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Background information



Why studying airborne particles

Effects on human health

Health effects. Effect on morbidity and mortality in
Europe and worldwide. Classified as carcinogenic
compound Group 1 (PRESS RELEASE N°221 -
Lyon/Geneva, 17 October 2013)

Environmental effects. Airborne particles can also
impact the environment. They contribute to air
pollution, reducing visibility and contributing to
phenomena such as smog. Certain particles, like black
carbon, absorb sunlight and can accelerate the
melting of ice and snow, thereby contributing to
climate change.

Climate Change. Particulate matter plays a complex
role in the Earth's climate. Some particles, like
sulfates, reflect sunlight and can cool the Earth, while
others, like black carbon, absorb sunlight and
contribute to warming.
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Definition and classification

Atmospheric Aerosol

Diameter of human hair

is @ metastable suspension of solid or liquid particles in a gas (e.g. air). (for scale) : 60 ym
Classification by size

« PMy mass fraction of particles with Dy, < 10 pm

 Coarse Particles (PM,5.;9) mass fraction of particles with 2.5 ym < D <

«  Fine Particles (PM, ) mass fraction of particles with D, < 2 PMos
» Ultrafine particles (UFPs) D., < 0.1 um (100 nm)

« Nanoparticles Deq < 0.050 pm (50 nm) Conene: L8t

Origins and sources
« Combustion vs. mechanical generation

. . Particle number concentration Particle mass concentration
* Natural vs. anthropic; primary vs. secondary iy
®_°
: .—'..0.::.0» ©@0000
Aerosol metrics and measurement approaches 608 " il

 Number, surface area vs. mass b




Definition and classification

Size distributions

- sizerange = few nanometers to tens or hundreds of microameters

Modes in different ranges (as a function of the metrics)
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From emission to risk

Measures, estimates and policies Po%e | | detepover
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Environmental policy (e.g. European emission standards for vehicles)



EUROPEAN
COMMISSION

| outdoor air quality

Now Particle
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Minimum number of sampling points for fixed measurements of ultrafine

. 1000-5000 part. c| particles where high concentrations

- 5000-20000 part.
- <100000 part.cm’

- Sub-micrometric
- Residential heatin|
.- vehicles;
- Short-term exposu
- Metrological issue

Ultrafine particles shall be monitored at selected locations in addition to other air
pollutants. Sampling points to monitor ultrafine particles shall coincide, where
appropriate, with sampling points for particulate matter or nitrogen dioxide referred to in
Point A, and be sited in accordance with Section 3 of Annex VII. For this purpose, at §
least 1 sampling point per 5 million inhabitants shall be established at a location where
high UFP concentrations are ilEeiy to occur. Member States that have fewer than
5 million inhabitants shall establish at least 1 fixed sampling point at a location where
high UFP concentrations are likely to occur.




WHO

WHO global
air quality
guidelines

Particulate matter (PM, s and PMy),
ozone, nitrogen dioxide, sulfur dioxide
and carbon monoxide

World Health
Organization

Table 0.1. Recommended AQG levels and interim targets

Pollutant Averaging time Interim target AQG level
1 2 3 4
PM, ., pg/m? Annual 35 25 15 10 5
24-hours 75 50 375 25 15
PM,,, pg/m* Annual 70 50 30 20 15
24-hours 150 100 75 50 45
0_, pg/m? Peak season® 100 70 - - 60
8-hour® 160 120 - - 100
NO,, pg/m? Annual 40 30 20 - 10
24-hour® 120 50 - - 25
SO, pg/m? 24-hour® 125 50 - - 40
CO, mg/m? 24-hour? 7 - - - 4

2 99th percentile (i.e. 3-4 exceedance days per year).
& Average of dally maximum 8-hour mean O, concentration in the six consecutive months with the highest six-month

running-average O, concentration.



WHO

Box 4.2. Good practice statement - UFP

The GDG decided to formulate the following four good practice statements on

UFP to guide national and regional authorities and research towards measures

to reduce ambient ultrafine particle concentrations.

1.

Quantify ambient UFP in terms of particle number concentration (PNC) for a
size range with a lower limit of <10 nm and no restriction on the upper limit.

Expand the common air quality monitoring strategy by integration of UFP
monitoring into existing air quality monitoring. Include size-segregated
real-time PNC measurements at selected air monitoring stations in addition
to, and simultaneously with, other airborne pollutants and characteristics
of PM.

Distinguish between low and high PNC to guide decisions on the priorities of
UFP source emission control. Low PNC can be considered < 1000 particles/
cm3 (24-hour mean). High PNC can be considered > 10 000 particles/cm3
(24-hour mean) or 20 000 particles/cm3 (1-hour).

Utilize emerging science and technology to advance approaches to the
assessment of exposure to UFP for application in epidemiological studies
and UFP management.



Health effects

Health effects, particle metrics

- Epidemiological studies recognized cardiovascular and respiratory issues related to the
exposure to particle

- Which size or property is responsible? (PM;,, PM, ¢, Ultrafine, surface area, assumption rate,

Depostition in the lungs Lungs as port of entry...
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From exposure to dose

Take-home messages
- Huge number of small particles (sub-micrometric), very few large particles (super-
micrometric);

- Exposure: personal measurements vs. fixed sampling points

Health effects are related to the dose: estimate of the dose?

DOSEp1p+1B = IR - Spppirp < T (mmz)

Lung-Deposited surface Exposure

Inhalation rate area concentration time

L=+ T

Tima



From the dose to risk

Risk models

- e.g. Lung cancer risk model (Model by Sze-To et al. (2012))

;= 6.6x10"> mg nm™ (Sze-To et al., 2012)
equivalent toxicity of the particle surface

area metric expressed as particle mass

ELCRgxtrq =

(z” SF, -

Body weight (70 kg)/

SF: inhalation slope factor (lifetime cancer potency)

the percent increase in the risk of getting cancer associated with
exposure to a unit concentration of a chemical every day for a

lifetime, here assumed equal to 70 years

SF (kg day mg1)

K :
Chemical
g BaP
g As
o Cd
> Ni
Dosen

3.9
15.1
6.3
0.91

s

mass concentration of the j-th
pollutant present on the PM10

n
= ). "' SF; - PM10

SF of the mixture of the n
carcinogenic pollutants on PM,,

Risk = Toxicity X Dose

Daily extra-doses in LDSA and PM,,

) ¢t * Sarw+TB + Opmy, | * Naay

Total exposure period
(days per year)



Particle thermodynamics



Aerosol dynamics

General Dynamic Equation, GDE

« Aerosol is characterized by dimensional, chemical and physical variations: metastable
suspension

« Thermodynamic and physical transformations of particle formation, growth and removal

« The general particle dynamics equation models the influence of chemical-physical
phenomena on the aerosol distribution function.
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Aerosol dynamics

Formation, growth and removal: particle size evolution
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Formation: nucleation

gas-to-particle conversion (GPC) — ULTRAFINE PARTICLES - Nucleation

- formation of new nanoparticles from molecules in the gas phase

« on a molecular scale, nucleation is due to the random formation of agglomerates of
molecules that constitute stable clusters once a critical size has been reached

« At the molecular scale, nucleation begins with the random and spontaneous aggregation of
molecules.

« These molecules might be in a vapor or a solution, and under certain conditions, they start
to come together due to intermolecular forces. Initially, these clusters are unstable and can
easily disband, but if they reach a certain "critical size," they become stable and can
continue to grow.

* The critical size is the point at which the cluster is energetically favorable to grow rather
than shrink.



Formation: nucleation

The saturation ratio plays a crucial role in nucleation. The saturation ratio is defined as the
ratio of the actual concentration of molecules (in vapor or solution) to the equilibrium
concentration at which the phase transition (like condensation or crystallization) would
naturally occur.

that nuclea 1on ll Loccur, and the faster the process will proceed. |5 == =
PR

If the saturation ratio is less than 1, the environment is undersaturated, meaning that
molecules are more likely to remain in their dispersed state rather than aggregate. Under
these conditions, nucleation is unlikely because the energy barrier for forming a stable
nucleus is too high.

If the saturation ratio is exactly 1, the system is in equilibrium, and while nucleation can
occur, it will do so at a much slower rate because the energy barrier is still significant.
When the saturation ratio is greater than 1, the environment is supersaturated. In this
state, the energy barrier for nucleation decreases, making it easier for rgcgtl”eagﬂular clg)sters to

t
reach the critical size and become stable. The higher the saturation ratio, b;ugnurﬁ?'}ore tikely it

No S

& Condatied Brase p, piyT)

* $>1 large clusters can be formed, some of them exceed a critical size, grow rapidly to form a stable condensed phase.



Formation: nucleation

Homogeneous nucleation
« does only occur when the vapor phase of this species is supersaturated with respect to the

condensed phase of this specie

‘\G(nA,nU)

\Saddle point

Heterogeneous nucleation

« the energy barrier for stable nucleus formation is reduced

« enables gas-to-particle conversion at even lower supersaturation
* Nucleation on an Insoluble Foreign Surface

« Ion-Induced Nucleation

Homogeneous nucleation occurs uniformly throughout the volume of a pure substance, requiring higher levels of supersaturation or
supercooling to overcome a higher energy barrier, as it lacks any surfaces or impurities to facilitate the process. In contrast, heterogeneous
nucleation takes place at specific sites such as surfaces, container walls, or impurities, where the presence of these interfaces lowers the
energy barrier, allowing nucleation to occur more easily and at lower levels of supersaturation or supercooling. As a result, homogeneous
nucleation is less common and requires more extreme conditions, while heterogeneous nucleation is more prevalent in natural and industrial

contexts.



