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Particle Category Diameter (um) Size comparisons
(if the PM was 100,000 times bigger).

Coarse: PM,, — 2.5-10.0 football (220 mm)
@ Fine: PM, 5 <25 — golf ball (40 mm)
* large grain of sugar
Ultrafine PM <0.1
: (1-2 mm)
\ (nanoparticles) /
(B B /C Potential factors contributing to the \
fine’ particle ‘ultrafine’ particles toxicity of ultrafine particles:
| e s I * Large reactive surface area =
* Greater capacity to carry harmful surface chemicals
Vs * Complex composition of many combustion-derived ultrafine PM
* High deposition in the alveoli of the lung
.‘ * Uptake and activation by inflammatory cells
| | * Smallest nanoparticles can pass into the circulation
lower higher * Accumulation in peripheral organs and sites of inflammation
\ surface area surface area / \ j

Cardiovascular Research (2020) 116, 279-294



Halsoeffekter av luftfororeningar

Lungor Hjarna
= Respiratory Disease Mortality = Stroke
= Respiratory Disease Morbidity = Neurological development

» Mental Health

* Neurodegenerative diseases
Hjarta

= Cardiovascular Disease Mortality

» Cardiovascular Disease Morbidity

* Myocardial Infarction

* Arrhythmia

* Congestive Heart Failure

= Changes in Heart Rate Variability

» ST-Segment Depression
Hud

= Skin Aging

»* Lung Cancer

* Pneumonia

= Upper and lower respiratﬁxgymptams

= Airway inflammation

» Decreased lung function \

» Decreased lung growth
Amnesomsittning

* Insulin Resistance

= Type 2 diabetes

= Type 1 diabetes -

» Bone metabolism

Blodkarl

* High blood pressure

= Endothelial dysfunction

= Increased blood coagulation
= Systemic inflammation

= Deep Venous Thrombosis

* Premature Birth
/ * Decreased Birth Weight

» Decreased foetal growth
* |n uterine growth retardation
» Decreased sperm quality

X » Preclampsia

ATS/ERS statement on What consitutes Health effects of
air pollution. European Respiratory Journal 2017



Mekanismer bakom luftfororeningars effekter

o Acute

& Chrowmic

PM or constituents
in the circulation

UFP, soluble metals
Organic compounds

l

Vasculature
Vasoconstriction
Endothelial dysfunction
PM-mediated ROS
t BP
? Atherosclerosis

Blood
? t Platelet aggregation

“Systemic
spill-over”

N

™ v C
Systemic Oxidative Stress and Inflammation

Cellular inflammatory response (t activated WBCs, platelets, MPO)
t Cytokine expression/levels (t IL-1B, IL-6, TNF-a)
7?7 t ET, histamine, cell microparticles, oxidized lipids,; ¢ anti-oxidants

i 1

Acute phase response
t Clotting factors
Fibrinogen, CRP
Activated or Activated or
Inflamed fat Inflamed liver
Direct actions

Vasculature Endothelial cell dysfunction/vasoconstriction, tROS
Atherosclerosis progression/plaque vulnerability

t Thrombogenecity (e.g. tissue factor)

Insulin resistance, dyslipidemia, impaired HDL function
t Coagulation, thrombosis; + fibrinolysis (e.g. PAI-1)

t Adipokines
(PAI-1, Resistin) - -

Metabolism
Blood

ANS imbalance
| TSNS / LPSNS |

Vasculature
Vasoconstriction
Endothelial dysfunction
Neural-mediated ROS
t BP

Blood
t Platelet aggregation

Heart
+ HRV
t Heart rate
t Arrhythmia potential

Brook, et al. Circulation. 2010;121:2331-78
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Neuroendocrine changes
Inhaled ——  Particle translocation L—»
particles :
e 0% @ ’ q
%o
—1 Systemicinflammation [—*
Bloodborne mediators
Cardiovascular system
r p— S
B Brain
Neuroendocrine changes?
Kidneys
Inhaled ——  Particle translocation? —» y
particles . :
.. _ — Metabolism
o0 °
o
— Systemic inflammation? —
y Placenta-fetus
Blood-borne mediators?
Cancer
C Increased thrombogenicity?
Carotid/cerebral artery rigidity and atheroma? Brain
Increased blood pressure?
Impaired renal blood flow? .
Inhaled = > Kidneys
particles Endothelial dysfunction? Insulin resistance?
° High density lipoprotein dysfunction? .
K » Metabolism
Pre-eclampsia, placental vessel remodeling,
decreased fetal capillary number? » Placenta-fetus
Cardiovascular , , , .
Inflammation and oxidative stress, angiogenesis?
system > Cancer

Miller et al, 2020



Exponeringskammare for diesel och biodieselavgaser
Expertis inom forbranningskemi/fysik - Christoffer Bomans grupp
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« Slemhinneprover och skdljning
med koksaltlésning i luftror (BAL)




Effkter av dieselavgaser I lungor

och andra delar av kroppen
e Slemhinneprover i luftvagarna
» Skoljning i luftror med koksaltlosning (Bronkoalveolart
lavage)
— Ger celler och 16sliga komponenter — proteiner, lipidmediatorer mm

* Blodprover

* Lungfunktion
—

Luft Diesel

Salvi et al, Am J Respir Crit Care Med 1999; 159: 702



Okad blod koagulering

xi,  [COAGULATION CASCADE |
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http://med.mc.ntu.edu.tw/~chenhs/cvd/ecg.jpg

Exercise induced ischaemia reflected by
12-lead HOLTER ECG during Diesel Exhaust exposure
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Excercise Vent 10 L/min/m?2
+20 +25 +30 +35
Time from start of exposure, Mills et al. NEJM 2007




Biobranslen for transport
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Biodiesel is a clean burning fuel produced
Irom domestic, renewable resources.



