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SCIENTIFIC COMPONENT




Motivation

— Why atmospheric particulate matter is so important?

» Interaction with climate

DIRECT EFFECT

1. Scattering Radiation = COOLING

Refraction

2. Absorbing Radiation = WARMING
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Increase cloud albedo = COOLING
Increase cloud lifetime = COOLING

Human activities
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» Health effects

Nasal cavity
5-10 pm

Trachea
3-5um
Bronchus
2-3 um

Bronchiols

The International Agency
for Research on Cancer
(IARC) has classified
particulate matter (PM)
in outdoor air pollution
as carcinogenic to

humans (Class 1)

— Why atmospheric particulate matter is so important?

Global ranking of risk factors for total deaths from all

causes for all ages and sexes in 2015
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(Institute for Health Metrics, Evaluation’s Global Burden of Disease
Project, Health Effects Institute, 2017)




» Health effects

% of the urban population in the EU-
28 exposed to PM concentrations

Exposure

estimate
(%)

82 -85
50 - 62

PM; 5
PMy

10 (year)
20 (year)

(EEA, 2017)

above the WHO Air Quality Guidelines

— Why atmospheric particulate matter is so important?
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Main sources of fine particulate matter worldwide

l Pollution Source contributions to Total PM_ 5 |
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(Karagulian et al., 2015. Atmos Environ 120, 475)



Source-apportionment by receptor modelling

® Positive Matrix Factorisation (PMF)

® Chemical Mass Balance (CMB)

Receptor
(monitoring site)

C Zfall

C; - ambient concentration of specie i (ug/m?3)
[;; - fraction of species i in emissions from source j

S; - contribution (source-strength) of source j (ug/m3)
n — total number of sources

e; — error term to be minimised (to obtain best fit)
S; are the unknowns (C, f;, n — required input)



Million vehicles in the EU

The importance of road traffic emissions

Percentage distribution of
passenger cars in use by fuel type
in the EU

|

Hybrid, 0.4 LPG/natural gas, 2.2

Electric, 0.1% /_Other, 0.4

\
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Source: Automobile Manufacturers’ Association, 2017.
Report ”"Vehicles in Use in Europe”



The importance of road traffic emissions
|  sioPaulo | Riodelaneiro |  BeloHorizonte

Local sources Transportation, Transportation, petrochemical  Transportation, minery,
industries industries, refinery refinery
N2 gasohol vehicles 3,877,098 1,040,321 633,242
Ne¢ etanol vehicles 495,946 139,801 54,768
Ne flex fuel vehicles 2,615,055 854,556 885,515
Ne diesel vehicles 364,797 124,110 100,092
N2 electric cars 848 42 29
N2 travels/day (x1000) 43715 22594 13060
% travels by public transportation 36.9 48.7 31.0
% travels by passenger cars 31.1 19.5 31.0
% travels by foot 31.4 29.4 37.0

% travels by bicycle 0.6 ‘°4¢ 2.4 ,041 .0471.0
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Types of traffic-related particles

3
= Brake wear
= Tyre wear
= Road wear
= Resuspension of road dust

Road traffic emissions




Exhaust versus non-exhaust particulate emissions

Trend of the contribution (%) of exhaust and non-

exhaust emissions in total road transport PM,, PM,, emissions from road traffic
emission in the EU-28 region (Netherlands)
80% 14
70% wear emissions —eo—tailpipe emissions
12
160%
50% AlO
0, c
40% 28
30% =
20% 23 6
10% a4
0% -
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2
Year 0
B Road Transport Exhaust ¥ Road Transport Non-Exhaust 1990 1995 2000 2005 2010 2015 2020 2025 2030
(Guevara, 2016. In Airborne Particulate Matter: Sources, Atmospheric (Krijgsheld, 2011. International workshop road transport
Processes and Health) wear emissions, Amsterdam)

e Non-exhaust emissions are equal to or surpass exhaust contributions

* Reductions in exhaust PM,, have been registered due to stricter emission controls and
technological advances

e As exhaust emissions decrease, the unregulated emissions from non-exhaust sources will
become even more important

e Large uncertainties associated with non-exhaust emission factors and wear rates



Difficulties in apportioning road traffic emissions



UFPs

Organics, metals, surface area

v
Oxidative stress
v ]
Depletion of anti-oxidants Lipid peroxidation
v v

Active ER stress, MAPK/NF-kB or other redox
sensitive signaling pathways

v

Pro-inflammatory

v

Inflammation response of respiratory and
cardiovascular system

Health relevance of traffic emissions

0 Though the toxicity of exhaust emissions is
guite well documented, the re-evaluation has
been suggested because the properties of
engines and fuels have improved and the
emissions are constantly changing.