Growth: coagulation

Coagulation of UFPs

 The coagulation phenomenon is a growth process of particles characterized by the union of
the particles themselves following their relative movement

« (Consequent decrease in the number and surface area concentration (not mass)

« The collision, which causes coagulation phenomena, can be due to Brownian motions

(thermal coagulation) or to external forces (gravitational, inertial, electrical, etc.; kinematic
coagulation)
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Growth: condensation

Condensation for sub-micron particles

- Condensation processes usually require a supersaturated vapor and a surface for the vapor
to condense onto, e.qg. existing aerosol particles

« For particles smaller than the gas mean free path (A = 66 nm) the kinetic theory of gases
gives us for the number of molecules colliding with particles per unit time and unit volume
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Dynamics: particle motion

Drag force
Stokes’s law: describes the drag force on a spherical particle of diameter d, that travels

through a gas of viscosity n with velocity u,, (Re<<1)

Drag coefficient,Cp

Fy=6znu,r =3znu.d,

F, =C, %pgﬂds u,

Reynolds number, Re
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Dynamics: particle motion

Drag force

One of the assumptions for the derivation of
Stokes’s law is that the relative velocity of
the gas at the surface of the aerosol particle
is zero (no slip condition). This assumption
is valid for large particles where we can treat
the surrounding air like a homogeneous fluid
Particles smaller than about 1 pm in
diameter, especially nanoparticles, settle
significantly faster than predicted by
Stokes’s law. This is caused by the ‘slip’ at
the surface of the particle when the particle
size approaches the dimension of the mean
free path. A correction factor to account for
this effect was determined by Cunningham
and is called Cunningham slip correction
factor C..

dp (um) Ce
0.001 216
0.005 43.6
0.01 4.95
~3znu,d,
4=
CC
° ‘e e
° * . ¢ °
° ® .. ¢
o o * o, ¢
[ ® ° °® °

Free-molecule regime
(slip condition)

Continuum regime
(no slip condition)



Dynamics: external forces

Newton’s laws and conservation of momentum
a body tends to preserve its state of inertia
the rate of change of the momentum of a body is equal to the net force acting on the body

reaches the equilibrium velocity

Settling fS1ze Settling velocity Relaxation tim
Drag force(jpum) (m/s) (s) |
velocity
0.3 4.16E — 06 4.24E — 07 A
1 3.44E — '[}5 35OE — '[}6 between forces
2.5 1.96E — 04 2.00E —05
5 7.61E — 04 7.76E — 05 o C
Relaxa 7.5 1.69E —03 1.73E — 04 ges 7= 37;7 T
in exte1( 3.00E — 03 3.06E — 04 "
°LoPPIR( 1.19E — (2 1.21E — 03 hen, _p,diC,
starting e, it =" 1g,




Dynamics: external forces

The Stokes number (St) is a dimensionless number used in fluid dynamics to characterize the
behavior of particles suspended in a fluid flow. It is defined as the ratio of the particle's relaxation

time to a characteristic time scale of the flow. The Stokes number is given by:

Tp
St = 2

Where:

* T, is the particle relaxation time, which represents the time it takes for a particle to adjust to

changes in the fluid flow. It depends on the particle's size, density, and the viscosity of the fluid.

* 7y is the characteristic time scale of the fluid flow, typically related to the flow's velocity and a
characteristic length scale (such as the size of an obstacle or the distance over which the flow

changes).

The Stokes number indicates how well particles can follow the flow of the fluid:

e St « 1 Particles closely follow the fluid flow, as their relaxation time is much smaller than the

flow time scale.

e St » 1: Particles are less influenced by the fluid flow and tend to continue moving in their

original direction rather than following the flow.



Dynamics: external forces

Stokes number and impaction
Stokes number gives direct information about the behavior of
the obstacle.

» Stk >> 1 The particle will not be able to stop within a distanc .,
obstacle, which also will be the dimension of the change of - lFr;Tptaction
consequence the particle will travel in a straight line and e
streamlines.
Stage 2
« Stk << 1 The particle will be able to stop within a distance m ’
obstacle and conseauentlv much smaller than the dimension Stace N
gas flow. Under 12"\, ! i _low 1 Y
dev1at1(3bonly - X _
L - d Aft : - Filter
-y =T~ 3// Fifter .

Particle / Center line I
trajectory / .
A\ 4

Cross section

of fiber Tovacuum pump



Dynamics: external forces

Electrical forces

Equilibrium between drag forces and electrical forces...

dv  37n

— —

F=qE

electrical mobility Z, gives the
velocity of the particle in an
external electrical field v, of
certain strength E

__a¢
P 3znd,

v. =/Z E

te P

Y44/ =
7 dt

CC

L(i—V)+qE Ve

Terminal velocity in an electric field
_ qEC,
3znd,

TABLE 15.2 Electrical Mobility of Electrons, Ions, and
Aerosol Particles at Standard Conditions

Particle . .

Diameter Electrical Mobility (m%/V - s)*
(um) Singly Charged Maximum Charge®
Electron 6.7 x 102

Negative air ion 1.6 x 10~

Positive air ion 1.4 x 10

0.01 2.1 x 106 7.3 x 10
0.1 2.7 x 1078 9.3 x 104
1.0 1.1 x 107 2.5 x 107y
10 9.7 x 101! (6.7 x 107y
100 9.3 x 10712 (1.1 x 1072




Dynamics: equivalent diameters

Equivalent diameters

equivalent diameters are defined as those of spherical particles that would behave the same
as the measured particle = =~ =~w+icudar mmancivamant catin Ginen +havs gre a large variety of

Sph f
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@ weight

ways {0 measure pa rti Sphere of same minimum length
d-ia meters maximum length
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Sphere passing same surface area

Aerodynamic equivalent
sleve aperture

diameter of a particle is Spherehavmgsame Of unit density (p =1

g/cm3) that has am sedimentation rate

Small particle
wiht high density

Stokes's Aerodynamic

equivalent equivalent
sphere sphere

dg =43 um

pp = 4g/cm?
Equivalent electrical mobility diameter
diameter of a particle of unit density that has the
same electrical mobility (Z) as the particle under Vs = 022emis Vrs = 0.22 e Vrs = 0.22 e

examination.



Dynamics: Diffusion

net flux or diffusion flux of particles is a result of the
concentration gradient

Brownian Motion

Particles suspended 1in surrounding air are
continuously bombarded by gas molecules.

In every collision inertia is transferred from the
gas molecule to the aerosol particle, changing the
direction of motion of the particle.

This transfer of inertia together with the
statistical distribution of the gas molecules
colliding with the particles results in a ‘random
walk’ of the particles (Brownian motion).

av  3rnd

—LEV+ma
p

m — =
P dt C

(a) (b)

Figure 2. 31: Projection of the path of (a) an air molecule and (b) of an aerosol particle of d, = 0.1 um undergoing
Brownian motion. For the aerosol particle the path of motion of the center of the particle is shown. (from Hinds
1999)



Dynamics: Diffusion

« net flux or diffusion flux of particles is a result of the concentration gradient

 Fick’s laws

« Diffusion coefficient: the proportionality between flux and concentration gradient

KTC
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Dynamics: deposition

Deposition by diffusion

« Unlike gas molecules aerosol particles (especially small ones) stick
to surfaces when they collide with them

« Surfaces are sinks for the particles and that the particle
concentration at the surface is zero.

« So close to a surface the particle concentration will have a gradient
that causes a continuous diffusion flux of particles onto the surface

Particle L ep Deposizione by e .
diameter, ds Deposition by gl;ﬁusmn gravitational settling lefusmn{grawtgtlonal
(part. m) > settling ratio
(nm) (part. m)
0.001 2.6x10* 0.68 3.4x104
0.01 2.6x103 6.9 380
0.1 300 88 3.4
1.0 59 3500 0.017
10 17 3.1x10° 5.5x10°

100 5.5 2.5x107 2.2x107




Dynamics: deposition

Deposition in ducts, transport losses
Penetration of particle in a ducts..

2
5 _ Mo _ 4DL DL P=1-550u"% +3.77y per 41<0.009 L lenght of the fube

Iu - 3 - ;
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Dynamics: deposition

Particle removal and deposition:
« impaction (inertia)

« diffusion

e gravitational settling

« electrostatic forces
 thermophoresis

e interception

7
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Particle measurements



Laboratory at UNICAS

PM samplings/measurements
» Gravimetric samplers & heads (PM,,, PM, ¢, PM,)
* 1 Nanoparticle Aerosol Sampler TSI 3089

Particle number concentration/distribution measurements
2 Scanning mobility particle sizer (SMPS) TSI 3936

1 Aerodynamic Particle Sizer Spectrometer (APS) TSI 3321
2 CPC TSI 3775 (buthanol) + 1 CPC TSI 3750

1 Fast Mobility Particle sizer (FMPS) TSI 3091

1 Nanoparticle Surface Aerosol Monitor TSI 3550

1 Thermodiluter for submicrometer particles

» 1 Diluter for APS

Generation/calibration

« 1 monodisperse aerosol generation system (TSI 3940)
» 1 Aerosol electrometer TSI 3068B

» 1 Super-micron aerosol disperser Palas

= Portable instruments
* 4 Philips Nanotracer/Testo Discmini
« 1 CPCTSI 3007

1 Nanoscan SMPS TSI 3910

1 Optical Particle Sizer 3330

1 DustTrak photometer 8534

1 Aethalometer AE51 BC monitor




Gravimetric measurement

Measurement principle

. C =
Experimental apparatus V V

Particulate matter is determined through air filtration resulting in the collection of
particulate matter suspended in the air.

The final concentration of particulate matter is obtained by determining the change in mass
of the filter divided by the volume of normalized aspirated gas (0 °C and 101325 Pa).

Am Mg —m;

Analytical scale
Constant flow volumetric sampler
Filter holder
Cellulose filter
Connecting pipes




Gravimetric measurement

Qutdoor PM measurement

Sampling head (PM,, PM,: 0 PM,,) allows a “selection” by inertial impact.

