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DMA measurements

Combustion Generated Nanoparticles

premixed flames (ethylene/air - 1 bar)
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Combustion Generated Nanoparticles

premixed flames (ethylene/air - 1 bar)

5Ω!ƴƴŀΣ !Φ ά/ƻƳōǳǎǘƛƻƴ-formed bŀƴƻǇŀǊǘƛŎƭŜǎέΣ Proc. 
Combust. Inst. 32:593-613 (2009).

1.E+09

1.E+10

1.E+11

1.E+12

1.E+13

1.E+14

1 10 100 1000

DP, nm

d
N

/d
L

O
G

(D
P
)

1.E+09

1.E+10

1.E+11

1.E+12

1.E+13

1 10 100 1000

DP, nm

d
N

/d
L

O
G

(D
P
)

1.E+09

1.E+10

1.E+11

1.E+12

1 10 100 1000

DP, nm

d
N

/d
L

O
G

(D
P
)

1E12

1E11

1E10

1E09

1E08

1E07

1E11

1E10

1E09

1E08

1E07

1E10

1E09

1E08

1E07d
N

/d
L

o
g(

D
p
),

 1
/c

m
3

d
N

/d
L

o
g(

D
p
),

 1
/c

m
3

d
N

/d
L

o
g(

D
p
),

 1
/c

m
3



1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

1.E+01

1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

vo
lu

m
e

 f
ra

c
ti
o

n
, 
p

p
m

equivalence ratio

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1 10 100 1,000

d
N

/N
t/

d
L

n
(D

p
)

Dp, nm

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1 10 100 1,000

d
N

/N
t/

d
L

n
(D

p
)

Dp, nm

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1 10 100 1,000

d
N

/N
t/
d
L

n
(D

p
)

Dp, nm

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1 10 100 1,000

d
N

/N
t/

d
L

n
(D

p
)

Dp, nm

Combustion Generated Nanoparticles

premixed flames (ethylene/air - 1 bar)

t֙otal particulate

molecules

sub-10nm particles

>10nm particles

Particlevolume fractions vs equivalenceratio

D'AnnaA., άYƛƴŜǘƛŎǎ of Soot FormationέΦ нлмр 
in: Reedijk, J. (Ed.) Elsevier Reference Module in Chemistry, Molecular Sciences and Chemical Engineering. Waltham, MA: Elsevier.



Sub-мл ƴƳ άǇŀǊǘƛŎƭŜǎέ 
MS ςchemical characteristics

OH

OH
O CH3

Pericondensed 
aromatic 

hydrocarbons 
(PCAH)

Oligomers of 
aromatic 

hydrocarbons 
(OAH)

Ciajolo!ΦΣ ά/ƻƴŘŜƴǎŜŘ ǇƘŀǎŜǎ ƛƴ ǎƻƻǘ ŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎέΦ (2009) Chapt. 21, 333-344
in Combustion Generated Fine Carbonaceous Particles, H. Bockhorn, A. 5Ω!ƴƴŀ, A.F. Sarofim, H. Wang (Eds.), KIT Scientific Publishing, 
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Sub-мл ƴƳ άǇŀǊǘƛŎƭŜǎέ morphology 

Atomic Force Microscopy

G. De Falco, M. Commodo, P. Minutolo, A. 5Ω!ƴƴŀάCƭŀƳŜ-Formed Carbon Nanoparticles: Morphology, Interaction Forces and Hamaker
/ƻƴǎǘŀƴǘ ŦǊƻƳ !CaέΣAerosol Science and Technology, 49:5, 281-289, 2015.



mean fringe length 

diameter of the 
coherent domains (BSU) 

height of the BSU formed 
by N stacked layers 
with an interlayer spacing of d

L 

La

Lc

skeletonization
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>10 nm particles
HRTEM ςmorphology (fringe analysis)

Ciajolo!ΦΣ ά/ƻƴŘŜƴǎŜŘ ǇƘŀǎŜǎ ƛƴ ǎƻƻǘ ŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎέΦ In Combustion Generated Fine Carbonaceous Particles, H. 
Bockhorn, A. 5Ω!ƴƴŀ, A.F. Sarofim, H. Wang (Eds.), KIT Scientific Publishing, cap.21, 333-344, 2009.



