● Na morte das plantas ou animais a 
entrada do 14C cessa 

Fonte:http://apostilas.cena.usp.br/moodle/pessenda/livro/

O método de datação por 14C

https://www.google.com/url?q=http://apostilas.cena.usp.br/moodle/pessenda/livro/&sa=D&ust=1582660946996000&usg=AFQjCNHQSWMwKJ_LLKzsJJshV2TN9MYXCA


● Emissões resultantes da queima 
de combustíveis fósseis são 
livres de 14C 

Uso da assinatura de 14C em aerossóis carbonáceos

● Emissões resultantes de 
biomassa contemporânea têm 
razão 14C/12C característica 

Ideia central: separar as componentes fóssil e de biomassa 
contemporânea no aerossol carbonáceo (EC e OC)



● Método termo-óptico
● Rampas de temperatura
● Evaporação de frações de OC em 

atmosfera inerte (He)
● Oxidação de frações de EC em 

atmosfera de He/Ox
● Fragmentos de carbono são 

convertidos em CO2 e medidos pelo 
detector por ionização de chama (FID)

● Protocolo de temperatura EUSAAR2
● OC/EC split point definido pela 

transmitância do laser

Analisador de Carbono Sunset



● Analisador de carbono acoplado a uma linha de vácuo 

N2(l)

● CO2 é is reduced to graphite at 450°C using 
hydrogen gas over pre-cleaned iron powder as a 
catalyst.

● Aprisionamento criogênico de CO2 

Santos et al (2007)

Mouteva et al, 
( 2015)



Accelerator Mass Spectrometry (KKCAMS)

modern fraction fM  - the 

deviation of the 14C/12C ratio of the 
sample from modern, defined as 95% 
of the 14C concentration of the 
standard OX‐I (or NIST HOxI SRM 
4990B) in 1950 [Stuiver and Polach, 
1977]  (Beverly et al. 2010)https://sites.uci.edu/kccams

http://www.pelletron.com/products/

● High precision measurement of 
carbon radioisotope ratios

● The sample is converted to 
negative ions and is 
accelerated through the 
spectrometer for a mass 
separation

https://www.google.com/url?q=https://sites.uci.edu/kccams/&sa=D&ust=1582660948078000&usg=AFQjCNEapTphHzWx4AHJ7ORGE5Hzatq1Vw
https://www.google.com/url?q=https://sites.uci.edu/kccams/&sa=D&ust=1582660948078000&usg=AFQjCNEapTphHzWx4AHJ7ORGE5Hzatq1Vw


● C - Concentração medida (BC ou OC)

● fM - fração moderna medida (BC ou OC)

● fM(fóssil) - assinatura de combustíveis fósseis ( = 0, 14C free)

● fM(bio) - assinatura de biomassa ( > 0, material contemporâneo)
○ folhas (proxy for emissions of biogenic VOCs), fM = 1.019 
○ fumaça de queima de lenha (proxy for emissions from wood burning), fM = 1.041

 

Radiocarbon-Based Source Apportionment





BC and OC aerosols sources in Salt Lake City

● Três sítios - urban, industrial and 
suburban

● Outubro de 2012 a agosto de 
2013 (41 amostras)

● Episódios de inversão térmica 
durante o inverno com elevadas 
concentrações de PM2.5 (> 35 
ugm-3, 24h average) 

● Emissões veiculares são a principal fonte de PM2.5. 
● Area sources (home heating, construção, agricultural burning, geração 

de energia, wildfires e emissões biogênicas) são a segunda maior fonte



● Maior variabilidade. 
Concentrações mais 
elevadas durante o 
outono (6.1ugm-3) e 
mais baixas durante a 
primavera (2.6ugm-3)

● average fM = 0.50 para 
OC. Valores menores 
no inverno (0.43) e 
significativamente 
maiores no verão 
(0.64). 

● Nenhuma distinção 
entre o fM para OC ou 
BC nos episódios de 
inversão térmica

● Concentrações de 
BC mais elevadas 
durante o inverno 
(0.38 ugm-3) e mais 
baixas no verão 
(0.15 ugm-3)

● fM do BC 
relativamente 
uniforme ao longo 
do ano (fM = 0.13)

● Nenhuma 
variação 
significativa entre 
os diferentes 
sítios tanto para 
BC quanto OC.