Wei g’l‘f T=20°C I’V{.’fg’lf T=20°C
= 0 = 0
Balance RE= 30 Balance BH=0%
filter filter
s e S—
| |
m m
g:> Step 2 = Step § g
Conditioning ﬂ ( Conditioning

T =20°C; RH = 50%

Step 1

filter
I

mertial impactor

Sampling

Volumetric sampler

V,p, T

T =20°C; RH = 50%

Step 4

filter
]

5




Gravimetric measurement

Measurement at the stack of plants

1
+ |
]
LG

0.
1

1. Inlet nozzle

2. Filter holder

3. Pitot tube

4. Temperature sensor
5.
6
7
8

Temperature indicator

. Static pressure measurement
. Dynamic pressure measurement
. Support

Cooling and gas collection system

0.Suction unit and gas measuring

device

11. Manometer



Gravimetric measurement

Measurement at the stack of plants
Metrological issue: the isokinetic sampling

Ve = sampling velocity
ve = exhaust velocity

Ve = Vg (isokinetc
condition)

39



Gravimetric measurement

Measurement at the stack of plants
Metrological issue: the isokinetic sampling

Ve < Ve (nonisokinetc
condition)

Ve = sampling velocity

, overpressure
ve = exhaust velocity



Gravimetric measurement

Measurement at the stack of plants
Metrological issue: the isokinetic sampling

Ve = sampling velocity
ve = exhaust velocity

Ve > Ve (non isokinetc
condition)

undepressure

41



Gravimetric measurement

Uncertainty budget
« weighing procedure and wrong filter conditioning can generate high PM uncertainties!
« European standards guarantee lower uncertainties than US-EPA (flow rate effect!)

Uncertainty budget for PM; 5 concentration in San Vittore del Lazio (Italy), May 28th, 2008.

Source of uncertainty Value Unit Distribution k Standard Sensitivity Absolute uncertainty b 30 I
Sampling 5.0 g Rectangular V3 ;]l;certamty zogéﬁz;nt zo::zlzmon 25 - EN-1234]
’ ’ ' ' \ — — — - US-EPA 40
Mass 3
1. Initial mass filter contribution 27.0 2.0E-02 5.4E-01 20 L \

a. Conditioning 40.0 g Rectangular V3 23.1 @ \

b. Balance calibration and drift 4.09 ug Normal 2 0.8 ) 3 \

c. Filter repeatability 13.9 ug Normal 1 13.9 £ 15 n
2. Final mass filter contribution 23.9 2.0E-02 4.8E-01 = t \

a. Conditioning 40.0 ug Rectangular V3 23.1 D [

b. Balance calibration and drift 4.09 ug Normal 2 0.8 10 r

c. Filter repeatability 6.0 ug Normal 1 6.0 H
Volume 5 0 -

a. Flow meter calibration and drift 5% Normal 2 1.4 3.6E-01 5.1E-01 L e

b. Pressure sensor 1% Normal 2 509 2.0E-04 1.0E-01 [

c. Temperature sensor 1.0 °C Normal 2 0.5 6.4E—-02 3.2E-02 | | | | | | | | |
Combined uncertainty ug m—3 8.9E-01 0
Statistical cover factor K 2 0 10 20 30 40 50 60 70 R0 90 100
Expanded uncertainty (Ug) ugm3 1.79
PM concentration (M) ug m3 20.3 3
Relative expanded uncertainty (Ug ) 8.8% Mg (Mg m )

42



Measuring ultrafine particles

Gravimetric method for UFPs?
« Reference method for PM (not for PN). H f

« representative only of the fraction of particles that have
a significant contribution in terms of mass. i

Particle counting
 The industrial need to individually select and count CEED
extremely small particles has made possible the 1

development of optical detection techniques and the w
refinement of particle size classification methodologies :

« The Aitken dust counters utilized heterogeneous ’
nucleation to grow particles in order to be detected by
the human eye

e The Aitken dust counters revolutionized aerosol science FiG. 1. Aitken’s laboratory dust counter (1888): 500 cm® ex-

pansion flask (A) with a stage (O) for sedimented droplet counting

by allowing measurement of concentrations of particles  withtheaid of a magnifying glass (5). Sampling flask (G) and pump
. of 150-cm® capacity for saturated air expansion (B).
over a broad size range!
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Measuring ultrafine particles

Particle counting or...?
Direct optical sizing techniques for ultrafine particles is
problematic due to:

weak optical diffraction signal of light characteristic of
objects of dimensions much smaller than the
wavelength of the light itself,
non-direct proportionality of the optical properties to a
particular property of the particle over the entire
dimensional range of interest.

Moreover, classification techniques exploiting inertial and
gravimetric methods can only be used at pressures much
lower than atmospheric ones.

sample

detector

collimator

Scatter profile

Thus...ultrafine particles need to be counted and classified by electrical techniques!
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Measuring ultrafine particles

CPC 3775 (TSI Inc.) =
Condensation techn

An aer
contint
heated
butano
diffuse
sample

Aerosol
sample

Vacuum
Pump

Fitting for
Optional External
Pump

Pressure

Exhaust
Filter

Charcoal
Exhaust
Filter

Pump
Exhaust
1.5 L/min

Make-up
Air Filter

Make-up Air M 3-way Valve

1.2 (low) or
0 (high) L/min

Across Orifice .

Critical Orifice
0.3 Umin

Bypass
Filter

Liquid-soaked Wick

(controls  Bypass Flow
inlet flow) 0O (low) or
1.2 (high) L/min

I-T.

1

1L

Liquid
Reservoir

Ambient
Pressure

Sample Inlet
0.3 (low) or
.5 (high) L/min

" Variable
Orifice
(adjusts Light Stop and
bypass/make-up . Eﬁzﬁmﬁdor
air flow) Focusing
Lens Collecting
Lenses
oy
Laser Q
Diode
To flowmeter Photodetector
and pump +
A Condenser Tube
1
Heated Saturator

3°C

Heated
Optics
40PC

Cooled
Condenser
14°C

Filter

Drain
Bottle

(s

Pressure

AcrossNozzle !l 3775 CPC uses a

e light source and
to-detector to collect
light from particles.
al microprocessor is
Istrument control and
ssing.

and butanol
ser where the
saturated and
resent in the
isation nuclei.
ticles quickly
ss through an
yunted easily.
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Measuring ultrafine particles

CPC 3775 (TSI Inc.) — Condensation Particle Counter
Counting efficiency
Cut-off diameter (Kelvin effect)

1,0
110% NacCl Aerosol
100% 4 —
. —— U,B L
o 90% o
. 80% -
) >
c 70% S 06F
@ @ TSI 3025A
s 60% G
s 50% |
2 40% o
€ 30% | £
S 209 > 02
8 20% 3o
10% _.
0% L e B 0,0 s
1 10 100 2 3 4 5 6 7 82910 20

Particle Diameter, nm Electrical Mobility Diameter (d,,c / nm)
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Measuring ultrafine particles

Scanning Mobility Particle Sizer - SMPS 3936 TSI
Classification and counting
Measurement range: 0.01 -1 pym

Polydisp®ee Aefosel In ™ = =

T e Lt

Sheath Air |

.
th Air In
——

—
leutralizer

Polydisperse
Aerosol Inlet
1.0 Umin

SMPS spectrometer uses electrical-mobili
particle size classification (Electrostatic
Classifier), combined with a Condensation
Particle Counter (CPC).

Crllecting Lenses Light Stop <

lcoling
Fan

Electrostatic Classifier Condensation
EC 3080 TSI Particle Counter
CPC 3775TSI1




Measuring ultrafine particles

DMA 3081 (TSI Inc.)
The particles then enter the differential

Electrostatic classifier i
I
: mobility analyzer (DMA) and are separated
I
I
I

Classification according to particle electrical mobility

according to their electrical mobility.

o ——| SN .
________________________ - 1 T e — l ' An electric field inside the DMA influences
Aerosol Neutralizer 3077(TSI Inc.) : e PR : Kr : Aerosol : ______ T T T the flow trajectory of the Charged
. . isplay f i I,.-‘.| " . . .
Polydisperse, sub micrometer ! @, ! NN —s 1 particles. The DMA contains an inner
aerosol passes through a Neutrallzer _ _ _ o Pl ~.% v cylinder that is connected to a negative
radioactive bipolar  charger, ! Impactor | Sheath _ [ ' [ S ———— ——
. . . ope . Inle ,° electric ,///
establishing a bipolar equilibrium 1 Polydispere - = ml n " P W
: ! Aerosol In =™ +10:] I # ¢ 2
charge level on the particles | L L e I n eC
2 1 Ap o Il Q@ @ coi=227" _ __ b
N 271'80Dka1 Zis I 1 I 005006 szf\:::::_ﬂ Fiscous dreg Z —
e T L2 Nz, I Heat Flowmeter ! 1 Ry, T AN e P 37z'luD
JIWN)= P 276D |, KT I Exchanger Temp Absolute : 1" 5 \9\\\ \‘\\
\ar2eoD , kT 2 5 I Sensor Pressure | I & £ o
! " ﬁ
I
I
I
I
I

€ =
s s EmEmEmmm———— ]
P8 Filter Excess
Filter e -
5 B

Sheath Pump High Voltage ~—--T---r- -l
Power Supply ? Wt

Grobind
—_ ' A
Exhaust I (R R S )
Orlf' ice : —_——— i..,'::... Y L IMonodisperse
Filter A = , :*:‘_,T AerOSOI Oul

SR —

Bypass Pump Bypass
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Measuring ultrafine particles

Electrostatic classifier

« Smaller particles, characterized by high electrical mobility, are attracted more quickly
towards the electrode, while,

 larger particles, with lower electrical mobility, are influenced more by the forces of the flow
field and are therefore able to complete a longer trajectory in the classification region.

Charged Plate > __ Particle Velocity _ v _ n,eC
S T S = — =—=5 o
s .F. . o= " Electric Field Strength E  3muD,

O ® _-2T-== _ -
V5@ ff\:::::ﬂjwwsmg n, = number of chgrges/partlcle
L W e = elementary unit of charge
M 1L = viscosity of gas
s S D, = particle diameter
S S S

Charged Plate C = Cunningham slip correction
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Measuring ultrafine particles

DMA 3081 (TSI Inc.) — Differential mobility analyzer T Hﬁ e

« The classification region is made up of two coaxial oo o
steel cylinder-electrodes: the center rod, connected to T
a power generator capable of providing voltages up to ¥
—10 kV ' Size Data Graph [PSD2PM-2.580 ==

« Varying the center rod voltage varies the elec| ¢
in the classification region (annular regionf .t
which the particle moves.