O Except some bioassays that have identified
nitro-PAHs as major mutagenic drivers, few
approaches have been used to determine the
chemical species forcing the health hazards.

O The toxicological properties of non-exhaust
particles are little known and some of the few
existing studies have reached contradictory
conclusions.



The importance of cooking emissions

Particulate emissions in the USA from commercial cooking and highway vehicles (ton/year)

Total Flat Clamshell | 4o r-fired Conveyorised Highway

charbroiling charbroiling vehicles

charbroiling | griddle griddle
frying frying

PM, . 79,300 11,900 910 58,300 8200 135,000

PM 85,500 15,700 110 60,300 8500 192,000
10

(Abdullahi et al., 2013. Atmos Environ 71, 260)

_ N2 of restaurants

USA 700,000 U The majority of residential and
_ commercial cooking emissions remains
China 2,400,000 uncontrolled.

Worldwide 16,000,000



The importance of cooking emissions

PM, . chemical composition for global megacities
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The importance of cooking emissions

Paris 35% Crippa et al. (2011) cooking organic
aerosol (COA) by

London & Manchester 34% Allan et al. (2010) PMF applied to

Barcelona 17% Mohr et al. (2012) ambient

New York 16% Sun et al. (2011) measurements by
HR-ToF-AMS

Toronto 33% Slowik et al. (2010)

Fresno 19% Ge et al. (2012)

Hong Kong 39% Lee et al. (2015)

Beijing 33% Xu et al. (2018)

» COA is currently not included in European and Brazilian emission inventories

» Model simulations with EMEP4UK for the UK estimated COA emissions of 7.4 Gg
year?, which is an almost 10% addition to the officially reported UK national
total anthropogenic emissions of PM, . (82 Gg in 2012), corresponding to 320

mg person~! day™, on average.

(Ots et al., 2016. Atmos Chem Phys 16, 13773)
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sources

The importance of cooking emissions

TVOCs concentrations emitted from different




™ ROB + TSI
Biogenic

PYE + TSI

35(212)%
Cooking

4%
Biogenic

4
Biogenic

GRI +TSI

ROB + 4xV

Four different literature parameterisations for the formation
and evolution of urban SOA using a box model:

ROB+TSI - Robinson et al. (2007), Tsimpidi et al. (2010)
GRI4TSI - Grieshop et al. (2009), Tsimpidi et al. (2010)
PYE+TSI - Pye and Seinfeld (2010), Tsimpidi et al. (2010)
ROB+4xV - Tsimpidi et al. (2010), Robinson et al. (2007), Zhang et al. (2014)

The importance of cooking emissions

Secondary organic aerosols (SOA)
in Los Angeles

Cooking accounts for 19-
34% of the SOA mass
concentration in LA

(Hayes et al., 2015. Atmos
Chem Phys 15, 5773)



Environ. Sci. Technol. 2002, 36, 567—575

A
Measurement of EmiSSiOTIS ﬁ-om Air organic compounds found in the urban atmospheric fine

particulate mixture (1). These particle-phase acids are known

PO"ution Sources' 4. C‘[_c27 to be emitted from many sources such as meat cooking

operations, wood combustion, motor vehicle exhaust, and

Organic Compounds from Cooking road dust (2, but air polluton modeing resultsfor the Los
with Seed Oils : :

unquantified sources of these compounds (3, 4). Seed oils
are comprised largely of esters of n-alkanoic acids (5), and
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Health relevance of cooking emissions

Reactive oxygen species (ROS) generating capability of the water-soluble
extracts from PM measured by the dithiothreitol (DTT) assay

| |

Ambient PM
Isoprene OA

Oxidized OA

T l
I I
| |
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Cooking OA

|
|
I
I
|
l
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I
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Biomass Burning OA

—
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Intrinsic DTT activity (or toxicity), pmol/min/ g

(Verma et al., 2015. Environ Sci Technol 49, 4646)



Health relevance of cooking emissions

Dangerous constituintes in
& ) Effects
cooking fumes

e VOCs Oxidative stress

e PAHs Respiratory problems
e Heterocyclic aromatic amines Cancer

DNA and cell damage
Neurotoxic effects

However...

