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Atmospheric Aerosol — Particle Sizes
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What is Atmospheric Aerosol?

* The ubiquitous component of the atmosphere 1nm-100 MHm
* Solid, liquid, mixed particles 1 milionth of a milimeter — 1 tenth of a mm

* Single particles are invisible, clusters as cloud, fog, haze, smoke, mist, dust
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SN 1 m3 of air weights 1.3 kg:

The main components In trace amounts
* N, 0,96 kg * CH, 1mg
* 0O, 0,3 kg e CO 250 ug
* Ar 16 g * H, 50 pg
* H,0 ~10g * O 30-200 pg
 CO, ~0,68g * NO, 10-200 pg
* Aerosol particles 1-100 pg

* 99,9998 % of mass * 0,0002 % of mass




s Atmospheric Aerosol Important?
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What causes the most deaths?
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WHO:

* Globally 3 milion deaths every year (ambient air pollution)

* Globally 4.3 milion deaths every year (indoor air pollution - cooking)

* 92% of World population lives at places where air quality limits are exceeded

EEA:
* In Europe >400 000 premature deaths

IARC:
* Air pollution classified as carcinogenic




Effects on

a preventable risk

DISEASES
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Globally, air pollution is the

for the
global burden of disease in 2010,
behind high blood pressure, and
together with tobacco smoking,
including second hand smoke.

PREMATURE DEATHS YEAR 2010
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Atmospheric Aerosol — Sources and Sinks
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4. Stacked plot showing the weighted percentage of NHAPS respondents in each of 10 different locations according to the time of day. The
| minute-by-minute diary data have been smoothed for clarification,

1 of Exposure Analysis and Environmental Epidemiology (2001) 11(3) 243
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Deposition of Aerosol Particles in Breathing System
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Why can be Aerosol Particles so Dangerous?

(% Solid Carbon Spheres (0.01 -
& ,-,-._'.-a:._:_‘. Solids 0.08 mm diameter) combine to
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Polycyclic Aromatic Hydrocarbons

MO = monoxygenase
EH = epoxyhydrolase

G = guanine (DNA)

Figure 1. In vive oxidative metabolic pathway of benzo[a|pyrene
via hydrophilic intermediates (I-1V) and formation of DNA adducts
with guanine base.



US EPA 16 Priority Pollutants
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Polycyclic Aromatic Hydrocarbons OQ“O

* Result of incomplete combustion of organic matter at temperatures between
300-600°C

* Benzo(a)Pyrene (BaP) Forms DNA adducts — compounds that chemically bind
to DNA and interfere with transcription and repair mechanisms

* PAHs became toxic through their degradation products formed mainly by liver

* BaP has very potent teratogenic and cancerogenic effect, is associated with
birth defects and carcinomas.

* PAHs interfere with metabolic routes and cause mainly

long-term medical problems (lung, kidney, liver, reproduction) and
increases risk of cancer (skin, lung, bladder, gastrointestinal).



Particulate Matter (PM)

* Enters airways, depth of invasion depends on size — less than 10—-2,5-1 um
* PM, c and below are detectable in blood and other tissues

* Constitute form black carbon (BC) and organic carbon (OC)

* OC content increases with decrease in combustion efficiency

 Serve as carriers for other compounds (notably polyaromatic hydrocarbons —
PAHs, heavy metals)

* Are associated with most of the previously mentioned major health effects
* Have increased mutagenic (teratogenic and cancerogenic) properties

* Are probably the single strongest associated factor for air pollution health
problems



Fig. 3. Baseline BC emissions from the common major sources T
in the EU-28, 1990-2030

100% 0.45
90% — ‘ - — 0.40
80% : . — 0.35

0,
70% 030 0
60% -
— 025 §
50% ..E
— 0.20 o)

40% — =
30% — 015 =
10% — 0.05

0% | | | | | | | | — 0.00
1990 1995 2000 2005 2010 2015 2020 2025 2030
Year
. Other sources I Residential combustion
. Transport Total




Nitrogen oxides (NOx), carbon monoxide (CO),
sulphur dioxide (SO,)

* NOx cause acute toxicity, mainly in the setting of bad ventilation and fugitive
emissions, causes pulmonary oedema and tissue hypoxia by binding to hemoglobin
instead of oxygen.

* CO causes some acute toxicity, but contributes to exacerbations of chronic
diseases, long-term effects impair tissue oxygen delivery and metabolic health.

* SO, is a significant predictor of life expectancy reduction and also major contributor
to exacerbation of chronic respiratory diseases.



LIFETIME IN
ATMOSPHERE

Tropospheric 0zone (0,)is a major air and climate pollutant. It causes warming and is a highly reactive oxidant, —
harmful to crop productmn and human health. 0, is known as a ‘secondary’ pollutant because itis Stratosphere |50 km
but instead forms when precursor gases react in the presence of sunlight. L

Troposphere ] 10 km

P -
Non-methane : & \
* Vethane _C2rbon — volatile Nitrogen
monoxide  organic oxides 0,
precursors can be carried
(CH ) (CO) compounds (NOX) round the globe, making it a
Sunlight (NMVOC) transboundary pollution problem

1 Tropospheric O, warms the atmosphere

O, damages plants and affects
agricultural production:

e Reducing photosynthesis

e Reducing the plants ability ‘
to sequester carbon

e Reducing health and
productivity of crops

O, air pollution causes
over 150 thousand
premature deaths
every year, and millions
more chronic diseases,
particularly in children
and the elderly




Effects on Human Health: Reproductive / Neonatal

* Higher probability of birth weight under 2.5 kg
* Fetal intrauterine growth restriction, higher rate of placental pathology

* Lower sperm mobility, higher probabilty of abnormal sperm morphology

* Decresed fertility, increased intrauterine mortality

* Higher neonatal respiratory mortality ( L .«
* Increased sudden infant death syndrome (SIDS) probability '



Effects on Human Health: Children

* Higher respiratory mortality

* Higher respiratory morbidity — asthma, chronic bronchitis, infections
susceptibility

* Higher incidence of allergy and dermatitis

* Decreased lung vital capacity

* Functional changes in brain development:
learning disabilities,
attention disorders,
reactivity impairment




Effects on Human Health: Adults

* Decreased life expectancy (up to 4 years)

* Higher long-term respiratory morbidity — chronic obstructive pulmonary
disease (COPD)

* Higher incidence of hypertension, obesity, cardiovascular diseases (stroke,
ischaemic heart disease), non-insulin dependent diabetes (type Il diabetes)

* Higher probability of aggravation of asthma, increase in number of
hospitalizations overall

* Higher incidence of oncological diseases (lung cancer, but other types as well
— urinary tract)

* Endocrine disruption — mainly caused by volatile organic compunds (VOCs)
that are very hard to detect and analyze
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Thank you for your attention!