=
[
I

=
0

« Only particles within a narrow range of ¢
mobility have the correct trajectory to pass thi
open slit near the DMA exit.

dN/dlogDp (#/cm?) [e4]
=
[e3)

=
Ia
1

=
[

« ..automatic scan of the entire size range!

|| | |||MHH|| |

100 1000

i.u“||\|

e
[

Diameter (nm)

[Sample sz | 6B | [
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Measuring ultrafine particles

Fast Mobility Particle Sizer

The FMPS™ spectrometer performs
particle size classification based on
differential  electrical  mobility
classification (as with the SMPS™),
The charged aerosol enters the
analyzer column near on-axis and
above the central rod.

The particles are deflected radially
outward and collected on
electrically isolated electrodes that
are located at the outer wall.

The particle number concentration
is determined by measurement of
the electrical current collected on a
series of electrodes.

Characterize Particle ‘ , :
Emissions in Real-Time m ®

Aerosol In -, . . l\ -
. . - . - .
. Charger' . | ’

Sheath
Air

Excess
Flow

e OO O /3
= & w ™ =
|— sEjaunnIa[g 4|

Exhaust --—
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Measuring ultrafine particles

Measurement issues

Aggregat@c13

w M W ey & @O

1.4

Morphological analysis

« Idealized Aggregate theory

2006)
 Fractal dimension <2

o ag

dN/dlogd, . #cc

500x10°

400x10° A

300=10° 4

200x10° A

100x10° 4

0

e
100

Mobility Diameter (dy,;). nm

1000

davdlog(d, ), nm*/cm’

1.6

(Lall and Friedlander,

18x10°
16x10° -

14x10° 1

1.7 1.8

12x10° 1

10107 1

TT
100
Mobihity Diameter (d_), nm

1000

dV/dlog(d,y,). #/cc

250x10°

200107

150x10° 4

100x10° 4

50%10° -

200 nm

10 100

Mobility Diameter (d;;) ), nm

1000
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Measuring super-micrometric particles

Aerodynamic Particle Sizer - APS 3321 TSI
Measurement range: 0.5 - 20 pm

sizing and counting technique: time-of-
flight

« The APS accelerates the aerosol sample
flow through an accelerating orifice.

 The aerodynamic size of a particle
determines its rate of acceleration, with
larger particles accelerating more slowly
due to increased inertia.

* As particles exit the nozzle, they cross
through two partially overlapping laser
beams in the detection area.

« Peak-to-peak time-of-flight is measured
with 4 nanosecond resolution for
aerodynamic sizing. The amplitude of the
signal is logged for light-scattering
intensity.

Collimated
Diode
Laser

Aerosol In

|

Inner Nozzle/S.
(1 L/min)

ple Flow

QOuter Nozzle/Sheath Flow —| —

(4 L/min)\

Total Flow
(5 L/min)

Sheath-Flow
Filter Pump Filter

Sheath-Flow
Pressure

Transducer

Beam-Shaping Optics

— /
/
/.
/
—
2
2
/
/,

N
1 \,\

~ N\ O
/ Dump
l’ \‘,\
',’ Elliptical
q Mirror

Accelerating
/Orifice Nozzle
7

Beam Absolute
Pressure

Transducer

)

Detection

Total-Flow
Pressure
Transducer

Area

7N

—

[ ]

4 1
;
|
s '
, |
, i
’ 1
/. 1
7 T
B |
’ 1
g L) )
.

Time-of-Flight
Measurement

 —

Light
L Scattering
Light Scatter Measurement
to Electrical
Pulse

Total-Flow
Pump
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Measuring super-micrometric particles

Aerodynamic Particle Sizer - APS

3321 TCT
Time-of-Flight Measurement Results

Every particle signal is processed in real time as one of four distinct events. The Model 3321 logs the occurrence

of all events, but only Events 1 and 2 are included in size distribution results. Light-scattering intensity is recorded \ )\ W
\

for Event 2 only.

Event 1

This event occurs when the signal for a small particle
cannot stay ahove the threshold and only cne crest is
detected. The measurement is aborted, and the time-of-
flight of the particle is not recorded. However, the event
is logged for concentration calculations and displayed in
the <0.523-pm size channel in uncorrelated mode.

Detection
Threshold

AN
-

\L

Event 2

This is a valid particle measurement. The signal stays
above the threshold and two crests are detected. The
time-of-flight hetween the two crests is recorded and the
events are included in the concentration calculations.

Detection
Threshold

w

7 N

Event 3

This event is caused by coincidence. Although the signal
stays above the threshold, three or more crests are detect-
ed. Events of this type are logged but not recorded for
concentration or time-of-flight.

Detection
Threshold

J

7 N

Event 4

This event is outside the maximum range of the timer.
The signal remains above the threshold until it moves out-
side the timer range, and only one crest is detecred. A type
4 event is normally caused by large or recirculating parti-
cles. Again, the event is logged, but no time-offlight is
recorded.

Detection ™
Threshold

|[~—4.096 ps —|

1.580+02 \

I 1.420402 RN \| !
S | |
B 1.25e.02 Clls _——
: ‘ oo

Li1es02 e . >
9.490+01

B 7.920401 /7 I T\

6.356+01

4770401 / [ \
/

3.208401 ' |

/
1.63e401 / / \ \\

/ |
5.790-01 r| \ \

Particle Traces Colored by Particle Velocity Magnitude (m/s)

Aug 26, 2002

FLUENT 6.0 (axi, seqregated. rke)

Figure 4: Flow recirculation is restricted in Model
3320 APS with a redesigned eduction nozzle® that

is identical to the nozzle in Model 3321.
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Measuring super-micrometric particles

SMPS-APS to measure PM

40

35

30

dm/dlogd _ (ng m”)
S B

¥

\\II|II\\illl\‘\III|\\II|I\\I|II\\‘IIII

d, (nm)

10°

EN

SMPS uncertainty contribution in the PM; 5 measurement referred to the 5-10 September 2008 period

Uncertainty contribution

Uncertainty value Distribution Uy —smps.i(Xi) (g m™)
Raw count (¢') :I:l/.\/c:’- Poisson 1.09-10~!
Sampling flow rate* (9) +0.015 L min~! Normal 3.94-10-!
Diffusion efficiency correction (#4;¢y) +10% 1.26-10!
CPC efficiency correction (ncpc) +8% Rectangular 1.01-107!
DMA efficiency correction (npyra) Included in volumetric diameter uncertainty
Sampling time™* (1) Negligible
[Particle density* (p,,) +0.5gcm™ Rectangular 2.68 |
Volumetric diameter (d,,.) +0.95% Rectangular 2.46-10~~
Flow ratio (¢) Negligible
Combined uncertainty (u y—syps) 2.72
Statistical cover factor k 2
Expanded uncertainty (Ups_syps) 5.43
Total mass concentration (Msyps) 15.8
Relative uncertainty 34.4%

*Fully correlated contributions.

test number
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Measurement at the stack

Sampling issues

Measurement artifacts: coagulation, nucleation e condensation!
Thermo-dilution of the sampled aerosol flow

10° o ~200
J[10%cm 9.1-107 tm :
10 ' 5.0-107 cm3
@ dilution [£1:100 141 =
E L
S, 107} % £
Z | | T
" 100
108}
. 0.1-10° Pm-g 9.0_105 o .
103 1072 10-1 100 101 102 10
time [s]
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Measurement at the stack

Thermo-dilution system

A
[P—

—

only solid
particles left

volatile mass concentration ¢ [ug/m®

O=

nucleation  evaporation
—_—

h

coain.g-darm_ i

gas temperature T [°C]

Figure 3 -Exhaust Probe Rotating Disc and Thermal Conditioner (Matter Engineering).
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Volatility analysis

Removing volatile amount by thermodilution

ROTATING DISK THERMODILUTER
TS1379020

THERMAL CONDITIONER
AIR SUPPLY TS1379030

]

/ {3
 \Uinitial (ambient) distribution, SDB,, § 1§
non-volatile distribution, SDB_, §

dN/dlogD,

more volatile

TIME-CONTROLLED
VALVE

1L min?

EXCESS
AEROSOL

. I ’ . |
initially selected diameter

FLOW METER

U1 01
s

cm’™)

dN/dlogD (part

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

—\O
o
=]

II\I|\III|\III|\I\I|\II\|I\II‘III\|I\II|IIII‘II\I

O e DO m

bacon (no thermal conditioning) |
bacon (300 °C)

eggplant (no thermal conditioning)
eggplant (300 °C)

mobility diameter (nm)
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Portable instruments: photometer for PM

DustTrak photometer (TSI Inc.)
Measurement of PM fractions through light scattering
technique.

Sample flow passes through the inlet entering the
sensing chamber; here, it is illuminated by a sheet of
laser light (formed from a laser diode).

A gold coated spherical mirror captures a significant
fraction of the light scattered by the particles and
focuses it on to a photo detector.

The voltage across the photo detector is proportional to
the mass concentration of the aerosol over a wide range
of concentrations.

The voltage is then multiplied by a calibration constant
(determined from a known mass concentration, i.e.
gravimetric measurement).

The scattered light depends on the size distribution of
the aerosol, refractive index, shape factor and density of
the aerosol!

Orifice |-

Aerosol Inlet

k Optics

Light Trap Chamber

Sheath Air

Mirror
Laser
Beam

Beam Shaping
Optics

Laser Diode'

Exhaust

-

o’ Photo

;\ —| Detector
C | |

’
L
Q L
’
#

Pump

Flowmeter

Viewing
Volume

O, 0,0
8000 N Gravimetric

Filter

Protection
Filter

Dampening

* Chamber
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Portable instruments: counters for PN

Diffusion chargers

Measurement principle based on total electric

charge of the particles collected.

« Particles are mixed with unipolar ions, which
randomly collide with the particles by diffusion
(hence the name) and transfer their charge to
the particles.

« Excess ions are removed from the gas flow, the
charged particles are subsequently captured in a
particle filter, and a small current can be
detected flowing from the filter.

« The diffusion charging process is material
independent, and thus particles of different
compositions cannot be distinguished.

« The average charge g acquired by a particle in
this process depends solely on its diameter.

