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qb Sao Paulo State

e 45 million inhabitants,

e 7,012 industries,

e 90% of new cars are flex fuel vehicles.

From: FM-USP



qb Petrochemical complex

1 Responsible for production
of 30% of the fossil fuels
consumed in SPMA:

 Production capacity: 53
Thousand barrels of
oll/day

1 Area: 125 ha
d 14 industries
 Health problems

From: PETROBRAS and Polo ABC.



qb Particles distribution

€PM25s
Combustion particles, organic
Husm HAIR compounds, metals, etc. <
m s [ ]
- )lnc’itia <2.5um (microns) in diameter O TSP S 50|Jm

o PM;;:=10pum

© PM1o
Dust, pollen, mold, etc.

o PM,.:=2.5um

90 um (microns) in diameter
FINE BEACH SAND

Fonte: https://www3.epa.gov/pm/



Sampling site
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Image © 2016 DigitalGlobe
© 2016 Google

& GOole earth

Guia de turismo B 2004 - , * Data das imagens: 11/13/2015 23°38'42.46"S 46°929'12.61"0 elev. 798 m altitude do ponto de visdo 2.14 km

From: Google Earth.



TSP + PUF

High wolume sampler
for Total Suspended Particulates
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qb Methodology

Sampling: from October 16t to November 20™, 2015
N=30 samples

TSP + PUF

EC and OC

14 hopanes
n-alkanes: C,; — C4¢
15 PAH

16 Nitro-PAH

4 Oxy-PAH g ‘
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Thermal-optical analysis

Pio et al., 2011.



qb Hopanes, Alkenes

universidade
de aveiro

Universidade de Sao Paulo
Instituto de Quimica

From: Alves et al., 2016; Krumal, 2013; Wei et al, 2012.



qb RESULTS

Vehicular
emissions
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n-Alkanes
Biogenic and antropogenic emissions

CPI = 1: anthropogenic
emissions

5C,,: Oil refining process
(Simoneit, 1984)

Concentration (ng m")

2017-May-06



qb Alkenes

e N-alkenes are terminal olefins;
e Squalene: diesel soot, biomass burning emissions.

Mean Min-Max Mean Min-Max
0.8 0.05-2.1 1.1 0.3-54
038 05-19 23 06-102
n-octadec-1-ene AV 06-3.8 22 11 -39
n-eicos-1-ene 2.5 0.8-5.8 36 10 - 62
n-tricos-1-ene 4.2 2-7 12 3.1-23.5

squaiene (D) 16-32 6.0 - 987




Hopanes
Petroleum and lubricating oil emissions
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~1: petroleum
products

- Mean Min - Max Mean Min - Max

Z n-alkanes (ng m3) PAE 168 — 397 453 246 - 830
@ - @
1 : r :

%WNA 0.9 - 1 21 -
Z Hopanes (ng m?) 1.2-52.0 1.3-12.0
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Strong contamination
by petroleum
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Oxy-PAH

Marker of diesel
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Cancer risk
BaPg,

BaP (WHO): 1.0
ng m?

BaPg, (PM + PUF) = 2.1

BaPg, yitro-pan = 1.2

3 times higher
than WHO
recommendation

BaPgq itro-pan = [1-Nitropyr] x 0.10 + [4-nitropyr] x 0.10 + [6-nitrochr] x 10.00 + [2-nitroflu] x 0.01

(BaPg,) = [BaA] x 0.1 + [CHR] x 0.01 + [BbF] x 0.1 + [BkF] x 0.1 + [BaP] x 1 + [IND] x 0.1 + [DBA] x 5 + [BgP] x 0.01



qb Polar plots
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qb Conclusions a
t.

e [OC] > [EC] for all samples;

e 1 N-alkanes from anthropogenic sources,
e Hopanes: emissions from completely mature petroleum;

e BaP,: higher than recommended by WHO;

e The polar plots: emissions from the petrochemical complex.
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