


- 2 N ¢ Diesel exhaust particle
Uncoated sample on a collection filter
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Air quality index

Daily AQI Color Levels of Concern Values of Index Description of Air Quality
Yellow Moderate 51to 100 Air guality is acceptable. However, there may be a risk for some people,

particularly those who are unusually sensitive to air pollution.

151 t0 200 Some members of the general public may experience health effects;
mhmofsuuﬂuwmmm more serious health

T e | men e

affected.
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NO,
(ppm)

PM . (ng/m)

PMipg/m)

sele TTY

Oy ippm) CO(ppm) SOs(ppm)

Cala 1!

Oy (ppm)

el o .Yy Gl ola

o le O

verfe DN

0/.’--.“0“

v [oVPan 08D AT NP r21-90% 139-Yo 3y CFR L £ 00 A & BEEEL T PR o TR T T . 10
Jb JW’;
TCA ST - IEVA S - B £ 4 $200-10- 7 ™0-Tor AL J0- S T-TL UL 4§ £~ S0 ZL Y o A B 4 CHEERT-1 B O ‘_k.,u
AVPLTYY A -0 2 15073/ 25-¥1¥ OJ-Tu ¥ DN - 2 P UTY Yol Ve P’L—L J'-i
- .J'oé-."bo' '60.‘6—".,' "b.aa' 'o,‘a—'o/' .J‘.AQ./A" \)'6—"” '.‘.'. e
: S Jas
TP SR L CTR LT 8+85.5+¥ 0. 5% CAS V¥ ‘B0 L T BTSN

n/o—\)"

13.:0-Fo/e

o;-o--o/-"

o200 /\VY

ol OO

e QY

o/-a'-o/\

u

OB gl g il p AT S5 )50 o 2500 5 Bl b 0 ikl AL AL MG 3 o U S FIE e S 03 e A A G ;.'..,.»'
.a,&j}fo,h“,aﬁs&-éb&o} e e o e
2 35 aadns ol S5, S50 Chb B aallad b Al SILT Y AT A 5y, A0 <AV ppm e le S o)) Shil _,v.s,"'



Indoor Air Pollution

Major Sources:
-  Solid Fuel Combustion
- Cigarette Smoke
-  Poor ventilation
-  Household Processes

Birth: = = — _

LBW

IUGR

Preterm birth
Stillbirth

Neural Tube Defects
Anthropomorphic
Measure Reductions

Air pollution & Adverse

\Helalth effects

Outdoor Air Pollution

Major Sources:
-  Motor Vehicles
- Industrial Processes

- Forest Fires

-  Biomass Combustion

Adverse Health Effects

o !

S
—_—
i [—

- Asthma
-  Upper Airway Irritation

\

o
"
—

= >  Farly Life: —~ =

- Cardiovascular Dysfunction =

- Respiratory lliness
- Development
- Insulin Resistance

_ — =>» Adulthood:

Stroke
Cardiovascular
Dysfunction

DNA Damage
Chronic Bronchitis
Respiratory lliness



B Other NCDs

¢ Chronic respiratory diseases

M Cardiovascular diseases M Cancers
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(A

Particle Category

Diameter (um) Size comparisons

(if the PM was 100,000 times bigger):

Coarse: PM,, 2.5-10.0 Pt football (220 mm)
Fine:PM,, <25 — golf ball (40 mm)
. Ultrafine PM <0.1 B
N (nanoparticles) E
N\ J
C  Potential factors contributing to the -
toxici ultrafine particles: ;

Large reactive surface area
Greater capacity to carry harmful surface chemicals

High deposition in the alveoli of the lung

Uptake and activation by inflammatory cells

Smallest nanoparticles can pass into the circulation
Accumulation in peripheral organs and sites of inflammation

Complex composition of many combustion-derived ultrafine PM

/




Unknown sources Yrban dust, 2%  soil dust, 7%

dust, 8% Construction
dust, 6%

SOC,13% v
."4(:\

| _J = S Steel dust, 6%

Nitrate, 17%
Motor vehicle
exhaust, 13%

Power plants
Sulfate, 17% dust, 11%




Aerodynamic diameter: 10 pm

Industrial zone: 138.43 UE/mg
Commercial zone: 170.44 UE/mg

Pollen, dust,
mold

l

Naphthalene,
acenaphthylene,
acenaphthene, fluorene,
phenanthrene,

anthracene, , . _
fluoranthene, pyrene, ~ Metals
benzo(a)anthracene, P analyzed by
chrysene, == PIXE
benzo(b)fluoranthene,
benzo(k)fluoranthene, |

limulus amoebocyte lysate

benzo(a)pyrene, Particle-induced X-ra -
dibenzo{a,h)anthracene, .. y Content in pg/mg of PMq:
benzo(g,h,i)peryiene, emission C. Al Si, P, S, Cl1L, K, Ca, Ty, Cr,
and indene Mn, Fe, Ni, Cu, Zn, Pb