 Lung deposited surface area of the particles
estimated (for a reference worker) -
semiempirical relationships

Sensing section

time
—_—

Vpl = vl

vpl =) e

pl
Precipitation _E'
section - |' ver

Charging section

Fan
Current meter attached to Faraday
cage for measuring ls.or

—
—

Airin

Needle-tip electrode surrounded by
a screen electrode

VCOI‘

H
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Estimating exposures and emissions in indoor
environments



Estimating the exposure in indoor environment

Well-mixed simplified approach

Mass balance dN;, (t)
Cout * Qin * P+ ER = Cjp(t) - Qoue - P +

dt
Cin(t) = Chack - e7AERPIT 4 oy - (1 — em(AERPIT) - (1 — e (AERP)T)
in ac L V- (AER - P)
. Qin cin 5 Qout
Par.t1cles " Cinlt) c Particles
entering from ™ | exiting
outdoor Coack outdoor
Source t
. ER ’
AER = air exchange rate (e.g. part/s,

(h_l) - Qout/v - Qin/v ¢ 'm.gfs],

v
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Estimating the exposure in indoor environment

Well-mixed simplified approach

ER
Cin(t) =IC .e~(AER-P)t 4 ¢ (1 _ o~ (AER-P)-t) | 1 — e—(AER-P)-t
in back out ( ) V. (AER . P) (
700 \
600 600
500 500
400
| 300 £ 400
© |
200 © 300
100 200
0
0 0.2 0.4 0.6 100 0.2 0.4 0.6 0.8 1
time (h) time (h)
0
-(AER-P)-t = “removal

63



Estimating the exposure in indoor environment

Well-mixed simplified approach
AER and remoy=le=ta

600

500

400
c
™1 300
Q

200

100

0

0 0.2 0.4 0.6 0.8 1




Estimating the exposure in indoor environment

Well-mixed simplified approach

Deposition
Resuspension

Removal through air purifier

Cin () = Cpack - o~ (AER-P+k+ACH-Effpyr)-t 4

_|_

ER+Res

V.(AER-P+k+ACH-Effpur)

(@]

out

O~dep

Res

Cin(t)

.

° Resuspension

qur

Air
purifier

Cout - AER - P

AER - P + k + ACH - Effyy,
(1 _ e—(AER-P+k+ACH-Effpur)-t)

I

pur

(1-Eff,,)

Exposed
subject

| Qo
C

n

ACH = air change rate (h) =

Q

/V

( _e—(AEL:J\r-B+K+ACH~Effpur)~t) +

-(AER-P+k+ACH-Eff )t = “removal

rate”
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Estimating the exposure in indoor environment

Well-mixed simplified approach

o, e Qin A cin : clout
- Deposition |’ o e .

C
« Resuspension L -
 Removal through air purifier Source t .
. . . . . _ v Xxpose
« Viral inactivation - for viruses, A (h™1) R subject
° [ J ®

° Resuspension Air
/‘ Res purifier

Qs e
. Qour (1-Eff,,)

Cout - AER - P

Cin(t) — Cback . e—(AER-P+k+ACH.Effpur+A).t + (1 . e—(AER'P+k+ACH‘Effpur+A)'t) n

AER - P+ k + ACH - Eff . + 1

n ER+Res (1 _ e—(AER-P+k+ACH-Effpur+A)-t)
V-(AER-P+k+ACH-Effp 1 +21)

A = viral inactivation rate (h?)

-(AER-P+k+ACH-Eff, +1)-t = “removal
rate”
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Estimating the emission factor/emission rate

Quantifying the emission of indoor sources

Mass balance approach

 Emission rate (emission per unit time)

« Emission factor (emission per unit mass, quantity...)

2.00E+03

1.50E+03

1.00E+03

5.00E+02

0.00E+00

Source on Source off

1ht
2 h't

5ht
10 h-1 Kx

0 50 100 150 200 250

Time (min)

300
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Research at UNICAS



Research studies

From emission to risk..and feedback

Wall A Wall B

Canyon Vortex
u@) Corner Eddy

Pma

Aerosol
thermodynamics

Eco-feedback

“Tossicita”
delle polveri

a-priori risk

assessment

* Exposure time

* Activity

* Particle
deposition
model




Outdoor sources

Incinerator plants
e At the stack
* Filter efficiency

Sampling
Lime milk Powder Calcium _
Combustion chamber activated oxide Ammonia
Sampling point carbons

Natural gas

Flue-gas

Reactor SCR system fan

Fabric filters

MSW Sampling point

M e = —

Power generation
from heat
recovery

(Rankine cycle)

Moving grate
furnace
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Outdoor sources

I N C] ne rato I p la ntS 10 Circular Tube Penetration Efficiency
 Thermodilution

0.8

 Measurement artifacts 07 -

0.6

0.5~
0.4 A

Penetration

0.3 A
0.2 A
0.1 A

kaowool 0.0 ‘ | | ‘
0.00001 0.0001 0.001 DL 0.01 0.1 1

probe

s ROTATING DISK THERMAL
THERMODILUTER ——— (CONDITIONER
T =130 °C \ 379020 \ 379030
heater T=~120°C T=120°C
SMPS 3936
OR
CPC 3775
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Outdoor sources

Incinerator plants

Results

1E+4

8E+3

6E+3

4E+3

2E+3

Particle number concentration (part. cm-?)

0E+0

At the stack

I
L

Sept 2010 Sept 2011 Nov 2012

Particle number concentration (part. cm)

1E+4

1E+4

8E+3

6E+3

4E+3

2E+3

0E+0

—Sept 2011
—Nov 2012

0 100 200

Elapsed time (s)

Plant equipped with Electrostatic filters: 3.0x10° part. cm™.

—Sept 2010 At the stack

—

300

Clean Gas
Outlet

Manifold
Pipes

Header Mounted
Pulse Valves

Filter Bags Tubesheet

& Cages

Gas Distribution
Baffle

Dirty Gas
Inlet

Pulse jet bag filter
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Outdoor sources

Incinerator plants

Results

« Fabric filter efficiency for UFPs > 99.99%;

3E+7

2E+7

1E+7

0E+0

Before the fabric filter

—
l

|
_l L

Sept 2010 Sept 2011 Nov 2012

dN/dlogD (part/cm?3)

1E+8

1E+7 -

1E+6

1E+5

1E+4

1E+3

1E+2

1E+1

——at the stack

- - before the fabric filter ,

-

10

D (nm)

100

1000
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Outdoor sources

Thermal plants for residential heating

Boilers (LPG and methane)

Condensing Boilers (LPG and methane)

Pellet Stoves

EXHAUST GAS

THERMAL CONDITIONER
AIR SUPPLY TSI 379030

\[r

STACK

PROBE

HEATING
SYSTEM

W

80/120°C

® 80/120°C
P )

ROTATING DISK
THERMODILUTER TSI
379020 s
AAAA 1Lmin?|@
i Excess
aerosol ,

to CPC or
SMPS

Electrostatic
Classifier
TSI 3080

>0

x> @

0.3 L min
or 1.5 L min’t

1.5 L min1

SMPS TSI 3936
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Outdoor sources

Thermal plants for residential heating

Concentrations

Particle number concentration (part. cm3)

1E+8

1E+7

1E+6

1E+5

T T T TTT] T T T T TTT

Conventional Conventional Condensing Condensing

boilers NG

boilers LPG

boilers NG

boilers LPG

Pellet
stoves
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Outdoor sources

Thermal plants for residential heating

Distributions
7E+6 7E+6 8E+7
—Conventional ——Condensing —Pellet
boilers NG boilers NG TE+7 stoves
6E+6 6E+6 L
- --Conventional - --Condensing
— boilers LPG — boilers LPG — CE+7 |
CPE 5E+6 - °'-’E 5E+6 O?E
&) n &) &)
£ o . S5E+7 +
< 4E+6 © 4E+6 2
‘é’o ‘é’o é‘o 4E+7 |
oS 3E+6 oS 3E+6 | S
= o T 3E+7 -
=z Z Z
© 2E+6 - h © 2E+6 |- © St |
1E+6 - 1E+6 | B L
OE+0 ! m’nnl OE+O I v £ RO 1 10 L 1AM 1 0E+0 Ll Lol 1
1 10 100 1000 1 1000 1 10 100 1000

D (nm) D (nm)
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Aerosol Thermodynamics: particle dispersion

Highway
e Emission
 Dilution

200000 —

: 1.00
Concentration decay
0.90 -
160000
e 0.80 .
2 c
< 5 o070 | Distance
§ 120000 - g 0.40 - effeCt. .. PMlO VS.
g ()
é weekly traffic % 0.50 N um ber
% 80000 - y =778 104251 10°exp(-0.011x), R*=0.999 : 0.40 |
2 >
= =
2 © 030 [ =PMIO
= ool e . 020 | TPM25
e 010 - —Surface Area concentration
¥ =899 101 13 10%exp(-0.0094x), R=0.999 ™™~ mmme__ —Number concentration
0.00 1 1 1 1 1 1 1 1
0 . ‘ ‘ ‘ ) ‘ - ‘ 0 50 100 150 200 250 300 350 400 450
0 50 100 150 200 250 300 350 400 )
Distance from the Highway (m) distance (m)
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Aerosol Thermodynamics: particle dispersion

Urban areas

 Mobile platform to measure concentrations and
distributions

)~ R

------
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Aerosol Thermodynamics: particle dispersion

Urban areas —TT o &
. Street canyon ~ Qf & e ",v
- @1@ f‘ ’Repbb‘ﬁic{a' b a

MEAN
H _ Jspect ratio — . WP
W p T~ (U)  BACKGROUND o 8.0
3 «@=CO CONCENTRATION
) (Cp) 0.9
— = |enght ratio e ' 70
H g \ \ os
WINWARD \l':EEWAF{D ) 6.0
SIDE e § 0.7 ~
5 50 @
\ g 0.6 g
Q =l
PRIMARY RECEPTOR £05 40 8
VORTEX - ° &
BUILDING BUILDING ° a
Rl ol } 1. = 0.4 ———— wind speed 3.0 :E
: 7 1 E ——®—— number =
H L 47 : 0.3 —@—— surface area 2.0
-5 /1 o T M '
Ug : / ! : PM,
1 X 1 0.1 P Mm 1.0
w — . — % PM,,,
TRAFFIE - - - - - - - 0.0 : : ' 0.0
LANE N
r W -
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Aerosol Thermodynamics: particle dispersion

Urban areas
« canyon effect
* Proximity effect

« Concentration gradient of UFPs LOOE106
— ~—— buildingside
— buildingside (average)
- — kerbside
r?g 8 00E+05 | ———— kerbside (average)
Dilution phenomena: street vs. avenue canyon. £
o
E ,
Street canyon (street A) Avenue canyon (street D) £ 6.00E+05
"‘g S00K “g SDOK- 1:=)
= £ 00K 5
S 5 - = I
= 2 00k <
& & 2 4.00E+05
D g 200k ) |
s z b =
Z Z 100K = L
] , = 1
1215240 TTE sl qzamoakeT 560 = \r
! 13:37:1 7~ '}_g' I
waafzz\l\ o 2.00E+05 | (\ M M’\ K
13-37-32".\#\ - ~ b ! |
N R LS | Y AR
v TN o S SN
- ‘ 000F+00 —Mm —
13801758 0 60 120 180 240 300 360 420 480 540
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Aerosol Thermodynamics: particle dispersion

CFD studies
CFD analysis of particle dispersion in street-canyons...and industrial areas

u,=cost, u,=0 (inlet) ] Wind Rose Average Speed (m/s)
N N
NNE NNW

35%
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/ / . \ f~1
1 A a X WswW | ESE wWsw [ ESE

N I PV R S VAR . N

]
-
]
L
.
.
"
.