the toxicological studies were only carried out for a limited number of culinary
styles, most of them focusing on the cooking fuels




SOPRO main objective:

To develop hitherto unavailable Luso-Brazilian chemical and

G'HOO toxicological emission profiles for major urban sources of
. particulate matter




© WP1 - Emission Factors/Source Profiles

Task 1.1 - Non-exhaust particle emissions: tyre and brake wear

Task 1.2 - Non-exhaust particle emissions: pavement-tyre interaction
Task 1.3 - Non-exhaust particle emissions: road dust resuspension
Task 1.4 - Vehicle exhaust emissions

Task 1.5 - Road tunnel measurements

Task 1.6 - Cooking emissions

Task 1.7 - Chemical characterisation



» WP1 - Emission Factors/Source Profiles

| Task 1.1 - Non-exhaust particle emissions: tyre and brake wear

e AP 4 ;
T A A L
s ls

Measurement of tread depth HTyfe wéight loss B

Brake (discs and pads) wear loss

DRIVING LOG

Date & Driving environment Driving Distance Weather
Time (rural, city, motorway, etc) time travelled conditions




Blower

Disk =T
e
300 mim
Pad 200 mm
-
Andersen
low-valume sampler
lijima et al.

Gunma Prefectural Institute of Public
Health and Environmental Sciences,
Japan

Constant Volume Sampling (CVS)
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WP1 - Emission Factors/Source Profiles

Task 1.1 - Non-exhaust particle emissions: tyre and brake wear

Activated Carbon
& HEPA Filter Air

/— (as Sheath Air)

|
Master Cylinder

<:|$ampling Air

\— Activated Carbon

Brake System & HEPA Filter

Assembly
Particle Mass Sampling Trays
Monitoring  for Sediment Dust
PMIO f PMZ,S
Hagino et al.

Japan Automobile Research Institute



WP1 - Emission Factors/Source Profiles

Task 1.2 - Non-exhaust particle emissions: pavement-tyre interaction

» Road simulador is electrically
actuated (no contamination
from exhaust pipes)

» Different tyres and
pavements can be tested

» Wear particles can be
generated under different
vehicle velocities

* Hi-vol PM sampling onto filters
* Particle size distributions



4 WP1 - Emission Factors/Source Profiles

& -~ ™ > . [ [ o
L™ &g Task 1.3 - Non-exhaust particle emissions: road dust resuspension
b
S

SAMPLING
SAMPLING . METHODOLOGY II

METHODOLOGY |
In situ resuspension chamber

(Amato et al., 2011)
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O 1
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Flow meter Deposition chamber O _g;,..""v"" :
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Flow = 25 L/min; Area = 1 m?

At = 30 min Resuspension in a chamber

PM,,sampling



WP1 - Emission Factors/Source Profiles
Task 1.4 - Vehicle exhaust emissions
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4 WP1 - Emission Factors/Source Profiles
{ Task 1.5 - Road tunnel measurements

[ TUNEL PRES. JANIO QUADROS
Obra da Prefeitura de S&o Paulo
Inaugurado em 31.03.1994

Janio Quadros - LDV




WP1 - Emission Factors/Source Profiles
Task 1.5 - Road tunnel measurements

» Traffic countings

» Airflow through the tunnels
» Real time measurement of CO,, CO and NO,
» Aethalometers

» Particle size distributions

» Particle collection onto quartz and teflon filters

La Rovira



i 4 WP1 - Emission Factors/Source Profiles
“agt Rad Task 1.5 - Road tunnel measurements

) V] . e |
Outlet sampling site Inlet sampling site

<
«

Direction of travelling vehicles

<
«

AP Cou — C;
EF = [P] We EF =2 " A U.t
A[CO,] + A[CO] N.L

EF - emission factor (g/kg of fuel burned) EF - emission factor (mg/vehicle/km travelled)

A[P] = concentration of the pollutant subtracted  C_, and G, - pollutant mass concentrations (mg/m3) at
from the background value measured the exit and entrance of the tunnel,
outside the tunnel (ug/m?3) respectively

A[CO,] - CO, concentration subtracted from A - tunnel cross-sectional area (m?)
the background value (pg C/m3) U - wind speed (m/s)

A[CO] - CO concentration subtracted from t - sampling duration (s)
the background value (ug C/m?3) N - total number of vehicles during the sampling period

- weight fraction of fuel carbon (g C/g fuel) L - distance between the two monitoring stations (km)