Conceptual model for particle formation

PAH molecules
(200-1000 Da)

cluster/nanoparticles
(2-5 nm)

primaryparticles
(15-30 nm)

nucleation coagulation
(coalescence)

aggregation

aggregates
(50-300 nm)

sub-10nm >10nm



Particlesizedistributions in practicalsystems

ҟ  nano-DMA
ƶ DMA
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combustionexhausts

good water affinity

suspended in water with an efficiency of about 50% and isolated from the 
larger particles

separationof gaseousproductsby mild evaporation

ultrasonication

Samplingand characterizationprocedures
sub-млƴƳ ΨΩparticlesΩΩ

L.A. Sgro, A. 5Ω!ƴƴŀΣ tΦ aƛƴǳǘƻƭƻΣ άhƴ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ŜƳƛǘǘŜŘ ŦǊƻƳ ŎƻƳōǳǎǘƛƻƴ ǎƻǳǊŎŜǎ ǊŜƭŀǘŜŘ 
ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜƛǊ ŜŦŦŜŎǘǎ ƻƴ ƘŜŀƭǘƘ ŀƴŘ ŎƭƛƳŀǘŜέΣ WΦ Haz. Mat., 211-212, 420-426, 2012.



combustionexhausts

good water affinity

suspended in water with an efficiency of about 50% and isolated from the 
larger particles

separationof gaseousproductsby mild evaporation

ultrasonication

Samplingand characterizationprocedures
sub-млƴƳ ΨΩparticlesΩΩ

in-vitro tests

sizedetermination by 
E-DMA
AFM

chemicalcharacteristicsby
UV-vis spectroscopy
Fluorescence
TOC
ICP-MS 



thermophoreticdeposition on quartz plate

mechanical ablation of the solid material

stable suspension in water with 10% of DMSO

dispersionin solvent/ solidmatrix for structural characterization

Samplingand characterizationprocedures
>10nm particles



thermophoreticdeposition on quartz plate

mechanical ablation of the solid material

stable suspension in water with 10% of DMSO

dispersionin solvent/ solidmatrix for structural characterization

Samplingand characterizationprocedures
>10nm particles

in-vitro tests

sizedetermination by DLS
chemicalcharacteristicsby

UV-vis spectroscopy
FTIR
SEC
MS 



Cell culture

human alveolar epithelial-like cells (A549) 

immortalized non-tumorigenic human dermal keratinocyte cells (HaCaT)

Cell viability assay

cells were seeded in 96 well plate at a density of 6x103 cells/well

culture media replaced with media containing sub-10nm particles at 
concentrations from 0.1 to 10 ppm

cells exposed to particles for 24 and 48 h

cell viability evaluated by Cristal Violet Assay



Apoptosi detection

Bioplex cytokine/chemokine detection

-cells were seeded in 6 well plate at a density of 2x105 cells/well in DMEM 
10%FCS

-culture media replaced with media containing sub-10nm particles at 
concentrations of 0.1, 1 ppm (blank test with DMEM)

-cells exposed to particles for 24 h

pro- and anti-inflammatory cytokines released into the culture medium 
were detected (Bio-Plex Pro Human Cytokine 27-Plex Panel)

-cells were treated with concentration of particles ranging from 0.1 to 10 
ppm for 24 and 48 h 

Flow Cytometry - AnnexinV-FITC apoptosis assay 

Western-blot analysis of PARP1



Samples of sub-мл ƴƳ ΨΩǇŀǊǘƛŎƭŜǎΩΩ

Cell 
viability

cytokine/
chemokine

flow citometry
& AnnexinV-
FITC/PI assay

Bluish, 
moderately-rich 
premixed flame

x x

Cook-top 
burner

x x

Dieselengine 
exhaust (no 
DPF)

x x

Samples of >10 nm particles
Cell 

viability
Western-blot 

analysis of PARP1

Yellow, rich 
premixed flame

x x



Results

Cook-top burner sub-10nm particlesshow no relevant reduction in cell 
number on HaCatcells. 

Results of secretomeanalysis suggest that the pro-inflammatory 
pathway is not activated for these nanoparticles.

Flame generated sub-10nm particles appear to be significantly more 
dangerous. They also show to be more dangerous than engineered 
nanoparticles of the same sizes

PedataP, BoccellinoM, La Porta R, Napolitano M, Minutolo P, SgroLA, ZeiF, SannoloN, Quagliuolo[ΦΣ άLƴǘŜǊŀŎǘƛƻƴ between 
combustion-generated organic nanoparticles and biological systems: in vitro study of cell toxicity and apoptosis in human 
ƪŜǊŀǘƛƴƻŎȅǘŜǎέΦ Nanotoxicology. 2012;  6(4):338-352.



Results
Diesel and biodiesel generated sub-10nm particles induce cytotoxicity at 
lower concentrations with respect to flame formed particles.

Dose-dependent apoptotic response

Diesel and Bio-Diesel fueled engine ςsub-10 nm particles



Results

Significant increase of cell mortality following treatment with >10nm particles 
for 24 hours in both cells lines 

Dose-dependent effect 

Biofuel  >10nm particles seem induce more cytotoxicity compared to those 
emitted by the ethylene flame

  
 

Flame generated particles in ethylene & ethylene/20% 2,5 dimethyfuran flames ς>10 nm particles