*
(2]

X

\Y SE SW SE
@ ay source I

W N SSW SSE SSW SSE
leeward side windward side s s

007 007
0.06

006

005

w

(b)

v (m/s)

1
0.8
0.6
ioa
0.2

0

.

10.04 1004

ELCR ELCR
I 1.9x102 I 1.9x10* 003 oo
f -2
1 1.5x10? 15410
002 002
1.1x10? LSl

001 001

| 7.5x10°
I 3.8x10°
0

1| 7.5x10°%
I 3.8x10%
0

81



Aerosol Thermodynamics: particle dispersion

Validation of CFD models
 Wind tunnel & particle concentration measurements

Sampling
sections

7= Plenum
—— (sampling)

- @
<l
o Tubing connection for
of aerosol sampling HEPA
L (injection) (0.3 Lmin) Dry Polydisperse |> <] — FILTER
injection E Aerosol
ci . o .
o Dilution bridge
Silica-gel E §
diffusion Dryer =
3.2 L min?
Pair=2.5 bar
Compressed Air i~ Excess Air
e
X
Membrane Dryer
& .
Air filtering atomizer
Only for
uniformity test
salt solution
Make-up flow*

*Dilution ratio 3:1

2.00E+05
— ~Free-stream
—Street level - leeward
1.60E+05 - —Street level - windward
—_ ==~ First floor - leeward
”:E) = =First floor - windward
E' 1.20B+05 ~ ~ Second floor - leeward
2 = Second floor - windward
2
5 BO0E+04
0.6 L min! g
Free-stream 4.00E+04 |
. sampling line -
0.00E+00 : .
[ J 10 100 1000
Building facades . D (nm)
sampling line 0.3 L min
r
[ g g U U
(o Street canyon \
1 ‘g (Wind tunnel) g 1
. . . E3 .
1B Wind direction v ! y
1|z 201
1 “ F :
1 I l : . Wind direction
| (D S
! | | I e
| _|><|_._ _._|><|_ 1 Classifier
TSI 3080
1 — ! ° .
\________].________’ ? —° 3T S
- 4 @
v = \ 1SMPS TSI 3936 05 § { Bl os
£9 a : 4 .-
E =3 " 0.3 Lmin “é L2
£ v } /
v 5 E - Only for particle distribution measurements 4
<EZ
52 ° e AL
J 0i5
0.3 Lmin! e . . e < T e o« o o
() SESE FES
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Indoor sources

Summary of the emission factors for generated using a gas stove at maximum power

COO k] ng aCt]V]t]eS for the frying of 50 g of chips: emission factor (EF), peak value (PV) and mode
CO nce ntra t'l ons an d d ] St r] b u t'l on diameter (MD) for number (N), surface area (S) and mass (M).
. . L. ‘ Olive oil Peanut oil Sunflower oil
Different cooking activities (specific for frying)
. P 2 2 12
Different types of food A L Xl S
SEF (um* min™") 25 x 10 1.6 x 10 12 x 10
1 : MEF (pg min—") 28 x 10° 1.8 x 10° 12 x 103
Emission rate NPV (part. cm™3) 12 x 10° 12 x 10° 11 x 10°
Volati [jty ana lySiS SPV (nm? cm'3) 11 x 10 6.8 x 10° 6.0 x 10°
MPV (pg m™") 118 68 60
NMD (nm) 61.5 49.6 49.6 a5
Geometric standard 191 1.82 1.80 CLon becon(unduedy | AL
‘s o bacon (300 °C)
deviation (nm) e cggplant (undiluted)

eggplant (300 °C)

Summary of the size distribution of aerosols generated using a gas stove at
maximum power when grilling cheese, wurstel (pork meat), bacon and eggplants
(vegetable). Emission factor (EF), peak value (PV) and mode diameter (MD) for
number (N), surface area (S) and mass (M).

(%]
T T T [ T T

normalized number distribution

Cheese Waurstel Bacon Eggplants i )
NEF (part. min—') 3.4 x 10'? 3.1 x 10" 2.8 x 10" 2.6 x 10'? T
SEF (um? min—1) 1.6 x 10° 1.8 x 10° 2.3 x 10° 438 x 10* - i
MEF (pg min 1) 95 x 103 1.0 x 104 12 x 104 5.2 x 10% I
NPV (part. cm™3) 11 x 10° 13 x 10° 1.0 x 10° 1.2 x 10° 0.5~
SPV (nm? cm ) 46 x 10° 5.8 x 10° 9.8 x 10° 2.8 x 10° I
MPV (ug m—3) 283 352 389 78 i
NMD (nm) 41 43 49 29

mobility diameter (nm)
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Indoor sources

Other indoor sources @ Incense, candle cigarette, e-cigs, iQOS cigs
Incenses/candles Source N (parth™") T 5400

. 51379020 - 5 : —blu37°C -3
Printers Average L | N (part. cm™)

3D printers - IQOS <1x10°

EXCESS L
TIME-CONTROLLED AEROSOL 2.0E+08 ... orange 300 °C .-""~.
——silver 37°C E

VALVE

& e silver 300°C £
: I 7.74 x 10" I cigs = 108 10°
Cigarettes & Co. I 454 . 1014 i e-cigs = 108- 10
I3 1.08 x 10'° Broews | Sigarette <10°
C1 4.85 x 1013 135.0|5+o7 s
C2 4.07 x 103
M1 457 x 10 o A
i . 1 10 100 1000
M2 2.92 x 104 D (nm)
printers 3D printers (material, temperature effect)
1.0E+13 €1E+13
£ §210 °C
1.0E+12 1 g m220 °C
[ I I S1E+12 [|D230°C
1 o
—. LOE+11 A ...o.:‘ E
: ' 21E411
\;; LOE+10 | ‘ ‘ l —1 E
: 1.0E+09 | ‘ ? é % 1E+10
o Brother ‘ Canon | Epson | Hp | Lexmark | Samsung ’ Xerox §1E+09 PLA WOOD1  WOOD2 COPPER  BAMBOO  FLEXPLA cP CP-CARBON  NYLON  NINJAFLEX®
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Indoor sources

Size-resolved chemical analysis of freshly emitted particles

Incenses 040
candles
Mosquito coils

Cooking activities

0.30

=
i
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0.20

dM/dlogD ()
=
b

o
=)

0.05

0.00

0.001

045
0.40
0.35
0.30

=
i
Ch

dM/dlogD ()
(=]
[3%)
<

0.15
0.10
0.05

0.00

0.01
D (um)

0.001

0.01 0.1
D (um)

c)

10

0.40

035

dM/dlogD ()
= = =
(] (3] )
[=] W (=]

<
o

<
=)

0.05

0.00
0.001

dM/dlogD ()
=
1
(=]

S
i
=

0.10

0.00

0.01 0.1 1 10
D (um)

b)

0.001

0.01 0.1 1 10
D (um)

d)

Figure 1 — Particle mass distributions, normalized to the total concentration, measured during combustion of candles
(a), incenses (b), mosquito coils (c), and grilling bacon (d) through the ELPI+™: solid lines represent average
distributions, dashed lines represent standard deviations of the measured distributions.
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Indoor sources

Size-resolved chemical analysis of freshly emitted particles

Incenses
candles
. . 1.00
Mosquito coils N
. Sy 0.90
Cooking activities "7 | - Cd
0.80 | - Cr(VI)
Table 5— Mass fr: 070 =~ A% indoor sources
under investigation. 5 0.60 compounds are
= :
Source < 0.50 Mn
Candles § """"" i 05 4.96x107
Incenses g 040 i P>
Mosquito coils 2. 0.30 ' - (I
0.20
0.10 ' :
0-00 I I [ | ! | I N ! TR [ E"\'FT‘I ----- L E--w--i\ |i\ \\i
0.001 0.01 0.1 1 10
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Indoor sources

Other sources (no combustion): nucleation

Cleaning products

* Chemical reactions induced by ozone and volatile organic compounds (VOCs) produce
multi-oxygenated compounds (e.g. dicarbonyls, peroxides) that, after condensations,

nenerate secondarv uult =
140000 . L
—8-12 nm concentration Product A s Product A dN/dOgD_3 . ——{— 10 min. backeround
= | total concentration Product A =i (park.cm™) I —_—(= 12 mi | ]gt. K
£ 120000 - —8-12 nm concentration Product V N P ~ < fon, uctealion pea
£ —-total concentration Product V ! ! ===t = 14 min, 2 min after peak
g, 100000 5‘ 1.6x10° , % =~ t=15min, 3 min after peak
g ik 100 - ! .‘..!‘ — -t =17 min, 5 min after peak
g ’13 2= N oo t =24 min, 12 min after peak
2 80000 F i il E 4 1.9x105 i)
g ; i E 5- \
560000 | A 4-
2 EE t > (B 0.8x10°
2 40000 Lo n
ﬁ background i .
E 20000 | y 0-4%10
= 105
. 9- R
i . 8-
0 bt e i 1 1 1 1
0 5 5 10 15 20 25
time (mir time (min)
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Outdoor exposure

Urban areas
Concentration gradients in urban areas

winter I e i summer

Number of road links’ sides (over 16 investigated ) having concentrations statistically
larger than the simultaneous background levels in terms of particle number (N),
alveolar-deposited surface area (S), and PM;q.