Influência da 
inversão térmica



fossil x non-fossil carbonaceous aerosols

Oxidação de 
BVOC’s

Black Carbon   Organic Carbon
 Inverno             Verão



Conclusões
●  First study in the U.S. which separately evaluates the 14C content of BC and OC 

aerosols.
● Similar results have been observed in other metropolitan areas (Milan, Zurich,  

London and for Chinese megacities). Fossil fuel = 75-93% BC e 32-45% OC.
● One major challenge with respect to the successful application of 14C for source 

apportionment of BC and OC is the complete physical separation of the two fractions 
without cross‐fraction interference and with minimal contamination from background 
carbon. 

● Aside from the time‐consuming nature of these measurements, another limiting factor 
is the collection of sufficient aerosol mass to prepare targets suitable for the 
accelerator mass spectrometer

● Our results suggest that the use of 14C for monitoring BC and OC aerosols may improve 
our understanding of source composition in other nonattainment areas, and 
long‐term time series may provide information about the success of different climate 
and air pollution mitigation policies.





● Weekly air samples of PM2.5 at the 
National University of Singapore

● September–October fire seasons of 
2014 and 2015 (strong El Niño)

● PM2.5 samples were analyzed for 
their 14C and TC content at the 
KCCAMS at the University of 
California, Irvine

Materials and Methods



Burning of millenia-aged peat
● Peat burning was a dominant contributor to emissions in the region.
● Droughts increase deforestation fires and agricultural waste burning 

in plantations.
● Peatland burning is well established as an important source of fire 

emissions during drought events in Indonesia, but uncertainties 
remain with respect to partitioning emissions among different 
ecosystem and fire types.

● Peat fires emit three or more times the amount of PM2.5 released 
by deforestation fires per kilogram of fuel consumed

● Identifying the age and origin of fire-emitted fine particulate matter



Bomb-labeled carbonaceous aerosol 

● The isotopic constraint comes from a unique 14C labeling of terrestrial biomass 
that has occurred during the last 60 y as a consequence of aboveground nuclear 
weapons testing. 

● Carbonaceous aerosol originating from the combustion of aboveground biomass, 
as expected for emissions from deforestation fires or agricultural waste burning 
in plantations, should be bomb-labeled. Using isotope definitions, this means the 
Δ14 C should be above the contemporary level observed for atmospheric CO2. 

● In contrast, carbonaceous aerosol from older peat should have a negative 
Δ14C, reflecting the longer-term cumulative effects of radioactive decay in organic 
carbon layers deposited over a period of centuries or millennia

● We use this information to estimate the mean age of the combusted organic 
material and to distinguish among agricultural waste burning, deforestation, 
and peat sources.



● Carbonaceous aerosol had a mean concentration of 67.4 ± 
29.6 μgCm−3 during September and October 2015 (six 
times urban background levels and 28.1±4.9 μgC m−3 in 
2014

● Mean Δ14C was 
○ −578±78‰ (urban background)
○ −321±70‰ (2014)
○ −136 ± 57‰ (2015)

● Intervals with elevated carbonaceous aerosols in Singapore 
were synchronized with high numbers of satellite active fire 
detections on Borneo and Sumatra

● Atmospheric model simulations with GEOS Chem indicated 
fires accounted for more than 80% of the total PM2.5 
observed during September and October 2015



● Estimated the Δ14C of fire-emitted 
carbonaceous aerosol using a Keeling 
plot approach to separate urban 
background contributions from our 
weekly observations collected during the 
2014 and 2015 fire seasons

● Fire-emitted carbonaceous aerosols 
during 2014 and 2015 had a mean Δ14C 
of −76±51‰ (estimated that the mean 
turnover time of the combusted carbon 
was 800±420 y)

● 2014 fire season had a more negative 
Δ14C (−158±87‰) than the 2015 fire 
season (−51±69‰)



● Histogram of the radiocarbon content (Δ14C) 
of fire-derived carbonaceous aerosols

● Δ14C value of the 2014–2015 atmosphere, 
using a Monte-Carlo approach with a mean of 
25±3‰

● For agricultural waste burning in plantations 
with an estimated turnover time of 7.5±4 y, the 
expected Δ14C in 2015 would have been 
52±17‰

● For combustion of forest biomass stocks with 
an estimated turnover time of 55±28 y, the 
expected Δ14C in 2015 would have been 
114±26‰



● If we assume that peat emissions originated from the top meter of the profile with a mean 

Δ14C of −109‰, and that deforestation fires had a mean Δ14 C of 114‰, then about 85 

±21% of fire aerosol emissions originated from peat, based on a Monte Carlo 

analysis.