WP1 - Emission Factors/Source Profiles

Task 1.6 — Cooking emissions
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' WP1 - Emission Factors/Source Profiles

| Task 1.6 — Cooking emissions

VOC sampling onto
sorbent tubes

Carbonyl sampling onto
| DNPH cartridges

PM, . sampling
onto quartz filters

Flow velocity
measurement with a
Pitot tube




» WP1 - Emission Factors/Source Profiles

' Task 1.7 — Chemical characterisation




[
_Sample FID or MS
injection
' detector
Carrier Air
gas Hydrogen
Column 1/ i

0.00 025 0.50 015 100 125 150 175 2.00
Time {min)

Acetonitrile
extraction

Gradient separation of DNPH derivatives
High-performance liquid chromatography

Carbonyl compounds
Photodiode array detector




WP2 - Source apportionment & updated inventories

(Task 2)

EFs

Biomass burning

Updated
emission
inventories
for Sao
Paulo and
selected
regions in

Portugal

(BIOEMI and AIRUSE projects)

EFs

Vehicle (exhaust and non-

exhaust) & cooking

(WP1 of SOPRO)

Trajectory models
e.g. FLEXTRA, HYSPLIT




WP3 - Toxicology

Task 3.1 - Mutagenic evaluation

B \ ﬁ/ Rat liver
Experimenta extract Experimental plate

Suspected Incubation
mutagen
Media lacking histidine
Cultures of Colonies of
histidine-dependent revertant
Salmonella bacteria

Control
{No Suspected
Mutagen Rat liver

Added) extract

—

_) Incubation

e oCvriaht £ 2004 Pearson Education. Inc.. publishing as Beniamin Cumminas.

The test will be repeated with
and without metabolic
activation by the S9 mix (rat
liver extract):

» without S9 — to evaluate
direct mutagenic activity

» with S9 — to detect the
indirect mutagenic activity
of metabolic products of
the tested PAHs

e
Control plate
@ Two cultures € The €) Each sample is poured €} The numbers of colonies on the experi-
are prepared suspected onto a plate of medium mental and control plates are compared.
of Salmonella mutagen is lacking histidine. The The control plate may show a few
bacteria that added to the plates are then incubated spontaneous histidine-synthesizing
have lost the experimental at 37°C for two days. revertants. The test plates will show an
ability to sample only; Only bacteria whose increase in the number of histidine-
synthesize rat liver histidine-dependent synthesizing revertants if the test (Maron and Ames,
histidine extract (an phenotype has mutated chemical is indeed a mutagen and 1983: M |
{histidine- activator) is back (reverted) to potential carcinogen. The higher the ; Mortelmans
dependent). added to both  histidine-synthesizing concentration of mutagen used, the and Zie ger, 2000)
samples. will grow into colonies. more revertant colonies will result.




WP3 — Toxicology

Task 3.2 - In vitro screening of the cytotoxicity

N \
Cell culture /\ Exposure / Biological assays

Cell culture
- > Cell viability
Lo : * LDH; WST-1
ung BEAS-2B cells ,
epithelium Dose-response curves
' , normal human
bronchial epithelium v’ Selection of concentrations for

further studies

- > Oxidative stress

primary fetal lung .
fibroblast cells * Intracellular ROS generation

* Nitric oxide production

Alveolar
NR8383 cells
macrophages * Intracellular catalase and

murine blood . . o
macrophages superoxide dismutase activities



WP3 - Toxicology

Task 3.2 - In vitro screening of the cytotoxicity

Cell culture /\ Exposure /\ Biological assays /

Cell culture

- > Inflammation

Lung ' * proinflammatory cytokines (e.g. IL-6,
oy BEAS-2B cells _
epithelium IL-8) and the tumor necrosis factor-
- , normal human
bronchial epithelium alpha (TNF-alpha)

» Oxidative DNA damage

- * hOGG1 - modified comet assay

primary fetal lung

fibroblast cells » cell cycle dynamics
Alveolar » Nuclear and mitotic abnormalities
NR8383 cells
macrophages  Cytokinesis-Block Micronucleus

murine blood

macrophages Cytome (CBMNCyt) Assay



WP4 — Chemical transport modelling
(Task 4)

© Comprehensive Air Quality Model with Extensions (CAMX)

® Weather Research and Forecasting model coupled with Chemistry (WRF-Chem)

v



Relashionships between WPs and tasks

: Modelling

WP4

9 o /SOURCE APPORTIONMENT \ / \
; = Air mass trajectoy analysis
O 8 FLEXTRA/HYSPLIT WRF/Chem and CAMx models
v S g . Quantification of sources