Date Run N S PMyg
27-]Jan 1 9 of 16 110f 16 —
2 8 of 16 4 0f 16 —
3 3 of 16 50f 16 —
4 40f 16 50f 16 — L= v 3 i :
19-Feb 1 8 of 16 4 0f 16 20f 16 b7 | (§ 92 ; <1%10° part. en? 5 4 P ES <110 part. cnr?
2 20f16 30f16 20f16 B B A e o R i, . o
5104~ 1x10° part. em” - A FET N Gy 5104 1x10° part. em?
1108 part. em? 3 ¥ AT R RS S > 1710° part. cm?
Median Heating 8 of 16 3 of 16 2 0of 16
season
5-May 1 7 of 16 100f 16 6 of 16
14-May 1 9 of 16 6 of 16 50f 16
24-Jun 1 7 o? 16 8 of f16 - ‘ : ST, S Statistical differences
25-Jun 1 2of 16 13 of 16 — i | AN AR BT B} | O :
2 8 of 16 12 of 16 — o 1 =T M with backgr.ound
29-Jun 1 9 of 16 8 of 16 = i AN R o Ll h g concentrations:
NP VHE ‘ “hot spot” identification
Median Non-heating 6 of 16 100f 16 50f 16
season
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Outdoor exposure

Incinerators vs. streets/roads
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PM, (mg m")

Indoor exposure

Exposure due to indoor sources
« Homes (cooking, biomasses, cigarette

Workplace

Industries (welding, etc.)

* Operating rooms
[ ]
Pizzerias/restaurants
80 | % “%r 1LJvvuv ".’g
i .
[
[ 120000 £
=
60 f 2
- 8
90000 5
_ 2
o
40} &
L L
60000 'g
E
I =
20 L —
[ 30000 &
0
16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00
hour of the day

.

150000

30000

Particle number concentration (part. cm-?)

dN/dlogDp (part. cm”) Q)

120000 |

Second-hand smoking

90000 |

60000 |

0.50
—N cig

—N e-cig 1045
—PM10 cig @
—PM10ecig | 040 E
—BCrcig 1 o35 £
—BC e-cig : é
1030
1 0.25 8
1020 &
(=2
1015 £
1 0.10 EH
o

= 0.05

: 0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60
Time (h)

Welding sites

Operating rooms

70000 120
h

|
\
\q 80

‘V'H

60000
50000

40000

particle number concentration (part. cm™)

i | "
Mo d s
Pl sl

\
| | \ \N 40
" \ || \
;)z’l My L ww{}{fﬁ
! / 1 Ly e
A e A N ﬂ W v ~h.,.,|l||.v:'"|',' \f | w‘l".‘n|‘|| N | \] 20
\/ W Y Ll | Il,“hvl WA ™

0
0.1 0.2 0.3 0.4 0.5
time (h)

70000 120
an
I—_E; 60000 , 100
B
& 50000
= 80
2 \A
£ 40000
g W
g 60
3 30000
2 {
2
E | 40
2 20000 ) /
el k f i
] !
E /{ I Wyl
= 10000 10 \“}fﬁlyﬂll"'l A ||""- i | ”

Ll WY VEO T L
IR RYSTINT
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
time (h)

PM g (pg m™)
average particle size (nm)

PMyo (g m)

average particle size (nm)

Fig. 1. Particle number concentration, PM,,, and average particle size as a
function of time measured during a cesarean section operation (CSO 14) and an

orthopedic surgery (OS 10).
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Indoor exposure

Emission of residential heating systems
State-of-art & Open questions

« Biomass-burning emission in outdoors
« Indoors?

 Ultrafine Particles?

« Exposure assessment?

e Dose?

e Risk? R
Aim of the research rae & L;
° Indoor eXpOSU re A ‘ a-priori risk

assessment

* Open and closed fireplaces, pellet stoves, e
Source  Aerosol i
° N ’ S, P Mlo emission  Mermodynamic deposition
models Hea"h

 Carcinogenic compounds effects
. . /‘ \ (toxwology)
* Dose and risk estimate %




Indoor exposure

Emission of residential heating systems

Methodology

Measurment of the exposure in 30 houses (10 per each heating system)

« Apparatus - hand-held monitors:

« diffusion charging counter (particle number & lung-deposited surface

area)

* laser photometer (PMy,).

* Procedure:
« 30-60 min of background concentrations (no other sources),
« 2-4 h of measurement during the combustion phenomena (no other

sources).

Carcinogenic compound on PM10

Quantification of di As, Cd, Ni, BaP (Group 1 IARC)

« Gravimetric sampling (PM,,) emitted by wood and pellet
« GC/MS for BaP

* INAA technique for heavy metals.
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Indoor exposure

Emission of residential heating systems

Results

Concentrations and «over-exposure»

1.E

Nnn111b1mm1mba¢ ground

20

L = TR = T e Sy =
=< T e B S5 T SO = S =

Lo T S N SN =

N ratio

g = =L

open closed pellet
fireplaces fireplaces stoves

ground

SMHTB_GmubustimlmewTB back

20

T e T e T e I
LT O R - = T

L T N = T - -]

20

LDSA ratio 18

14
12

PM1 0 l:mnhLmtim‘fPM1 0 background

=R

L= =

open closed pellet
fireplaces fireplaces stoves

16 1

10 1

PM,, ratio

open closed pellet
fireplaces fireplaces stoves

93



Indoor exposure

Emission of residential heating systems
Results
Extra-doses

LDSA dose

o o (18 ')

—

-]

o
I

Oatv+r y (m* h')
—t
Lh
S

50

I N
0 | T | -
open closed pellet

fireplaces fireplaces stoves

40

30

20

10

PM,, dose

I I i ——

open closed pellet
fireplaces fireplaces stoves
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Indoor exposure

Emission of residential heating systems
Results
Toxicity and risk

m; '
PM;,

SFm = Xi SF; -

Wood Pellet

Mg.o/PM;, 6.2+0.7x10°
m,/PMy, <LOD
Meo/PMyq 2.4+0.5%x10
my/PMy, 7.241.4x10°3
SF., 6.9+1.3x10°3

4.0£0.3x10°
9.0£1.8%10°
4.3+0.9%10*
1.2+0.2x10?

l 1.3+0.2%102 I

Contribution to the SF,

BaP=4%, As<1%, Cd=2%, Ni=94%

BaP<1%, As=11%, Cd=2%, Ni=87%

Open Closed Pellet
fireplaces fireplaces stove
Lifetime ELCR_,,,, 9.0x103 1.1x103 1.4x103
LDSA contribution 99.97% 99.93% 99.93%
PM,, contribution 0.03% 0.07% 0.07%

Maximum tolerable risk EPA-WHO = 1x10~ (1 new case per 100000 people)

...comparison
Exposure scenario Risk

Italian not smoking pop. ~2%x1072
Smokers =1-5%101
Italian students (5 yrs) =2x10*
Downwind of incinerator  =7x10”/
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Indoor vs. outdoor exposure

Measurement at “personal” scale

« Portable counters (Italia, Ghana, Bhutan, Australia, Brasile, Egitto, Inghilterra, Svezia,
Spagna, etc.)

 Children — schools

« Adults e

S; (rural area)

b 150000 '
+  Averageofthe children

125000 - monitored School time
--------- Urban background

S, (urban ar

*  Average of the children ‘ i
125000 monitored kool tie

N4

TN
.
0‘ ) i b .. 1 1 A A J 1 1 1 1
0.00 3.00 6.00 9.00 12,00 1500 18.00 21.00 0.00 0.00 3.00  6.00 900 12.00 15.00 18.00 21.00 0.00
hour ofthe day hour ofthe day
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Indoor vs. outdoor exposure

Measurement at “personal” scale

o Lifestyle effect

« Average exposure or housewives 30-40% higher than workers
« Cooking contribution to the exposure

350000 -
—_ Woman (couple 6, winter)
% | Man (couple 6, winter)
E. 300000 Cooking Time (W)
g 4

250000 |
g
=
£ 200000 ,]
3 Transportation (M) i
=1
S 150000 / ! housewife worker
b
£ (-

100000 Dinner
g Lunch Time (W) h Time (W & M)
i Breakfast Time (W & M) Gt Tl ) / /
E. 50000 | Y }i e "“‘\ : U,

¥ . N 'i“# ¢ i !
TWM‘“ ,.Lﬂ:&:{\-zsw,m_\_ ) "} _u::::‘?g’i“awm"i

0
0.00.00 3.00.00 6.00.00 9.00.00 12.00.00 15.00.00 18.00.00 21.00.00 0.00.00
hour
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Indoor vs. outdoor exposure

Exposure in schools: emission vs. ventilation
* Measurements of PM,,, Number concentrations, CO,
« Naturally-ventilated classrooms (pre-retrofit)

Diffusion Charger DustTrak photometer Non-dispersive infrared

Particle Counter 8534: PMy analyzer: CO,, T & RH
3000 30000 1200 1.00
" door closed 20-min window opening time c) —~

2500 window closed | 25000 § = 1000 | o080
= —C02 o s '
= s Q
=t —N_out = ~ 800
.g 2000 —N_in 41 20000 5 2 1 060 .
S s o) 3
= £ Q600 . £
2 1500 -1 15000 e f‘ Od £
S S le) 1 0.40 2
5 5 ¥ 400
T 1000 ’ 10000 § o) -0-ACO2
~ Y 1 Q _
8 » M ; < 200 0.20