Diesel PM 2.5 Chemical Composition

[ Metals &

[0 Organic Carbon Elements
19% 2%
(7-49%) (1-5%)

B Other
3%
(1-10%)

B Sulfate, Nitrate
1%
o (1-4%)

[ Elemental
Carbon
75%
(33-90%)




SOURCES OF PARTICULATES MATITER

Unit
Kg /day

’ Road ld"" M Construction & demolition
| V.ehlc es B Hotel & restaurants
B Dicsel gensets Bl MSW burning

BMConcrete batching M Cromaticn, aincraft & muedical berning
M Domeastic sources W iIndustrial area & point sources




A A

Outdoor-Generated Indoor-Generated
| PM2.5 PM2.5

- ;.. ; |
, o . & B

Combustion of Chemical reactions > Cooking (frying, Cleaning
gasoline, oil, diesel fuel of gases (502, NOx) sautéing, broiling) products
—
Dust storms, Forest fires Tobacco Indoor
tornadoes and bonfires smoke fireplaces

, 2, @

Vehicle exhaust
Candles

Copyright © 2021 Delos Living LLC. All rights reserved. o delos-



M elementary carbon
M organic matter
M seasalt
Ml nitrate
W ammonium
m sulphate

m =oil dust

W others

el 8 A, o Solid carbon cores
TR ‘ (0.01-0.08 mm),

4 agglomerate (0.05—
1.0 mm) and adsorbed

vapour phase species

Vapour phase ©

hydrocarbons
Soluble organic Adsorbed
fraction (SOF)/ hydrocarbons

particle phase
hydrocarbons
Liquid condensed
hydrocarbon
particles
Adsorbed ° o . .
hydrocarbons [ ] o Hydrated sulfate
- = L species
Hydrated sulfate
species

Particulate Matter Sizes

PMcoarse PM; ¢
(2.5-10pm) (<2.5um)

‘f::‘o} o

A\ J

PMmY(<10|Jm)

|

Total Suspended Particles (TSP)

o 1 PM,; particle < 2.5 microns

Human Effects ®

Enter through nose and mouth. —@

Larger particles such as PM, o
are eliminated through coughing,
sneezing, and swallowing.

Smaller particles such as PM; 5
can travel deep into lungs,
causing lung and heart problems.

lung problems,
even lung cancer
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SOURCES OF UFPs EMISSIONS

Industrial
emissions

Vehicular,
aerial and
sea traffic

ombustion

PM,.

UFPs °<

Respiratory diseases
Cardiovascular diseases
Neurotoxicity
Genotoxicity
Mutagenicity
Carcinogenicity
Epigenetic changes

CAPTURE AND MEASUREMENT MECHANISMS

CPC

EC

DMA

DMPS

SMPS

OPC
Acthalometers

TEM

EDS
SEM-EDX
SRXRF

-

——

Organic material
Elemental carbon
HAPs, BC
Mineral salts
Trace Metals



10 pm (Coarse)

2.5 pm (Fine)

0.1 pm (Ultrafine)

Total m-ﬂs:E| 1 1 1
Particle numh&r' 1 64 1,000,000
Sﬁa":-“ﬁ:.—?u':i: 1 0.0625 0.0001
Total surface area 1 4 100

Per mass

= Filtered in proximal

airway

= May irritate skin,

mucosa

Reaches peripheral
airway

Cannot enter
systemic circulation

Higher adsorbed toxic
material on surface
May enter systemic
circulation
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P,“I and Their Targets

Alveolar sac
(sectioned)

Major components of respiratory system




Ultrafine p:

‘--- -

=

== = = =

«L .
TNF-o - ) 1 - -
Activated

'l' T- cell NMAPRPEK
Cell barrier NF<B
damage AP-1

Iinnmnate Adaptive O xidative
immmunity immmunity Stress

Lung diseases

Asthma, COPD, Lung cancer
Interstitial lung diseases

Lung fibrosis, Acute lung injury




+ Nrf2, SOD, catalase,

» Oxidative
. GSH-Px J | stress

______________________________________

_______________________________________

—> * TNFa, IL-1B, IL-6, Inflammatory
. IL-8, MCP-1 P # response

.......................................