RME Biodiesel vs Petrodiesel

» Halsoeffekter av att byta till biodiesel?

* Inga humanstudier var tidigare gjorda pa
fornybara drivmedel

 Fatal cell och djurforsok har pekat mot att
avgaser fran biodiesel skulle vara minst lika
farliga som petro-diesel — trots annan kemi



Tre exponeringsstudier med biodiesel RME

1. RME30 (30% biodiesel) vs petrodiesel
— PM1 300mg/m3- samma partikelmassa

2. RME100 (100%biodiesel) vs Petrodiesel

— PM1 165mg/m3 RME100 vs 300mg/m3 petrodiesel —samma belastning och korning med tva olika
branslen gav olika emission av partikelmassa

Blindade exponeringar pa forsokspersomer- 2-3v intervall
Euro 3 Volvo motor, European Transient Cycle
1 tim exponering i vila alternerande med ergometercykel
Som ger andningsminutvolym 20L/min/m?
Matning av blodkarlseffekter 2-4 tim efter exponering

3. RME100 (100%biodiesel) vs Petrodiesel

Som studie 2 - men bronkoskopi for lungeffekter

BioDiesel



Betydligt mer nano partiklar
av Biodiesel
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RME BIODIESEL GER LIKARTADE BLOD OCH
BLODKARLS EFFEKTER SOM PETRO-DIESEL

UPPSTYVNING AV BLODKARL OKAD PROPPBILDNINGS-TENDENS
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Bradykinin, in

Effekter som kopplar till
halsoeffekter i befolkningen med
hjartinfarkter, stroke, hjartsvikt
som kopplats till luftférorenings
exponering

Biodiesel




BioDiesel bronkoskopistudie

* Mer makrofageffekter i dvrigt lika som petroleum diesel

* BioDiesel vid halva partikelkoncentrationen mot petroleum
diesel

BioDiesel 2 Nl 4 g kg




Biodiesel i 30% inblandning och 100% biodiesel
minst lika farligt som vanlig diesel

 Samma effekter pa
— Blodkarl
— Koagulation
— Blodtryck
— Luftvagar
—Inflammation



Slutsats

* Biodieselavgaser fran RME bedoms
minst lika farligt som “vanliga
dieselavgaser”

e Detta stods aven av vara forsok pa
cellodlingar med olika typer av
biodiesel (RME, SME, FAME mfl)

* Halsoeffekter bor beaktas for nya
alternativa fornyelsebara branslen



Samverkan med Doc Christoffer Bomans grupp om
halsoeffekter av rok fran férbranning av biomassa

Valdig manga scenarior —som skiljer sig at mycket:
bransle, temp, luftillforsel, kemi, fysik mm







ROk fran forbranning av vedpellets
samt sotig ofullstandig férbranning av ved

Anorlunda inflammationseffekter an diesel, biodiesel, ozon, NO2 mm
Mer cellskadande effekt och dampat immunforsvar av sotig vedrok

Studerat 6 och 24 timmar efter exponering jamfor med filtrerad luft pa
forsokspersoner

Kompletterande cellforsok och analyser

| RN 7 ET o A
3) o aaS P - 3 1
J N ! v n’)r" S 2 g, 0
Y .“.ia‘ « B o o~ R !
| N TS U 08 | s T o J %9
", DENTRN e N 9 N °
3 \ oAt A\ S L { c-( 3,4_____’ ! . ~
‘ 8 2 5 4 2y e % AN < \ oo N
B B \ o o3 AN~
5 Se B ~ ¥ )
5 X ¢ ~ P NS -
’ - =73 > TN 9% .9 . " L = 3 . -
A o a Lasy - ‘ S
= | s =) ¢ .
> P ~ ° e - \
o = f\ Ly @ é ' ®Fas” - 0‘
(3 ’ -
a0 & | © o, .' o .
o, {53 o0 3
- - - & o N k4 - 4 LA a
Epithelial CD8+ T cells Epithelial T cells Submucosal Mast cells
§' 005 <0.05 E
E p< E p<u - P<0.05
E
§ 3 £
s 8 H
8 5 2
3 2 =
| i =
d 5
L

e Wood Smoke Ne Wood Smoke Alr Wood Smoke



Experimental wood smoke exposure

* Exposure to sooty incomplete wood smoke combustion negatively
affected bronchoalveolar cells and proinflammatory mediators
Muala et al, 2015

* Exposure to high temperature pellet wood smoke caused
bronchoalveolar eosinophilia

* Potential cytotoxic response in similarity with in-vitro studies
Jalava et al. 2012, Danielsen et al. 2011, Schwarze 1996

* Down regulated immune defence and increased risk for infections ?

Laumbach et al 2011, Kelly et al 2011
Mishra et al 2003, Lin et al 2007

* Mild cardiovascular effects
— Increased arterial stl.ffnes.s Unosson et al 2014
— No vasomotor function disturbance Hunter et al 2014
— No thrombosis related effects



s UNIVERSITET Slutsatser

* Biodieselavgaser fran RME beddms minst lika farligt som ”vanliga dieselavgaser”
for lungor och hjart-karlsystem

» Detta stods aven av vara forsék pa cellodlingar med olika typer av biodiesel (RME,
SME, FAME mfl)

* ROk fran biomassa ger andra cell och halsoeffekter an dieselavgaser
— Mindre akut inflammation och mer kopplat till nedsattning av cellfunktioner
— Vissa blodkarleffekter man skiljer sig fran petro-diesel/biodiesel

» Halsoeffekter och toxilokogiska effekrer bor beaktas aven for alternativa
fornyelsebara branslen
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