500 4 ' 'b ok M M**‘WM 5000 2 -@-Nin/Nout

[
\ o 0 0.00
0 "o 0 5 10 15 20 25
8:30AM 9:00AM 9:30 AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:30 PM 1:00 PM window opening time per hour (min)
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Indoor vs. outdoor exposure

Exposure in schools: emission vs. ventilation
* Measurements of PM,,, Number concentrations, CO,
« Naturally-ventilated classrooms (post-retrofit)

3000 100 6.0
= door closed o i .
o 20 min/h "0
2500 window closed .50 I |
E —C02 ‘ 80 3
% 2000 —PM10_out 1 70 2‘9 4.0 |
S —PM10_in ‘ 60 <
5 | £ £ 30 |
5 5 S
S 1500 150 2 = O
5 E Z 20 N
o — n_ . .
5] 1 40 E
o
E 1000 1 30 10 T = = = == = = = e e e e = e = = = = e -
Q'
O 500 20 0.0 | | | |
1 10 0 5 10 15 20 25
0 ——— —— —— — : 0 W|ndow opening time per hour (mln)

8:30AM 9:00AM 9:30AM 10:00 AM 10:30 AM 11:00 AM 11:30 AM 12:00 PM 12:30 PM 1:00 PM

Manual airing reduces CO, (and indoor-generated gaseous pollutants) but increases sub-

micrometric particles (effect on PM,, negligible)
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Indoor vs. outdoor exposure

Exposure in schools: emission vs. ventilation
* Measurements of PM,,, Number concentrations, CO,
« Mechanical ventilated classrooms (post-retrofit)

Hot wire anemometer

Hot wire anemometer exhaustairfo
fresh air from — outside Single-glazed / fresh air from

outside | ' aluminum window | outside

-

B e e R, o
exhaust air to
outside

exhaust air»_
from inside -

V unit

exhaust 2™ v unit
from inside

Corridor

fresh air to inside Door

/

Single-glazed
aluminum window

Adjacent classroom

micro perforated ducts for air diffusion
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Indoor vs. outdoor exposure

Exposure in schools: emission vs. ventilation
* Measurements of PM,,, Number concentrations, CO,
 Mechanical ventilated classrooms (post-retrofit)
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Indoor vs. outdoor exposure

Exposure in schools: air purifiers

School gyms in Barcelona

Natural ventilation
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Indoor vs. outdoor exposure

Type of buildings

Home

School

f

N

Infiltration/Ventilation

Office

Processes
& Activities

I

Resuspension

Emission
Sources

I

<— Deposition —

l

Exfiltration

—-

Cleaning

—-

—  Filtration

A

(
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Dose

Dose estimate from personal monitoring

— 2
DOSEj 1+t = IR Spipyrp « T (mm*)
/Lung-depc@ surface Exposure time
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alation rate area concentration
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% Regional Deposition
= s = =
= E = H
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Dose

Dose estimate from personal monitoring
Age and activity effects

3.5E+11
. ® F (north) a) Age 41-65
v 60
€ 3.0E+11 [ ®M@orth) m Time
g OF (south) m Alveolar Number
@ L oM th 50 m Alveolar Surface area
% 2.5E+11 (south) _:[[ R O Tracheobronchial Number
= T } = O Tracheobronchial Surface area
< 2.0E+11 .g 40 -
g 2
-§~ 1.5E+11 | £ E R T | [
1 < — i
5 = b ~
g 1.0OE+11 5 20 -
s &
5 5.0E+10 | 10
0 il I| dil
<1 1-5 6-10 11-18 19-40 41-65 >65 Indoor evening  Indoor day Outdoor day L Cookmg Eating Working Transportation
&night e -
Age (years)

105



Dose

Dose estimate from personal monitoring
Different populations and lifestyles: western countries

particle number concentration (part. cm)
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Dose

1E+07

Different populations and lifestyles: western countries..and other countries (e.g. low-income

Dose estimate from personal monitoring
countries)
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Risk

Lung cancer risk estimate (applying models)

excess lifetime cancer risk (ELCR)

Risk = Toxicity X Dose

ELCRgxtrq =

;= 6.6x10"> mg nm (Sze-To et al., 2012)
equivalent toxicity of the particle surface

area metric expressed as particle mass

(Z”SF

Body weight (70 kg)/

SF: inhalation slope factor (lifetime cancer potency)

the percent increase in the risk of getting cancer associated with
exposure to a unit concentration of a chemical every day for a

lifetime, here assumed equal to 70 years

Responsen ;

>

Dosef

Chemical SF (kg day mg1?)
BaP 3.9
As 15.1
Cd 6.3
Ni 0.91

Daily extra-doses in LDSA and PM,,

) ¢ * Sawsrn + Opuy | N<ay

mass concentration of the j-th
pollutant present on the PM10

n
= )" SF; - PM10

SF of the mixture of the n
carcinogenic pollutants on PM,,

Total exposure period
(days per year)
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Risk

Lung cancer risk estimate (applying models)

Italian population

EX p OS u re E LC R Transportation

WHO guideline: ELCR < 1x10° (one new case for 100 000 people)
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Health effects

Toxicity (In vitro) analysis of PM;, emitted by combustion
Different biomass sources (pellet, wood, charcoal)

Heavy metals is crucial in inducing acute effects related to cytoxicity and genotoxicity
PAHs are responsible for the induction of the xenoblotlc metabollzmg systems and the
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Health effects

Cardiovascular effects
Exposure to UFPs and heart rate

e 50 volunteers

 Measurement of exposure to UFPs short-term exposure to ultrafine particle
concentrations is positively associated with the

lying down sitting standing

« Measurement of heart rate and activities (wearable | | ) ated wit
« statistical linear mixed model to fit the experimental heart rate éi—fogp;r:rtc;rnig\;arlatlon 0

1504 %0

HR (bpm)
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5 .

504
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min min min
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Health effects

Performances of athletes
Effect of the exposure to airborne particles on the physical performances achieved by athletes
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Health effects

Lung function & airways inflammation (Children)

e spirometry: an increase in daily alveolar deposited surface area dose was related to FEV, and
FEF,c_;c, respectively (i.e. small airway obstruction)

*eNO test : eNO increase with particle doses in allergic and asthmatic children
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Feedback

Effectiveness of eco-feedback in improving the indoor air quality in residential buildings:
mitigation of the exposure to different airborne particle metrics
State-of-art

Occupants’ behavior has a significant influence on Indoor Air Quality (IAQ) and vice-versa.
Acting on behavioral change could improve the IAQ and reduce the exposure to airborne
particles in indoor environments.

A suitable approach to provoke a behavioral change is implementing “eco-feedback”
strategies able to bridge the gap between the lack of awareness and the understanding
how their behaviors affect the environment.

Scientific questions on IAQ awareness to be addressed:
e are the occupants aware of their exposure to airborne particles in their homes?
* isit possible to make them aware through trustworthy information?
 and, in case, are they able to mitigate their exposure to indoor-generated airborne
particles?
« how their mitigation strategies affect the different airborne particle metrics?
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Feedback

Effectiveness of eco-feedback in improvina the indoor air quality in residential buildings:
mitigation of the exposure to di
Aims:

- Investigation of the IAQ awa Indoor Air stionnaire surveys;

« Application of an eco-feec Quality in homes h a trustworthy information
campaign and an experime G A LGV the short-term the possible
behavioral changes of the [[iiilitowwintieslallall lin rcducing airborne particle

conce ntrat'i 0] ns’ wW h'l le source ...but mostly because we use sources of pollutants in

our homes that could lead to high exposures...
— Cooking Cigarettes Stoves and Incenses,
. firep'aces candles
Methodology: -

?
Evaluation of the base What are the main indoor air pollutants?

analysis questionnaire survey (be articles metals

"\

-

Baseline period Effectiveness

Behavioral changes with
respect to the baseline
awareness survey

the measurement camp. We spend 90% of our time indoors being exposed to
high concentrations of pollutants and, then, to high
i Measurement of the exp heaith risks .
Quantitative | 1, sirborne particle me ] Reduct_log of the ?:plosure to
analysis (3 days) How can we reduce the exposure to such pollutants? llizielins | pelu @izt
\_ Mec. Vent. ManuaI'Airing N Y
Scheme of the methodology adoptedto e T f;; = l‘ information campaign and an experimental
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Feedback

Effectiveness of eco-feedback in improving the indoor air quality in residential buildings:
mitigation of the exposure to different airborne particle metric-

Results: o

« theinvestigated population is not properly aware @
of the IAQ in their homes and of their exposure to e LTI T
airborne particles; indeed, they perceive the ;'“’“"“’sf o ':”"‘”“’@ “"’“’@
indoor air quality mostly affected by the outdoor : =~ :
rather than possible indoor sources; S

« the misperception of the IAQ also affects Nt e

° ° ° think is preferable to adopt manual airing (MA), following mitigation strategies: kitchen hoods (H),

occupants’ habits and intentions: they do not rechones oo (. rgre? g 1A, nthng?

@ @ PN
(Unsure
=

routinely use mitigation strategies while indoor
sources are in operation, and, in case, their use is
mainly governed by other reasons than air quality
(i.e. reducing smells and relative humidity) Wouktyouintolla mechariclveriiofon Wy useaperibl i prfroimprons

system to improve the indoor air quality of your the indoor air quality of your house?
house?

Change in perceptions, habits, and intentions of the IAQ of the ten
familiesinvolved in the eco-feedback strategy
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Feedback

Effectiveness of eco-feedback in improving the indoor air quality in residential buildings:
mitigation of the exposure to different airborne particle metrics
Results:

the eco-feedback strategy adopted
resulted successful both in terms of
promoting behavioral changes of the
occupants and reducing the concentration
levels while airborne particle emitting
sources (i.e. cooking) were in operation;

the exposure to airborne particle metrics
while cooking events measured during the
experimental campaign carried out after
the information campaign (follow-up
period) resulted lower than the baseline
exposure; relative reductions of 47% and
50% were obtained for PM,; and PNC,
respectively;
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g 40% . :=
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Q [ ]
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o
& -20% .
-40%
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Relative reductions amongst median values measured during
cooking activities performed within baseline and follow-up periods
inthe 10 homes as resulting from the quantitative analysis.
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