. breaks, #
. endonucleaselll 1 |

_______________________________________

GRS

Genotoxicity J




Mitochondrial
fumarate hydratase

Glucocorticoid | =
receptor I;{(ACDD protein

Catalase TNF receptor 2
SOD p38MAPKa1
Heme oxygenase-1 INOS

GAPDH etc.
Metallothionein
etc.

(7
o
a
s
P —
[
O
p—
& EIEI=y
=]
. —
> <
=

Tier 1 Tier 2

Normal Antioxidant Inflammation
defense

Cell response




PM Exposure

Intraceliular Signaling
PAMP/DAMP —» TLRA4 l lSR

Endocytosis

Recruitment
& maturation

> Alveolar macrop

ROS/Ca l
Mydss-IRAK4 pathway

NF-xp/AP-1

Pro-Inflammatory Mediators:
(IL-18, IL-6, IL-8, TNF-«,GM-CSF, MIP -2,
RANTES)

l

Bone marrow production
& release of monocytes

-A, Fc, CR3

receptors

hages

IL-12

Activate Adaptive
Immune Response

ROS

> ol

IL-4,1L-10

Th; Response Th,; Response
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Innate immunity

PM-related sacondary imermediataes

Adaptive immunity
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o BL-12 | -
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ROS
|
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Primary effect
o PP P stimulates Thi pathway in normal state
= Effector prodile
‘ & | - -
a ILi2 . TH-I-/‘.I :Iﬁh?-:TMFH-
| E /”/’" e ¥
- — Al maturation Naive COd+
T c=ll
| mucu | TCR
L
NF-xE, AP-1 'mﬁ"f
Alveolar macrophage y, ~ "J\
o IL-4 - R IL-4.-5,-10,-13
. HO-1 ME-T cell
| el IL-10 Mzsat call
— ROS o | Glutsthione

Secondary effed | PM stimulates Thz pathway in
' (1} Thi-upreguiaied stsie (2.9, Listena monocyioganes indection)
(1) The-upreguiated siate (e.g., asthma)
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TGF-B Classical

IL-21

IL-6
Thi IL-9
- IL-10
IL-17A
IL-17F
IL-1p
IL-6
IL-23 GM-CSF
IFN-y
TGF-o
IL-6
e IL-22
IL-4

Regulatory role
Avoid excessive inflammation

Trophoblast invasion
Proliferation

Recruitment of neutrophil
Activation of neutrophil
Proinflammatory response

'

Immune response against
extracellular pathogens

1

Induce antimicrobial peptides
Tissue inflammation

Mucosal epithelial and
endothelial cell regeneration
and recovery

Trophoblast proliferation
Trophoblast viability
Decrease apoptosis

—— Maternal fetal tolerance

/

Trophoblast

FIGURE 1 | Classical and alternative Th17 and Th22 subsets are differentiated from the naive CD4 ™ T cells based on differentiation cytokines. Activated Th17 and
Th22 cells have critical roles for the maintenance of pregnancy while establishing inflammation and immunity against extracellular pathogens at the maternal-fetal

1 wuunction



Repress Th1 and
Th17 immunity

IL-4, IL-5 s IR Late gestation T
I-13, -2 c Favoring humoral
immunity

Protect

trophoblasts

from -4
pathogens IL-25

IL-6, CCL20
IL-17, CXCL1/8

IL-21, G-CSF TNF-a Promote

invasion TNF-a tolerance
Tissue
remodeling/ \
angiogenesis t'\—\\ A
LTl L e
e [o[®]e]e D)
=
UL (8
) s s

Post implantation

Implantation phase



Inorganic pollutants Other organic thma

(e.g., O3, CO, NO,, pollutants Wheezing
and SO,) o ' o B o Eczema
- :.%o oo > Lower FEV1
& PAHSs & Allergies
COPD
i ———

Particulate |
pollutants ¢ Allergens

(DEPs) .