● Aerosol Δ14C measurements may provide quantitative constraints on the 

composition of sources contributing to TC emissions from fires when these 

observations are combined with emission factors and peat Δ14 C profiles.

● Most of the fire aerosol we measured in Singapore originated from the burning of 

peat

Conclusões



● Without improvements in land management and peatland conservation, we 

hypothesize that the Δ14C of regional fire emissions during future El Niño events will 

decrease over the next several decades as lowering water tables expose older peat 

layers to decomposition and combustion. 

● Our measurements confirm that Indonesian fires are predominantly releasing CO2 to the 

atmosphere that has been out of contact with the atmosphere for centuries and millennia, 

and thus represent a net perturbation to the global carbon budget.

● Systematic long-term monitoring of 14C content of fire aerosols in the future may be 

useful for evaluating the effectiveness of mitigation policies designed to protect 

existing peatland areas, particularly at an integrated province-to-country spatial scale.

Conclusões



● O método KKCAMS para medida de 14C é muito preciso

● Caracterizar melhor a componente de contemporary OC:
○ Traçadores químicos: mz60 e mz73; mz53 e mz82; mz44 
○ BBOA fresh, BBOA aged, IEPOX-SOA, OOA, HOA, etc ...

● Investigar relações com propriedades físicas e ópticas

● Separar emissões de HDV e LDV:
○ Etanol (biocombustível) e gasolina/diesel (fóssil)

● Caracterizar diferentes tipos de queimadas:
○ Diferentes assinaturas fM (ou Δ14C)



Transatlantic transport of African BB smoke layers 
has a strong impact on the north-central Amazonian 
aerosol population during the BB-influenced season 
(July to November).

The early BB season in this part of the Amazon 
appears to be dominated by African smoke, whereas 
the later BB season appears to be dominated by South 
American fires.

The African BB aerosol act as efficient cloud 
condensation nuclei (CCN) with potentially important 
implications for aerosol-cloud interactions and the 
hydrological cycle in the Amazon Basin

During their typical atmospheric lifetime of several 
days, BC particles undergo atmospheric aging, 
creating internally mixed BC aerosols via the 
condensation of low and semi-volatile compounds, 
coagulation, and cloud processing. 

The formation of non-absorbing coatings on the BC 
cores changes the particle optical, chemical, and 
physical properties, with implications for their 
atmospheric cycling and lifetime.

Bruna A. Holanda et al. (2019)



https://sites.uci.edu/randersonlab/

https://www.google.com/url?q=https://sites.uci.edu/randersonlab/&sa=D&ust=1582660955481000&usg=AFQjCNEIQ4kz8vS5rsEaG2qWMUv-I4cU2Q
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Material adicional



Análise de Carbono: protocolo Swiss_4S

● Desenvolvido por Zhang et al. (2012) 
● Condições termo-ópticas otimizadas para 

minimizar o “charring” de OC
● Four steps: 

○ (S1) pure O2 at 375 ◦C for evaporation/oxidation of OC 
without premature EC evolution, (S2) pure O2 at 475 ◦C 
followed by (S3) in He at 650 ◦C, both of which aim to 
achieve complete OC removal before EC isolation (pure 
O2 reduces OC charring) and (S4) pure O2 at 760 ◦C for 
desorption and recovery of EC

○ The material evolving during (S3) is defined as a mixture 
of OC and EC and is not included in the analysis

● Os filtros são “lavados” com Milli-Q water e 
secos a 60°C para remoção de WSOC





Medida de Total Carbon 
● TC é analisado separadamente 
● Conventional “sealed-tube”procedure convert TC into 

CO2. Then measures the mass of the TC derived CO2 
and collected the CO2 in a reaction tube for subsequent 
graphitization and 14C analysis 

● A concentração de OC é calculada pela diferença entre 
carbono total e carbono elementar (TC = OC + EC)

● Balanço isotópico de massa: estimativa do conteúdo de 
14C no OC



● Δ14C of: 
○ atmospheric CO2 (blue line) 
○ model estimates of agricultural waste 

burning emissions (light green line)
○ model estimates of deforestation (dark 

green line) 

● A source with a turnover time of 800 ±420 y 
(black line) was required to match the 
observed Δ14C of the fire-emitted aerosols 
(black circle)