S £ > Chemical Mass Balance contributing to PM in urban
E c E Positive Matrix Factorisation environments
a o
> E © A

N o "‘.'5' Air quality forecasting of primary
E Q and secondary pollutants for
Q. O Q|  UPDATED EMISSION INVENTORIES el el e Ene Gl
& << O change scenarios, and air
o o] Sources activity pollution control policies
; c Emissions

©

\_

Source sampling: NON-EXHAUST EMISSIONS

Road simulator
Hi-Vol, Low volume samplers PM,,
(quartz, teflon and nucleopore filters)
Collection of tyre tread, brake dust

G _/

A
=~

(CHEMICAL

CHARACTERISATION

OC, EC and CO,>
Organics
Water-soluble ions

WP1

Source sampling: ROAD DUST resuspension

—)

Vacuum sampling or sweeping; Sieving;
Resuspension in a chamber
In situ resuspension chamber
PM,,,PM, squartz, teflonand nucleopore

Source sampling: EXHAUST EMISSIONS

Metals

\ Morphology

Identification of Tracers
Chemical Source Profiles
Multi-componet databases

(Link between PM chemical\

properties and
toxicology

Dynamometer; PM, 5, Gases

TUNNEL measurements

Emission Factors

Traffic counts
Hi-Vol, low volume samplers
(quartz, teflon and nucleopore filters)
PM;o PM, 5

Road dust . .
) Mutagenicity & cytotoxicity
Source sampling: COOKING EMISSIONS (in vitro tests) J

ion Factors/Source Profiles

ISS

Em

Low volume samplers
Quartz and teflon filters
PM, 5/PM,,

WP1

Toxicology

WP3



POSTGRADUATE PROGRAMME 1:

Title: Physico-chemical profiles of exhaust and non-exhaust emission from motor vehicles

Source sampling: NON-EXHAUST EMISSIONS
Road simulador; Brake dynamometer WP1: Emission Factors/Source Profiles

PM,, samples; size distributions
Collection of tyre tread, brake dust

)

Source sampling: ROAD DUST resuspension (CHEMICAL
CHARACTERISATION

Vacuum sampling or sweeping; Sieving;
Resuspension in a chamber
In situ resuspension chamber
PM,, samples

OC, EC and COz*

Organics ;
ﬁ Water-soluble ions
Metals
Morphology

Source sampling: EXHAUST EMISSIONS

Dynamometer;
PM, s, Combustion gases

Emission Factors

Chemical Source Profiles
Multi-component databases

Identification of Tracers

TUNNEL measurements

Traffic counts
PM,o, PM, ;s samples; size distributions universidade dé aveiro a dao
BC; combustion gases depariaméfiC OB
Road dust y

ua B (A members courses research department management

=y .z I T
2 : ~

study programme > Environmental Sciences and Engineering (taught in
English)

Development of chemically detailed profiles for exhaust and non-exhaust
emissions representing the European and Brazilian vehicle fleets



POSTGRADUATE PROGRAMME 2:

Title - Cooking emissions: an overlooked contributor to air pollution?

( N
Source sampling: COOKING EMISSIONS (CHEMICAL CHARACTERISATION \
PM low volume samplers o OcC, E_C - Identification of Tracers
Flow velocity measurement -9 Emission Factors 9 Organic speciation || Chemical Source Profiles
VOC and carbonyls in sorbent tubes Water-soluble ions Multi-componet databases
\_ Yy, Metals
WP1: Emission Factors/Source Profiles \VOCS and carbonyls y
‘1’ WP2: PM, ./PM,, Source Apportionment

SOURCE APPORTIONMENT
Air mass trajectoy analysis

and Updated Inventories
UPDATED EMISSION

FLEXTRA/HYSPLIT
INVENTORIES
Chemical Mass Balance Activity information ., ¢ © ﬁ dao
Positive Matrix Factorisation Emissions

members courses research department management

Quantification of cooking emissions to
PM in urban environments

study programme :-Ewkmtdm and Engineering (taught in
English)

Obtain chemical profiles for hitherto unavailable cooking emissions;

Estimate: i) carcinogenic and mutagenic potencies of these emissions, ii) O; and SOA

formation potentials of VOCs, and iii) the contribution of cooking emissions to the
atmospheric pollution loads at several Brazilian and Portuguese sites
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