IL-4, ||_-13t

(Hofbauer 3

*

Dendritic
cell Trophoblast

Epigenetics

Fetal lung
evelopment




Local and regional sources

Industrial Traffic-related Diesel
emissions emissions emission

Transition E \J
metals s

Inhaled into alveolae exposure

Autonomic Pulmonary Translocate s T AhR
effects inflammation in blood activity

\ ‘/ SNPs or low
Q2 i micronutrient

) Movement of T Placental

Spill-over of activated CYP1A1l
cytokines inflammatory cells phase I :
l enzymes T Placental

intake/status

CYP1Al
phase I1
enzymes

Low reactive
metabolites

Vascular High
endothelial reactive
dysfunction metabolites

Cardiovascular
effects

Excess placental
oxidative stress
and inflammation

Tobacco smoke

PM2.5 Exposure
in pregnancy

Lower birth weight

Congenital anomaly

Predisposing to Atopic
Asthma
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phenotyp. nges that do ﬁotmvolve ~~~~~~~~~~~ -
alterations in the DNA sequence



* Aging

Histones are proteins around which
DNA can wind for compaction and
gene regulation,

EPIGENETIC MECHANISMS
are affected by these factors and processes:
* Development (in utero, childhood)

* Environmental chemicals
* Drugs/Pharmaceuticals

@ METHYL GROUP

' DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

AT

HEALTH ENDPOINTS
* Cancer

* Autoimmune disease

* Mental disorders

* Diabetes

EPIGENETIC

HISTONE

HISTONE TAIL

DNA inaccessible, gene inactive

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
histones and the avallability of genes in the DNA
to be activated.




Air Pollution & Epigenetics & Disease

Methylation

Cancer

Asthma

Disease

Metabolic
Disease

Translational
Repression

MicroRNA

Air Pollution ==sssp Epigenetics )



e

IL-2

CD4*Foxp3* Treg

miR-17 miR-21
miR-19b miR-2%9a
miR-27b miR-2%9b
miR-128 miR-146a
miR-1585
miR-340
Let-7e

miR-27b
miR-128
miR-135b
miR-21 miR-155
miR-126 miR-340

miR-133b
miR-155
miR-206

TGFB- IL-6 miR-301a Let-7f
|

»

miR-17
TGrg miR-10a o oh
miR-21  iR-31
miR-146a .
miR-155 '“fz':zg':’p
mir-
miR-210

Naive CD4*
T cell

Th

IFN-y,
TNF-a

Th2

IL-4, IL-5,
IL-6, IL-13

Th17

IL-17A, IL-17F,
IL-21, IL-22

Treg

TGF@,
IL-10

Tfh
CXCRS

Defense against
intracellular
parasites

Allergy, Asthma,
Controls parasites and
extracellular pathogens

Defense against pathogens,
Transplantation rejection
and Cancer

Immune homeostasis,
Maintains tolerance

Help germinal centre B cells
to make antibodies,
Affinity maturation and
antibedy class switching



In vitro studies

In vivo studies Human studies




Particulate matter/ PAH/ Organic TLR signaling
o compounds/ Heavy metals activation by
o0 cmumm m'ﬂ.
® 0.0. , Phagocytosis histones receptor
N
— L
= =y § '}D
o Redox
slgnalmg
:"2‘~ Muciess
\. 3 ; translocation and
“m“ % activated cytokine
Phagosome . formation

QQQQQQQQQQQQQQQQQQQQQQ

Mitochondrial dysfunction

§§===Q====Q===°=====================QQQQQG’¢

Autocrine or
paractim signaling

- o L)

@

miRNA, histones and
nucleosome complexes

Circulating nucleotides, DNA,

Lo

R AR Rt B I !
bl T HMT HDM
—  DNA Histone
demethylation demethylation
Histone Histone
Wi" > acetylation “;D' AIP phosphorylation
HAT HDAC 0
deacetylation dephosphorylation é
22

Fig. 1. Figure showing molecular mechanisms underlying the mitochondrial-induced epigenetic modifications following exposure to air borne particulate matter. 2-0G; 2-oxoglutarate, Ac;
acetylation, ATP; adenosine triphosphate, CH3; methylation, DNMT; DNA methyltransferase. H>02: hydrogen peroxide, HAT; histone acetyl transferase, HDAC; histone deacetylase, HDM;
histone demethylases, HMT; histone methyltransferase, KMT: lysine methyltransferase, NAD; nicotinamide-adenine dinucleotide, NF-x§3; nuclear factor k3, O «; superoxide ion, OH+;
hydroxyl radical, PAH; polyaromatic hydrocarbons, PO;: phosphorylation, ROS: reactive oxygen species, SAM: S-adenosyl methionine, SIRT: sirtuin, TET; ten-eleven translocation, TLR:
toll-like receptors, Ub; ubiquitination, aKG; ce-ketoglutarate.
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